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Abstract: The guava (Psidium guajava L.) belongs to the Myrtaceae family and originated
in the tropical and subtropical regions of Mesoamerica and South America. In Mexico, a
great phenotypic and genetic diversity of this fruit crop has been reported. Guava is an
important fruit crop worldwide. In Mexico, 21,127 hectares are cultivated, with an annual
production of 300,000 tons. For the past three decades, INIFAP (National Institute of
Forestry, Agriculture and Livestock Research) has conducted studies on the collection,
characterization, and ex-situ conservation of P. guajava germplasm to obtain the greatest
genetic diversity to be used in the genetic improvement and the development of new
varieties with comparative advantages. Currently, INIFAP maintains an ex- situ collection
of P. guajava germplasm, comprising approximately 100 accessions from various states
across the country. This collection includes information on the morphological
characteristics of the fruit, revealing a wide range of diversity. Simultaneously it was
carried out an evaluation and characterization of a group of outstanding selections from
the Calvillo-Carnones region, from which the first five clonal varieties were derived and
registered in the National Catalog of Plant Varieties of the National Seed Inspection and
Certification System (SNICS). The registered varieties and their main fruit characteristics
are: 1) Calvillo Siglo XXI: ovoid fruit, cream pulp, with a mesocarp thickness of 6 to 8
mm and a °Brix content of 12 - 14; 2) Huejucar: ovoid fruit with pale pink-cream pulp,
mesocarp of 7 to 8 mm and °Brix of 12 - 14; 3) Hidrozac: truncated fruit, pink pulp,
mesocarp of 10 to 12 mm and °Brix of 11 - 13; 4) Caxcana: round fruit, white-cream pulp,
mesocarp of 8 to 9 mm and °Brix of 11 - 13; 5) Merita: ovoid fruit, cream pulp, mesocarp
of 7 to 8 mm and °Brix of 12 - 14. These varieties have shown fruit yield greater than 15.0
tons ha!, which is the average obtained at the national level.
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INTRODUCTION

Guava (Psidium guajava L.) belongs to the Myrtaceae family and is primarily distributed in
tropical and subtropical climates all around the world. Its origin was primarily located in
the Mesoamerican region (Borys and Leszczynska, 2001; Mitra and Sanyal, 2004; Negi and
Rajan, 2007; CONABIO, 2020). However, more recently it has been proposed that the guava
ancestor could be originated in South America, since archeological registers are older and
more numerous than in the Mesoamerica region (Arévalo-Marin et al., 2021). The oldest
archaeological record of this species in Mesoamerica is cited by Morcote-Rios (2006), who
mentions the discovery of guava seeds in the Tehuacan Valley, indicating its cultivation
alongside other fruit trees and dating back 8,450-5,950 years. Currently, guava cultivation
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is of great importance in several countries worldwide, including Mexico. In addition, the
guava fruit has important nutritional attributes such as high vitamin content and others
phytochemicals, which are important for human health (Chauhan et al., 2015).

Global guava production in 2018 was 7.8 million tons, of which 5.1 million tons were
produced in Asia, mainly in India (4.1 million tons) and Pakistan (0.49 million tons). Africa
produced 1.25 million tons, with Sudan and Egypt contributing 0.47 million tons and 0.31
million tons, respectively. Latin America and the Caribbean accounted for 0.86 million tons,
with Brazil and Mexico being the main producers at 0.35 million tons and 0.30 million tons,
respectively (Mendes et al., 2016; FAO, 2020). In Mexico, guava is among the top 10 fruit
trees cultivated under irrigation with an average of 21,127 hectares during the last decade
(2011-2020) and the main producing states are Michoacan (10,070 ha), Aguascalientes (6,347
ha) and Zacatecas (3,180 ha), which together represent 93% of the total area and contribute
a production volume of 0.28 million tons annually (SIAP, 2021). Nevertheless, guava it is also
cultivated in another 15 states of the country where it plays an important socioeconomical
role in the fruticulture of small scale.

The National Institute of Forestry, Agricultural and Livestock Research (INIFAP)
through the Experimental Station of Pabellon, located in the Aguascalientes state has been
working since the 1970s on developing technology for guava crop, primarily in the Calvillo-
Canones region, which encompasses the states of Aguascalientes and Zacatecas (Figure 1).
Until the beginning of the 21st century, this region was the most important guava-producing
region in the country, with an average cultivated area of 12,490 has during the last ten years
(1991 - 2000), reaching a production of almost 150 thousand tons per year. (SIAP, 2021).

Pacific Ocean Gulf of Mexico

i

Figure 1: Localization of the Calvillo-Cafiones (C-C) region, one of the largest
producing guava areas, located in the Aguascalientes (Ags.) and Zacatecas (Zac.) states
in Mexico.

INIFAP's research on this crop has included various aspects, among the most
important being nutrition, control of major pests and diseases and germplasm collection,
conservation and characterization (Padilla et al., 1999; Padilla and Gonzalez, 2008).
Regarding the work on the genetic resources of P. guajava for genetic improvement
purposes, it has intensified significantly at INIFAP in the last three decades. It is important
to point out that although P. guajava is mainly a self-pollinated crop, some cross pollination
does occur, resulting in a large variability in the seedling population (Mitra and
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Thingreingam, 2018). The main results obtained showed a great morphological diversity of
the native guava germplasm (Padilla et al., 2010; Padilla et al., 2016b; Ventura-Medina et
al., 2025) indicating the importance of its utilization on the genetic improvement programs
to develop guava varieties having comparative advantages for producers as well as
consumers. Thus, this work presents the process followed to obtain the first guava varieties
in Mexico.

MATERIALS AND METHODS

The success of a genetic improvement program is considered to be based on the availability
of a wide range of genetic variability in the available germplasm (Bellon et al., 2009;
Rimieri, 2017). Therefore, special emphasis has been placed on selection, collection,
characterization, and ex situ conservation efforts, with the aim of obtaining the greatest
possible diversity of P. guajava germplasm for the genetic improvement program. This
diversity will allow for the development of varieties with comparative advantages in terms
of yield and fruit quality. The first efforts to select outstanding guava material were carried
out in Calvillo, Aguascalientes, starting in the late 1960s (Pérez, 1970). Subsequent studies
demonstrated the great phenotypic and genetic diversity of the P. guajava germplasm,
especially in various fruit characteristics such as: size, shape, external/internal color,
number of seeds, total soluble solids/vitamin C content, etc. (Laksminarayana and Moreno,
1978; Perales and Silguero, 1995; Padilla et al., 2002; Padilla and Gonzalez, 2010; Padilla
et al., 2016b; Cortes et al., 2016).

Currently, INIFAP maintains an ex-situ collection of P. guajava germplasm,
comprising just over 100 accessions from different states of Mexico. These collections began
in 2004. In addition, there is a group of genotypes that were selected in the Calvillo-Canones
region starting in the early 1980s. All the P. guajava germplasm was established under field
conditions (1,111 plants ha') at the “Los Cafiones Experimental Site”, located in
municipality of Huanusco, Zacatecas (21° 44.7"; 102° 58.0"; 1,508 m), which belongs to
INIFAP. Information on the morphological characterization of the fruit, based on the UPQV
(1987) descriptors was carried out during several crop cycles for the germplasm collections.

From the 126 guava selections collected in the Calvillo-Cafones region and
established at the Los Cafones Experimental site since the 1980s, a group of twelve
outstanding genotypes were selected. Fruit yield was evaluated on these genotypes over
nine annual production cycles (2000-2009). From this group, the first five guava varieties in
Mexico were chosen and registered. These varieties exhibited an average yield exceeding
25 tons ha™' during the evaluation period (Padilla et al., 2010; Padilla et al., 2016a).
Furthermore, their morphological characteristics were determined according to the UPOV
(1987) descriptors for registration purposes. The descriptors given by the UPOV for P.
guajava includes a total of 57 descriptors (27 for fruits, 21 for leaves, 5 for flowers, 2 for
shoots, 1 for tree branches and 1 for earliness (period from flowering to fruit maturity).

RESULTS AND DISCUSSION

Regarding the guava collections, some of the fruit characteristics of the evaluated
accessions showed the following data: Fruit weight: 27.1-306.7 g; Polar Diameter: 3.4-8.6
cm; Equatorial Diameter: 3.3-8.0 cm; DP/DE ratio: 0.87-1.48; Pulp thickness: 4.5-15.0 mm;
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Total soluble solids: 6.9 - 15.2 °Brix; Number of seeds per fruit: 50.4-337.7. Concerning fruit
shape and pulp color, the following have been observed: ovoid, pear-shaped, round and
truncated, and pulp color mainly cream, pale pink, white, pale cream-pink and pink. The
vitamin C content in the fruit has shown values ranging from less than 100 to more than 400
mg of ascorbic acid per 100 g of fresh tissue (Padilla et al., 2014; Padilla et al., 2016b;
Padilla et al., 2018). This information reveals the great diversity of the ex-situ guava
collection, making its conservation and utilization important (Figure 2).
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Figure 2: Fruit diversity of the ex-situ collection of P. guajava germplasm from INIFAP.

At the world level. approximately 400 guava varieties are reported (Mitra and
Thingreingam, 2018), whereas in Mexico there were no registered varieties of guava prior
to this work. Most of the germplasm used corresponds to native germplasm which is
generically called as “Media china”. Although, Media china cultivars have good adaptation
to soil and climate conditions, as well as producing fruit that is well accepted by consumers,
there is great heterogeneity between and within guava orchards (Martinez et al., 2004).
Thus, the availability of varieties with competitive advantages allowed the establishment
of homogeneous guava orchards that produce uniform and quality fruit for the industry or
fresh market.

Therefore, another contribution to guava genetic improvement, including the
establishment of a ex- situ collection of about 100 accessions showing a great phenotypical
diversity, has been the selection, evaluation, and characterization of a group of outstanding
selections from the Calvillo-Canones region, from which the first five clonal varieties
registered with the National Seed Inspection and Certification Service (SNICS) were obtained
(Padilla et al., 2010). Table 1 shows some of the fruit characteristics and the registration
numbers of these five varieties in the SNICS-National Catalog of Plant Varieties. These
varieties have showed fruit yields exceeding the national average of 15.0 tons ha™' during
its agronomical evaluation.
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Table 1: Fruit Characteristics of the guava varieties registered by INIFAP.

Variety
Trait Calvillo Siglo | Huejucar Hidrozac Caxcana Merita
XXI
Fruit form Ovoid Ovoid Truncated Round Ovoid
Fruit weight 60-80 g 70-80 g 70-90 g 70-80 g 60-80 g
Fruit diameter 4.5a5.0cm 4.8a5.5cm 5.0a5.5. cm 4.8 a5.5. 4.5a5.0cm
Pulp color Cream Pale Pink-Cream | Pink White-Cream Cream
Pulp thickness 6 -8 mm 7 -8 mm 10 - 12 mm 8 -9 mm 7 - 8 mm
Seeds/fruit 190 - 210 175 - 200 200 - 230 300 - 310 150 - 170
°Brix 12 - 14 12-14 11-13 11-13 12 - 14
Register Number | GUA-005- GUA-001-160709 | GUA-002- GUA-003- GUA-004-
160709 160709 160179 160179

Although the main criterion in the evaluation of these new varieties was the yield
potential and fruit quality similar to the "Media china" type, which has good acceptance for
its aroma and flavor, in the medium and long term, the objectives in the development of
new varieties that satisfy the national and export market, should also include other aspects
such as: fewer seeds, attractive skin and pulp color, longer shelf life, higher content of
soluble solids and vitamin C, tolerance and/or resistance to pests and diseases.

CONCLUSIONS

The work carried out by INIFAP in Aguascalientes in the field of P. guajava genetic resources
has yielded a group of accessions that represent a wide variability in fruit characteristics.
This will allow for the development of new varieties with comparative advantages for both
the domestic and export markets. Additionally, the first five registered guava varieties in
Mexico, which were obtained from germplasm selected in the Calvillo-Canones region, it
will be possible to establish homogeneous guava orchards for the production of higher-
quality fruit.

ACKNOWLEDGMENTS

We thank to the National System of Plant Genetic Resources (SINAREFI) and the SNICS for
the financial support provided through the Guava Network to carry out part of the work on
the collection, conservation and characterization of the P. guajava germplasm. We also
thank to the technical staff of INIFAP-Experimental Site “Los Canones” for their support in
the field work.

REFERENCES

Arévalo-Marin, E.; Casas, A.; Landrum, L.; Shock, M.P.; Alvarado-Sizzo, H.; Ruiz-Sanchez, E. and
Clement, C.R. 2021. The Taming of Psidium guajava: Natural and Cultural History of a Neotropical
Fruit. Front. Plant Sci. 12:714763. DOI: 10.3389/fpls.2021.714763

Vol. 14 No. 01 (2026): European Journal of Applied Sciences Page | 749



Scholar Publishing

Bellon, M.R.; Barrientos-Priego, A.F.; Colunga-GarciaMarin, P.; Perales, H.; Reyes Agiiero, J.A.;
Rosales Serna, R. and Zizumbo-Villarrea, D. 2009. Diversidad y conservacion de recursos genéticos
en plantas cultivadas. In: Capital natural de México, vol. Il: Estado de conservacion y tendencias de
cambio. CONABIO, México, pp. 355-382. DOI: 10.13140/RG.2.1.5040.5922.

Borys, M.W. and Leszczyiiska-Borys, H. 2001. El potencial genético fruticola de la Republica
Mexicana. Fundacion Salvador Sanchez Colin. CICTAMEX, A.C. Coatepec Harinas, México. pp. 99.
https://bibliotecadigital.ciren.cl/handle/20.500.13082/23864.

CONABIO. 2020. http://www.conabio.gob.mx/conocimiento/info_especies/arboles/doctos/52-
myrta3m.pdf. Consultada el 5 de enero de 2021.

Cortes Penagos, C. J.; Cazares Romero, A.; Flores Alvarez, L. J.; Yahuaca Juarez, B. and Padilla
Ramirez, J. S. 2016. Actividad antioxidante en cinco variedades de Psidium guajava L.
Agroproductividad: Vol. 9(4): 41-46. https://revista-
agroproductividad.org/index.php/agroproductividad/article/view/745

Chauhan, A. K.; Singh, S.; Singh, R. P. and Singh, S. P. 2015. Guava-Enriched Dairy Products: A
Review. Indian Journal of Dairy Science. 68(1):1-
5. https://epubs.icar.org.in/index.php/1JDS/article/view/37446.

FAO. 2020. Las principales frutas tropicales. Analisis del mercado 2018. Roma. pp. 18.
https://openknowledge.fao.org/server/api/core/bitstreams/48cf0db8-f097-4219-8945-
ab95322269f2/content.

Laksminarayana, S. and Moreno, M.A. 1978. A preliminary study to determine the existence of
variations in Mexican guava. Revista Chapingo. Vol. 10:37-47.
https://agris.fao.org/search/es/records/647121ac804410faf61ebf7b

Martinez De Lara, J.; Barrientos Lara, M.C.; Reyes De Anda, A.C.; Hernandez Delgado, S.; Padilla
Ramirez, J.S. and Mayek Pérez, N. 2004. Diversidad fenotipica y genética en huertas de guayabo de
Calvillo, Aguascalientes. Revista Fitotecnia Mexicana. Vol. 27(3): 243-249.

DOI: 10.35196/rfm.2004.3.243

Mendes, P. F.; Usman, M.; Mayer, N. A.; Costa, N. J.; Mbongeni, M. O. R. and Willemse, S. 2016.
Advances in guava propagation. Rev. Bras. Frutic. Vol. 39 (n.4): (e-358). DOI 10.1590/0100-
29452017358.

Mitra, S.K. and Sanyal, D. 2004. Guava. Indian Council of Agricultural Research. Krishi Anusandhan
Bhavan-I, Pusa. New Delhi, India. pp. 87. ISBN 8171640206, 9788171640201.
https://books.google.com.mx/books/about/Guava.html?id=BdzLAAAACAAJ&redir_esc=y

Mitra, S.K. and Thingreingam Irenaeus, K.S. 2018. Guava cultivars of the world. Acta Hortic.
Vol.1205:905-910. DOI: 10.17660/ActaHortic.2018.1205.116

Morcote-Rios, G. 2006. Tumbas y plantas antiguas del suroccidente colombiano. Boletin Museo del
Oro, 54. Bogota: Banco de la RepUblica. Pagina Web:
http://www.banrep.gov.co/museo/esp/boletin. Consultada el 4 de enero de 2021.

Negi, S.S. and Rajan, S. 2007. Improvement of guava through breeding. Acta Hort. 735:31-37.
DOl.org/10.17660/ActaHortic.2007.735.2

Padilla Ramirez, J.S.; Gonzalez Gaona, E.; Valadez Marin, C.C.; Esquivel Villagrana, F. and Reyes
Muro, L. 1999. Tecnologia para aumentar la productividad del guayabo en la Region Calvillo-
Canones. Avances de Investigacion. Pub. Especial No. 28. SAGAR-INIFAP-CIRNOC-Campo
Experimental Pabellén. pp. 38

Padilla Ramirez, J.S.; Gonzalez Gaona, E., Esquivel Villagrana, F., Mercado Silva, E.; Hernandez
Delgado, S. and Mayey Pérez, N. 2002. Caracterizacion de germoplasma sobresaliente de guayabo

Vol. 14 No. 01 (2026): European Journal of Applied Sciences Page | 750



Scholar Publishing

de la region Calvillo-Cafones, México. Revista Fitotecnia Mexicana. 25:393-399.
https://hdl.handle.net/20.500.14330/PER01000214370

Padilla Ramirez, J.S. and Gonzalez Gaona, E. 2008. La investigacion en guayabo en el Campo
Experimental Pabellon: Logros y Aportaciones (1933-2008). In: Historia, logros y aportaciones del
Campo Experimental Pabellon. Cultivos Basicos y Frutales. Pefa R.A. (Comp.). SAGARPA-INIFAP-
CIRNOC-Campo Experimental Pabellon. Publicacion Especial No. 24. pp. 35-38.

Padilla Ramirez, J. S. and Gonzalez Gaona, E. 2010. Collection and characterization of Mexican
guava (Psidium guajava L.). Acta Hort. 849:49-54. DOI: 10.17660/ActaHortic.2010.849.4

Padilla Ramirez, J.S.; Gonzalez Gaona, E.; Rodriguez Moreno, V.M.; Cortes Penagos, C. de J. and
Sanchez Rico, T. 2014. Caracterizacion morfoldgica y bioquimica de frutos de guayaba. SAGARPA-
INIFAP- CIRNOC-Campo Experimental Pabellon. Folleto Técnico No. 58. pp.32. ISBN:978-607-37-

0365-9. https://es.scribd.com/document/538945203/FOLLETO-TECNICO-58-variedades-guayaba.

Padilla Ramirez, J.S.; Gonzalez Gaona, E. and Perales de la Cruz, M.A. 2016a. Nuevas variedades de
guayaba (Psidium guajava L.). INIFAP-CIRNOC-Campo Experimental Pabellon. Folleto Técnico No.
42. pp.30. 2da Edicion. ISBN: 978-607-37-0634-6. https://www.studocu.com/es-
mx/document/universidad-de-guadalajara/historia-de-mexico/nuevas-variedades-de-guayaba-
psidium-guajava-l-folleto-tecnico-42/129920882.

Padilla Ramirez, J.S.; Rodriguez Moreno, V.M.; Gonzalez Gaona, E.; Cortes Penagos, C. de J. and
Acosta Diaz, E. 2016b. Caracterizacion morfolégica de fruto de la coleccion ex situ de Psidium
guajava L. Agroproductividad: Vol. 9 (4):9-18. https://revista-
agroproductividad.org/index.php/agroproductividad/article/view/740

Padilla Ramirez, J.S.; Rodriguez Moreno, V.M.; Gonzalez Gaona, E.; Cortés Penagos, C. de J. and
Acosta Diaz, E. 2018. Recursos genéticos de guayabo: caracterizacion y diversidad. Acta
Fitogenética. 5(1):195. https://www.somefi.mx/wp-content/uploads/2018/10/ACTA-5-
2018_Texcoco_Colpos.pdf.

Perales del Cruz, M.A. and Silguero, J. F. 1995. Caracterizacion de colectas de guayaba Psidium
guajava L. de la region Calvillo-Cafones por forma y componentes del fruto. Agric. Téc. Méx.
21(2):195-203. https://www.cabidigitallibrary.org/doi/full/10.5555/19971607848

Pérez, Ch. V.R. 1970. Seleccion preliminar de guayabo en la zona de Calvillo, Ags., In: Memoria del
Primer Congreso Nacional de Fruticultura. Aguascalientes, Ags. Agosto de 1970. pp. 606-608.
https://share.google/aimode/1ywPIGje5JYXWmehF.

Rimieri, P. 2017. La diversidad genética y la variabilidad genética: dos conceptos diferentes
asociados al germoplasma y al mejoramiento genético vegetal. J. of Basic and Applied Genetics.
Vol.28 (2): 7-13. https://www.scielo.org.ar/pdf/bag/v28n2/v28n2a01. pdf

SIAP. 2021. https://www.gob.mx/siap/acciones-y-programas/produccion-agricola-33119.
Consulted: 4™ January 2021.

UPOV. 1987. Guidelines for the conduct of tests for distinctness, homogeneity and stability: Guava
(Psidium guajava L.) Geneva, Switzerland. pp. 27. https://www.upov.int/documents/d/upov/tg-
documents-en-tg110.pdf

Ventura-Medina, P. I.; Gutiérrez-Espinosa, M. A.; Robledo Paz, A.; Santacruz-Varela, A.; Padilla-
Ramirez, J. S.; Barrios-Gomez, E. J.; Damian-Nava, A.; Rodriguez-Bautista, G.; Pérez-Barraza, M.
H. and Zegbe-Dominguez, J. A. 2025. Colectas de material silvestre de guayaba (Psidium guajava
L.) en México. Agro-Divulgacion, Vol. 5(3): 15-18. DOl.org/10.54767/ad. v5i3.456

Vol. 14 No. 01 (2026): European Journal of Applied Sciences Page | 751



