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ABSTRACT
Objective: To evaluate the effect of indole-3-acetic acid and budwood type in the vegetative propagation 
by cutting cuatomate (Solanum glaucescens Zucc.) and to describe the phenological stages, in order to increase 
production.
Design/Methodology/Approach: A completely randomized design with a 22 factorial design was used to 
estimate the effect of two concentrations of indole-3-acetic acid (1000 and 10000 ppm) and budwood type 
(secondary and tertiary) on the number of leaves and sprouts of the plant. With regard to propagation, 30-cm 
budwoods from secondary and tertiary branches of cuatomate were used; transversal and diagonal cuts were 
made at the ends of the branches that generate the canopy and the root, respectively. Data was subject to an 
analysis of variance, using the general linear model procedure.
Results: Highly significant differences (p0.01) were observed between the variables under study. Higher 
number of leaves and sprouts (16.700 and 20.000, respectively) were observed in tertiary budwoods inoculated 
with 1000 ppm of IAA. In the evaluation of the phenological stages, the first bud appeared at 30 days, while 
the first leaf and flowers appeared 40 and 180 days after inoculation, respectively.
Study limitations/implications: Commercial candelilla wax was applied in the transversal cut to prevent 
attacks by pathogens and every single budwood was completely covered with indole-3-acetic acid.
Findings/conclusions: The use of indole-3-acetic acid in the vegetative propagation of cuatomate would be 
an alternative to increase its production; promoting a sustainable activity in the Mixtec region of Puebla.
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INTRODUCTION
 Mexico has an abundance of genetic resources; its genetic information has actual 
or potential value and utility which forms the basis of 
humanity, fulfills basic needs, and contributes 
to counteract hunger and poverty (Estrella 
et al., 2005; Martínez-Pérez et al., 2012). 
The Low Mixtec region of Puebla is 
located in the south of the State of Puebla, 
Mexico; it is characterized by its warm 
dry or semi-dry climate. Its poor soils 
and rugged orography make it one 
of the most marginalized areas of 
the country (Guízar-Nolazco et al., 
2010; Hernández et al., 2011). The 
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inhabitants of the region consume a great variety of wild plants. Cuatomate (Solanum 
glaucescens Zucc.) is a wild plant on the process of domestication; it has a high economic, 
ecological, and nutritional potential and is primarily used for human consumption in the 
Low Mixtec region of Puebla, Mexico (Gutiérrez-Rangel et al., 2011; Medina-Galicia et 
al., 1996). Mixtec farmers identify three types of cuatomate, depending on the external 
color of the fruit (from its early stages of development to the beginning of its ripening): 
green, white or ashy, and mottled (Gutiérrez-Rangel et al., 2011). Cuatomate, as a 
phytogenetic resource, is closely related to the traditional lore (farmersʼ lore); therefore, 
it is widely used, has great value and specific functions (Martínez-Pérez et al., 2012). Its 
fruit is used to prepare sauces and stews, replacing tomatoes and tiny green tomatillos; 
according to the inhabitants of the region, this fruit has an exquisite and irreplaceable 
taste (Hernández-Rojas et al., 2018). The transportation, marketing, and promotion of 
cuatomate in the United States by Mixtec emigrants has led to an increasingly unsatisfied 
demand (Gutiérrez-Rangel et al., 2011; Hernández-Rojas et al., 2018). This situation 
has contributed to the acceleration of domestication. However, this practice indirectly 
promotes the deterioration and disappearance of cuatomate in its natural habitats, since 
this crop method involves taking plants away from their natural environment. Therefore, 
alternatives aimed at the use of the species in a sustainable agriculture framework are 
required. There are few studies about cuatomate; however, the experience of Mixtec 
farmers indicates that propagation is the main problem in cuatomate production. 
Although sexual propagation is commonly successful and relatively simple, 50 to 60% of 
germinated plants are male (Medina-Galicia et al., 2011), as a result of the heterostyly 
phenomenon. Some plants produce fertile and long-styled f lowers, while others have 
short-styled f lowers that cannot be fertilized. Another method of propagation is by bud; 
however, this method is expensive, since a specialized laboratory is required. Therefore, 
vegetative propagation is an alternative to produce fertile plants: uniform plants with 
similar characteristics to the mother plant are obtained using this method (Hartmann 
et al., 2014). Vegetative propagation consists of separating a part of the mother plant 
(usually budwoods); this part is then placed under certain conditions and is induced to 
form roots and shoots, thus obtaining a new plant (Contreras G. and Almeida Puentes, 
2006; Hartmann et al., 2014). The application of auxins to species that face difficulties 
rooting increases the possibility of obtaining plants by vegetative propagation and, in 
some species, it is essential for roots to form (Hartmann et al., 2014). Auxins are hormones 
that regulate plant growth; among other effects, they inf luence growth, cell division, and 
root formation. Therefore, they are frequently and increasingly applied in agriculture 
(Burgos et al., 2009; Garay-Arroyo et al., 2014). The most important natural auxin is 
indole-3-acetic acid (IAA) (Martínez et al., 2016). Therefore, the objective of this study 
was to establish the best concentration of indole-3-acetic acid and origin of cuatomate 
(Solanum glacescens Zucc.) budwoods for its vegetative propagation by cutting, as well as 
to describe the phenological stages —taking as parameters the time of budwood sprouts, 
and the time when the first bud, leaf, f lower, and fruit appear—, in order to obtain fertile 
plants and contribute to their domestication process in the Low Mixtec region of Puebla.
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MATERIALS AND METHODS
Location of the Experiment
 The study was performed in a nursery covered with shade mesh, at the experimental 
field of the Instituto Superior de Acatlán de Osorio, in the municipality of Acatlán de Osorio 
(18° 11.9’ N and 98° 3’ W, at an altitude of 1180 m), Puebla, Mexico. The municipality 
of Acatlán de Osorio has an area of 483.48 km2. Its climate transitions from dry —in 
the Lower Mixtec region of Puebla— to the warm —in the Valley region. Semi-warm 
subhumid climate with rains in summer has been identified, in the mountainous areas of 
the North and small areas in the Southeast-Southwest. The area between the mountainous 
areas and the lower parts of the municipality has a warm sub-humid climate with rains in 
summer. The latter area also has a very hot semi-dry climate.

Experimental Design
 A completely randomized design with a 22 factorial design was used to estimate the 
effect of two concentrations of indole-3-acetic acid (1000 and 10000 ppm) and budwood 
type (secondary and tertiary) on the number of leaves and sprouts of the plant. The 
experimental and sampling unit was made up of one budwood. Twenty repetitions were 
carried out, obtaining a total of 80 experimental units.

Vegetative propagation by cutting of cuatomate
 To propagate the cuatomate, budwoods taken from secondary and tertiary branches 
were used. The said branches were collected in September 2013, in the community of La 
Huerta, located in the municipality of Acatlán de Osorio. Forty 30-cm long budwoods 
from each type of branch (secondary and tertiary) were cut. A cross cut was made at one 
end of each budwood (the part that will give rise to the canopy), while a diagonal (wedge-
shaped) cut was made at the other end (the part from which the root will grow). In the 
transversal cut, commercial candelilla wax was applied to prevent attacks by pathogens; 
the diagonal cut was moistened and subsequently fully immersed in the IAA hormone, 
using the concentrations mentioned in this study.

Phenology
 For the description of the phenological stages, the first shoot of the first bud of 80 plants 
was registered, as well as the first leaf and flower. The number of leaves and sprouts were 
considered as response variables.

Fruit Evaluation
 Fruit development was evaluated recording the diameter of the fruits of the biggest 
and the smallest plants, using a Mitutoyo 530-104 digital vernier caliper (standard and 
millimeter), with a range of 0-150 mm.

Statistical Analysis
 Using the general linear models (GLM) procedure, an analysis of variance was carried 
out to determine the effect of IAA concentrations and budwood type on the number of 
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leaves and the sprouts of the cuatomate plant. For each of the effects, the comparison of 
means was performed using the least significant difference method. The SAS (Statistical 
Analysis System, version 9.0) statistical package was used to perform all the analyses. An 
alpha value 0.05 was considered to be a significant effect. The following model was used 
to determine the effect of the treatments on the response variables (number of leaves and 
sprouts):

YijIjVkij

Where: YijResponse of the observations obtained, expressed as number of leaves and 
sprouts in the i-th plant, as a result of the j-th concentration of indole-3-acetic acid and k-th 
budwood type. Vktreatment. World mean population. IjEffect of the j-th treatment. 
ijExperimental error of the observations obtained, expressed as number of leaves and 
sprouts in the i-th plant, as a result of j-th treatment.

RESULTS AND DISCUSSION
Estimation of the effect of the IAA concentration over the number of leaves 
and plant sprouts
 The results of the statistical analysis showed that the IAA concentration, the budwood 
type, and their interaction significantly affect (p0.01) the number of leaves and sprouts of 
the cuatomate. IAA concentrations had highly significant differences (p0.01): 1000-ppm 
IAA budwoods had significantly more leaves and sprouts than 10000-ppm IAA budwoods 
(Figure 1).
 Secondary and tertiary branches had highly significant differences (p0.01) with 
regard to the number of leaves and sprouts: tertiary branches had a higher number of 
leaves and sprouts than secondary branches (Figure 2).
 The analysis of the interaction of the IAA concentration with the budwood type showed 
a significant difference (p0.05) in the number of leaves and sprouts; the TER1000 
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Figure 1. Number of leaves and budbreak due to IAA concentration. Means with different letters are 
statistically different (p0.01).
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(tertiary branch1000 ppm of IAA) treatment showed more leaves and sprouts than other 
treatments (Figure 3).
 Studies about the cuatomate plant have mainly been focused on its importance as an 
endemic plant that grows wild in the Mixtec region, where it is framed as an important food 
source in rural areas (Gutiérrez-Rangel et al., 2011; Martínez-Pérez et al., 2012). According 
to Gutiérrez-Rangel et al., (2011), Martínez (2004) studied the cuatomate adaptation to an 
intensive production system and determined that the use of 50% half shade is suitable for the 
development of this species; however, Martinez (2004) also established that the application 
of different nitrogen, phosphorus, and potassium concentrations had no significant effect 
on the cuatomate production. There are not many studies about the vegetative propagation 
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Figure 2. Number of leaves and budbreak due to secondary and tertiary rods. Means with different letters are 
statistically different (p0.01).

Figure 3. Number of leaves and budbreak due to the treatments. Means with different letters are statistically 
different (p0.01). SEC1000: Secondary to 1000 ppm; SEC: Secondary to 10000 ppm; TER1000: Tertiary to 
1000 ppm; TER: Tertiary to 10000 ppm.
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of this species, although the use of auxins increases the possibility of obtaining plants by 
vegetative propagation in species that have difficulties establishing roots (Hartmann et al., 
2014). IAA is the most important natural auxin and its application in some crops, such as 
zucchini (Cucurbita pepo L.), is related to the sprouts and growth of the fruit (Li et al., 2005). 
The same behavior was found in melon crops: significant differences in number of fruits/
plants was observed, when 50-, 100-, 150-, and 200-mg L1 doses of IAA were applied 
(Montaño-Mata and Méndez-Natera, 2009).

Phenological Evaluation
 Phenological stages refer to the periodic rhythm or biological stages of a plant such 
as flowering, shoots, and ripening of the fruit. These phenomena are related to the local 
climate (Pérez-Hernández et al., 2018; Solórzano-Vega, 2007). The first bud was observed 
30 days after IAA inoculation, while the first leaf and flower appeared 40 and 180 days 
after inoculation, respectively (Table 1 and Figure 4).

Fruit Evaluation
 First bud, leaf, and flower are indicators of fruit generation. The fruit has a gradual 
development; industrialization requires ripe fruits (Figure 5). The average growth was 
0.02 mm in diameter per day in a period of 23 days (Table 2); in average, the plant started 
to bear fruits 8 months after the sprouts; the first harvest was obtained after a year. The 
average diameter at the ripening stage was 3.8 cm. The average weights obtained during 
the experiment were 30-38 g.
 According to Medina (2011), the main physical and physiological aspects of the 
cuatomate crop —such as its reproduction, handling, and conservation— are not well 
known; however, in other studies, Medina also shows that its commercial significance 
lies in the following aspects: cuatomate is only consumed by 51% of producers; 41% both 
consume it and sell it; while the remaining 8% considered it as a hugely relevant part of 
their culture, as a traditional element of the family diet over generations.

CONCLUSIONS
 The highest number of leaves (11.2) and sprouts (17) were obtained from tertiary 
budwoods inoculated with 1000 ppm of IAA. The first bud was observed 30 days after 
IAA inoculation, while the first leaf and flower appeared 40 and 180 days after inoculation, 
respectively. The plant began to bear fruits after an average of 8 months; the first harvest 

Table 1. Phenological stages of the cuatomate during the experiment.

Activity Date Days
Budwood collection 09/26/2013 01

Hormone application and bag placement 09/26/2013 01

First bud 10/26/2013 30

First leaf 11/05/2013 40

First flower 03/27/2014 180
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Figure 4. Phenological stages of cuatomate during the experiment: a) Shoot of the first leaf, b) Formation of leaves, c) Formation of leaves and 
small branches, d) Flowering of the cuatomate.

a) b) c) d)

Figure 5. Cuatomate in its different ripening stages: a) Cluster of physiologically mature cuatomate, b) Ripe 
cuatomate ready to prepare salsa roja.

a) b)

Table 2. Development of the cuatomate fruit during the experiment.

Date 06/25/2014 06/26/2014 06/30/2014 07/04/2014 07/08/2014 07/14/2014 07/18/2014
Plant 1 0.5 cm 0.52 cm 0.55 cm 0.55 cm 0.64 cm 0.7 cm 0.9 cm

Plant 2 3.37 cm 3.4 cm 3.56 cm 3.59 cm 3.60 cm 3. 61 cm 3.63 cm

was obtained after one year. The use of IAA in the vegetative propagation of the cuatomate 
would be an alternative to increase its production, as a result of its widespread acceptance 
in the regional gastronomic industry and its commercialization in the United States by 
Mixtec emigrants. It would also be a sustainable activity for the Mixtec region of Puebla.
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