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Abstract 

Light requirements for cactus seed germination have been considered to be associated with their 

life–form, but this has not been thoroughly studied for other succulent species. In this study, we 

performed a light and darkness experiment in 11 species: seven rosette species (Agavaceae) and two 

columnar, one barriliform, and one globose species (Cactaceae) from the Southern Chihuahuan 

Desert. The response variables were seed germination percentage or germinability and relative light 

germination (RLG). Following germinability analyses, only the barriliform cacti E. platyacanthus 

was positive photoblastic. All other species were neutral photoblastic, although we found three 

response patterns: species having similar seed germination in light and darkness conditions, species 

showing higher seed germination in darkness than in light, and species showing higher germination 

in light than in darkness. However, following the relative light germination (RLG) analyses, two 

columnar species had higher RLG than the other species, seven species showed intermediate RLG 

(RLG 0.49–0.67), and two species had low RLG, which indicates that they germinated best in 

darkness.  Our results do not support the suggestion that columnar cacti are neutral photoblastic and 

that globose cacti are positive photoblastic. We suggest that RLG is a better expression of the 

species’ light requirement than seed germination percentage. 
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Introduction 

In arid and semiarid environments, sandy soils can modify the photon fluxes and light quality [red 

(R):far–red (FR)] underground, according to the color and size of the sand grains and soil moisture 

(Tester and Morris, 1987; Gutterman, 1994); thus, light may trigger germination of desert plant 

seeds (Gutterman, 1993; Rojas–Aréchiga et al., 1997; Flores et al., 2006). It is possible that both 

light quantity and quality are signals that a seed can use to determine changes in soil depth or in 

plant cover, like species from other environments (Vázquez–Yañes and Orozco–Segovia, 1993). 

 

There are three possible germination responses to light, following Baskin and Baskin (1998): i) 

species having an absolute light requirement (positive photoblasticism), ii) species germinating 

similar in both light and in darkness (neutral fotoblasticism), if the seeds germinate in higher % in 
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light there are more light requiring seeds within that sample, but still can be classified as neutral 

photoblastic because certain considerable percentage germinated under darkness, and viceversa, and 

iii) species having absolute darkness requirement (negative photoblasticism).  

 

For cacti species, which are very common in desert American environments, Rojas–Aréchiga et al. 

(1997) suggest that light requirements for seed germination can be associated with their life–form, 

since they found that columnar cacti Cephalocereus chrysacanthus (Pilosocereus chrysacanthus), 

Neobuxbaumia tetetzo and Pachycereus hollianus (Lemaireocereus hollianus) are neutral 

photoblastic, and the barriliforms Ferocactus flavovirens, Ferocactus recurvus and Ferocactus 

robustus are positive photoblastic. Both columnar and barriliform cacti are taller than globose cacti. 

Thus, it is possible that seedlings from the tallest life–forms (including rosette) have the ability to 

emerge from greater soil depths (in the dark) since their seeds have more resources. 

 

Several results support the hypothesis that columnar cacti are neutral photoblastic (Nolasco et al., 

1996; Zimmer, 1998; Yang, 1999; Ramírez–Padilla and Valverde, 2005), and that both barriliform 

(Del Castillo, 1986; Romero–Schmidt et al., 1992; Maiti et al., 1994; Bowers, 2000) and globose 

cacti (Zimmer 1969a,1969b; Maiti et al., 1994; Ruedas et al., 2000, Benítez–Rodríguez et al., 2004; 

Flores et al., 2006; Rojas–Aréchiga et al., 2008) are positive photoblastic. However, there are 

several columnar cacti exhibiting positive photoblasticism (Martínez–Holguín, 1983; Rojas–

Aréchiga et al.; 2001, De la Barrera and Nobel, 2004). 

 

Light requirements for seed germination of other succulent life–forms (e.g. rosette, shrub, 

herbaceous), have been poorly studied. Agave and Yucca (Agavaceae) are the main rosette genera in 

North American Deserts (Irish and Irish, 2000). Agave lechuguilla (Freeman, 1973), A. parry 

(Freeman, 1975), A. macroacantha (Arizaga and Ezcurra, 2002), A. stricta and A. salmiana (Maiti 

et al., 2005) are neutral photoblastic, but A. americana is positive photoblastic (Pritchard and 

Miller, 1995). We found no research done on light effect on germination of Yucca spp. or other 

rosette species (i.e. Crassulaceae and Euphorbiaceae species). For succulent rosettes from 

Agavaceae, a germinative pattern in response to light has not been found, however the number of 

species studied is smaller than for Cactaceae. At least 94 cacti species have been studied (see Flores 

et al., 2006 for a review) as well as six Agavaceae species (Freeman, 1973, 1975; Pritchard and 

Miller, 1995; Arizaga and Ezcurra, 2002; Maiti et al., 2005). 

 

In order to gain knowledge on the seed photosensitivity from desert species belonging to several 

succulent life–forms, we performed a light and darkness experiment in Agavaceae (seven rosette 

species) and Cactaceae (two columnar, one barriliform, and one globose species) from Southern 

Chihuahuan Desert. In order to better understand the expression of species’ light requirement, two 

response variables were tested: germinability and relative light germination (RLG). RLG represents 

a range of values varying from 0 (germination only in darkness) to 1 (germination only in light), 

and it is relatively unaffected by dormancy level (Milberg et al., 2000). This is very important since 

in the Chihuahuan Desert many species of cacti have dormant seeds (Flores et al., 2005, 2006, 

2008; Ochoa–Alfaro et al., 2008). 

 

Materials and methods 

Study site 

This study was carried out at the Ecology Lab of IPICYT in San Luis Potosí, S.L.P., México. We 

collected seeds of at least 10 individuals from each species. All studied species (Table 1) were from 

the highly diverse Chihuahuan Desert (Hernández and Gómez–Hinostrosa, 2002). Seeds were 

collected from mature fruits and stored in paper–bags at room temperature. 
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Table 1. List of species and their life–form and family. 

Species Life form Family 

Agave filifera Salm. Rosette Agavaceae 

Agave lechuguilla Torr. Rosette Agavaceae 

Agave salmiana Otto ex Salm Rosette Agavaceae 

Agave striata Zucc. Rosette Agavaceae 

Coryphanta delicata L.Bremer Globose Cactaceae 

Echinocactus platyacanthus Link & Otto Barriliform Cactaceae 

Myrtillocactus geometrizans (Mart. ex Pfeiff.) Console Columnar  Cactaceae 

Stenocereus queretaroensis (F.A.C.Weber) Buxb. Columnar  Cactaceae 

Yucca carnerosana (Trel.) McKelvey Rosette Agavaceae 

Yucca elata (Engelm.) Rosette Agavaceae 

Yucca filifera Chab. Rosette Agavaceae 

 

We evaluated seed germination under two conditions: a 14–h daily photoperiod (hereafter ‘light’) 

and continuous darkness at 25 °C. This temperature was used following Nobel (1988). Seeds were 

placed in Petri dishes containing filter paper for 30 days. There were five replicates per treatment, 

with 20 seeds in each replicate. For incubation in darkness, Petri dishes were wrapped in double 

aluminium foil (Baskin and Baskin, 1998). All dishes were placed in a germination chamber. To 

reduce temperature fluctuations, fluorescent lamps and air ventilation were used. A green safe light 

was used to examine the dark–incubated seeds (Baskin and Baskin, 1998; Schütz et al., 2002). 

Seeds were watered daily with distilled water, and germination (radicle protrusion) was monitored 

daily. From these observations we determined final germination percentages or germinability 

(Flores and Briones, 2001; Flores et al., 2005) and relative light germination (RLG) (Milberg et al., 

2000). The RLG = Gl / (Gd + Gl); where Gl = the germination percentage in light, and Gd = the 

germination percentage in darkness. 

 

Statistical analysis 

A two–way anova was conducted on the germination percentage using light (two levels) and species 

(11 levels) as factors. Before the analysis was done, the percentage data were normalized using a 

square root arc–sine transformation (Sokal and Rohlf, 1994). For each species, differences among 

treatments were explored using Tukey multiple comparison test. We performed one way ANOVA 

for RLG, with species as the main factor. Differences among species were explored using Tukey 

multiple comparison test. 

Results 

Germinability or seed germination (%) 

There was a significant effect of species (DF=10; F=29.27; p<0.0001) and light (DF=1; F=86.71; 

p<0.0001) treatments, as well as the interaction of both factors (DF=21; F=29.48; p<0.0001). All 

species had at least 63% germination in light, so they were not considered dormant (Table 2). 

 

Only one species, the barriliform cacti E. platyacanthus was positive photoblastic, with nil seed 

germination in darkness. All other species were considered neutral photoblastic. For these we found 

three response patterns: i) species having similar seed germination in both light and darkness 

conditions, like the globose C. delicata, and the rosette species A. filifera, A. striata,Y. carnerosana 

and Y. filifera ii) species showing higher seed germination in darkness than in light, like A. 
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lechuguilla and A. salmiana, and iii) species showing higher germination in light than in darkness, 

like the columnar cacti M. geometrizans and S. queretaroensis), and the rosette Yucca elata. 

 

Table 2. Seed germination of 11 species from the Chihuahuan Desert at 25°C after light and 

darkness treatments. Average final germination percentages or germinability (based on five 

replicates) for each species are shown. For each species, significant differences (p<0.001) 

 between treatments are indicated by different lower–case letters. 

Species Light Darkness Photoblastism 

 Germinability (%)  

Agave filifera 63 ± 16.4 a 64 ± 9.6 a Neutral 

Agave lechuguilla 65 ± 3.5  a 80 ± 17.0 b Neutral 

Agave salmiana 70 ± 23.2 a 94 ± 5.5  b Neutral 

Agave striata 96 ± 4.2  a 98 ± 4.5  a Neutral 

Coryphanta delicata 98 ± 4.5  a 97 ± 4.5  a Neutral 

Echinocactus platyacanthus 90 ± 7.9  a 0  b Positive 

Myrtillocactus geometrizans 81 ± 9.6  a 9 ± 14.7 b Neutral 

Stenocereus queretaroensis 88 ± 5.7  a 59 ± 29.5 b Neutral 

Yucca carnerosana 81 ± 9.6  a 79 ± 6.5  a Neutral 

Yucca elata 63 ± 22.8 a 29 ± 9.6  b Neutral 

Yucca filifera 88 ± 5.7  a 72 ± 19.2 a Neutral 

 

Relative Light Germination (RLG) 

Species differed in terms of RLG (DF=10; F=22.3; p<0.0001; Table 3). Two columnar species had 

higher RLG than the other species. Seven species showed intermediate RLG (RLG 0.49–0.67), and 

two species had low RLG, which indicates that they had higher germination in darkness (Agave 

lechuguilla, RLG = 0.45; Agave salmiana, RLG = 0.42). 

 

Table 3. Relative Light Germination (RLG) of 11 species from the Chihuahuan Desert at 25°C after 

light and darkness treatments. Average RLG (based on five replicates) for each species are shown. 

Significant differences (pP<0.0001) among species are indicated by different lower–case letters. 

Species RLG Category 

Agave filifera 0.49 ± 0.06 b Intermediate 

Agave lechuguilla 0.45 ± 0.06 c Low 

Agave salmiana 0.42 ± 0.09 c Low 

Agave striata 0.49 ± 0.02 b Intermediate 

Coryphanta delicata 0.50 ± 0.02 b Intermediate 

Echinocactus platyacanthus 1.00 ± 0.00 a High 

Myrtillocactus geometrizans 0.91 ± 0.13 a High 

Stenocereus queretaroensis 0.62 ± 0.14 b Intermediate 

Yucca carnerosana 0.51 ± 0.01 b Intermediate 

Yucca elata 0.67 ± 0.06 b Intermediate 

Yucca filifera 0.56 ± 0.07 b Intermediate 
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Discussion 

Following the seed germination analyses only one species was positive photoblastic (the barriliform 

E. platyacanthus), and seven rosette, one globose and two columnar species were neutral 

photoblastic. However, following the RLG analyses, E. platyacanthus and the columnar S. 

queretaroensis showed higher light dependence to germinate; five rosette, one columnar and one 

globose species had intermediate light dependence to germinate, and two rosette species had the 

lower light dependence. Thus, we suggest that RLG is a better expression of the species’ light 

requirement than the seed germination percentage. 

 

Our results do not support the suggestion that all columnar cacti are neutral photoblastic and that 

globose cacti are positive photoblastic (Rojas–Aréchiga et al., 1997). In fact, Coryphanta delicata is 

the second globose species found to be neutral photoblastic with similar seed germination in both 

light and darkness conditions, after Mammillaria kraehenbuehlii (Flores–Martínez et al., 2002).  

 

There are several other globose species considered as neutral photoblastic, although showing higher 

germination in light than in darkness, i.e. Coryphanta gladispina (C. delaetiana), Mammillaria 

potosiana (Coryphanta potosiana), and Mammillaria longimamma (Zimmer, 1969b); Mammillaria 

huitzilopochtli (Flores–Martínez et al., 2002); Mammillaria magnimamma (Ruedas et al. 2000) and 

Turbinicarpus schmiedickeanus ssp. macrochele (Flores et al., 2006). In addition, Euphorbia 

nicaeensis (herbaceous succulent) is also neutral photoblastic (Narbona et al., 2006); this species is 

similar in height to globose cacti. Thus, there seems to be no support for the hypothesis that tall 

life–forms are neutral photoblastic and small life–forms are positive photoblastic. 

 

All rosette species were also neutral photoblastic. These results are similar to those found for Agave 

lechuguilla (Freeman, 1973), Agave parry (Freeman, 1975), A. macroacantha (Arizaga and 

Ezcurra, 2002), A. salmiana and A. stricta (Maiti et al., 2005). However, we found three response 

patterns to light conditions: four rosette species had similar seed germination in both light and 

darkness conditions, two species had higher seed germination in darkness than in light, and one 

species showed higher germination in light than in darkness. 

 

In this study germination was checked under green safe light. Because this light may trigger 

germination (Baskin and Baskin 1988) in some species, it is possible that green safe light triggered 

darkness germination in some of the studied species that probably are highly sensitive to light. 

 

Light requirement for germination is important, because positive photoblastism is one of the 

physiological characteristics that could favour formation of a soil seed bank (Bowers, 2000; Rojas–

Aréchiga and Batis, 2001). Thus, it is probable that neutral photoblastic species don´t have the 

ability to form soil seed banks, since they can germinate in the dark. However, there are other 

environmental factors (i.e. droughts and frosts) that can enforce dormancy and thus help in creating 

seed banks for these species (Jurado and Flores, 2005). 

 

More studies are needed before understanding the implications of photoblastism in seeds from 

succulent species. These results contribute to understanding the germination biology of cactus and 

agave species, and could enhance the propagation of large numbers of cultivated individuals outside 

their habitats, promoting ex situ conservation. 
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