
Volume 28 (1), 2008 Natural Areas Journal 51 

Natural Areas Journal 28:51–57

•

Seed Age 
Germination 

Responses and 
Seedling Survival 
of an Endangered 

Cactus That Inhabits 
Cliffs

Alejandro Flores-Martínez1,3 
Gladys I. Manzanero M.1 
Mariana Rojas-Aréchiga2 

María C. Mandujano2 
Jordan Golubov3,4

1 Centro Interdisciplinario de 
Investigación para el Desarrollo 

Integral Regional
Instituto Politécnico Nacional

Hornos 1003, Santa Cruz Xoxocotlán
Oaxaca, México. CP 71230

2 Instituto de Ecología
Universidad Nacional Autónoma de 

México
Apdo. Postal 70-275
México 04510 D.F. 

3 Universidad Autónoma Metropolitana 
Xochimilco

Calzada del Hueso 1100
Col. Villa Quietud
México 04960 D.F.

•

R E S E A R C H   A R T I C L E

4  Corresponding author: 
gfjordan@correo.xoc.uam.mx;  
Tel. 52 55 54 83 700 ext. 7153

ABSTRACT: Seed dormancy and seed longevity partially determine the crucial stages of germination 
and establishment of seedlings for rare Cactaceae in arid environments. We studied the effect of seed 
age and seed dormancy on germination and seedling establishment of an endangered species of cactus 
(Mammillaria huitzilopochtli) from Oaxaca, Mexico, in controlled and natural conditions. Germination 
experiments were conducted in greenhouse conditions and seedling survival was assessed in controlled 
and natural areas. We found that M. huitzilopochtli has non-dormant seeds and that germination occurred 
during the first seven days after sowing for seeds less than one year old (x = 90%). Germination decreased 
with time, which indicated that this species might be able to form a transient seed bank (maximum one 
year old). Scarification treatments in M. huitzilopochtli did not interact with seed age response and did 
not enhance germination percentages, asserting that seeds are nondormant. When compared with other 
species of the same genus inhabiting the same region, we conclude that dormancy in cacti is probably 
more related to environmental heterogeneity than to phylogenetic constraints. Similar to the majority 
of cacti species, seedlings of M. huitzilopochtli only established in shade conditions. The seeds and 
seedling traits of this endangered species must be taken into account for conservation programs. Because 
few seeds were produced yearly, no seeds could be stored at room conditions for long time periods (> 
2 yr) and seedling survival was low (mean = 13.75%).

Index terms: nurse plant, seed bank, seed dormancy, seed longevity, seedling establishment

INTRODUCTION

Germination and establishment are crucial 
processes in the life cycle of a plant in 
arid and semiarid environments. Seeds in 
these environmentally unpredictable areas 
should be strongly selected to germinate 
at the most favorable time for seedling 
establishment (Mandujano et al. 1997; 
Jurado et al. 2000; Csontos and Tamás 
2003); therefore, seeds available for po-
tential germination and recruitment, under 
selection, should develop attributes (for 
ex., seed dormancy and longevity) that 
promote seed bank formation (Harper 
1959; Montiel and Montaña 2003; Jurado 
and Flores 2005). Dormancy occurs when 
seeds do not germinate due to unfavor-
able environmental conditions or to some 
property of the seed (Crocker 1916; Harper 
1959; Baskin and Baskin 1998). On the 
other hand, seed longevity is the ability of 
a seed to retain its viability for a period 
of time under particular environmental 
conditions (Fenner 1985; Vázquez-Yanes 
and Orozco-Segovia 1993). Thus, soil seed 
banks are either transient (upon seed dor-
mancy) or persistent (upon seed longevity) 
(Thompson and Grime 1979). In addition, 
dormancy types combined with timing of 
seed release and germination have been 
proposed as adaptations for various dis-
turbance regimes (Grime 1981).

Seed longevity and seed dormancy are 
probably the most important factors con-

trolling seed germination and seed bank 
formation (Vleeshouwers et al. 1995; 
Baskin and Baskin 1998; Bowers 2000; 
Rojas-Aréchiga and Batis 2001; Flores et 
al. 2005; Mandujano et al. 2005). These 
two factors are especially relevant for spe-
cies that live in heterogeneous (spatially 
and temporally) environments, because 
conditions that promote germination and 
enable seedling establishment are rarely 
found (Nobel 1984; Franco and Nobel 
1989). In desert environments, seeds 
often respond to specific combinations of 
light, temperature, and soil moisture that 
are more favorable to their establishment; 
however, these conditions may not occur 
every year. Therefore, the characteristics 
that could lead to a viable seed bank are 
an important long-term attribute for plant 
success in deserts (Mandujano et al. 1997; 
Rojas-Aréchiga and Vázquez-Yanes 2000; 
De la Barrera and Nobel 2003).

In addition to seed longevity and dormancy, 
establishment of seedlings is another cru-
cial phase in the life cycle of many plants 
inhabiting arid environments (Flores and 
Jurado 2003). In deserts, cacti seedlings 
(even those species with high germination 
rates) rarely establish successfully due to 
the unpredictable environmental conditions 
of high temperatures and low soil water 
content (Nobel 1984; Franco and Nobel 
1989; Valiente-Banuet and Ezcurra 1991; 
Mandujano et al. 1998, 2001). The envi-
ronmental problems imposed on seedling 
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establishment have been partially avoided 
by many species by the facilitation found 
in nurse-protégé relationships (Shreve 
1951; Fenner and Thompson 2005). This 
interaction leads to germination events that 
are preferentially found under the canopy 
of trees and shrubs because of their ability 
to modify the micro-environmental condi-
tions (Shreve 1951; Rodríguez-Ortega and 
Ezcurra 2000). A number of studies have 
demonstrated that under the canopies of 
nurse plants, levels of humidity and pro-
tection against direct solar radiation are 
more favorable for seedling establishment 
(Turner et al. 1966; Steenbergh and Lowe 
1969; McAuliffe 1984; Franco and Nobel 
1989; Valiente-Banuet and Ezcurra 1991; 
Flores-Martínez et al. 1994; Nolasco et al. 
1997; Mandujano et al. 1998, 2001).

Species of the Cactaceae are typically 
found in the arid environments of North 
and South America. Unfortunately, this 
Family accounts for a large number of 
species, which are naturally rare and prone 
to extinction. Even though the behavior of 
seeds is one of the main elements affecting 
population dynamics (Mandujano et al. 
2005; Ramírez-Padilla and Valverde 2005), 
it is rarely taken into account in the con-
servation and management of endangered 
cacti species. In addition, few studies have 
addressed germination behavior where the 
spatial and temporal environmental hetero-
geneity are considered (Trejo-Hernández 
and Garza-Castillo 1993; Bowers 2000; 
Rojas-Aréchiga and Batis 2001; Flores-
Martínez and Manzanero 2003; Flores et 
al. 2005).

The purpose of this study was to deter-
mine the germination potential of seeds 
of a rare endemic cactus, Mammillaria 
huitzilopochtli D.R. Hunt, over time and 
to determine the factors that would favor 
establishment in controlled and natural 
conditions. We specifically addressed the 
following questions: (1) Can the seeds of 
this species persist viable for a period of 
time, which could allow the generation of 
a seed bank? (2) Which conditions promote 
seed germination? and (3) Does seedling 
establishment rely on nurse protégé rela-
tionships?

METHODS

Studied species

Mammillaria huitzilopochtli Serie Super-
textae is a globose cactus that inhabits cliff 
faces. In this habitat, gravity prevents soil 
accumulation, and humidity is limited to 
run-offs, which usually remain for short 
periods of time and dry rapidly. The spe-
cies has been classified as threatened by 
the Mexican environmental agency, due 
to their limited distribution and because 
there are only seven populations of M. 
huitzilopochtli established on 1058 ha, 
with an average density of 1718 ind/ha 
(Peters and Martorell 2000). In addition, 
over-collection of plants has been detected 
for this species (Hernández and Godínez 
1994; Arias et al. 1997; SEMARNAT 
2002). M. huitzilopochtli is found in the 
Tehuacan-Cuicatlan Biosphere Reserve 
that covers portions of the states of Puebla 
and Oaxaca, Mexico. This region shows a 
high floristic diversity (Dávila et al. 1993) 
and is a center of endemism and diversity 
of cacti (Villaseñor et al. 1990; Arias 2000). 
The area is semiarid with an annual mean 
temperature of 21 °C and an average annual 
rainfall of 400 mm (Dávila et al. 1993). 
The habitat of M. huitzilopochtli (within 
the Cuicatlan municipality, Oaxaca, 17o 48´ 
N, 96o 58´ W) has a mean annual rainfall 
of 553 mm – most of which falls between 
May and October – with mean annual tem-
peratures of 25.5 °C (García 1981).

Individual plants of M. huitzilopochtli 
have been found under different micro-
environmental conditions (Flores-Martínez 
and Manzanero 2005); in some popula-
tions, individuals can be found either in 
bare areas or under the canopies of nurse 
plants such as: Opuntia spp., Bursera 
morelensis, Plumeria rubra, Cercidium 
praecox, Acacia cochliacantha, A. farne-
siana, Amphypteringium adstringens, and 
Cnidosculus multilobus (Flores-Martínez 
and Manzanero 2005).

Germination experiments

Mature fruits were collected annually from 
1998 to 2001 from 25 plants of M. huitzilo-
pochtli (the endangered status precludes the 

collection of large amounts of seeds, and 
seed collection was also largely dependent 
on the number of available reproductive 
plants). Seeds were separated by dissection, 
washed with distilled water to remove pulp 
residues, dried at room temperature (18-
28 °C), and stored in paper bags until the 
onset of the experiment. Germination tests 
for seeds of differing ages were performed 
in August 2001, using Petri dishes with 
sterile filter paper, saturated with distilled 
water, kept at room temperature (18-28 
°C) and in natural daylight conditions in 
a greenhouse at the Cassiano Conzatti 
Botanical Garden of CIIDIR-IPN Oaxaca. 
Mammillaria huitzilopochtli seeds were 3, 
15, 27, and 39 months old (<1, 1, 2 and > 
3 years old, respectively), treatments were 
replicated three times, and each experi-
mental unit had 50 seeds. Before sowing, 
seeds were disinfected by immersion in 
10% sodium hypochlorite solution for 5 
min. When the radicle appeared, germina-
tion was considered successful; and final 
germination percentages were determined 
when no germination was observed for 
more than 7 days.

Additionally, eight treatments were used 
for M. huitzilopochtli seeds of different 
ages in order to determine the presence of 
attributes related to seed dormancy. Seeds 
used for this analysis were < 1 year old 
(4 months) and one year old seeds (16 
months). The treatments were: (1) mechani-
cal scarification with fine sandpaper, (2) 
mechanical scarification plus immersion in 
1% or (3) 10% hydrochloric acid (HCl) for 
10 min, (4) immersion for 10 minutes in 
HCl solutions of 1% or (5) 10%, (6) soaked 
in water for 2 days, (7) soaked in water 
for 4 days, (8) soaked in water for 6 days, 
and (9) a control with no treatment. Seed 
germination was recorded daily (radicle 
protrusion) during 30 days or until no 
germination was observed for more than 
7 days. Three replicates of 20 seeds per 
treatment were used in these experiments. 
Differences in germination percentages 
(arcsine transformed) between treatments 
were analyzed using ANOVAs and Tukey 
HSD tests for multiple comparisons (Sokal 
and Rohlf 1981; SAS Institute 1995).
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Seedling survival

Experiment under controlled conditions

Mammillaria huitzilopochtli seedling 
survival experiments were carried out in 
the Cassiano Conzatti Botanical Garden 
of CIIDIR-IPN, Oaxaca. In June 2001, 
in order to obtain seedlings, seeds were 
sown in soil brought from the original 
sites and germinated under greenhouse 
conditions. These seedlings were kept in 
the greenhouse for 45 days and were then 
transplanted to a nursery at the Botanical 
Garden. Two treatments of 20 seedlings 
each with four replicates were used to as-
sess the effect of nurse plants on survival. 
Experimental treatments followed a facto-
rial experimental design, with two levels 
of exposure: (1) bare areas (direct solar 
radiation) and (2) under the protection 
of a nurse plant commonly found in the 
natural habitat (Bursera morelensis and 
Opuntia sp.) established at the Botanical 
Garden. The experiment started in August 
2001 and total-surviving seedlings were 
recorded every 15 days for 3 months. 
Transplanted seedlings were subjected to 
prevailing environmental conditions. For 
all treatments, log-linear models were fitted 
to survivorship data, considering time as 
a continuous variable. Two models were 
fitted to the data, one considering a con-
stant mortality rate (d), Nt = exp (a – dt) 

where a = lnN0 (number of seedlings at 
the beginning of the experiment) and Nt 
the number of seedlings surviving at time 
t. This model describes a type II survivor-
ship curve. The second model relaxed the 
assumption of constant mortality through 
time, Nt = exp (a – dt + ct2) where d = ini-
tial mortality rate, a = lnN0, c = parameter 
that indicates the shape of the curve and 
Nt the number of seedlings surviving to 
time t. The parameter c was a measure of 
the intensity with which the mortality rates 
vary in time. If c < 0, the initial mortality 
tends to increase with time and the model 
describes a type I survivorship curve. If c 
> 0, the initial mortality tends to decrease 
with time and the model describes a type 
III curve. If c does not differ significantly 
from zero, then the mortality rate tends to 
be constant in time (Valiente-Banuet and 
Ezcurra 1991).

Experiment under field conditions

Previous experiments in natural condi-
tions demonstrated no seedling survival 
under direct solar radiation, so we only 
used seedlings under nurse canopies in 
the field. Seedling survival was assessed 
in field conditions under the canopy of 
common nurse plants found in the natural 
habitat, Cercidium praecox and Opuntia sp. 
In order to determine survival functions, 
four replicates containing 20 seedlings 
each were transplanted under the canopy 
of these two species. The experiment was 
conducted in September 2002, and the 
number of surviving seedlings was re-
corded monthly for 8 months. Log-linear 
models were fitted to survivorship data in 
order to determine survival functions as 
explained above.

RESULTS

Seed germination

Seed germination for this species occurred 
during the first 7 days after the experiment 
started in seeds <1 year old and germina-
tion was consistently lower as seed age 
increased. The results of age treatments 
for M. huitzilopochtli showed that there 
were significant differences among treat-
ments (F3,8 = 130.6, P < 0.0001). These 

differences separated the data into three 
groups: (1) seeds < 1 year old, (2) 1 and 
2 year old seeds, and (3) seeds > 3 years 
old. The maximum germination percent-
age was obtained using < 1 year old seeds 
(x = 90%, S.E. = 9.6%), followed by the 
1 and 2 year old group (x = 55 %, S.E. = 
8.4% and 46 %, S.E. = 2.2%). The lowest 
percentage was obtained for > 3 year old 
seeds (x = 9.7%, S.E. = 1.5%; Figure 1).

Seed dormancy attributes

The results of pregerminative treatments 
of M. huitzilopochtli showed that there 
were significant differences between each 
age (F1,36 = 243.05, P < 0.0001), but there 
were no differences between germination 
pretreatments (F8,36 = 1.57, P = 0.167) and 
the interaction between age and treatment 
(F8,36 = 0.7984, P = 0.6078). Mechanical 
scarification, the immersion in acid solu-
tion, and soaking in running water treat-
ments did not increase germination in seeds 
of M. huitzilopochtli for all ages.

Establishment experiments

The establishment experiment showed dif-
ferences in seedling survival between direct 
solar radiation (bare areas) treatments and 
under the canopy of shrubs established 
in the Botanical Garden of CIIDIR-IPN 

Figure 1. Mean ± SE germination of seeds of Mammillaria huitzilopochtli. Seeds were 3 months old (<1 
year), 15 and 27 months (pooled, 2 years) and 39 months old (3 years).
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Oaxaca (nurse plant treatments). Only 
seedlings in the shaded treatments survived 
until the end of the experiment (after three 
months). Mean seedling mortality was 82% 
in direct solar radiation treatments after 
15 days, 96% after 28 days, and all seed-
lings were dead after 45 days. The mean 
mortality of seedlings under the canopy 
of nurse plants was 5% after 15 days and 
6% after 30 and 42 days. A strong storm 
in day 43 killed many seedlings; so, the 
mean mortality increased to 46% after 
45 days, 56% after 60 days, 59% after 
75 days, and 60% after 90 days (Figure 
2A). When the survivorship functions of 
the shaded treatments were fitted (a = 
4.648; d = –0.102; c = 0.0000427), the 
calculated N0 was very similar to the real 
N0 (20.88 vs. 20 seedlings). The quadratic 
coefficient was positive, indicating a type 
III survivorship curve in which the initial 
mortality is high and tended to decrease 
with time. When we adjusted means of 
the open space treatments (a = 1.042; d 
= –0.027; c = 0.00085), the calculated 
N0 was very different from that observed 
N0 (2.836 vs. 20 seedlings); however, a 
better fit was found when we adjusted a 
log normal curve with constant mortality 
(i.e., a = 3.1; d = –0.119; calculated N0 
was very similar to observed N0 22.19 
vs. 20 seedlings). Mean seedling survival 
under the canopy of nurse plants after 
eight months was 13.75% (Figure 2B). The 
results of the shaded treatments adjusted 
to a lognormal equation (a = 1.9428; d = 
–0.2229; c = 0.0622). The quadratic coef-
ficient was positive which indicated a type 
III survivorship curve.

DISCUSSION

Seeds of M. huitzilopochtli are non-dor-
mant according to Jurado and Flores (2005) 
who classified seeds as dormant when more 
than 80% of the viable fresh seeds do not 
germinate without a germinative pretreat-
ment and to Baskin and Baskin (1998) who 
described a non-dormancy state when seeds 
are prevented from germination by external 
constraints, such as a lack of moisture or 
light requirements. Rojas-Aréchiga and 
Vázquez-Yanes (2000) reported two types 
of dormancy in cacti: innate and enforced. 
Following Harper (1959), the seeds of M. 

huitzilopochtli show enforced dormancy 
(= quiescence; Vegis 1964). Seeds of this 
species germinated rapidly within the first 
week after sowing, only requiring contact 
with moist substrates. This response is 
similar to Mammillaria haageana, M. 
carnea, M. mystax, and M. supertexta, 
which do not present a physiological or 
morphological dormancy mechanism 
(Benítez-Rodríguez et al. 2004). Mammil-
laria supertexta is closely related to M. 
huitzilopochtli; they belong to the same 
taxonomic Series and both inhabit cliff 

faces in the region. However, some spe-
cies of Mammillaria do need a maturation 
period after shedding (afterripening), such 
as M. zeilmanniana that is within the Serie 
Stylothelae and inhabit more arid regions in 
the states of Guanajuato, San Luis Potosi, 
and Querétaro, Mexico (Anderson 2001; 
Rojas-Aréchiga and Batis 2001; Guzmán 
et al. 2003), which could indicate the pres-
ence of physiological dormancy, suggesting 
that dormancy is strongly influenced by 
environmental conditions. Unfortunately, 
these two factors have been ignored in 

Figure 2. A) Survival curves of Mammillaria huitzilopochtli seedlings under controlled conditions at 
the Botanical Garden, Oaxaca, Mexico. Solid triangles = bare areas and open triangles = under nurse 
plants. B) Survival curve of seedlings in the field experiment under nurse plants in Cuicatlan, Oaxaca, 
Mexico.

A)

B)
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seed traits or germination studies within 
the cactus family. Additionally, we found 
that none of the germination pretreatments 
used had a positive effect on germination 
(independently of seed age). These results 
strongly contrast with other studies with 
Mammillaria species in which acid treat-
ments increased germination percentages 
(M. kraehenbuehlii; Flores-Martínez et 
al. 2002 and M. haageana; Genis and 
Manzanero 2002), but are consistent with 
results found for other cacti (Nolasco et 
al. 1996; Mandujano et al. 1997, 2005; 
Godínez-Alvarez and Valiente-Banuet 
1998; Ruedas et al. 2000). Acid treatments 
have been biologically related to dispersal 
mechanisms, whereby birds or mammals 
disperse the species that require germina-
tion pretreatments. For M. huitzilopochtli, 
dispersal is mainly by water runoff or being 
carried out by small lizards (A. Flores-
Martínez, pers. observation).

Final germination percentages are consis-
tently lower as seed age increases for the 
studied species. The decrease in germina-
tion with an increase in seed age has been 
reported for other Cactaceae: Brasilicactus 
spp., Cephalocereus senilis, Cleistocactus 
strausii, Echinocereus reichenbachii, Echi-
nopsis tegeleriana, Escobaria tuberculosa, 
Ferocactus acanthodes, Melocactus peru-
vianus, Notocactus scopa, Pseudolobivia 
kermesina, and Samaipaticereus corroanus 
(Rojas-Aréchiga and Vázquez-Yanes 2000; 
Flores et al. 2005). In contrast, seed germi-
nation tended to increase with age in Opun-
tia spp. (Mandujano et al. 1997, 2005), 
Ferocactus wislizenii (Bowers 2000), 
Notocactus submammulosus (Shimomura 
et al. 2000), Stenocereus stellatus (Rojas-
Aréchiga et al. 2001), S. queretaroensis (De 
la Barrera and Nobel 2003), Turbinicarpus 
lophophoroides, and T. pseudopectinatus 
(Flores et al. 2005). Interestingly, seed 
germination of one-year-old seeds does 
not differ from fresh seeds in Mammillaria 
magnimamma (Ruedas et al. 2000), M. 
supertexta, M. mystax, M. carnea, and M. 
haageana (Rojas-Aréchiga, unpubl. data), 
while seed germination of M. heyderi, a 
species from the arid Chihuahuan desert, 
increased with seed age (Trejo-Hernández 
and Garza-Castillo 1993). The contrast-
ing evidence also supports the idea that 
dormancy in the Cactaceae may be more 

associated to environmental heterogeneity 
than constrained by phylogeny (Jurado and 
Flores 2005).

Our results suggest that the seeds of M. 
huitzilopochtli could retain viability with 
germination percentages of nearly 50% for 
at least two years. This implies that most 
of the seeds of the species do not have 
induced dormancy (sensu, Harper 1959) 
or secondary dormancy (Crocker 1916); 
however, the species possess seeds that 
are able to form a short term persistent 
seed bank as defined by Thompson et al. 
(1997). Higher germination percentages in 
fresh seeds also suggest a mechanism that 
can overcome conditions imposed by the 
cliffs they inhabit, which are characterized 
by short and irregular periods of water in 
fissures. Most of M. huitzilopochtli plants 
were located in rock cracks in very steep 
slopes. Long-term seed survival after 
dispersion is unlikely because high water 
flow from steep slopes causes loss of seeds, 
seedlings, and even adult plants; therefore, 
seeds have a higher probability of being 
washed away from safe sites. The fast 
germination response to humid conditions 
is highly suggestive that this is the only 
environmental cue that triggers germina-
tion. In such conditions, seeds germinate 
as soon as they are dispersed during the 
first rainy seasons. Precipitation in the 
Tehuacan region is high in comparison to 
other semiarid regions (mean annual rain-
fall 553 mm) and occurs between May and 
October, with a low coefficient of variation 
among years (García 1981). This evidence 
suggests that the seeds of these species do 
not require surviving in the soil (or in the 
rock) for a period longer than a year, as 
precipitation is relatively predictable.

According to the seedling establishment 
results, shade is the necessary condition 
for the establishment of seedlings of M. 
huitzilopochtli, because it reduces daytime 
and summer high temperatures, lowering 
soil temperatures (Turner et al. 1966; 
Franco and Nobel 1989; Valiente-Banuet 
and Ezcurra 1991; Flores-Martínez et al. 
1994; Mandujano et al. 2001). However, 
M. huitzilopochtli individuals can be found 
either without nurse shrub protection (bare 
areas) or with an association to other plant 
species. Martorell and Patiño (2006) have 

also reported the absence of nurse plants in 
M. crucigera, a species also occurring in 
the same region. Mammillaria crucigera, as 
well as M. huitzilopochtli, is established on 
steep cliffs, and the shade provided by this 
particular topography provides adequate 
shade conditions for establishment (38.2 
% reduction in solar radiation compared 
with flat surfaces).

CONCLUSIONS

In this study, we were able to assess that 
M. huitzilopochtli seeds can generate a 
transient seed bank, seeds do not require 
germination pretreatments, and seedling 
survival is associated with either nurse 
plants or conditions that decrease the 
severity of environmental conditions. An 
ongoing demographic study would help to 
understand the relevance of seed age and 
the role of short term seed banks in the life 
history of these threatened Mammillaria, 
which can add to the information needed 
to adequately manage these rare cacti.
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