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ABSTRACT

Objective: To determine the impact of genetic improvement on the maintenance and preservation of the
genetic diversity of habanero chili (Capsicum chinense Jacq.).

Methodology: We reviewed topics related to the genetic improvement and diversity of habanero chili.
We included historic reviews, as well as interviews with plant breeders and nursery growers of the Yucatan
Peninsula. The information thus obtained was classified, analyzed, and discussed.

Results: The introduction and use of hybrids and varieties is affecting the genetic diversity of habanero chili,
restricting the cultivation of local varieties and, therefore, the use of the Designation of Origin.

Conclusions: Regional genetic improvement is needed to preserve genetic diversity.
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INTRODUCTION

Considered a genetic pool center for habanero chili (Capsicum chinense Jacq.), the Yucatdn
peninsula in Mexico produces around 3,500 tons of fruit per year, 85% of which is sold
fresh and 15% for industrial use (Lopez-Espinoza et al., 2018). The Yucatdn peninsula is
characterized by the genetic diversity of habanero chili, which is expressed in the different
forms, sizes, colors, tastes, and pungency of native varieties. There are several ways to
characterize the variability of chili: phenotypically (Latournerie et al., 2002; Trujillo-
Aguirre and Pérez-Yanes, 2005; Ganto-Flick, 2007); isoenzymatically (Corona-Torres et
al., 2000); agronomically (Latournerie-Moreno et al., 2015); biochemically (Coutinho et al.,
2015; Guzman et al., 2010); and molecularly (Lépez-Espinoza et al., 2018).

Despite various efforts, the genetic diversity of chili is endangered, among other things,
as a consequence of the introduction of uncertified seeds, which in many cases are hybrids

and may scatter in the peninsular region and reproduce as local genetic materials. In
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addition to this problem, there are no genetic improvement programs that contribute to
preserve the genetic resources of habanero chili. Therefore, the objective of this article was
to document the impact of genetic improvement and the cultivation of improved habanero

chili hybrids and varieties on the maintenance and preservation of its genetic diversity.

MATERIALS AND METHODS

The information contained in this work is based on the review of bibliographic
information regarding the genetic improvement and diversity of habanero chili (Capsicum
chinense Jacq). We took into account articles, books, and phone interviews with people
involved in the cultivation of this species. We interviewed the main habanero chili
plant growers of the peninsula, who supply approximately 70% of the demand of plants
for cultivation: Carlos Burgos of the Invernaderos Ma’Alob Pakal nursery (Tenabo,
Campeche); Luis Dominguez Pacheco of the La Nueva Era nursery (Hopelchén,
Campeche); Ricardo Julidn Cutz of the Viveros Cutz nursery (Suma, Yucatdn); and
Miguel Angel Barbosa Lépez of the Vivero Barbosa nursery (Muna, Yucatan). The
information for the State of Quintana Roo was provided by the ABC Capsicum company
via phone and e-mail. Additionally, plant breeder José Jorge Gerardo Trujillo Aguirre
(MSc) provided a historic account on the genetic improvement of habanero chili.

RESULTS AND DISCUSSION

The production of habanero chili in the Yucatdn peninsula started with the
exploitation of small areas called mecates (20 mX20 m), whose produce was sold locally.
The improvement of communication routes and the market’s demand for the chili fruit
resulted in its intensive exploitation. The fruit of the habanero chili plant is trilocular,
top-shaped, and orange-colored when ripe, and has a characteristic smell and burning
taste (Trujillo-Aguirre, 2021). Between 1975 and 1982, the Instituto Nacional de
Investigaciones Agricolas (INIA) —now Instituto Nacional de Investigaciones Agricolas
Pecuarias y Forestales (INIFAP)— worked to obtain habanero chili varieties, an activity
it resumed in 1992. On a regional level, the Instituto Tecnolégico Agropecuario (ITA) of
Conkal and the I'TA of Chind, in Campeche, only had research papers and dissertations.
In 2002, the Centro de Investigacién Cientifica de Yucatan (CICY) brought a group of
researchers together to conduct different types of studies about habanero chili.

The INIA, founded in 1960, started its habanero chili genetic improvement program
with a series of harvests of native habanero, according to its taste, color, smell, and
pungency in Gampeche, Yucatdn, Quintana Roo, and Belize (1965-1975). As an output,
the INIA edited and published the technical brochure No. 1 SARH-INIA, 1981, under
the title “Habanero INIA y Habanero Uxmal, Nuevas Variedades de Chile para la
Peninsula de Yucatan” (INIA Habanero and Uxmal Habanero, New Varieties of Chili for
the Yucatdn Peninsula). This brochure mentions the origin of the improvement material
and the selection process used to obtain improved cultivars, as well as its characteristics
(Trujillo-Aguirre, 2018; Trujillo-Aguirre et al., 1994). These varieties were created at the
experimental field of Uxmal, Yucatan, with materials obtained from individual harvests

carried out in commercial plantations of habanero chili native cultivars established
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in Yucatan (lines: Yuc-75-01 and Cam 75-24). On the one hand, the INIA variety was
characterized by 54-cm-high plants with three fruits per axil, orange-colored when ripe,
5.1 cm long, 3.2 cm wide, and a yield of 19,442 kg ha™!. On the other hand, the Uxmal
variety was characterized by 62-cm-high plants with four fruits per axil, orange-colored
(deep yellow) when ripe, 5.4 cm long, 3.4 cm wide, and a yield of 19,578 kg ha™~!. The said
varieties were registered in 1981 before the Servicio Nacional de Inspeccién y Certificacién
de Semillas (SNICS) (Trujillo-Aguirre, personal communication, 2021). On the same
year, technical brochure No. 17 SARH-INIA was edited by Octavio Pozo Campoddnico
(MSc), National Coordinator of Chilis, who worked at the Huastecas experimental field of
INIFAP. Pozo Campoddnico mentioned the importance of habanero chili in the Yucatdn
peninsula and its popularity in other domestic markets (Trujillo-Aguirre, 2018). Years later,
in 1984, “Presente y pasado del Chile en México” (Present and Past of Chili in Mexico) was
published; this document included the first references to the cultivated area, the yield, and
the production of habanero chili.

In late 1989, the presence of a Gemini virus was discovered in the horticultural
area of Yucatdn; consequently, the INIFAP launched in late 1995 a program to harvest
native habaneros, in order to recover and preserve their seed (Gaceta SIIDATEY, 2014).
Through a program carried out with the support of the State of Yucatan’s government and
the involvement of the Fundacién Produce Yucatan, the obtained germplasm was used
to distribute native seed among those producers who had to establish new plantations.
The INIFAP launched a series of efforts —of its sole and exclusive authorship— to obtain
improved varieties with the fruit characteristics required by the market, such as resistance
and tolerance to virosis (Trujillo-Aguirre, 1994; Gaceta SIIDATEY, 2014).

Towards late 1998, the INIFAP’s habanero chili improvement program resulted in the
registration of three new varieties: Jaguar, Mayapdn, and Calakmul. The Jaguar variety
was developed in Tamaulipas and adapted to the conditions of the Yucatdn peninsula, is
harvested at 120 to 125 days, and has a triangular, orange-colored fruit when ripe. The
Mayapan variety, harvested at 120 to 125 days, has a triangular fruit, brilliant green before
ripening and orange when ripe; its characteristics are adequate for the fresh market and
the industry. This variety was obtained through the mass selection method during the first
stages and the single seed descent method during the final process (Trujillo et al., 2006b).
The Calakmul variety, harvested at 120 to 125 days, has a triangular fruit, green before
ripening and red when ripe; its characteristics are adequate for fresh consumption and
potentially industrial use (Figure 1) (Gaceta SIIDATEY, 2014). The Jaguar and Calakmul
varieties were obtained by the mass selection method at the beginning and the pedigree
selection method at the end (Berny, 2011; Ramirez et al., 2012).

The Jaguar variety was obtained from the habanero chili collection of the Banco de
Germoplasma de Chile del Campo Experimental las Huastecas (CEHUAS)-INIFAP,
which contains materials native to the Yucatdn, Quintana Roo, Campeche, and Veracruz
production areas, collected during the 1980’s and early 1990’s (Ramirez-Meraz et al.,
2018). The characterization and morphological description efforts, plus the increasing
global demand for habanero chili, were the base for the declaration of designation of origin
for this product, published in the Diario Oficial de la Federacién (DOF) on June 4, 2010,
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comprising the states of Campeche, Quintana Roo, and Yucatan. This designation was
backed by the Norma Oficial Mexicana (NOM-189) (Secretaria de Economia, 2012), the
official Mexican standard for the habanero chili in the Yucatdn peninsula, which includes
specifications and testing methods. It was modified and published in the Diario Oficial de
la Federacién on February 21, 2018.

The boost to the production of habanero chili in the Yucatdn peninsula entailed a
genetic erosion problem, caused by the introduction of variety and hybrid seeds, together
with the practice of harvesting ripe fruits and scattering them by means of multiplication,
a practice resulting from ignorance and novelty.

In a personal communication, Trujillo (2021) mentions that, in 2006, a batch of 76
introduced varieties of habanero chili with different colors and tastes were planted in the
community of Muna, Yucatdn. The aim was to elaborate a production scheme based on
the idea of obtaining seeds out of the best harvested fruits and saving them for the next
cycle (Figure 2). The adoption of this practice is feasible only for self-sufficiency purposes,
not for production schemes. Around the same time, seedlings in germination trays were
offered to producers, but without any reference on the material they would plant in their
fields. Another institution involved in genetic improvement in Yucatan is the Centro
de Investigacién Cientifica de Yucatdn (CICY) which, based on the genetic diversity of
habanero chili in the peninsula, in 2002 launched a genetic improvement program based
on harvests carried out in the region.

Peninsular: it started with 58 initial characterized accessions which were subsequently

reduced to 38. The genetic improvement method chosen was phenotypic mass selection,

Figure 2. Morphological variability of habanero chili, expressed as fruit color and form, starting from 1994.
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Figure 3. Characterized varieties of the CICY at the SNICS. From top to bottom and from left to right: mayan
Ixchel, mayan ba’alche, mayan kauil, mayan ek, mayan chac, mayan chan, mayan kisin, and mayan k’iin.

which consists in selecting a number of plants with the desired characteristics (morphotype)
among a certain population, applying a specific selection pressure in each cycle. In total,
five selection cycles were used, and the resulting varieties were: mayan Ixchel, mayan
ba’alche, mayan kauil, mayan ek, mayan chac, mayan chan, mayan kisin, and mayan k’iin
(Santana-Buzzy et al., 2018).

In spite of the genetic improvement programs in the Yucatdn peninsula, according to
data provided by the habanero chili plant producers in 2021, production is based on the
cultivation of introduced varieties and hybrids, such as PX 11459057, which represents
between 70% and 80% of production in the states of Yucatdn and Campeche. Rey Pakal and
Palenque, as well as Chichenitza and Helios (5%) are also among the most used materials.

Production in the State of Quintana Roo is based on the use of the Jaguar, Mayapan,
and Mayan Chan varieties. In Yucatdn, only the CICY produces small quantities of
locally-adapted seeds. The INIFAP Yucatdan does not report an improvement program in
the peninsula and the seed for its varieties comes from the INIFAP Tamaulipas.

To date, the CICY has a habanero chili germplasm bank with 250 accessions. It is
important to preserve, characterize, and protect the habanero chili genetic diversity in
germplasm banks, considering samples of populations grown by several generations of
regional producers. Genetic improvement programs must not include materials that have
been introduced and reproduced in the Yucatdn peninsula.

The chosen selection method results in a high genetic uniformity among the new
varieties. In fact, it is considered the best method for autogamous species, such as habanero
chili, for in spite of being a very long improvement process, it is very efficient to obtain
varieties with a high genetic value. The mass, individual, crossbreeding, and pedigree
selection methods have the least impact on regional genetic diversity, and use diversity
within and among populations.

In this respect, as part of their assessment of different populations of habanero chili,
Lépez- Espinosa et al. (2018) found an intermediate diversity among the studied populations.
These authors add that genetic differentiation among habanero chili populations in the

Yucatdn peninsula is low, which means that most genetic diversity (95.5%) is represented
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among the populations. Improved varieties are mostly hybrids and are not allowed in the
DO, since they do not meet the NOM-189 criteria for the habanero chili in the Yucatan
peninsula. Hence the need of a genetic improvement program that focuses on generating
improved native varieties that are able to compete with introduced genotypes.

The use of NOM-189 certified and protected varieties is suitable to monitor traceability
in production and certification, as well as compliance by Mexican certification bodies such
as ANCE (Asociacion de Normalizacién y Certificacion A.C.), EMA (Entidad Mexicana
de Acreditacién), and IMPI (Instituto Mexicano de Proteccién Intelectual), regarding the
designation of origin or collective brand (Marca Colectiva), as proposed by the Area de

Normalizacién de la Secretarfa de Agricultura, Ganaderia, Desarrollo Rural, Pesca y

Alimentos (SAGARPA).

CONCLUSION
The Yucatdan peninsula needs a genetic improvement program to produce habanero
chili native varieties whose characteristic form, scent, color, and taste allow them to achieve

competitive yields and preserve genetic diversity.
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