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Abstract 
 

Agaves are plants that present adaptations in their morphology and proliferate in difficult 

environments, but at present the production of mezcal assemblages has caused a drastic decrease 

in wild populations. Seeds have a very important function in the biological cycle of plants, through 

them populations persist, disperse and regenerate. The geometric morphometry in the agave seeds 

allows us to delve into the biological characteristics of the seeds such as shape and size and whether 

this variation may be causing some characteristic of the locality. The objective was to analyze at 

the population level the morphological variation in agave seeds, at the interspecific and intangible 

levels, to propose sustainable and commercial management strategies. Between December 2017 to 

July 2018, capsules of Agave angustifolia Haw (espadin), A. karwinskii Zucc (cirial or cuishe), A. 

rhodacantha Trel (Mexican) and A. potatorum Zuc (tobalá) were collected in different locations in 

Oaxaca. The seeds were photographed (100 for each species) and were processed in the Makefan6, 

TpsUtil and TpsDig programs. The data were analyzed in the MorphoJ program. The differences 

found (p< 0.05) were mainly in size, and to a lesser extent in shape. Greater variation was found 

in the micropillary zone and the basal zone of the seeds. The differences found in the shape of the 

seeds regardless of the localities where they develop may be due to genetic factors and habitat 

pressures. The agave seeds have a lacrimal structure. 
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Agaves have a ‘bulb’ within the floral scape that is part of their reproductive organ, where the seeds 

are found (Arizaga and Ezcurra, 2002). Currently, commercial plantations are carried out through 

asexual propagation, generating inbreeding that reduces their ecological size, so that agaves 

originating from seeds favor their population dynamics, due to sexual recombination that favors 

population genetic variability (Ramírez-Tobias et al., 2012). 

 

The reserves and quality of germplasm in the seeds encourage wild agave populations to persist, 

promote their dispersal and adaptation to new environments (Doria, 2010; Verma et al., 2014). 

Conserving such reserves is of vital importance, since improper management, lack of planning in 

the extraction of wild agaves just before flowering and the increase in monocultures have caused a 

decrease in the population variability of agaves. 

 

The immediate consequence is a fragmentation of wild populations into smaller units, thus 

increasing their vulnerability (Delgado-Lemus et al., 2014). Geometric morphometry studies 

allow to delve into characteristics, such as the shape and size of the seeds and through the use 

of quantitative descriptors, it contributes to the knowledge of the species and their systematic 

grouping (Miniño-Mejía et al., 2014), it also includes techniques for numerical registration 

through distances between points (Zelditch et al., 2004), it also analyzes from the shape and 

size of a structure with multivariate analysis, which allows the comparative study between 

individuals and between species (Bookstein , 1982; Adams et al., 2004; Mitteroecker and Gunz, 

2009). 

 

Herridge et al. (2011); Tanabata et al. (2012) indicate that the analyzes carried out on the shape of 

the seeds are important to make inferences about the biological diversity in natural populations due 

to their dispersal mechanisms. Geometric morphometry is a tool that is currently used in various 

areas of biology, to support studies with ecological, evolutionary and genetic approaches 

(Chuanromanee et al., 2019), in the case of agaves they can be applied in conservation or 

agricultural management of natural populations. 

 

Therefore, the objective of this work was to analyze the morphological variation in agave seeds, 

which allow generating strategies to establish management and conservation programs for wild 

agaves through their population variation. 

 

Morphometric study 

 

For the morphometric analyzes, seeds of Agave angustifolia Haw, A. karwinskii Zucc, A. 

potatorum Zucc and A. rhodacantha Trel were used. The samples were collected between 

December 2017 and June 2018 in the towns of San Bartolo Coyotepec (16° 57’ 24’’ north 

latitude and 96° 42’ 23’’ west longitude), Tlacolula de Matamoros (16º 57’ 15” north latitude 

and 96º 28’ 45” west longitude) and Villa Sola de Vega (16° 30’ 42’’ north latitude and 96° 

58’ 46’’ west longitude). 

 

These localities belong to the Central Valleys region of Oaxaca, Mexico. In San Bartolo Coyotepec, 

records of the four species were obtained, and in the other two populations only records of seeds 

of A. potatorum Zucc were used. 
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100 fertile seeds of each species were selected verifying that they did not present breaks, fractures, 

damage by insects, deformations or that they were affected by fungi. Each seed was weighed on an 

analytical balance (Sartorius CP224S) and placed in a properly identified Eppendorf tube. To 

obtain the images, a millimeter reference was placed. The photographs were obtained with a camera 

(Nikon Reflex, D5600 of 24 MP), which was oriented parallel to the horizontal plane of the seed 

base and was kept fixed to a column and a support. 

 

Each seed was placed at the same point and oriented in one direction only. The images were 

saved in JPG image format. Using the MakeFan6 software (Sheets, 2005), the images were cut, 

the homologous points were established and the combs were generated that were used as a 

reference for the marking of the contour points or Landmarks, later they were saved as PNG 

files. With the TpsUtil program (Rohlf, 2005), the Landmarks were assigned from the 

homologous points (22 for each record), converting the image into a cartesian plane, saving the 

database with the TPS extension. 

 

Obtained the database of the coordinates, it was edited with the corresponding name of each 

species. The database is the complete configuration that represents the shape of the object of study, 

made up of ‘k’ quantity of Landmarks and ‘m’ coordinates. With the MorphoJ program, the 

Procrusters analysis was performed for the records, that is, through multivariate principal 

component analysis (PCA), canonical variables analysis (AVA) and canonical discriminant 

analysis considering the Mahalanobis and Procrusters distances (Rohlf, 2015). 

 

Geometric variation of four Agave seeds in a locality 

 

The agave seeds of the four species collected in San Bartolo Coyotepec, showed significant 

differences (p= 0.001) in the variation of shape and size. The data cloud (Figure 1a) and the 

expression of the variation (Figure 1b) present at the micropillar end, landmark 1, 2, 3, 21 and 22 

of the A. karwinskii seed, showed a shift to the left; in the basal part, landmark 10, 11, 12, 13 and 

14, the shift was observed to the right expressed by A. potatorum.  

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 1. Data cloud (a), expression of variation (b) and principal component analysis of the patterns 

of change (c), in the seeds of A. angustifolia Haw (red points), A. rodacantha Trel (green 

points), A. potatorum Zucc (blue spots), A. karwinskii Zucc (purple spots) from San Bartolo 

Coyotepec. 

a) b) 
c) 
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In general, the seeds had a flat lacriform shape. Leishman and Westoby (1992) indicate that 

variations in the shape and size of seeds play an important role in the life history of a species.  

 

The variations in shape and size (p≤ 0.01: Mahalanobis and Procrustes) expressed in the seeds 

of A. angustifolia Haw, A. rodacantha Trel, A. karwinskii Zucc and A. potatorum Zucc in San 

Bartolo Coyotepec, are the response to the adaptations that each species presents in its place of 

growth. 

 

In this sense, Chuanromanee et al. (2019) indicate that the variation in the shape of a plant species 

is conditioned mainly by the genetic load and later by the environmental one, this supposed 

evidence because there was a difference between the four species of Agave present in San Bartolo 

Coyotepec. Moles et al. (2005) mention that the factors that affect changes in size are the way the 

seed expresses the changes during its growth. 

 

From the space defined by the values of the first two main components, there was not a total 

separation in the shape of the seeds of the four species. The distribution patterns overlap in part of 

the occupied areas (Figure 1c), although A. karwinskii and A. potatorum showed slight variations 

in their shape. Component 1 explained 45.14% and component 2 41.34%, with a total variation of 

86.48% in the form of the seeds. 

 

The discriminant analysis and the permutation test showed significant differences both for the value 

of the Mahalanobis distances (p≤ 0.001) and for the value of the Procrustes distances (p≤ 0.001), 

that is, both the size and the shape were different, respectively (Table 1). The greatest differences 

in the seeds of the four species were observed mainly in size. 

 
Table 1. Relationship of distances that determine the size (Mahalanobis) and the shape 

(Procrustes) of the seeds of A. potatorum Zucc in San Bartolo Coyotepec. 

Species Mahalanobis Procrustes 

A. angustifolia vs A. rodacantha 2.9887** 0.0297** 

A. angustifolia vs A. potatorum 3.5435** 0.0552** 

A. angustifolia vs A. karwinskii 2.2368** 0.0355** 

A. rhodacantha vs A. potatorum 3.5134** 0.0495** 

A. rhodacantha vs A. karwinskii 3.4579** 0.0373** 

A. potatorum vs A. karwinskii 3.2108** 0.0597** 

**= Significance p≤ 0.01. 

 

The alteration in the shape and size of the seeds of Agave sp. they are related to the availability of 

resources, being common for other plants such as herbaceous (Winn, 1988; Ericksson, 1999). Seed 

size is considered an indicator of physiological quality, since it is positively correlated with the 

vigor of the plants (Aguiar, 1995; Sánchez-Rendón et al., 2002; Aráoz et al., 2004) and greater 

survival capacity. 
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Therefore, the size of the seed can potentially affect the size and resistance of the seedlings that are 

generated (Wulff, 1986). The variability in the biometric values of the seeds in the seeds of the four 

agave species could be due to phenological conditions of the parent plants, which in turn are the 

product of the environmental conditions of the site where they were extracted. The variation in 

agave seeds, as well as the variations found by Pozo-Gómez et al. (2019) in seeds of Croton sp. 

they are the consequence of multifactoial conditions. 

 

Geometric variation of A. potatorum in three locations 

 

The shape of the A. potatorum seeds from Tlacolula de Matamoros, Villa Sola de Vega and San 

Bartolo Coyotepec, showed significant differences between the localities (p≤ 0.01). The data cloud 

(Figure 2a) and the expression of the variation (Figure 2b) showed variations in shape, mainly in 

the micropillar zone, there was a shift to the left in Larmacks 1, 2, 3, 4 and 5 and to the right in 

Larmacks 18, 19, 20, 21 and 22. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Data cloud (a), expression of the variation (b) and analysis of main components of the change 

patterns (c), in the seeds of A. potatorum Zucc from San Bartolo Coyotepec (red dots), Villa 

Sola de Vega (green dots) and Tlacolula de Matamoros (blue dots). 

 

The variation in size and shape of the seeds of A. potatorum Zucc in the three localities, 

registered a less expressible dispersion for the Mahalanobis size (p≤ 0.01) and for the 

Procrustes form (p≤ 0.01). This variation may indicate for this species that the site conditions 

were not decisive in terms of changes in the shape or size of the seeds. The variation registered 

in the seeds of A. potatorum Zucc occurred in the apical region (micropylar), which is the place 

where the seedling emerges. 

 

In the space defined by the two main components, the separation between localities with A. 

potatorum was gradual, showing a heterogeneous population in terms of shape in Villa Sola de 

Vega and less heterogeneity in San Bartolo Coyotepec (Figure 2c). The total variation explained 

by component 1 (51.6%) and component 2 (48.3%) was 99.9%, the change occurred mainly in the 

micro-pillar zone of the seed. 

 

 

 

a) b) 

c) 
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The permutation test yielded significant values both for the value of the Procrustes distances 

(p≤ 0.001) that indicates the shape of the seeds, and for the values of the Mahalanobis distances 

(p≤ 0.001) for their size (Table 2). 

 
Table 2. Relationship of distances that determine the size (Mahalanobis) and the shape 

(Procrustes) of the seeds of A. potatorum Zucc in the localities. 

Localities Mahalanobis Procrustes 

San Bartolo C. vs Sola de Vega 1.9651** 0.0165** 

San Bartolo C. vs Tlacolula 2.3415** 0.0287** 

Sola de Vega vs Tlacolula 2.3878** 0.0356** 

**= significance p≤ 0.01 

 

Although the genetic differences are relatively important, the physical or structural patterns of the 

seed may be influenced by factors such as the maturation stage of the fruit, and the stimulus of 

abiotic or biotic stress, including climate change and the stimulation of interactions between and 

between. intraspecific highlands during seed development (Howe and Richter, 1982). 

 

In this sense, Boyd (2002) mentions that isolated populations of a species may present differences 

in shape in some of their structures. This can be seen in the case of A. potatorum, where the isolation 

of its populations caused differences in the shape of its seeds. 

 

Conclusions 
 

The seeds of the agaves A. angustifolia Haw, A. rodacantha Trel, A. karwinskii Zucc and A. 

potatorum Zucc in their lacriform structure showed differences (p< 0.05) in shape and size in the 

basal and micropylar parts, establishing that if there is a pattern of variation according to the 

species. In an intraspecific analysis the basal and apical region of Agave potatorum presented 

variations (p< 0.05) between seeds from different locations, establishing that there are factors in 

the environment that generate heterogeneity in the species, such a population characteristic can be 

used to establish strategies of intercrosses in commercial plantations and of this that promote the 

conservation of wild species. 
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