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Abstract

The objective was to analyze the pipian squash agroecosystem to identify problems, energy
and financial efficiency comparing dry seed production to when it is given added value
(jamoncillo, fudge in English) in the community of Cantarranas Municipality of Paso de
Ovejas, Veracruz, Mexico. This research was conducted in 2018 using participatory techniques
and semi-structured interviews, financial analysis and energy productivity analysis. The degree
of interaction and communication between farmers was analyzed with the UCINET program.
It was found that the state of Veracruz ranks seventh in the production of pipian seed
nationwide, the municipality of Paso de Ovejas occupies the fifteenth place in the state. The
energy analysis showed higher energy productivity for the value-added product of pipian
(Jamoncillo) in contrast to the seed production. The financial analysis showed low profitability
for seed production (price in 2017: Mex $20.00 kg?). Low connectivity was found in the
farmers’ network, resulting in individual marketing generating low incomes for the producer.
There is a need to adopt more sustainable forms of pipian squash production and to promote a
small industry in the region.
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Introduction

Archaeological remains suggest that the domestication of Cucurbita argyrosperma Huber,
commonly known as pipian or pipian squash, occurred in central Mexico. The remains found in
the Tehuacan Valley, Puebla, date back more than 7 000 years (Lira, 1995). The Cucurbitaceae
family includes 118 genera and 825 species worldwide. According to recent taxonomic and floristic
studies, it comprises 141 taxa: 128 wild and 13 cultivated (Lira et al., 2002).

Several species are important to the farmer’s economy as a cash crop and some others have cultural
value among various rural communities in Mexico, due to their use as food and medicine. One of
these species is Cucurbita argyrosperma (Lira et al., 2002), commonly known as pipian squash.
The pulp and shell of this squash (by-product) have a yield between 3.8-28 t in fresh per hectare
(Garza et al., 2010), which could be useful in livestock feeding, silage or dehydrated. As well, it
can be used as a source of pigments in diets for laying birds due to its high content of carotenes
(Dorantes-Jimenez et al., 2016).

It is important to note that squash is a fruit of great nutritional value for its high content of
carbohydrates, soluble fiber, protein, oil of carotenoid compounds, precursors of vitamin A, S
carotene, cryptoxanthin and lutein (Hernandez, 2009). The fruits vary in size, shape and color. The
range in size goes from 14 to 50 cm long and from 14 to 25 cm in diameter, piriform or claviform
in the thinnest part, it has seeds 1.5 to 3 cm long and 0.7 to 1.7 cm broad, flat, elliptic to lanceolate
(Dorantes-Jiménez et al., 2016). Normally, for sowing, producers prefer seeds with gray, thin and
uniform margin, white testa since they have greater weight than seeds with wide edges (Merrick
and Bates, 1989).

The seeds contain 28% oil and 30% protein (FAO, 2018) and their consumption is common in
Mexico and Central America. In addition to Mexico, its cultivation has been recorded in countries
such as Guatemala, Honduras, El Salvador, Nicaragua, Costa Rica and Panama (Hernandez y Leon,
1994). Squash seed oil provides great health benefits, being an unsaturated oil with a content of 60
to 90% oleic acid and linoleic acid (Rossel et al., 2018).

According to agricultural statistics from SIAP (2018), 16 states in Mexico are engaged in the
production of pipian squash. The state of Veracruz occupies the seventh place and the state of
Campeche the first, with a total of 28 665 ha cultivated. In 2018, the cultivated area in Veracruz
was 716 ha (SIAP, 2018). In the state of Veracruz, 26 municipalities grow pipian squash. Among
them, Paso de Ovejas, located in the central area of the state, occupies the fifteenth place, with an
approximate rainfed area of 24 ha. This crop is important due to the growing demand for seeds in
the local, state and national market.

Pipian squash is preferably grown under rainfed conditions in sandy and clay soils with good
drainage and a medium content of organic matter, in humid and sub-humid tropical climates. In
general, it is sown in late May and early June with the presence of the first rains, and it is harvested
from September to December (Garza et al., 2010).
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The concept of agroecosystem began to be used in the mid-twentieth century. In this regard, Hart
(1985) defines the agroecosystem as an arrangement of physical components, a set or collection of
things, united or related in such a way that they form and act as a unit, an entity or a whole. This
concept has evolved and it is understood that the agroecosystem is a system that must be studied
as an organized totality (Martinez-Davila and Casanova-Pérez, 2018), where its understanding
involves knowing its structure and functioning, and its social, economic and environmental
attributes in an appropriate scale and context (Pérez-Vazquez and Trinidad-Leyva, 2019). That is,
every system has a structure related to the arrangement of its components and has a related function
of how the system acts.

An exploratory investigation of the region of interest made it possible to determine the priority
problems regarding the crops of greater socioeconomic importance, highlighting the cultivation
of pipian squash. Coupled with the scarce scientific information of this crop under an approach
of agroecosystems. Therefore, the need to generate scientific information on the importance of
this crop for the central area of the state of Veracruz was raised to allow an understanding of
its structure and operation at different hierarchical levels. The objective was to study the current
situation of the agroecosystem with pipian squash in Cantarranas, Municipality of Paso de
Ovejas, Veracruz.

Materials and methods

The focus of this research was a mixed quantitative and qualitative analysis of the agroecosystem,
conducted from February to April 2018. At the municipal level, the study was conducted in Paso
de Ovejas, Veracruz. At the farm level, it was carried out in the community of Cantarranas. The
community is located at 220 m altitude with a warm sub-humid climate (AwO). The average annual
temperature is 25.7 °C and the average annual rainfall is 1 196 mm. The selection of this
community was due to the relevance of the cultivation of pipian squash.

The information was collected through the official database SIAP (2018) to know the cultivated
area in three hierarchical levels (basin, municipality and crop). The community of Cantarranas was
visited, taking a representative sample of 20%, which corresponds to 42 pipian farmers. The flow
of inputs and outputs of the agroecosystem was analyzed through a financial analysis and energy
balance (Fluck, 1995). Two production systems of pipian cultivation were compared, one where
the production of seed is marketed in dry and another where the seed is given added value
(jamoncillo, fudge in English). As well, the level of organization of the agroecosystem controller
in the territory of interest was studied (Figure 1).

To design the study, an exploratory tour was carried out to determine the priority problems and to
consider the agricultural activity of greater importance and that provides more incomes to the
farmers. The community of Cantarranas is located at an altitude of 220 m. The climate of the area
is defined as sub-humid tropical (AwO0) with an average annual temperature of 25.7 °C and an
average annual precipitation of 1 196 mm.
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Figure 1. Model of the agroecosystem with pipian squash in the region of Cantarranas, Paso de Ovejas
Veracruz.

At the basin level, the QGIS program was used to identify the areas of greatest agroecological
aptitude for growing pipian. At the municipal level, semi-structured interviews were conducted
with key actors (Municipal Representative for Agricultural Development and District Chief 006-
La Antigua) and to obtain information on pipian production. At the crop level, participatory
research techniques (semi-structured interview, brainstorming, problem tree, classification) and a
questionnaire were used. In a meeting with 42 producers of pipian squash from the community of
Cantarranas, Veracruz and using various participatory dynamics, problems were identified and
prioritized, in the presence of the ejido authority.

To obtain the collaborative network and the level of communication between farmers, the UCINET
software was used. Three measures of centrality were determined: range, intermediation and degree
of closeness; using a graphical network, several relationships were established, including the
percentage of density, Kuz (2016). Through a semi-structured interview, information was collected
in the community of La Ternera, Veracruz, to describe the added value (jamoncillo candy). A
structured questionnaire was used for financial analysis, collecting data on costs and revenues from
seed production and value added (jamoncillo). The estimated financial indicators were: benefit/cost
ratio (B/C), net present value (VAN) and internal rate of return (TIR), Infante (1998).

The same questionnaire was used to make energy budgets, recording inputs (inputs) and outputs
(production) of the agricultural system in terms of direct and indirect energy. Energy values in
British thermal unit (BTU) were assigned to all inputs and outputs. In the case of the production of
jamoncillo, the costs and inputs used for its production were recorded. Energy productivity was
estimated according to the methodology of Fluck (1995); Pardo (1987).

Results and discussion
Pipian Squash at the state and municipal level

According to data from SIAP (2018), the states with the greatest potential for pipian squash
production are: Veracruz, Campeche, Yucatan, Tamaulipas, part of Oaxaca, Michoacéan, Jalisco,
Nayarit and Sinaloa (Figure 2). Pipian squash thrives in tropical and subtropical regions, it is
distributed at a wide range of altitudes, ranging from sea level to 1 800 m (Ayvar et al., 2007). At
the state level, its cultivation is concentrated in the north and center of the state and partially in the
south.
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Figure 2. States with the highest production potential for the cultivation of pipian squash (C.
argyrosperma).

The municipality of Paso de Ovejas is in the fifteenth place in production with a cultivated area of
24 ha. Production is also concentrated in the central part, particularly in the municipalities of Alto
Lucero, Actopan, La Antigua, Puente Nacional, Paso de Ovejas and Ursulo Galvan (SIAP, 2018).
The most important communities in the municipality of Paso de Ovejas that grow pipian squash
are: Mata Mateo, Cantarranas, Acazonica, Angostillo, as well as La Ternera and Mata de Jobo that
belong to the municipality Puente Nacional (Figure 3).
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Figure 3. Municipalities of the state of Veracruz with the highest production potential for the
cultivation of the pipian squash (C. argyrosperma).
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Farmers pointed out: ‘About 15 years ago, | used to grow pipian squash associated with corn and
papaya, but the pipian squash has generated more incomes so now we plant it as a monoculture
to get more production’. However, its monoculture has generated a higher incidence of pests and
diseases.

In various parts of Mexico, the cultivation of pipian squash is important in traditional agricultural
systems (Whitaker and Davis, 1962). The traditional production system involves the association
mainly of corn (Zea mays), squash (Cucurbita argyrosperma) and beans (Phaseolus vulgaris). It
also represents a background of traditional knowledge and conservation practices of the genetic
diversity of crops adapted to their environment, soils and climatic factors, and regional cultural and
socioeconomic preference (Canul et al., 2005).

As Ebel et al. (2017) comment, the association of corn, beans and squash, which underlines the
production potential of diversified production systems. In addition to the cultivation of pipian
squash, during the rainy season, some farmers grow watermelon, corn and papaya. However, there
is a lack of a technological package that contributes to raising the productivity and profitability of
the crop. In addition, there is not enough information regarding the factors that limit the production
chain of pipian seed in the preparation of dishes and sweets.

Porta et al. (2003) comment that one of the factors that limit low yields in production are those
related to the physicochemical characteristics of the soil. In this regard, foliar fertilization is an
efficient method as a complement to soil fertilization, especially in the growth stages, which is
reflected in the yield of the crop, especially in the production of dry seeds (Diaz-N4jera et al.,
2015). Since the cultivation cycle of pipian squash lasts only 3 months, from sowing to harvest, its
monoculture can cause the decrease of nutrients in the soil (Ayvar et al., 2007).

Regional problems of pipian squash cultivation

The results of the problem tree showed that the main threat of this crop is drought, due to the
eventuality of the rains, increasingly scarce and poorly distributed during the season. Another
problem is the variation in the price of the seed (once harvested). In 2014, the price was $41.00
kg (Mexican pesos) and it was a fairly profitable harvest, but as of 2017, the price has been
$18.00-20.00 kg!, price that only covers the minimum production costs.

The farmers comment: “this price is due to the fact that currently the total production is currently
hoarded by an organized group, which has a purchase and sale contract with another supplier”.
Another problem identified was a reduction in yields as it was continuously planting on the same
plots under the monoculture system. This generates high production costs for producers, due to
conventional fertilization and pest and disease control. An additional problem are pests and
diseases, a larva (Spodoptera exigua Hubner) that pierces the tender fruit and mosaic virus that
affects the photosynthetic capacity of the crop and yield.

The fruits are harvested in August and the seeds are dried along the road for a couple of sunny

days. In case of having an unforeseen rain during the drying of the seed, this causes them to
moisten, causing loss in the quality and appearance of the seed. It is reported that the use of
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Bayfolan Forte increases the yield in pipian squash up to 50%, due to its composition in macro
and micronutrients, which could be an alternative to reduce fertilization costs (Diaz-N4jera et
al., 2015).

Sequi (2004) mentions that the application of micronutrients via foliar has become an important
practice for producers, because it corrects the nutritional deficiencies of plants, favors the good
development of crops, in addition to improving yield and commercial quality. It is important to
mention that there are no technicians to advise and train producers in the production of pipian
squash, mainly in the implementation of more environmentally friendly agroecological practices,
as well as in issues of value addition.

Undoubtedly, this would considerably improve agricultural production systems and producer
incomes. For instance, producers do not prune their crop, if apical dominance is eliminated in the
primary and secondary creeping stems, it could promote the development of short and early side
vines, with greater fruiting, and it would allow them to have higher planting densities and increase
the yield and profitability of the crop (Ayvar et al., 2004).

The cultivation of pipian squash occurs preferably in sandy loam and clay loam soils with good
drainage and a medium content of organic matter. Typically, growers use thin-edged seeds because
they have more weight than wide-edged seeds. The crop presents important pests, this because
these pests have created resistance to the agrochemicals that are applied. All producers claimed to
have problems with the green worm (Diaphania hyalinata L. or D. nitidalis Stoll) being borers of
vines and tender fruits; that hibernate as a pupa on the ground (Bautista and Vejar, 1999).

Therefore, to control pests and diseases, farmers should use a wide range of agrochemicals with
values of up to $750.00 per crop cycle. Weed control is based on the application of herbicides,
preferably twice per crop cycle. The first after planting and the second when the vine is still
manageable (1 m in length).

As soon as the squash fruits appear, they apply agrochemicals such as Denim 19 CE or Furadan
350 L. The problem of powdery mildew (Erysiphe cichoracearum DC) is more severe during
drought conditions. The average cultivated area per farmer is 1-10 ha. The average reported yield
is around 600-700 kg ha. This coincides with George (1999), who points out that the average
yield ranges between 0.5 and 1 t ha™.

Social networks of the community of Cantarranas, Paso de Ovejas Veracruz

The average age of farmers was 62 years. In the analysis of the network, the density of the social
factor was 1. 6% of the interrelation between farmers in Cantarranas, which corresponds to a low
level of interaction. Thirteen subgroups were determined, which means that most producers work
alone with minimal intercommunication. Two farmers (Adan S and Pedro H) had the highest
degree of intermediation and reference.

Two other farmers (Mario Q and Antonio D) had the highest degree of closeness and therefore,
they have the greatest ability to access all the other nodes in the network (Figure 4). Mario Q
obtained the highest degree of closeness and intermediation and therefore, within the community,
he is one of the main actors for supporting training services, technology transfer, information
communication.
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Figure 4. Analysis of the network of farmers in the community of Cantarranas, Paso de Ovejas,
Veracruz.

The actors of the network acquire social roles according to the form and type of inputs they handle,
so they come to fulfill specific functions, in organizational aspects, managers, innovators,
designers, adopters, diffusers, integrators, trust, among others (Nufiez, 2008). If the producers of
the pipian squash agroecosystem do not have an adequate organization, they cannot be inserted
into the market (Ireta et al., 2018).

Production costs and financial indicators of the pipian squash agroecosystem

Activities such as drying the seed, cleaning the land, plowing, clearing brush, fertilizing and
spraying agrochemicals have the greatest weight in the total cost of production (Figure 5). This
coincides with Ireta et al. (2018), who pointed out that soil preparation, seed, fertilization,
herbicide, phytosanitary control, labor; have the greatest impact on the total cost of production.
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Figure 5. Distribution of production costs in the cultivation of pipian squash.
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The financial indicators (break-even point, cost/benefit ratio) of the value-added pipian seed
were higher compared to the value of dry pipian seed. The results indicate that the break-even
for dry seeds is Mex $22.00 kg. Nevertheless, when value is added to the seed and they are
sold as a jamoncillo candy, a higher income is obtained (Table 1), with a cost/benefit ratio of
1.03.

Table 1. Financial indicators of fresh production and value added in pipian squash by annual

cycle.
Type of production Cost ($ hat) B/C VAN TIR
Pipian seed (dried) 10 570.00 0.13 1430.00 8%
Jamoncillo (candy) 47 370.00 1.03 20 276.00 22%

Energy balance of production of dry seed and with added value (jamoncillo)

The preparation of agro-industrial processes such as jamoncillo is carried out in a traditional way
by families of Mata de Jobo and it is their main source of income. A key informant said the sale
takes place year-round, but the highest demand comes in September and October, with the ‘Day of
the Dead’ festivities.

The total energy used for dry seed is less than that of the value-added product (Table 2). The
regional market for pipian derivatives (jamoncillo and pipian sauce) includes municipal markets,
well-established shops and hawkers in the cities of Xalapa, Huatusco, Coscomatepec, Veracruz
and Cardel, which includes a transport price of 100-150 pesos.

Table 2. Result of the energy balance of pipian squash as a fresh and value-added product

(Jjamoncillo).
Inputs Units Quantity Total energy - Energy_
Both products seed Jamoncillo  productivity
Tractor Btu $ 2100 27 747 300
Nitrogen Btu kg 1 72 156
Herbicide Btu kg 4 1079 162
Insecticide  Btu kg 2 438 628
Wages Btuh 328 17 755 624
Subtotal 47 092 870 6.795E-06
Firewood Btu kg 320 5713920
Other costs Btu Mex$  0.03 400 221 770
Subtotal 405935690  7.883E-07
Total Btu 453 028 561 7.06E-07
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Conclusions

The cultivation of pipian squash in the central area of the state of Veracruz (municipalities of Paso
de Ovejas and Puente Nacional) has a great importance in the economy of the producers. However,
in recent years, it presents important problems that put its permanence as a monoculture at risk,
this due to the fall in the price, eventuality and scarcity of rains, pests and diseases and low
organization of producers to insert themselves in the market of this seed. Value addition can be an
option to achieve higher revenues.

The abandonment of the traditional cultivation of pipian (in association with corn and papaya) can
be an option that needs to be valued from the various social, financial and environmental
dimensions. However, the practice of monoculture is representing a high cost of production,
reducing profits. Regarding the social factor, it is found that the density was 1.6% of the
interrelation between producers, which corresponds to a low level of connectivity and therefore
low level of organization.

The financial analysis showed a low profitability for dry seed (price of Mex $20.00 kg in 2017)
compared to added value (jamoncillo candy). The value-added scheme had a higher energy
productivity, compared to the production of dried pipian seed. It is recommended that alternatives
for the use of the by-product of pipian squash (the pulp and shell of squash) in animal feed, mainly
in cattle, pigs and poultry, should be explored.
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