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Abstract 

 
The seed anatomy of eight species of ornamental 

cacti from the Chihuahuan desert was described, 

germplasm in the process of long-term conservation 

in the Germplasm Bank of the National Center for 
Genetic Resources of INIFAP; different qualitative, 

quantitative and pseudo-qualitative aspects were 

tested for the characterization of the seed, likewise it 
was supported with an X-ray equipment. The shape 

of the seed was varied as well as the size, probably 

associated with the ecological conditions in which 

species are distributed; X-rays provide important 
information on the development and condition of the 

embryo, however, it is not indicative of the viability 

of the seed. 
 

Anatomy, Seed, Characteristics 

Resumen  

 
Se describió la anatomía de semillas de ocho especies 

de cactáceas ornamentales del desierto Chihuahuense 

en proceso de conservación a largo plazo en el Banco 

de Germoplasma del Centro Nacional de Recursos 
Genéticos del INIFAP; diferentes aspectos 

cualitativos, cuantitativos y pseudo cualitativos 

fueron ensayados para la caracterización de la 
semilla, así mismo se apoyó con un equipo de rayos 

X. La forma de la semilla fue variada al igual que el 

tamaño, probablemente asociado a las condiciones 

ecológicas en las que se distribuyen las especies; los 
rayos X aportan información importante del 

desarrollo y condición del embrión, sin embargo, no 

es indicativa de la viabilidad de la semilla. 
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Introduction 
 

The family Cactaceae is native to the American 

continent from northern Canada to Patagonia in 

Argentina, comprising an estimated 1,480 to 

2,000 species (Goettsch et al., 2015; Rojas-

Aréchiga and Vázquez-Yanes, 2000). Cacti are a 

culturally significant group, perceived as one of 

the most charismatic plant taxa since most of 

their species have an ornamental use (Goettsch 

et al., 2015). This has given rise to the fact that 

cacti have a long history in human activity, as 

well as being an essential part of public or 

private collections; this has generated great 

concern from the conservation point of view, a 

situation that places cacti in fifth place as a 

taxonomic group given that 47% of the total 

number of species are threatened according to 

the criteria and categories of the International 

Union for Conservation of Nature (Goettsch et 

al., 2015). 

 

The Catalog of Mexican Cactaceae 

recognizes 913 taxa, of which 669 are species 

and 244 subspecies, grouped into 63 genera. Of 

these taxa, 25 genera are endemic to Mexico and 

include 518 species and 206 subspecies 

(Villavicencio, et al., 2010). The Chihuahuan 

Desert is the largest in North America and 

represents one of the main centers of diversity in 

cacti with 329, but it is among the least studied 

in the continent (Villavicencio, et al., 2010). 

 

For taxonomic classification, morphology 

has been one of the main criteria used, this has 

been favored with the development of electron 

microscopy, and the study of the seed in the 

family Cactaceae has been no exception to these 

advances (Rojas-Aréchiga, 2012). Cactaceae 

seeds present considerable variations in shape, 

size, structure, embryo anatomy, and testa color 

(Rojas-Aréchiga, 2012; Rojas-Aréchiga and 

Vázquez-Yanes, 2000). With respect to shape, 

seeds in the Cactaceae family can be kidney-

shaped, globular, ovoid, hat-shaped, pyriform, 

lenticular, etc., and in terms of color there are 

seeds of reddish, reddish-brown, blackish-

brown, black or white color and opaque or shiny 

appearance (Rojas-Aréchiga and Vázquez-

Yanes 2000), external characteristics that are 

nowadays used for the taxonomic classification 

of plants (Rojas-Aréchiga, 2012).  

 

 

 

In addition to the external physical 

analysis of the seed, the use of X-ray equipment 

specially designed for seeds, has come to 

complement the anatomical study of the internal 

structures of the seed, through a fast and non-

destructive method, with which it is possible to 

identify different conditions of internal 

development, which become evident through 

digitized radiographic images, so it is possible to 

identify full seeds, empty seeds, seeds damaged 

by insects or seeds with physical damage (ISTA, 

2017). However, it should be noted that the 

results of the X-ray equipment only show the 

internal morphology of a seed so it is not 

indicative if the embryo is alive or dead 

(Bruggink and Van Duijn, 2017). With the aim 

of providing new knowledge on seed anatomy of 

ornamental cacti, the following work is 

presented. 

 

Materials and Methods 

 

The research was conducted at the Orthodox 

Seed Laboratory of the National Center for 

Genetic Resources of INIFAP, Tepatitlán de 

Morelos, Jalisco, Mexico. 

 

Plant material 

 

Eight seed accessions of ornamental cacti from 

the Chihuahuan Desert under long-term 

conservation in the germplasm bank of the 

CNRG were analyzed: Astrophytum capricorne 

(A. Dietr), Astrophytum ornatum (DC), 

Aztekium hintonii Glass & Fitz Maurice, 

Echinocactus platyacanthus Link and Otto, 

Echinocactus grusonii Hildm, Ferocactus 

pilosus (Galeotti) Werderm, Leuchtenbergia 

principis Hook and Mammilloydia candida 

(SCheidw) Buxb. 

 

Metric analysis 

 

From each species, 10 seeds per accession were 

randomly selected. The quantitative parameters 

of length, width and thickness expressed in 

millimeters, were evaluated with the support of 

Zeiss Vision Axiovision software and with the 

help of a digital caliper model No. 50001, 50002, 

50003. 
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Seed shape and texture 

 

Qualitative character was evaluated with the 

support of a Zeiss stereoscopic microscope using 

the glossaries of botanical terms of Nancy P. 

Moreno (1984), 10 seeds were evaluated at 

random. 

 

Seed color 

 

Psedocualitative characteristic evaluated with 

the color code of the UPOV Test Guidelines 

TC/54/22 and RHS (UPOV, 2021). Ten seeds 

were evaluated at random. 

 

Physical integrity by X-ray 

 

Four replicates of 10 seeds were analyzed by 

means of a FAXITRON MX-20 brand 

equipment; full, empty, insect-damaged and 

physically damaged seeds were determined 

(ISTA, 2017). 

 

Results and Discussion 

 

Table 1 shows the physical and morphological 

characteristics of the seeds of the species under 

study. It is evident that the seeds of cacti are very 

small and present very diverse variations in 

shape and texture (Rojas-Aréchiga and Vázquez 

Yanes 2000). Regarding the small size, it has 

been established that it is an adaptation to 

environmental conditions, since the small size of 

the seed is related to the response to light 

(photoblastic), since when the mass of the seed 

increases, this important condition for desert 

ecosystems is lost (Rojas-Aréchiga and Batis, 

2001). Likewise, the seed coat for the species 

tested is thin. 

 
Species Size (mm) Texture Shape Color 

L W T 

A. capricorne 2.37 to 

2.68 

1.79 to 

2.14 

1.54 to 

1.81 

Reticulated Cymbiform RHS 183A 

Brownish 

purple 

A. ornatum 2.67 to 

2.99 

1.76 to 

2.12 

1.82 to 

2.13 

Granulose Navicular RHS 203C 

Black 

A. hintonii 0.77 to 

0.94 

0.54 to 

0.68 

0.57 to 

0.72 

Tuberculated Turbinada RHS 203C 

Reddish 

black 

E. 

platyacanthus 

2.48 to 

2.81 

1.57 to 

1.96 

1.13 to 

1.24 

Reticulated Ovada RHS 187A 

Brown 

Dark 
 

RHS 203C 

Black 

E. grusonii 1.51 to 

1.74 

1.13 to 

1.29 

0.71 to 

0.78 

Reticulated Ovada RHS 187ª 

Brown 

Dark 

F. pilosus 1.63 to 

2.08 

1.20 to 

1.59 

0.84 to 

0.95 

Foveoling Ovada RHS 203C 

Black 

L. principis 1.67 to 

2.10 

1.60 to 

2.07 

1.54 to 

1.80 

Granulose Cap RHS 152D 

Greenish 

Brown 

 

RHS N200A 

Dark brown 

M. candida 1.16 to 

1.36 

0.85 to 

1.17 

0.71 to 

0.84 

Reticulated Granulose RHS 203C 

Black 

 
Table 1 Physical (length L, width A, thickness E, texture 

T) and morphological (shape F) characteristics in seeds of 
ornamental cacti 

a)  b)  

 

c) d)  
 

Figure 1 Seed texture of different species of ornamental 

cacti: a) Reticulate (A. capricorne); b). Granular (L. 

principis); c). Tuberculate (A. hintonii) and d). Foveolate 

(F. pilosus). 

 

         a         b  

 

       c              d    

 

Figure 2. Seed shapes detected: a) Ovada (E. grusonii); 

b). Cymbiform or navicular (A. ornatum); c). Globose (M. 

candida) and d). Turbinate (A. hintonii). 

 

Astrophytum capricorne (A. Dietr) 

 

Common name: strop milkweed biznaga. 

  

The seed was 2.37 to 2.68 mm long, 1.79 

to 2.14 mm wide and 1.54 to 1.81 mm thick, with 

a reticulated texture that resembles a net, with 

little relief. Cymbiform or navicular shape. Its 

head is smooth, shiny, brownish purple (RHS 

183A). 

 

Astrophytum ornatum (DC) 

 

Common name: milkweed biznaga liendrilla. 

 

The seed was 2.67 to 2.99 mm long, 1.76 

to 2.12 mm wide and 1.82 to 2.13 mm thick, with 

a granular texture. Cymbiform or navicular 

shape (Figure 2b). Its testa is shiny black (RHS 

203C). 

 

Aztekium hintonii 

 

Common name: gypsum stone biznaga. 
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Seed size was 0.77 to 0.94 mm long, 0.54 

to 0.68 mm wide and 0.57 to 0.72 mm thick, 

tuberculate texture (figure 1c), rarely granular. 

Turbinate form (figure 2d and 1c), testa reddish 

black. 

 

Echinocactus platyacanthus 

 

Common name: giant biznaga or sweet biznaga. 

 

Seed size was 2.48 to 2.81 mm long, 1.57 

to 1.96 mm wide and 1.13 to 1.24 mm thick, 

reticulate texture. Ovate shape (Figure 2a). 

Black testa, shiny, rarely tend to present a dark 

brown color. 

 

Echinocactus grusonii 

 

Common name: mother-in-law seat, golden ball. 

 

The seed was 1.51 to 1.74 mm long, 1.13 

to 1.29 mm wide and 0.71 to 0.78 mm thick, 

reticulate texture. Ovate shape. Testa shiny, dark 

brown (Figure 2a). 

 

Ferocactus pilosus 

 

Common name: red biznaga, Mexican fire 

biznaga, or lime biznaga. 

 

 Seed size was 1.63 to 2.08 mm long, 1.20 

to 1.59 mm wide and 0.84 to 0.95 mm thick, 

foveolate texture (with small dimple marks). 

(Figure 1d) testa shiny black. 

 

Leuchtenbergia principis 

 

Common name: Biznaga palmilla de San Pedro. 

 

 Seed size was 1.67 to 2.10 mm long, 1.60 

to 2.07 mm wide and 1.54 to 1.80 mm thick, 

granular texture, rarely tuberculate. Cap shape, 

as reported by Bravo-Hollis and Sanchez-

Mejorada (1991). Testa greenish brown, rarely 

dark brown (Figure 1b). 

 

Mammilloydia candida 

 

Common name: snowball, old man's head. 

 

Seed size was 1.16 to 1.36 mm long, 0.85 

to 1.17 mm wide and 0.71 to 0.84 mm thick, 

reticulate texture. Globose shape, rarely ovoid 

(Figure 2c) testa shiny black color. 

 

The X-ray physical integrity test proved to 

be a useful method for the evaluation of 

Cactaceae seeds, as it is a non-destructive 

method that allows the conservation of 

germplasm, distinguishing the full seed that can 

be germinated from the empty seed (Figure 3). 

The seeds for all species showed excellent 

development, with very varied forms of embryo 

development and complete filling of the seed 

cavity, without damage from pests or 

malformations, so it is established that the 

conditions of development and maturation of the 

fruit together with the time of collection were 

adequate. 

 

    

    
 

Figure 3 Digitized radiographs of the seed of different 

species of cacti: a) A. capricorne, b) A. ornatum, c) A. 

hintonii, d) E. platyacanthus, e) E. grusonii, f) F. pilosus, 

g) L. principis, h) M. candida in the evaluation of physical 

integrity with X-rays. 

 

Conclusion 

 

The seeds under study presented variable 

characteristics in terms of shape and size even 

though they belong to the same taxonomic 

family. X-ray analysis provides important 

information regarding the physical and 

developmental state of the embryo; however, it 

is necessary to evaluate the physiological 

(standard germination) or biochemical 

(tetrazolium viability test) condition to 

determine whether the seed is viable or not. 
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