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Benefit-cost analysis of the optimum level of giberellic acid as an inductor of the
germination of chiltepin chili (Capsicuum annuum var. aviculare) cultivated in
backyard

Analisis beneficio-costo del nivel 6ptimo de acido Giberélico como inductor de la
germinacién de chile chiltepin (Capsicuum annuum var. aviculare) cultivado en
traspatio
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Abstract

The gastronomic culture of Mexico is linked to various
vegetables, to certain species and, in particular, chili. It is
clear that chilies are plant species that have great
importance in the identity of the people of Mexico. The
objective of this research was to analyze the cost-benefit
of sowing chiltepin-type chili in the backyard using the
optimal level of applying gibberellic acid as a germination
inducer. Prior to the cost-benefit analysis, seven
treatments were evaluated to select the best one to induce
chiltepin germination. The treatments were supported by
the application of gibberellic acid in different percentages,
plus a control (T1-no application). The results showed that
the optimal level of germination was obtained with the
application of substrate, perlite, vermiculite and 5%
gibberellic acid. With this treatment, a greater number of
plants and 95% rooting were obtained, compared to the
control treatment (T1) as well as a greater yield of chili
(171 g plant-1) compared to the control (128 g plant-1). A
cost-benefit ratio of 1.33 was calculated for the best
biological treatment, so it is concluded that it is possible to
improve family income through the production of
chiltepin-type chili under backyard conditions.
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Resumen

La cultura gastronémica de México esta ligada a diversos
vegetales, ciertas especies y en lo particular al chile. Es
claro que los chiles son especies vegetales que tienen gran
trascendencia en la identidad del pueblo de México. El
objetivo de esta investigacién fue analizar el costo-
beneficio al sembrar el chile tipo chiltepin en traspatio
utilizando el nivel 6ptimo de aplicar acido giberélico como
inductor de la germinacion. Previo al analisis costo-
beneficio se evaluaron siete tratamientos para seleccionar
el mejor para inducir la germinacién del chiltepin. Los
tratamientos se sustentaban con la aplicacién de acido
giberélico en diferentes porcentajes, mas un testigo (T1-
sin aplicacion). Los resultados mostraron que el nivel
Optimo de germinacion se obtuvo con la aplicacién de
sustrato, perlita, vermiculita y &cido giberélico al 5%. Con
este tratamiento se obtuvo un mayor nimero de plantas y
un 95% de enraizamiento, en comparacion con el
tratamiento testigo (T1) asi como un mayor rendimiento
de chile (171 g planta-1) en comparacion al testigo (128 g
planta-1). Se calcul6 una relacién de b/c de 1.33 para el
mejor tratamiento biolégico por lo que se concluye que es
posible mejorar el ingreso de las familias mediante la
produccion de chile tipo chiltepin bajo condiciones de
traspatio.
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Introduction

Chilli peppers are a plant species of particular
importance in Mexican culture and identity. The
chiltepin chilli (Capsicum annuum L. var.
glabriusculum (Dunal) Heiser & Pickers- gilles)
also known as quipi, pikin or aji pajarito is native
to tropical areas, being found from the south of
the United States of America, in various regions
of Mexico (Rueda, et al., 2010) and in Central
America (Castro, 2020). The word chiltepin is
believed to come from the Nahuatl word
meaning "flea". In Mexico, the main producers,
and consumers of chiltepin are the states of
Sonora and Sinaloa. In Sonora it is known as the
red gold, due to its high cost as an exotic chilli
(Camarena, 2016). The wild chiltepin from the
Sierra de Sonora occupies a significant place in
the culture of Sonorans. However, studies on this
species are scarce and one-dimensional
(Bafiuelos, et al., 2008). Chiltepin is mainly
collected by women and children in the various
ecoregions of the country, which is why this
activity represents a source of extra income for
rural municipalities and, therefore, is a factor of
socio-economic development for the region.

Mexico has been classified as a high
producer and consumer of chilli. For this reason,
several types of species are consumed,
depending on the region and the type of
vegetation, but one of the most important is the
Chiltepin type chilli. Mexico stands out for the
importance of the origin and diversity of the
most representative chilli  species, which
includes Capsicum annuum among the more
than 100 varieties of chillies consumed
worldwide (Gallardo, 2017). Chilli is a relevant
element in the national culture for the
preparation of dishes and traditional medicine
and is undoubtedly a source of income for rural
communities where it is naturally produced.

It is well documented that Mexico has
been classified as a high consumer of spicy
products. Thus, consumers identify several types
of chilli, depending on the region, the
environment, and the type of vegetation. In the
case of chiltepin, it should be mentioned that this
species is consumed in the communities
surrounding the production areas and, it is
believed, that its harvesting has not endangered
the survival of this species; that is to say, its
cultivation has taken place under sustainable
conditions.
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In addition, it should be mentioned that
consumption has increased in recent years as a
result of their display in US supermarkets,
promoted as exotic chillies (Camarena, 2016).
However, in some regions of Mexico (i.e., in the
region of Chinipas in the state of Chihuahua),
this species is intensively harvested in the wild,
deteriorating its habitat and participating in the
gradual extinction of this species (Oviedo, et al.,
2017).

Chiltepin is produced seasonally and at a
specific time; consequently, it is necessary to
practice adequate management of the plant in
order to have a product all year round. For this
reason, it is necessary to generate clonal lines by
selecting plants with the required characteristics,
such as size, shape, fruit colour, gquantity and
quality of modern crops (Gonzalez, 2016).

Once a line has been generated, cuttings
can be taken from the plant, i.e. stems cut
lengthwise to which hormones are added in
substrate during the period when the plant is not
differentiating, flowering or bearing fruit.
Finally, the plant is properly managed until it is
big enough to be transferred to soil or
hydroponic cultivation. Ibid.

The objective of this study was to
perform a benefit-cost (b/c) analysis of the
investment made by producers in the
municipality of Rosales, Chihuahua, Mexico in
the production of chiltepin chilli under backyard
conditions. The results will reduce the costs
associated with the purchase of chili peppers for
daily consumption by participating families and
increase their financial indicators. We
hypothesised that growth in the agricultural
sector plays an important role in reducing
poverty in communities, as some estimates have
determined that such growth is three to four
times more effective than growth in other non-
agricultural sectors (Christensen, 2018).

Methodology to be developed

The study was carried out from February 2022 to
June 2023 in the town of Ortiz, in the
municipality of Rosales, Chihuahua, Mexico.
This community is located at the coordinates
Latitude 28,1833, Longitude-105.467 28°
10°60" North, 105° 28°1" West. Figure 1 and
Figure 2 show the location of the study.
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The area has an extreme semi-arid
climate, the average annual temperature is 18.6
°C, the maximum temperature is 42 °C and the
minimum temperature is -13° C. The average
annual rainfall is 294.7 mm, with an annual
average of 82 days of rain and a relative
humidity of 45%. There are an estimated 60 days
of rain and 2 days of hail. The number of frost
days is 110 and there are 3 d of early frosts
(October) and 4 d of late frosts (April). The
prevailing winds come from the southwest
(INAFED, 2021).

In a first stage, an experiment was
established under backyard conditions with the
objective of identifying the optimum level of
gibberellic acid application to obtain good
chiltepin seed germination. The following eight
treatments with additions of substrate, perlite,
vermiculite and gibberellic acid were evaluated,
the control treatment (T1), application of
substrate, perlite, vermiculite and gibberellic
acid at 3% (T2), application of substrate, perlite,
vermiculite and gibberellic acid at 4% (T3),
application of substrate, perlite, vermiculite and
gibberellic acid at 5% (T4), application of
substrate, perlite, vermiculite and gibberellic
acid at 6% (T5), application of substrate, perlite,
vermiculite and gibberellic acid at 7% (T6) and
application of substrate, perlite, vermiculite and
gibberellic acid at 8% (T7). The treatments were
established in soil with a plant spacing of 2x2 m.

Statistical analysis of biological response

Differences between treatments were analysed
by analysis of variance (ANOVA) considering
an unstructured arrangement of treatments
(Rubio and Jiménez, 2012). The statistical
package SAS (Statistical Analysis System) was
used for the analysis. When the F value was
significant, a mean comparison test was used
with Tukey’s method. The statistical analyses
considered a significance value of 95%, i.e.
a=0.05 in all cases.

Cost-benefit analysis

Once the best evaluated treatment of gibberellic
acid application was determined from the
biological point of view, a cost-benefit analysis
was carried out. The simplest formula was used
for this analysis, i.e., the b/c ratio was calculated,
where b represents the benefit and c the cost.
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The benefit is determined as a percentage
and its interpretation is: if the result is greater
than 1, it is acceptable or profitable; if the result
is equal to 1, there is no profit or loss; and if the
result is less than 1, it is not profitable, so the
treatment or project is rejected. Its formula:

Netincome
Net cost

Benefit Cost = ( )x 100

Results and discussion

The ANOVA results for the percentage of
gibberellic acid applied to chiltepin chili seed
showed differences between treatments in
rooting, seedling development and vyield
(P<0.05). A detailed analysis of these results is
not shown as it was not the objective of this
study. Of the evaluated treatments, the one that
presented a higher growth and a better rooting of
the chiltepin chili seedling under backyard
conditions was T4; that is to say, with the
application of substrate, perlite, vermiculite and
gibberellic acid in 5%. It was noted that this
treatment had a positive effect favouring a better
development of the plant. With this treatment, a
greater number of plants were obtained (17
plants), which greatly surpassed the control (T1),
where 8 plants were observed. With respect to
yield, in T4 171 g of fresh red fruit per plant were
harvested, while in the control treatment 128 ¢
were harvested.

Agronomic results show evidence that
this plant is highly adaptable to different
environments and soil types (Cano et al., 2015;
Rueda et al., 2010). In a recent work developed
by Alcala, et al. (2019), where they evaluated 11
germination treatments in chiltepin, they found
that the application of gibberellic acid to the seed
with a scarification process improved the
germination percentage, germination index and
germination speed and reduced seed death.
Koornneef and Bentsink (2002) reported that
gibberellic acid offered an excellent way to
improve plant germination. Similarly, Quintero
et al. (2018) found that gibberellic acid
treatments had a positive effect on germination
compared to the control group.
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Our results are interesting because there
is a marked interest in domesticating this plant
and, in this way, making it possible for families
to harvest their chilli needs, in this case chiltepin.
However, little has been studied about the
dormancy mechanism of this particular species,
which has allowed it to overcome adverse
climatic conditions or to resist light, water and
nutrients  with  special ~ competitiveness
(Finkelstein et al., 2008). It is traditional for
Mexican families to collect chiltepin fruits in the
wild (Guerrero, 2015) and little has been done to
domesticate this plant in backyard plots,
although several studies have shown that chili
seed production is a highly profitable market
(Tigari and Swathi, 2019). Major problems in
domestication  include variation among
genotypes, low and erratic germination rates,
morphological and physiological information
among other factors.

The benefit-cost analysis found a value
of 1.33, i.e. it is possible to support the sowing
of chiltepin type chilli under backyard
conditions, as this crop is profitable and without
any visible risk. It is desired that the producer
adopts an innovation or alternative that will
improve his standard of living and,
consequently, increase his income. It is not
common to find benefit-cost analyses on
agricultural and livestock products; however,
some researchers have conducted such analyses
to motivate the planting and promotion of a
certain type of crop. For example, researcher
Avila (1997) conducted a study to determine the
benefit-cost of several important crops in the
northwest region of the state of Chihuahua and
concluded that oats were the most suitable crop
for producers because of their 63.41%
profitability including land costs.

The advantage of producing one's own
type of chilli under backyard conditions by a
Mexican family is truly innovative, as it is well
documented that the price of this product, which
is consumed in practically every meal, increases
significantly in local markets. For example, in
India 90% of chillies sold are produced in other
regions and only 10% is a local product, which
increases the price of the products significantly
(Srikala, et al., 2016).

ISSN-On line: 2414-8830
ECORFAN® Al rights reserved.

December 2023, VVol.9 No.17 1-5
Acknowledgements

The research was possible thanks to the support
of Mr. Rodolfo Rodriguez Chavez who provided
agricultural space and human resources, and to
the Faculty of Agricultural and Forestry
Sciences of the Autonomous University of
Chihuahua, who provided human resources and
donated the materials and sources for the
experiment.

Funding

This work has been funded by the Facultad de
Ciencias Agricolas y Forestales of the
Universidad Auténoma de Chihuahua who
supported with materials and human resources.

References

Alcalg, R., Lépez, B., Vazquez, B., Sanchez, A.,
Rodriguez, H., Pérez, R., Ramirez, G., (2019).
Seed physiological potential of Capsicum
annuum var. Glabrisculum Genotypes and their
answers to  pre-germiantion  treatments.
Agronomy 9; 325- ; doi:
10.3390/agronomy9060325

Avila, M., (1997). Ventajas comparativas del
cultivo de avena de temporal en el estado de
Chihuahua. Agricultura Técnica de México
23(2):125-138.

Bafiuelos, N. et al., (2008). Etnobotanica del
chiltepin. Etnobotanica  del Chiltepin,
https://www.scielo.org.mx/scielo.php?pid=S01
88-45572008000200006&script=sci_abstract

Camarena, D., Sandoval, S. (2016).
Etnocentrismo y comida tipica regional: una
caracterizacion de las preferencias y consumo de
la poblacién urbana de Sonora|| Ethnocentrism
and  Traditional  Regional = Food: A
Characterization of the Preferences and
Consumption of the Sonora Urban Population.
Raz6n 'y Palabra, 20(3 94), 501-516.
https://revistarazonypalabra.org/index.php/ryp/a
rticle/view/721

Cano, A., Lbpez, M., Zavaleta, H., Cruz, N.,
Ramirez, 1., Gardea, A., Gonzélez, V. (2015).
Variation in seed dormancy among accessions of
chile  piquin  (Capsicum annuum  var.
glabriusculum). Bot. Sci. 93, 175-184.
https://www.scielo.org.mx/scielo.php?script=sc
i_arttext&pid=S2007-42982015000100015

RODRIGUEZ-LOPEZ. Karen Alexa, ORTEGA-MONTES, Fabiola Iveth,
RUBIO-ARIAS, Héctor Osbaldo and MACIAS-LOPEZ, Maria Guadalupe.
Benefit-cost analysis of the optimum level of giberellic acid as an inductor of
the germination of chiltepin chili (Capsicuum annuum var. aviculare)
cultivated in backyard. ECORFAN Journal-Republic of Nicaragua. 2023



Article

5

ECORFAN Journal-Republic of Nicaragua

Castro, F. (2020). Conoce el origen del chiltepin,
el chile mas preciado de Sonora.

Food & Wine.
https://foodandwineespanol.com/origen-chile-
chiltepin-sonora.
https://foodandwineespanol.com/origen-chile-
chiltepin-sonora/

Christensen, M. (2018). "Assessing the regional
socio-economic impact of the European R&l
program ", JRC Working Papers on Territorial
Modelling and Analysis 2018-05, Centro Comun
de Investigacion  (sede de  Sevilla).
https://ideas.repec.org/p/ipt/termod/201805.htm
I

Finkelstein, R., Reeves, W., Ariizumi, T.,
Steber, C. (2008). Molecular aspects of seed
dormancy. Annu. Rev. Plant Biol. 59, 387-415.
https://pubmed.ncbi.nlm.nih.gov/18257711/

Gallardo, A. (2017). Cultivo de chile piquin
(Capsicum annum) y evaluacion de calidad
postcosecha en  Xicotepec de  Juarez.
https://promep.sep.gob.mx/archivospdf/protocol
os/Protocolo194586.PDF

Gonzélez, C. (2016). Alternativas del desarrollo
del  Chiltepin. Baja  California  Sur.
http://www.cienciamx.com/index.php/tecnologi
a/biotecnologia/19721-chiltepin-alternativa-
desarrollo-comunidades-rurales

Guerrero, R. (2015). Niveles de dormancia en
semillas de chile silvestre de diferentes
ecoregiones y desarrollo de protocolos para la
germiancion y regeneracion de accesiones. MsC
tesis, Universidad Autonoma de Aguascalientes.
http://bdigital.dgse.uaa.mx:8080/xmlui/handle/1
1317/418

INAFED. (2021). Instituto Nacional para el
Federalismo y el Desarrollo Municipal.
https://www.gob.mx/inafed

Koornneef, M., Bentsink, L., Hilhorst, H.
(2002). Seed dormancy and germination. Curr.
Opin. Plant Biol. 5, 33-36.Maldonado, C. M.
2011. Técnicas de Produccion de Chiltepin bajo
un Sistema Agroforestal en Sonora Meéxico.
Sonora México: Heiser Pickersqill.
https://pubmed.ncbi.nlm.nih.gov/11788305/

ISSN-On line: 2414-8830
ECORFAN® Al rights reserved.

December 2023, VVol.9 No.17 1-5

Oviedo, H., Meléndez, L., Rodriguez, A. (2017).
Micropropagacion de chiltepin  (Capsicum
annuum L. cv. ‘glabriusculum’) mediante el
empleo de una oligosacarina de origen péctico.
Acta Universitaria.
https://doi.org/10.15174/au.2017.1452.

Quintero, M., Guillen, O., Delgado, P., Marin, J.,
Guzman, A., Sanchez, A., Guzman, J. (2018).
Relieving dormancy and improving germination
of Piquin chili pepper (Capsicum annuumm var.
Glabriusculum) by priming techniques. Cogent
Food &  Agriculture, 4:1, 1550275,
DOI:10.1080/23311932.2018.1550275

Rubio, A., y Jiménez, C. (2012). Estadistica
aplicada con andlisis en Minitab. Chihuahua,
Chihuahua, México. 169 p.

Rueda, E., Murillo, B., Castellanos, T., Garcia,
J., Tarazon, M., Moreno, S., Gerlach, L. (2010).
Effects of plant growth promoting bacteria and
mycorrhizal on Capsicum annuumm L. var.
aviculare (Dierbach DArcy and Eshbaugh)
germination under stressing abiotic conditions.
Plant physiology and biochemistry 48: 724- 730.

Srikala, M., Bhavani, D., Subramanyam, V.,
Ananda, T. (2016). Cost of cultivation and price
spread of chillies in guntur district of Andhra
Pradesh. International Journal of Agriculture,
Environment and Biotechnology 9(2): 299-303.
https://www.researchgate.net/publication/30329
0399 Cost_of cultivation_and_price_spread_o
f_chillies_in_guntur_district_of Andhra_Prade
sh

Tigari, H., Swathi, H. (2019). Cost-benefit
analysis of chilli seed production. International
Journal of Economics 8(1):47-52.
https://econpapers.repec.org/article/acgjournl/v
_3a8 3ay 3a2019 3ai_3al 3ap_3a47-52.htm.

RODRIGUEZ-LOPEZ. Karen Alexa, ORTEGA-MONTES, Fabiola Iveth,
RUBIO-ARIAS, Héctor Osbaldo and MACIAS-LOPEZ, Maria Guadalupe.
Benefit-cost analysis of the optimum level of giberellic acid as an inductor of
the germination of chiltepin chili (Capsicuum annuum var. aviculare)
cultivated in backyard. ECORFAN Journal-Republic of Nicaragua. 2023



