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ABSTRACT

RESUMEN

The need to satisfy the food requirements of the Ecuadorian
population added to the public policy of increasing the income of foreign exchange to maintain the economic model of
the country through the export of agricultural products has
increased the establishment of several monocultures in large
areas of land, significantly increasing the use of water for irrigation of these crops. Thepresent worksor aimsto analyze the
change in time and space of the use of agricultural land, the
expansion of its border and the pressure on the water resource exerted by irrigation in the Vinces River basin in accordance with the water concessions granted by the governmental
authority with competence in the basin. This research involved the collection of digital geoinformation, its subsequent
processing in Geographic Information Systems, tabulation of
official statistical information and verification in the field. The
conceptual integration of Integrated Water Resources Management allows us to advance in the understanding of the
complexity and difficulties to achieve a balance between the
natural and social processes that affect us. The main agricultural coverageof the Vinces river basinrepresented by banana, cocoa and oil palm monocultures showed a remarkable
and progressive temporo-spatial change (expansion of the
cultivated area) and increase of the water pressure of the
basin for irrigation in the long dry period. The historical concessions of water for irrigation extended in the Vinces river
basinby theenvironmental authority do not reflect the true
volume used by the agricultural sector in the summer stage,
which is demonstrated by relating the volumes of water concessioned, the hectareas of crops planted and the real water
requirements for the aforementioned crops. to achieve maximum productivity.

La necesidad de satisfacer los requerimientos alimentarios de
la población ecuatoriana sumada a la política pública de incrementar el ingreso de divisas para mantener el modelo económico del país a través de la exportación de productos agrícolas
ha incrementado el establecimiento de varios monocultivos
en grandes extensiones de terreno, aumentando significativamente el uso de agua para el riego de estos cultivos. El presente trabajo tiene como objetivo analizar el cambio en el tiempo y
espacio del uso de suelo agrícola, la ampliación de su borde y la
presión sobre el recurso hídrico que ejerce el riego en la cuenca del río Vinces de acuerdo con las concesiones de agua otorgadas por la autoridad gubernamental con competencia. en
la cuenca Esta investigación implicó la recolección de geoinformación digital, su posterior procesamiento en Sistemas de
Información Geográfica, tabulación de información estadística
oficial y verificación en campo. La integración conceptual de la
Gestión Integrada de los Recursos Hídricos nos permite avanzar en la comprensión de la complejidad y dificultades para lograr un equilibrio entre los procesos naturales y sociales que
nos afectan. La principal cobertura agrícola de la cuenca del río
Vinces representada por los monocultivos de banano, cacao y
palma aceitera mostró un notable y progresivo cambio temporo-espacial (expansión del área cultivada) y aumento de la presión hídrica de la cuenca para riego en el largo período seco.
Las históricas concesiones de agua para riego otorgadas en la
cuenca del río Vinces por parte de la autoridad ambiental no
reflejan el verdadero volumen utilizado por el sector agropecuario en la etapa estival, lo cual se demuestra al relacionar los
volúmenes de agua concesionados, las hectáreas de cultivos
sembradas y el real requerimientos de agua para los cultivos
antes mencionados. para lograr la máxima productividad.
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INTRODUCTION
Rapid population growth and growing international demand for tropical products have led to the conversion of
large areas of land for intensive agricultural production of
various monocultures inEcuador. For Gudynas (2013) the
expansion of monocultures in regions of the world implies
an exploitation of natural resources in large volumes or
high intensity, essentially oriented to the export of raw
materials without processing or with limited processing.
The expansion of monoculture for export in Latin American countries is an example of the "extractive activities"
or "extractivism" that neoliberalism promoted from the nineties (Gudynas, 2013; Seoane, 2013). Inthis way, transnational corporations received multiple incentives from the
State on the assumption that they constitute the fastest
route to economic progress (Svampa, 2009). In practice,
the commodification and private appropriation of natural
assets in territories with deficit environmental legislation
was given way (Silvetti, Soto, Cáceres and Cabrol, 2013).
In Ecuador, agricultural production in the 1920s and 1930s
was dominated by cocoa and from the 1950s to the present, bananas have been the most important agricultural
export product. Thearea devoted to these export crops
has been increasing, so that between 1980 and 2000 the
harvest area has increased, reaching 165,000 hectares in
bananas and 433,000 hectares for cocoa (MAGAP, 2012).
In Argentina in the periods between 1990/1991 and
2011/2012, of the 14.4 million hectares that were incorporated into production nationwide, 95% were dedicated
to soybean cultivation (Zeolla, 2013). Soybean production
went from an implanted area of 5.9 million hectares to an
implanted area of 19.7 million hectares. In Costa Rica, the
cultivated area of pineapple went from 12,500 hectares
in 2000 to 42,000 hectares in 2012 (SEPSA, 2001; 2013).
Although the calculations of several environmental organizations show that the hectares dedicated to pineapple
are much higher than the official figures and the expansion continues without adequate planning by the State
(Chacón, 2012).
The Guayas River basin is the largest hydrographic basin
of the Pacific coast of South America, it is divided into seven sub-basins, of which the sub-basin of the Vinces river
stands out for its wide altitudinal gradient and high agricul-
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tural productivity, which make it up in the north part of the
provinces of Santo Domingo de los Tsáchilas and Cotopaxi
of the Sierra region and part of the province of Los Ríos in
the coastal region. The basin of the Guayas River is formed
by the confluence of its main rivers, the Daule and Babahoyo and their respective tributaries, draining a total area
of 34,000 km2 distributed among various ecosystems that
include mangrove areas, dry and humid forests, Andean paramo and territory used for agricultural activities.
The influence of the basin on Ecuadorian territory is
veryimportant: in2010 the Guayas River basin covered
380,840ectarea h of irrigated land, being 57% of the irrigated agricultural area of Ecuador (CISPDR, 2014; CISPDR,
2015). The basin is under a humid tropical system comprising a rainy season from December to May and a wet one
for the remaining months. There are variations in precipitation from the north (2,900 to 3,100 mm) to the south
(300 to 700 mm) (CISPDR, 2015), the Guayas basin within
the national agricultural production includes the most
important crops of the region such as rice (96%), bananas
(68%), sugar cane (97%), corn (55%), café (33%) and palm
oil (19%) (MAGAP, 2015). Agricultural land covers 49%
of the Guayas River basin, followed by forests (29%) and
pastures (13%) (Frappart et al., 2017). The Guayas riverpresentsan annual discharge of 30 billion m3 of water, which
would make available 8,847 m 3/ hb / year, higher than
the world average of 6,783 m3/hb/year (INOCAR, 2010).
The population in Ecuador has grown from 4.5 million
inhabitants in 1960 to 14.9 million inhabitants in 2010
(World Bank, 2018), as a consequence anthropogenic
activity such as urban construction, industry, agriculture, aquaculture and deforestation have intensified (Damanik-Ambarita et al., 2018). Intensive and continuous
grazing, a common practice in theGuayas river basin has
shown negative impacts onwater quality, reducing riparian vegetation, modifying channels and streams, increasing runoff and erosion as well assedimentingumping
(Raymond and Vondracek, 2011).
The objective of this research is to analyze the temporo-spatial change of the use of agricultural land and the
expansion of its border in the Vinces River basin during
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theperiod 1990-2014 due to the presence of the main
agricultural monocultures in the area and the demand for
water for irrigation by the same agricultural crops according to the water concessionsgranted by the governmental authority with competence in the basin.
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Figure 1. Study area: Vinces river basin (Ecuador).

MATERIALS AND METHODS
Study area
The Vinces river basin is a sub-basin of the Guayas river
basin that extends between theparallels 00º 14' S, 02º 27'
S and the meridians 78º 36’ W,80º 36' W, covering the partial or totalterritories of eight of the twenty-four Ecuadorian provinces: Guayas, Los Ríos, Manabí, Santo Domingo
de los Tsachilas, Cotopaxi, Bolívar, Chimborazo, Cañar. In
turn, the provinces of Guayas and Los Ríos together represent 48% of the area of the basin and 72% of its population. The total area covers approximately 32,219 km2
(Fig. 1). In addition to the Vinces river basin, the Guayas
riverbasin is composed of 6 other sub-basins (SENAGUA,
2009), which are from north to south thesub-basins of the
Daule, Macul, Babahoyo, Juján and Yaguachi rivers (Fig. 1).
The Vinces River basin is located from the north-eastern
sector to the center of the Guayas River basin, extending
for 426,800 hectareas and runs 267.96 km away in its
main water axis following a north-south direction becoming an important part of theGuayas river basin. Aboat
57% of the surface of the province of Los Ríos, territory of
the Ecuadorian coast eminently agricultural with presence of tropical and subtropical export crops such as abaca,
rice, bananas, coffee, cocoa, corn, oil palm among others.
The basin of the River Vinces takes its name fromthe River
Vinces which crosses it in a north-south direction. Río that
takes different names along its route,in such a way that
in the northern part between the cantons Santo Domingo de Los Tsachilas and San Jacinto de Buena Fe is called
Baba River and from there to the south of the basin takes
the name of the canton through whichit crosses, so we
have what is called, Quevedo River, Mocache River and
Vinces River. The Quevedo River is formed from the convergence of three rivers, these being the Baba, Lulo and
San Pablo rivers (Fig. 1).

The determination of the change in the agricultural cover
of the Vinces River basin was made from the compilation
of land use cover studies generated by the Ministry of Agriculture and Livestock (MAG) and the Ministry of Agriculture, Livestock, Aquaculture and Fisheries (MAGAP) for the
years 1980, 2002 and 2014. The 1980 land use and land
cover map required a process of digitization and reprojection to be integrated with the land use covers of 2002 and
2014, all carried out in a Geographic Information Systems
(GIS) environment using ArcGIS 10.4.1 software.
The determination of the demand for water for irrigation
in the Vinces River basin was carried out based on the
analysis of the concessions granted to the users of the
basin by the Secretariat of Water (SENAGUA) in recent decades. Data were also taken from the Regional Hydraulic
Plan of the Guayas Hydrographic Demarcation (CISPDR,
2016) regarding water supply and demand for agriculturalirrigation. These data were analyzed in conjunction with
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the area of intensive agricultural monocultures existing in
the Vinces River basin (MAGAP, 2014) considering the irrigation requirements per ha/year in the summer season
of intensive monocultures such as bananas, oil palm and
cocoa, the latter requiring extensive field verification.
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Table 1. Agricultural use in 1990, 2002 and
2014 in the Vinces River basin (Ecuador).
Land cover

RESULTS
Land use
The analysis of the agricultural cover of the Vinces riverbasinfor the years 1990, 2002 and 2014 shows an increase in agricultural coverage as a result of the expansion of
the agricultural frontier from the establishment of several
monocultures such as bananas, cocoa and palm and intensive short-cycle crops such as maize, rice, etc. (Fig. 2
and Table 1).
Figure 2. Agricultural overture in the Vinces river basin for 1990, 2002 and 2014.

year 1990
MAG
Area (ha)

year 2002 year 2014
MAGAP
MAGAP
Area (ha) Area (ha)

Tropical Arboriculture
Short Cycle Crops
56586.61
Banana Crops
11280.55 24843.77 23932.09
African Palm Crops
21399.05 15166.85 20543.46
Corn Crops
11401.8
3687.91 40484.22
Coffee Crops
35141.7
3413.40
Rice Crops
5.760
1448.62
3444.17
Sugarcane Crops
2219.96
1002.33
27.82
Cocoa Crops
10983.950
841.89 36129.02
Coffee-Cocoa
49332.790
Cultivation
Abacá
595.67
Chia
58.13
Palm
762.61
Tobacco
1368.51
Total
141.765,560 106.991,37 127.345,70
Source: Own elaboration.

Of the agricultural coverage oftheVinces river basin, the
permanent and intensive monocultures of bananas, cocoa and oil palm stand out because they require continuous and abundant irrigation during the eight months
that the summer stage lasts in this region, added to the
fact that it is precisely in the dry season where these exotic
crops present the highest productive yields. The average
irrigation need for banana production in banana farms in
the province of El Oro is 27,500 m3 of water for irrigation
per ha/year of cultivation (Erika Zarate & Derk Kuiper,
2013). On the other hand, cocoa and oil palm crops that
have a woody plant structure, according to what was stated in oral communication by key informants of the sector,
would demand approximately half of the water consumed
by a banana sectorin production. The spatial distribution
of bananas, cocoa and African palm in the Vinces river basin are presented in Figure 3. In the case of bananas, one
of the main export crops of Ecuador, in the period presented it shows an expansion of 112 %. In the case of cocoa monoculture, it shows an expansion of 800%. On the
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other hand, the monoculture of oil palm or African palm
presents a slight decrease of 0.04%.
Banana cultivation in 1990 occupied mostly the central
part of the Vinces river basin while by 2002 it was extended to the southeast of the basin precisely next to the
margin of the main course of the river or finally in 2014
it expanded significantly to the northern area of the basin
where most of the river tributaries are located and also the
altitude of the ground reaches the level 1000 msnm. This
location presents good soil quality: very deep, porous and
rich in organic matter.
In relation to the fine national aroma cocoa, in1990 the
Vinces river basin had important covered areas whose
plantations were mostly south of the sub-basin and in a
small area in the northern sector of the basin. During the
2000s the plantations of finely aromad national cocoa
ceased to be productive and were practically abandoned
to later be replaced by the CCN51 cocoa clone which is

Muñoz Marcillo José Luis

the one that has now spread from the south, center and
north of theVinces river basin thanks to itsproductive precocity and production intensity especially in summer.
The oil palm also known as African palm, for the year 1990
had a modest presence in the northwestern area of the
basin in lands with a height that reached 600 meters above sea level, hence for the year 2014 it suffered an expansion from the south, center and north of the basin in lands
with distances close to smaller surface courses of water
without reaching the expansion that has had the crops of
banana and cocoa.
Demand for water for irrigation
In relationto the volume of water for irrigation of agriculturalcrops, for the Vinces river basin according to (CISPDR,
2016) corresponds to 573.06 hm3 (Fig. 3), this volume
was distributed according to the agricultural crops existing in the riverVinces (Fig. 4).

Figure 3. Dallocation of 573.06 Hm3 water for the rego of agricultural crops in the Vinces river basin.
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Figure 4. Distribution of agricultural crops in 127,345.70 ha in the Vinces River basin (MAGAP-2014).

The Secretariat of Water (SENAGUA) has granted water concessions for irrigation in the period between 1980 – 2018 for
the Vinces River basin as indicated in Figure 5.
Figure 5. Water concessions (l/sg) for irrigation of agricultural crops in the Vinces river basin, for1980 - 2018.
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Figure 5 shows a significant year-on-year variation in
water concessions by the Water Secretariat due to the
lack of control for the period between1991 and 2011
due to the difficulty of this work for the control bodies.
of a centralized nature, propitiating that in a clandestine
way the water resource was abused for agricultural irrigation. Since 2008, when executive decree 1088 created
the National Water Secretariat (SENAGUA), this situation
changed thanks to the implementation of decentralized
offices for citizen service,as is the case of the Quevedo
customer service office, which began with a process of
issuance and control of water concessions for irrigation
in an equitable manner. in the Vinces river basin according to the extension of land area of agricultural producers (SENAGUA, 2011).

between them being 12 m x 14 m, with application efficiency of 90% (Caicedo et al., 2015).

Ecuador's h ecursos areabundant. Thevolume of water
provided by all the hydrographic systems in the national
territory reaches 432,000 hm3 in the rainy season while
in the dry season it reaches only 146,000 hm3 of which
115,000 hm3 corresponden to the Pacific slopeand
317,000 hm3 to the Amazon. However, the availability
generates for the country is only34% or 146,000 hm3,
this fluctuation in availability is due to the irregular spatial
and temporal distribution of rainfall given that in the eight
months of summer the precipitation is reduced in relation
to winter by 90% (Galárraga, 2000 cited by MAGAP Ecuador, 2013).

The production of bananas for export in the Vinces river
basin is associated with a non-optimized use of the water
resource for irrigation. Banana cultivation requires large
amounts of water, the study carried out in the center of
the Vinces river basin determined that a plant consumes
approximately 30 liters of water daily on sunny days,
24 liters on semi-cloudy days and 12.5 liters On cloudy
days, this may be necessary especially in the dry season,
being applied by gravity, sprinkling, flooding or dripping
and it is precisely in this last part that the lack of technical studies of the site leads to the choice of an irrigation
method that generates rates high levels of water waste
(Rodríguez 2009).

Rainfall in the country is distributedin the winter and summer periods,according to data collected over 3 5 years in
the PICHILINGUE eteorological period of the National
Autonomous Institute of Agricultural Research (INIAP
PICHILINGUE) located in the central part of theVincesriverbasin, the monthly average rainfall in the winter period
from January to April is 423.78 mm, while in the summer
season, from May to December the average is 67.70 mm
so it is imperative to irrigate agricultural crops in the basin
in the long summer period (Caicedo et al. , 2016).
According to communications from key informants engagedin banana production, a banana crop in production
requires to be watered by subfoliating spray three times
a week for two hours on each occasion. The subfoliation
sprinklers reach a flow rate of 680.21 L/hour, their spacing

Theproduction of bananas for export in the Vinces river
basin is associated with an uninsyfitable use of the water
resource for irrigation. The cultivation of bananas requires
large amounts of water, the study carried out in the center of theVinces river basin determined that a plant consumes approximately 30 liters of water daily on sunny days,
24 liters on semi-cloudy days and 12.5 liters on cloudy
days, this may be necessary especially in dry season being
applied by gravity, sprinkling, flooding or dripping and it is
precisely in this last part that the lack of technical studies
of the site result in the choice of an irrigation method that
generates high rates of water waste (Rodríguez 2009).

Oil palm plantations in the Vinces River basin do not
have an irrigation system for the most part because
they are developed in moderately humid soils, however
there is an important discussion around the fact that
intensive oil palm plantations significantly reduce the
levels of the surrounding aquifers and slopes. The cultivation of oil palm presents its optimal performance in
regions with a rainfall of less than 2. 000 mm per year
with a good distribution, the average monthly values in
relation to good yields are above 150 mm. However, oil
palm naturally has a great capacity to surviveprolonged
periods of drought thanksto morphological and physiological characteristics in addition to the ability to abort
the inflorescences, the seasonal variation in the peaks
of cluster production and the mobilization of reserves
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that allow it to compensate for the lower rate of photosynthesis due to the closure of stomata (Nouy et al.,
1999). In a study conducted on three hybrids variety
of oil palm had, a positive effect of irrigation on the behavior of each of the hybrids under study was reported
for the variables plant height, sex ratio and Production

Muñoz Marcillo José Luis

(Reinoso, 2008).
In figures 6a, 6b and 6c we can see the current land use of
the Vinces river basin according to the cantons Valencia,
Quevedo and Mocache that represent three realities of
the upper, middle and lower part of the basin.

Figure 6a, 6b and 6c. Current land use of the Vinces river basin in its upper, middle and lower part.
The demand and pressure of water for irrigation of agricultural crops in the Vinces river basin is important considering that it is precisely in the dry months where to
maintain high production rates permanent irrigation is

necessary. In figures 7a, 7b and 7c you can see according
to the cantons of the upper, middle and lower part the presence of the main monocultures existing in the sub-basin
of the Vinces River.

Figure 7a, 7b, and 7c. Distribution of monocultures in the Basin of the Vinces River in its upper, middle and lower part.
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DISCUSSION
The temporal-spatial analysis of the agricultural coverage
of the Vinces river basin in the last three decades has made
it possible to visualize the sustained growth of agricultural
production through the development of intensive export
monocultures whose expansion has spread to high altitude
areas and important gradient of the land and with an impact
on the demand for surface water for irrigation in the summer
months. In this regard, Flórez-Yepes et al., 2017 state that the
application of multitemporal analysis allows determining the
most significant environmental changes and impacts over
time, allowing to know the interrelationships between the
elements that compose it and anthropic activities.
The intensive monoculture of banana has been expanded
mainly by economic groups with power whose plots exceed 100 hectares, generating a very high pressure from
the water resource of the basin for irrigation. Frequently it
can be observed that they do not respect the flows granted by the environmental authority and in many cases,
they have been financially sanctioned but pay their fines
and continue to clandestinely use the water for irrigation
of the Vinces River. This reality lived in the basin is not very
different from what happens in the rural area of Bogotá,
where the expansion of the agricultural frontier has led to
the almost total disappearance of the buffer areas of the
páramo, this is related to the forms of economic use of the
land, due to several large estates that have been leased to
third parties, precipitating the ecosystem and water deterioration of the basin (Hernández, Rojas, Sánchez, 2013).
The presence of exotic monocultures in the Vinces River basin has significantly changed the landscape of one of the richest areas in natural resources of Ecuador, to date there are
very few remnants of forest patches in the middle and lower
part of the basin resulting in unsuccessful controls exercised
by the competent environmental authority, In this problem
agree (Lambin et al. 2001) those who point out that human
intervention is what has caused the greatesttransformations
on the earth's surface despite the fact that environmental
modificationscan occur naturallyor can be of the anthropogenic type being thegeneral results changes in coverage
plant and land use that bring with them effects thatemmes
the biological and cultural potential.
The results of the temporary-spatial studyof the agricultural cover of theVinces river basinduring the period 1990
-2014 has made it possible to identify trends in land occupation patterns. (Morales et al., 2016) indicates that
the spatial-quantitative analysis of changes in vegetation

cover and land use between1979 - 2013 in the Banderas
Bay region, Mexicogenerated valuable information for the
monitoring of natural resources with implications for the
hy drological cycle,biodiversity, soil erosionand localclimate, among other relevant aspects.
In practice, banana producers in Ecuador do not know
the volumes of water they use through sprinkler irrigation
since it is assumed that it is always irrigated until the soil
is saturated (Erika Zarate & Derk Kuiper, 2013) although
the ideal would be 27,500 m3 of water for irrigation per
ha / year. Ecuadorian producers also point out that in the
basins where bananas are produced there is competition
for water resources, noting the decrease in the availability
of water in dry season especially, this has caused changes
in the hydrology of rivers due to factors such as deforestation and inappropriate land use. According to Erika
Zarate & Derk Kuiper (2013) the situation in Peru is no
less different since an annual ha of bananas in production
requires 28,500 m3 of water for irrigation and before the
minimum rainfall there is a forecast of increase in water
stress in the coming years since at present the minimum
environmental flows are not respected, with serious repercussions for the ecosystems.
CONCLUSIONS
Of the main agricultural monocultures existing in the Vinces River basin such as bananas, cocoa and oil palm, banana cultivation stands out as the one that exerts the most
pressure on the water resource given the high volume of
irrigation it requires to maintain its productivity levels.
The application of irrigation water is an imperative need to
obtain high and stable yields in the cultivation of bananas
in the Vinces river basin, the main source of water being
surface water courses. It is important to note that the field
trips show many clandestine connections to the main water axis of the basin as well as to that of its tributaries, this
as a cause of the lack of economic and human resources
to control the wide area of the basin.
The regulation of the expansion of the planting of banana
cultivation in the Vinces river basin has a single economic
objective and that is to stop the overproduction of the
fruit to maintain its price, there is no context of environmental protection, so the outlook for the Vinces River in
the medium term in the summer season is almost total
drought.
Julio - Diciembre 2021
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