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Abstract

Objectives: To characterize the conditions of handlingand productive potential of crops of squash (Cucurbita sp.) at Bolivar’s
department in terms of geo-referencing and growing areas. Methods: Statistics of sowing, harvesting, and production of the
Bolivar Department, Colombia were compiled. Interviews, surveys, and field diaries were conducted considering strategic
points of the producer’s guild through use of the global positioning system (GPS). Finally, geo referenced maps of potential
squash production areas were made using Quantum geographic information system code software (QGIS 2.0.1). Findings:
Production of squash (Cucurbita sp.) is of great incidence and importance in the Bolivar Department, where this vegetable
presents an essential product for inhabitants’ food safety. This work included several tours through the production areas
of the study region, where many surveys and interviews with producers and marketers enabled researchers to estimate
the characteristics of the production chain of squash. The results show that increased production and areas favorable for
the cultivation of squash are close to the banks of the Magdalena River and Canal del Dique. There the low-height squash
crops are closer to rivers and water bodies, the yield per hectare is higher, and crops are planted up to twice a year. On the
other hand, in upland areas, most of the time crops are planted only once a year as growth is influenced by the rainy season.
Application: The results are useful for the groindustry sector because they enable us to locate the areas with the greatest

potential for squash cultivation, preharvest, and postharvest needs.
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1. Introduction

A Geographic Information System (GIS) is a collection of
various tools and practices that work together to analyze
spatial data. Its use has been increasing the recognition
and identification of potential areas to produce crops
of interest to improve food safety. Use of GIS has had a
remarkable effect in the field of plant exploration owing
to its capabilities of organizing and analyzing individual
layers of spatial data and of providing tools to analyze
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and model the interrelationships among various spa-
tial data layers. It is used to provide support for a wide
variety of decisions based on data that are in the form of
maps, images, reports, and field observations. It is a spa-
tial tool that integrates hardware, software, data, methods,
and people. A full range of the functional capabilities of
a GIS includes data capture, input, manipulation, trans-
formation, visualization, combination, query, analysis,
prediction, modeling, and map output with respect to
all types of geographically referenced datal. The tech-
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nological developments endorsed by the management
of information through specialized software have great
application in the valuation of diverse areas* among
these applications are cultivation for food production
due to the development of maps that acknowledge that
the characteristics of a region constitute a “media” that
helps businessmen and citizens make decisions and man-
age risk events. To evaluate the sustainability of economic
growth and welfare, it is crucial to have a deeper under-
standing of how regional economic development affects
the vulnerability of local communities and propensity to
be adversely affected by the weather?.

Squash, which is the fruit of different species of the
genus Cucurbita, is cultivated worldwide for its pulp and
seeds for human nutrition. It has a high potential as an
agricultural alternative due to its great versatility of use
in food, medicine, and the agro-industry. It has always
been a part of the diet of several regions of America, Asia,
and Europe, and is raw material for the agro-industry
of flour, starches, and concentrates for multiple uses in
industry and in human and animal consumption. Its tax-
onomy and common names are of great importance as a
crop with agro-industry potential*=¢. It can be consumed
directly, processed into soups, creams, sweets, purees,
juices, pastry, and compotes; or added to dishes and bev-
erages. It also can be used indirectly as raw material for
the agro-industry (in flour and dehydrated)”. All these
aspects show the squash is a product of significant impact
in the food security of any region of the planet where
its cultivation is propitiated. The principal physiological
characteristic of squash is its oblong shape, widened in
the distal proximity. Its crops have a thick pivoting root
that can penetrate up to 1.80m deep at maturity, although
ramifications below the 0.60m level are not important.
In addition, it develops adventitious or nodal roots that
reach lengths of 1.20 -1.50m with innumerable rami-
fications that increase the radical system®. The leaves
of Cucurbita sp. are lobulated, but their outline is more
orbicular than in C. pepo. The consistency of the leaves
is variable, being a little hard in C. pepo and less in the
other species*having little marked leaf lobes and an apical
lobe tip. The white spots at the junction of the ribs of the
sheets are due to the presence of a thin layer of air below
the epidermis. The fruit is characterized by having a hard
and cylindrical peduncle, with a very wide diameter by
hard cork. The seeds are white-off-white, with a darker
margin than the center, uneven grooves on the surface,
and a truncated straight apex!®.

B 2 | v (9) | March 2018 | www.indjst.org

The archaeological records for the Cucurbita mos
chat a type occur in southern Mexico, Guatemala, and
Panama in Central America and extend to Colombia
and Venezuela, presenting a profusion of varieties widely
distributed in this region. Vestiges with similar dates,
however, also are recognized in northern Belize and
Tikal, Guatemala (2000 BC-850 AC) and Huaca Prieta,
Peru (3000 BC). Due to this and the great morphological
variation of the species, it has been difficult to accurately
determine the center of its origin, although the north
of Colombia recently has been proposed as the center
because of the existence of local breeds that present an
important morphological diversity. These regions, how-
ever, have not been fully explored for ratifying this fact;
what can be confirmed is that it is a species domesticated
in Latin Americalt. The production chain of squash as
well as other agricultural products becomes a food sys-
tem, comprising a set of activities and results ranging
from direct field production to consumption, which
implies an interrelationship between the human and
environmental dimensions'2. Specifically, food systems
are composed of four fundamental links: agricultural
production activities, processing of raw materials and
packaging, distribution and retailing of food, and con-
sumption. Activities in food systems are carried out
through interactions between the bio-geophysical and
human f rames of such systems. In this sense, character-
istics of both frames can be stored in databases which,
through information technology and the use of special-
ized software, allows for their analysis and subsequent
decision making. The set of technologies, elements, and
techniques that serve to guarantee the sustainable devel-
opment of agriculture in general are linked to agricultural
engineering systems. Among these we can find produc-
tion machinery and agricultural collection, conventional
sources and alternative energy, irrigation systems, land
plowing, seeding, and preparation and/or adaptation
of seeds corresponding to the main pre-harvest sys-
tems®™. The principal aim of this paper is to determine
the growing areas of squash in the Bolivar Department
(Colombia), using GIS techniques to contribute to
geographical and scientific debates on the mapping of
suitable squash cultivation regions. Furthermore, this
study has policy implications as it identifies regions and
districts prone to optimum production and provides pol-
icymakers, decision-makers, and growers to feed into a
more targeted climate adaptation.
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2. Material and Methods

2.1 Cartographic Maps

The mapping procedures were aimed at obtaining maps of
squash-producing areas, and the reference material used
was the one at the base in the SIGOT (IGAC) line, the
Environmental Corporation, and the cartographic files.
The cartographic information processing was carried out
using the open source software QGIS version 2.12. Raster
images with topographic and digital elevation infor-
mation were obtained through ASTER Global Digital
Elevation Model (ASTER GDEM). The Coordinate
Reference System (SRC) used in the management of all
layers, regardless of the raster or vector condition, was
MAGNA - SIRGAS (National Geocentric Reference
Frame), considering Resolution No. 068 of January 28,
2005, by which the MAGNA-SIRGAS was adopted as the
only official datum of Colombia.

2.2 Delimitation of the Study Area

The study area corresponded to traditional vegetable-
growing areas in the Bolivar Department. It is important
to consider that the production of squash is linked to
areas near the abundant bodies of water in the central
and southern municipality of the department such as
Magangué, Mompox, Barranco de Loba, Hatillo de Loba,
and Altos del Rosario. These areas, as well as municipali-
ties of the north of the department — Turbaco, Arjona,
Santa Rosa, Soplaviento, Villanueva and Santa Catalina
- were visited and tours were made for information col-
lection.

2.3 Instrument to Recollect INFORMATION

In addition to the cartographic developments, interviews
and surveys were carried out during fieldwork aimed
at obtaining information from key actors linked to the
process of cultivation, transportation, and marketing of
squash. These were important aspects of achieving an
informed approach regarding this vegetable as a food
system. The survey, interview, and field diary instru-
ments were designed to obtain data on the productive
potential of squash cultivation in the study area. Work
in the territory was considered using the economic and
social Development Zones (ZODES), which constitute
areas of economic and social planning of the department
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established within the departmental development plan
of Bolivar 2001-2003 “social consensus for coexistence.”
The ZODES concept is the grouping and strategic inte-
gration of municipalities, considering characteristics that
enable the implementation of specific investment proj-
ects and programs. For the present case, the department
is divided into six ZODES: Dique, Montes de Maria,
Depresion Momposina, Loba, Mojana, and Magdalena
Medio*.

3. Results and Discussion

3.1 Squash Characterization in the Bolivar
Department

Figure 1 shows the classification of municipalities in the
Bolivar Department by ZODES Dique, Montes de Maria,
Mojana, Depression Momposina, Mojana, Magdalena
Medio and Loba while Table 1 provides characterization
of the squash crop according to this information and the
statistics reported by the Ministry of Agriculture and
Rural Development (MADR) about the records of har-
vested area, area planted, and yield of crops from 2007
to 2013.

BOLIVAR DEPARTMENT

Economic and Social Development Zones

I ZODES Dique

B 7ODES Montes de Maria

B z0oDES Depresion Momposina
[ ZODES Mojana

I8 ZODES Loba

[0 ZODES Magdalena Medio

Figure 1. Department of Bolivar distributed in Economic
and Social Development Zones.
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Table 1. Classification of the municipalities of the Bolivar department by ZODES

ZODES MUNICIPALITIES AGRICULTURAL CHARACTERIZATION
Dique Cartagena de Indias, Turbaco, Arjona, Calamar, Arroyo Agricultural pantry of Cartagena and
Hondo, Clemencia, Mahates, San Cristobal, San Estanislao | Barranquilla, industrial, port and tourist
de Kostka, Santa Catalina, Santa Rosa de Lima, Turbana, center located in Cartagena. The main crops
Soplaviento y Villanueva are maize, cassava, banana, African palm and
mango
Montes de Carmen de Bolivar, San Juan Nepomuceno, San Jacinto, With a mining and agricultural vocation,
Maria Maria La Baja, Cérdoba, Zambrano y El Guamo, characterized by crops of white and yellow
corn, cassava, yams, palm oil wood and
avocado
Mojana Magangué, Pinillos, Tiquisio, Achi, Montecristo y San It has natural resources and biodiversity, with
Jacinto del Cauca. a mining and agricultural vocation. Rice and
corn. are the main agricultural products.
Depresion Cicuco, Talaigua Nuevo, Mompox, San Fernando y Its vocation is cattle and crafts. Highlights
Momposina Margarita include goldsmiths and cabinet makers.
Presence of Orange crops
Loba Altos del Rosario, Barranco de Loba, San Martin de Loba, With agricultural and mining vocation, its
El Pefién, Hatillo de Loba, Regidor, Rio Viejo y Norosi main crops are corn, rice, cassava and palm.
Magdalena Arenal, Cantagallo, Morales, San Pablo, Santa Rosa del Sur | Its agricultural and mining vocation. Its main
Medio y Simiti crops are maize, cassava, oil palm and cocoa.

Source: (BOLIVAR GOVERNMENT Development Plan, 2001 - 2003)

3.1.1 Loba ZODES

The statistics of crop production in Altos del Rosario,
Barranco de Loba, San Martin de Loba, and El Peiién
municipalities are shown in Figure 2. The sowing, har-
vesting, and production of squash increased in all
municipalities except in El Pefion, which showed some
differences from an average production for this vegetable.
From 2009 to 2010, there was a decrease in production in
the municipalities of Altos del Rosario and Barranco de
Lobarelated with the winter waves and the El Nifio and La
Nifia weather phenomena.

For 2013, Altos del Rosario recorded a total of 45ha of
planted area and 40 ha of harvested area, with an approxi-
mate production of 600 tons. In Barranco de Loba,
however, statistics were not recorded in 2013, which by
2012 had a planted and harvested area of 40 ha with a
production of 400 tons of squash. San Martin de Loba had
the highest production of squash in 2008, with about 250
tons and a sown and harvested area of 25 ha. It is impor-
tant to note El Pefién in 2007 had a planted area of 100
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ha and a harvested area of 40 ha with a production of 278
tons. By 2013, however, it only had 15 ha of planted and
harvested area with a production of 150 tons, a decrease
of 85%.

3.1.2 Depression Momposina ZODES

The statistics of municipalities of the Depression
Momposina ZODES report the harvested area and
production of squash in Hatillo de Loba and Mompox
(Figure 3). In 2007, the sowing and harvesting area in
Hatillo de Loba was 80 ha and 20 ha, respectively. There
was a significant increase in 2012 with a record of 120
ha of planted and harvested area and a significant pro-
duction of 1,800 tons. In 2013, a significant decrease
was observed, however, when 30 ha were registered as
planted and harvested areas with 360tons produced. For
Mompox, a considerable increase was observed in 2011
and in 2013, it showed a planted area of 35 ha from which
30 ha were harvested with a production of 450 tons of
squash.
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3.1.3 Mojana ZODES

Mojana ZODES only reported statistics of the municipal-
ity of Magangué (Figure 4), which showed a significant
increase in production of squash for 2012 with a planted
area of 120 ha, all of which was harvested. In 2013, how-
ever, the area sown decreased and production was down
to less than half compared to the previous year.

Magangue Municipality
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Figure 4.  Statistics of harvested area # sown area % and
production —a— of pumpkin in the Mojana ZODES, from

2007 to 2013.

3.1.4 Dique ZODES

For the Dique ZODES, the only municipality that reported
squash statistics was Santa Catalina (Figure 5). It only had
records since 2012 and only had 3 ha of planted area that
could be entirety harvested. By 2013, the area planted
doubled with a production of 60 tons, which almost tri-
pled the production of the previous year.

In the statistics obtained for the Bolivar Department,
the production was not defined by the sown area, the
data for which varies considerably from year to year.
This serves as a basis for the identification of municipali-
ties with potential in squash production, however, and
promotes the agricultural chain as an alternative to the
development of new products in other municipalities that
have optimal conditions for planting and conditioning
this product.
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Santa Catalina Municipality
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Figure 5. Statistics of harvested area i# sown area * and
production —a— of pumpkin in the Dique ZODES, from
2012 to 2013.

3.1.5 Montes de Maria ZODES

The municipalities of Montes de Maria ZODES did, not
present statistics related on squash production, its grow it
for own consumption and not for commercial purposes,
due to their higher production has been related with
products such as avocado, cassava, yams, bananas, rice,
and tobacco. However, it is recognized as one of the best
lands for sowing in Colombia because of its different alti-
tudes, which allows a wide range of agricultural products.

3.2 Application of Data Collection and Geo
Referencing Tools

The surveys and interviews with farmers in the study area
showed similar practices of pre- and post-harvest man-
agement of the squash crop in all the municipalities that
report squash production. The level of technology use is
low or null, with the knife and scythe being the main tools
used. The ease of propagation of the seed of this vegeta-
ble makes it a crop of few requirements® to prepare the
seed, a mechanism is needed to break the rigid shell that
it presents. Because squash is a cultivated plant, in most
cases man is the one who disperses the seed to other envi-
ronments, while in other times, within the same crop, the
shell can be accidentally broken, releasing the seeds “in
situ” The latter method is related to the way farmers in the
Bolivar Department sow the squash seeds.

Indian Journal of Science and Technology
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The seeds are planted in lands without any previous
preparation. After deforestation and the burning of veg-
etation, when the rains are expected to begin, it is time
to do the sowing. Squash is usually cultivated along with
other products such as cassava, corn, chili, beans (mul-
tipurpose). The seeds are placed three meters apart in
length and width to facilitate the planting of the crop
and its correct distribution by the land. This information
coincides with the study reported by in'®. Sowing of the
seeds typically occurs in November, for the winter season,
and in June, which is done when the river level is lower,
enabling farmers to take advantage of the nutrients left
in the soil. Squash usually is usually ready for harvest in
three months, and the crop can be harvested twice a year.
Tractors, motorcycles, and animals are used to transport
harvested products to distribution centers and markets.
From there trucks and boats are used in the municipalities
of the center and south of Bolivar; these go by the Dique
canal until arriving at the municipalities in the north.

As can be seen in the geo referenced map (Figure 6),
in Barranco de Loba and Altos del Rosario, the number of
planted hectares is low compared to the total area avail-
able and the productivity potential, mainly because there
are no collection centers. The nearest collection center is
in El Banco Magdalena municipality and river transport
from the plots is usually more expensive than farmers are
willing to pay.

The Hatillo de Loba municipality has an advantage
because of its location closest to a collection center.
Most of the squash received at the collection center in
El Banco Magdalena comes from this municipality. The
other municipalities that report production of squash in
the south of Bolivar use it mainly for self-consumption;
this possibly is due to the difficult access and distribution
routes that farmers must use to transport and sell their
products to the outskirts of the municipalities or take
them to the collection centers.

Potential areas for the cultivation of Squash in the southern
area of the department of Bolivar.

Figure 6. Geo-referenced map of the municipalities that report squash cultivation in the south of the Bolivar department.
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The geo referenced points between the municipalities
of Magangué and Mompds, which are near the Magdalena
River (Figure 7), are potential areas for squash cultivation
in the central zone of the Bolivar Department. In rela-
tion to the statistics (Figures 2&3), the municipality with
the highest production is Magangué, but comparing the
results from the surveys and interviews of farmers, trad-
ers, and transporters, the largest producer in this area is
the municipality of Mompos. This is due in large part to
the fact that most of the harvested production is trans-
ported to Magangué because it is a central trading port,
from there it is distributed by the Magdalena River and
by land to the north of the department to cities such as
Cartagena, Barranquilla, and Santa Marta.

In the northern part of the Bolivar department there
are potential areas for squash cultivation (Figure 8),
but today most farmers only grow squash for self-con-
sumption (manager). In municipalities such as Turbaco,

Turbana, and Arjona, production is practically nil because
most of the farmers come to the Cartagena market to
look for products from the south of the department. The
municipalities that have the best conditions for planting
squash in this area are Clemencia, Santa Catalina, Santa
Rosa, and Soplaviento, which are at a lower height and
near watersheds that favor cultivation.

For purposes of discussion and considering the geo-
referencing of potential growing areas in the Bolivar
Department, it is evident that the increased production
and rich areas for growing squash are on the banks of the
Magdalena River and the Dique canal. Considering the
statistics (Figures 2, 3, 4, and 5) comparing them with the
maps, it follows that the closer the squash crops are to
rivers and basins, the higher will be the yield per hect-
are planted. There is a direct relation of the culture with
the availability of water bodies around it which also offers
great possibilities of transformation and technological

\/
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Figure 7. Georeferenced map of the potential Squash cultivation zones in Magangue and Momp6s.
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Potential areas for the cultivation of squash in the northern area of

thedepartment of Bolivar.

SAN ESTANISLA(

Legend

Municipalities of Bolivar
Visited municipalities with high potential.

o Georeferenced points Sistema de referencia de coordenadas:

SRC: MAGNA-SIRGAS

~— Primary routes
Procesamiento de informacion: Software QGIS

D 1 limit

L
s

with low p

¢.7 [ Visited municipaliti
[ Other municipalities.

2.10
B Magdalena river Base Cartogréfica: IGAC

Universidad de Cartagena - Colciencias - Grupo
CTS - Grupo IFCRA

Equipo SIG: Gomez Juan - Marsiglia

Figure 8. Geo-referenced map of the potential zones for squash cultivation in the north of the Bolivar department.

development of squash to provide the population with
sustainable economic and social growth that through
value-added products'®Y,

4, Conclusion

The characterization of aspects related to posthar-
vest management conditions, obtained through direct
dialogue with farmers and the application of surveys,
provided valuable information about the cultivation
of squash in the rural areas of the Bolivar Department
and the gathering of data concerning the difficulties
presented by small and medium producers. Likewise,
the use of GIS made it possible to obtain cartographies
with basic information that show the points and poten-
tial areas of squash cultivation within the zones of the
department of Bolivar.

Vol 11 (9) | March 2018 | www.indjst.org

The characterization of the basic pre- and post-har-
vest conditions of the pumpkin find in the use of GIS a
real possibility for the decision making and analysis of the
potentialities of this type of vegetable to advance initia-
tives aimed at strengthening regional food security.
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