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1. Introduction
All Mediterranean-climate regions have a high number 
of rare and locally endemic taxa that survive as small 
populations, many of which are threatened by habitat 
transformation (Cowling et al., 1996). The genus Astragalus 
L. (Fabaceae) is one of the largest genera of vascular plants 
in the world, represented by approximately 2500 species 
(Akan and Civelek, 2001; Dinç et al., 2013; Karaman 
Erkul and Aytaç, 2013; Akan and Aytaç, 2014). The genus 
Astragalus is represented in the Iberian Peninsula by 41 
species according to Podlech (1999), although A. devesae 
Talavera, A.González & G.López was separated later from 
A. gines-lopezii Talavera, Podlech, Devesa & F.M.Vázquez 
and the number has been raised to 42 (9 of them are 
endemic to Spain). Astragalus gines-lopezii is a threatened 
perennial herbaceous legume with a distribution restricted 
to a very small area in Badajoz Province (Extremadura 
Region, SW Spain). Astragalus gines-lopezii, A. nitidiflorus 
Jiménez Mun. & Pau [an endemism of Cartagena (Murcia, 
SE Spain)], and A. devesae [an endemism of Ávila (Central 
Spain)] constitute the section Platyglottis Bunge in Spain. 
These 3 endemic species have a very restricted area and 
exiguous populations that initially were described as 

the same species, A. nitidiflorus (Pau, 1910; Vázquez et 
al. 1991). However, their detailed morphological study 
allowed the differentiation of the 3 species (Talavera, 1999; 
Talavera and Salgueiro, 1999).

Astragalus gines-lopezii was catalogued in the category 
“Endangered” (UICN, 2001) in the 2008 and 2010 Red 
Lists of Threatened Spanish Vascular Flora (Moreno, 2008; 
Martínez-García et al., 2010). The species was included 
in the “In danger of extinction” category in the Regional 
Catalogue of Threatened Species of Extremadura (Spain) 
(DOE, 2001). Despite its status as an endangered species, 
at present very little is known about the distribution and 
the census of this species. To know the distribution area 
of a taxon is the main step for evaluating its conservation 
status. According to the methodology of Iriondo (2011), 
groups of individuals that were separated from one 
another by a distance of 1 km were considered as belonging 
to different populations, assuming that gene flow was 
sporadic or negligible. The distribution of A. gines-lopezii 
was restricted to a very small area of the La Calera and 
María Andrés mountain ranges (Badajoz Province) 
(Calera and Andres populations, hereafter), although its 
exact distribution and census were undetermined (Ramos 
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et al., 2010). Prior to this work, the Andres population was 
estimated to be fewer than 250 individuals, and a census 
of the Calera population did not exist (Ramos et al., 2010). 

There are relatively few studies linking the germination 
ecology of endemic species from the Iberian Peninsula 
with the conservation of the species (Albert et al., 2002; 
Giménez-Benavides et al., 2005; Lorite et al., 2007; 
Copete et al., 2011; Fernández-Pascual et al., 2012). In 
most Fabaceae species, hard-seededness is the cause of 
the physical dormancy present in their seeds (Baskin and 
Baskin, 2001; Piotto and Di Noi, 2003; Zeng et al., 2005; 
Gresta et al., 2007; Can et al., 2009; Dittus and Muir, 2010; 
Kimura and Islam, 2012; Büyükkartal et al., 2013). Despite 
the relevance of the genus Astragalus, information on its 
germination characteristics is still partial and limited to 
a reduced number of Astragalus species (Acharya et al., 
2006; Eisvand et al., 2006; Patane and Gresta, 2006; Kim 
et al., 2008; Martínez-Fernández, 2012). Prior to this 
work, Ramos et al. (2010) analyzed some germination 
characteristics of A. gines-lopezii seeds. 

In 2009, 2010, and 2011, the potential area of occupancy 
of A. gines-lopezii was researched in order to identify new 
populations. The aims of this study were to (1) evaluate 
the conservation status of A. gines-lopezii by determining 
its chorology and census; (2) evaluate the production of 
flowers, fruits, and seeds; and (3) determine the existence 
or nonexistence of intra- and interpopulation variation in 
seed germinability.

2. Materials and methods
2.1. Study species 
Astragalus gines-lopezii is an herbaceous perennial plant. It 
grows in a very small area within the mesomediterranean 

bioclimatic ranges of the La Calera and María Andrés 
mountain ranges (Badajoz Province) (Figure 1). The species 
grows on calcareous mountains at an altitude of between 
420 and 680 m a.s.l. It produces inflorescence type raceme 
and legumes with a coriaceus pericarp. Flowering occurs 
throughout April and May, and the fruiting period occurs 
during May, June, and July. The timing of germination in 
the field is unknown. In the Calera population (38°35′N, 
6°40′W), A. gines-lopezii plants are in vegetation 
communities with Quercus coccifera L., Olea europaea L., 
and Cistus albidus L. In the Andres population (38°31′N, 
6°39′W), A. gines-lopezii individuals appear in vegetation 
communities with Quercus ilex subsp. ballota (Desf.) 
Samp., Olea europaea subsp. sylvestris (Mill.) Lehr, Cistus 
albidus, Cistus ladanifer L., and Genista hirsuta Vahl.
2.2. Chorology and census of the populations
The 2 populations of A. gines-lopezii were 7 km from one 
another, and then the distance proposed by Iriondo (2011) 
was considered accurate. Data on the area of occupancy, 
altitude, habitat, and conservation status were collected 
for the 2 known populations of A. gines-lopezii (Calera 
and Andres populations; see Figure 1). About 26 km2 
was visited to evaluate the number of individuals per 
population. The entire potential area where the species 
could be encountered was covered in 2009, 2010, and 2011. 
This area was searched twice a year by 3 persons in order to 
identify possible new populations. The census was done by 
dividing the area of each population in parcels of between 
200 and 300 m2 in size and labeling plants with small 
markers that were counted (Iriondo, 2011). In each parcel, 
A. gines-lopezii plants were countered and classified into 1 
of 2 age groups: reproductive plants and nonreproductive 
plants (Figure 2). The slope, the exposure, and the potential 

 

Figure 1. Location of the 2 known populations of Astragalus gines-lopezii (the approximate location of each subpopulation 
is marked with a red circle).
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threats for individuals were recorded for each population. 
2.3. Flower, fruit, and seed production
Several randomly selected individuals from the Andres 
and Calera populations were marked in April 2009 to 
evaluate the production of flowers and fruits. The number 
of marked individuals was proportional to the population 
size (24 for Andres and 10 for Calera). In marked plants, 
the number of inflorescences per individual plant, flowers 
per inflorescence, and fruits per individual plant were 
evaluated. All ripe legumes from each marked individual 
plant were collected in June 2009. Then, in the laboratory, 
seeds were manually extracted from dried legumes and the 
number of seeds per fruit was recorded.
2.4. General seed germination trials
In all trials carried out, intact seeds (control) and scarified 
seeds (by abrasion of seed coat between 2 sheets of fine-
grained sandpaper) were tested for germination at the 
alternating temperatures of 25/15 °C (25 °C for 16 h in 
light and 15 °C for 8 h in dark). This temperature regime 
was chosen because many Mediterranean species present 
an optimal germination temperature ranging between 
15 °C and 25 °C (Thanos et al., 1992; Baskin and Baskin, 
2001). The light photoperiod was provided by cool white 
fluorescent tubes with an irradiance of 35 µmol m–2 s–1. Four 
replicates of 25 seeds each, or only 10 seeds (depending 
on the trial), were placed on top of 2 sheets of filter paper 
(previously moistened with 3.5 mL of distilled water) in 
glass petri dishes of 9 cm in diameter. Filter papers were 
rewetted regularly with distilled water as required. Dishes 
were checked every 2 days over a 35-day test period and 
germinated seeds (radicle longer than 2 mm) were counted 
and removed.
2.5. Interpopulation variation in seed germination
The aim of this trial was to detect seed germination 
differences between the 2 known populations of A. 
gines-lopezii. Seeds were collected in June 2009. In every 
population, collected seeds showed a similar degree of 

ripeness, as observed from their color and hardness. 
Seed samples of each population were manually cleaned, 
kept in paper bags, and then stored dry under laboratory 
conditions (approximately 23 °C under darkness) until 
they were used in the germination tests. Germination trials 
began in July 2009. Visibly deficient seeds were excluded 
from the experiments. In each trial, 4 replicates of 25 seeds 
each were tested for germination. 
2.6. Intrapopulation variation in seed germination
Germination experiments were also carried out to detect 
germination differences among individual plants from 
the same population. Seeds collected from each marked 
individual plant (24 plants from the Andres population 
and 10 from the Calera population) were kept separately 
(without bulking). In this trial, only 20 seeds per individual 
plant (10 intact seeds and 10 scarified seeds) were tested for 
germination in order to avoid a substantial decrease in the 
number of seeds produced annually by both populations.
2.7. Data analysis 
At the end of the germination period, the final cumulative 
germination percentage (mean value ± standard error) 
and the mean germination time (MGT, mean value in 
days ± standard error) were calculated. The latter was 
determined according to the following formula (Ellis and 
Roberts, 1981): MGT = ΣDN / ΣN, where D is the number 
of days counted from the date of sowing and N is the 
number of seeds germinated on day D. In all germination 
trials, the number of empty seeds in each replicate was 
always excluded when calculating the final germination 
percentage. The values of final germination percentages 
were arcsine square-root transformed and then subjected 
to analysis of variance (ANOVA) (untransformed data 
appear in tables). The effects of population (2 levels) and 
scarification treatment (2 levels) on the final germination 
percentages were analyzed by a 2-way factorial ANOVA. 
Where ANOVA indicated a significant effect, a comparison 
of mean values was carried out through the least significant 
difference test (LSD) at 5% level of significance using the 
computing package SPSS. The statistical analysis of MGT 
was also carried out with 2-way factorial ANOVA.

3. Results
3.1. Chorology and census of the populations
After 3 years of research, we finally can provide a detailed 
chorology of A. gines-lopezii (Figure 1). The total number 
of individuals recorded in 2009, 2010, and 2011 appear in 
Table 1; individuals are distributed in 2 populations over 
almost 0.16 km2. The populations were 7 km from one 
another. The Calera population consists of fewer than 170 
individuals (2011 census) distributed in 3 subpopulations 
(Table 1). Sometimes, A. gines-lopezii appears within olive 
lands that are frequently tilled, constituting a risk for the 
population. Thus, in the Calera B subpopulation situated 
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Figure 2. Number of reproductive plants and nonreproductive 
plants recorded in the 2010 and 2011 censuses for the different 
subpopulations in the 2 known populations of Astragalus gines-
lopezii (Andres and Calera populations; see Figure 1).



MARTÍNEZ-FERNÁNDEZ et al. / Turk J Bot

689

within an olive land, 94 individual plants were countered 
in April 2009, but this land was tilled in May 2009, and 
then only 59 individuals could be located in June 2009; in 
the 2009 census, that represented a loss of the 37.2% of 
this subpopulation. The Andres population contains the 
majority of the A. gines-lopezii individuals with almost 660 
plants (2011 census) distributed in 3 subpopulations.

Both reproductive and nonreproductive plants were 
found together in all subpopulations studied. In most cases, 
the amount of nonreproductive plants was larger than 
reproductive plants (Figure 2). We also observed plants 
with old legumes that had been produced the previous 
summer. These legumes appear close to a mother plant 
and present a hard pericarp that prevents seed release.
3.2. Flower, fruit, and seed production
The proportion of reproductive plants for both populations 
was very variable and ranged from 11% to 80%. Sexually 

mature individuals produced some inflorescences that 
usually had between 2 and 6 flowers. The average number 
of inflorescences and flowers per individual plant was 10.0 
and 39.5, respectively. The number of inflorescences per 
sexually mature individual ranged from 1 to 29 (Table 2) 
and the number of flowers per plant ranged from 4 to 115 
(Table 2). Mean values recorded for the Calera population 
were always higher than for the Andres population (Table 
2). However, no significant differences in the number of 
inflorescences per individual (P = 0.153), the number of 
flowers per inflorescence (P = 0.505), or total number of 
flowers per individual (P = 0.211) were found between 
populations. The mean number of fruits per individual 
plant was 15.2 (ranging from 2 to 41) (Table 2). Mean 
number of fruits recorded for the Calera population was 
higher than for the Andres population (Table 2). However, 
no significant differences (P = 0.088) for this parameter 

Table 1. Census data, altitude, latitude and longitude coordinates, and surface occupied related to the 2 known populations of Astragalus 
gines-lopezii (Calera and Andres populations; see Figure 1).

Subpopulation code Altitude (m a.s.l.) Latitude Longitude Surface (km2) 2009 census 2010 census 2011 census

Calera A 420 38°35′N 6°40′W 0.014 111 8 5
Calera B 440 38°35′N 6°40′W 0.014 59 1 15
Calera C 460 38°35′N 6°39′W 0.03 29 77 149
Andres A 650–680 38°31′N 6°39′W 0.041 501 387 389
Andres B 650–680 38°31′N 6°39′W 0.025 317 369 191
Andres C 660–680 38°31′N 6°39′W 0.03 51 38 76
Total --- --- --- 0.154 1068 880 825

Table 2. Number (mean ± SE, maximum, and minimum) of reproductive organs for Andres and Calera populations of Astragalus gines-
lopezii. 

Reproductive organs
Andres (n = 24) Calera (n = 10)

Mean ± SE Max. Min. Mean ± SE Max. Min. P-value

Inflorescences 
per individual plant 8.2 ± 1.39 29 1 11.8 ± 1.95 20 2 0.153

Flowers per 
inflorescence 3.8 ± 0.22 6 2 3.9 ± 0.25 5 2 0.505

Flowers per 
individual plant 32.4 ± 6.29 115 4 46.6 ± 8.74 86 10 0.211

Fruits per 
individual plant 11.8 ± 2.07 41 2 18.7 ± 3.46 38 2 0.088

Success in flower-to-
fruit conversion 40.9 ± 5.35 100 11.7 48.6 ± 9.66 100 8.0 0.455

Seeds per fruit 11.5 ± 0.75 17 2 12.2 ± 2.95 17 6 0.351

n: number of individuals sampled from each population.
P-value for each parameter signifies significance levels between populations.
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were found between populations. The proportion of 
flowers setting fruits was not high; it was 40.9% for the 
Andres population and 48.6% for the Calera population 
(Table 2). However, no significant (P = 0.455) differences 
in this proportion were found between populations. The 
mean number of seeds per legume was 11.8 (ranging from 
2 to 17) (Table 2). No significant (P = 0.351) differences 
in the number of seeds per fruit were found between 
populations.

Multiplying the total number of individuals recorded 
in 2010 (839) by the ratio of flowering individuals of this 
year (0.16) by the mean number of legumes per individual 
plant (13.8) by the mean number of seeds per fruit (11.8), 
we get an output of more than 21,500 seeds at fruiting time 
in a year.
3.3. Interpopulation variation in seed germination 
Significant differences (P < 0.01) were found between 
populations for the final germination percentages reached 
by control seeds (22% and 60%) (Table 3). Mechanical 
scarification significantly (P < 0.001) enhanced the final 
germination percentages in both populations (97% and 
99%), although no significant differences (P > 0.05) were 
found between populations. The interaction between 
population and treatment was significant (P = 0.001). 
Scarified seeds from both populations reached lower MGT 
values than control seeds, but only in the Calera population 
was this improvement in germination rate significant (P 
< 0.01). No significant differences (P > 0.05) were found 
between both populations for the MGT values reached 
by control and scarified seeds. The interaction between 
population and treatment was not significant (P > 0.05).
3.4. Intrapopulation variation in seed germination
In both populations, very high variability was found for 
the final germination percentages reached by control 

seeds (0% to 80% and 0% to 70% for the Andres and 
Calera populations, respectively) and the germination was 
more uniform for scarified seeds (60% to 100% and 70% 
to 100%, respectively) (Table 4). Significant differences 
among individuals were only found for the Andres 
population and only for scarified seeds (P < 0.05). For 
most individuals, MGT values reached by scarified seeds 
were lower than those of control seeds.

4. Discussion
The 2 known populations of A. gines-lopezii are located 
in Badajoz Province (SW Spain) and the distribution of 
the species was precisely detailed after 3 years of research 
(2009–2011).

Reproductive and nonreproductive plants were found 
together in all known subpopulations of A. gines-lopezii, 
instead of the distribution found by Ramos et al. (2010) 
for the same species. Results from the present study have 
highlighted the high reproductive capacity of A. gines-
lopezii on the basis of a high production of flowers and seeds, 
although this production is not so high if it is compared 
with data of A. nitidiflorus, one of the phylogenetically 
closest species to A. gines-lopezii in the genus (Martínez-
Sánchez et al., 2011) (690 flowers per individual versus 39, 
respectively). However, the proportion of flowers setting 
ripe fruits is higher in A. gines-lopezii than in A. nitidiflorus 
(43% versus 21%), although the mean number of seeds per 
ripe legume is similar (11.8 and 13 seeds, respectively). 

The impermeable seed coat is the cause of the physical 
dormancy of many Fabaceae species (Baskin and Baskin, 
2001; Piotto and di Noi, 2003; Baskin and Baskin, 2004; 
Eisvand et al., 2006; Finch-Savage and Leubner-Metzger, 
2006; Patane and Gresta, 2006; Silveira and Fernandes, 
2006; Gresta et al., 2007; Can et al., 2009; Pérez-García, 

Table 3. Final germination percentage and mean germination time (MGT, days) of intact seeds (control) and 
mechanically scarified seeds from 2 Astragalus gines-lopezii populations. Results after 35 days of incubation at 
25/15 °C under a 16-h light photoperiod. Mean values followed by different letters within columns are significantly 
different (P < 0.05).

Population
Germination (% ± SE) MGT (days ± SE)

Control Scarified seeds P Control Scarified seeds P

Calera 60 ± 3.16 b 97 ± 1.66 a ***  7.95 ± 0.52 a  5.27 ± 0.24 a **
Andres 22 ± 2.24 a 99 ± 0.87 a *** 13.77 ± 3.09 a  6.80 ± 0.54 a ns
ANOVA table
Treatment (T)
Population (P)
T × P
Error

df       MS
1        8362.19
1        355.51
1        732.78
12      33.45

F              P
249.98     <0.000
10.63       0.007
21.91       0.001

 
df         MS
 1          93.12
 1          54.02
 1          18.49
12         13.57

F              P
6.86        0.022
3.98        0.069
1.36        0.266

P for each parameter and population signifies significance levels for control versus scarified seeds 
(***: P < 0.001; **: P < 0.01; ns: not significant).



MARTÍNEZ-FERNÁNDEZ et al. / Turk J Bot

691

2009; Kimura and Islam, 2012; Büyükkartal et al., 2013). 
A high proportion of A. gines-lopezii seeds (40% and 78% 
for the Calera and Andres populations, respectively) did 
not germinate due to seed coat impermeability hindering 
the uptake of water; they will not germinate unless 

the seed coat is scarified. The results have shown that 
germination of control seeds was significantly lower that 
of mechanically scarified ones (60% and 22% versus 97% 
and 99% for Calera and Andres populations, respectively). 
Mechanical scarification is a technique to physically create 

Table 4. Final germination percentage and mean germination time (MGT, days) of intact seeds 
(control) and mechanically scarified seeds of Astragalus gines-lopezii belonging to 24 individuals 
from the Andres population and 10 from the Calera population. Results after 35 days of incubation 
at 25/15 °C under a 16-h light photoperiod.

Population Germination (%) MGT (days)

Control Scarified seeds Control Scarified seeds

Andres 20 80 35.0 28.1
0 100 --- 5.6
0 100 --- 6.0
50 100 13.2 5.7
80 100 18.4 9.4
60 70 17.1 8.3
40 80 18.7 7.7
30 100 16.3 8.1
60 100 20.7 10.3
20 100 20.0 5.0
10 100   6.0 6.7
0 100 --- 6.0
60   90   5.0 6.0
40 100 15.7 6.0
0 100 --- 5.1
0 100 --- 5.7
20 100   7.5 4.5
10 100   6.0 5.4
20   90   6.0 5.7
20 100 20.0 5.4
20 100   4.5 5.1
10 100 13.0 3.6
60   60 26.3 6.5
20 100 30.5 4.8

Mean value ± SE 26.67 ± 1.63 94.58 ± 2.20 15.70 ± 1.94 7.11 ± 0.95
Calera 10 100 6.0 6.0

30 100 2.7 6.0
20   80 19.6 7.2
70 100 7.9 8.2
70   80 7.9 6.9
20 100 14.0 6.0
30   90 8.3 7.3
30   70 10.7 6.4
20   90 9.5 4.0
0 100 --- 4.5

Mean value ± SE 30.00 ± 6.93 91.00 ± 3.30 9.62 ± 1.53 6.25 ± 0.38
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scars on seed surface to increase water imbibition of the 
seeds (Rostami and Shasvar, 2009; Kimura and Islam, 
2012). According to Baskin et al. (2006), a lack of water 
uptake was observed in ungerminated seeds of A. gines-
lopezii. Mechanical scarification of A. gines-lopezii hard 
seeds allows the rapid absorption of water by the seed and, 
as a consequence, the immediate germination. Thus, the 
germination percentage of scarified seeds is about 100%. 

Physical dormancy of the seeds means that not all the 
mature seeds produced by the same plant germinate at 
the same time. This reduces the chance that all the seeds 
will germinate in the same year. As a result, the risk of an 
extreme event damaging the seedlings decreases. Some 
of the seeds are then released and the seedlings develop 
under favorable environmental conditions. Physical 
dormancy of seeds is considered an adaptive role for plants 
that has been developed by numerous species and has been 
generalized in diverse families of plants over the course of 
their evolution (Cistaceae, Leguminosae, or Malvaceae) 
(Baskin and Baskin, 2001).

Given the high estimated seed production calculated 
for A. gines-lopezii, this increment does not correspond to 
a similar increase in the population. There was a decline 
of 22.7% in the number of total individuals between 2009 
and 2011. The great difference between the estimation 
with mean values and the real data obtained by census 
supports the hypothesis of the existence of a soil seed bank 
or a delayed germination, although this hypothesis has not 
yet been confirmed. The observed decline in the number 
of plants could be related with a strategy of survival: for 
example, a bet-hedging strategy (Pake and Venable, 
1996; Venable, 2007). However, long-term data on the 
demographic variations of A. gines-lopezii are necessary to 
test this hypothesis.

In many cases, seeds with an impermeable seed coat are 
longer-lived in natural conditions and accumulate in soil 
seed banks (Fenner, 1992; Baskin and Baskin, 2000; Van 
Assche et al., 2003). The relation between hard-seededness 
and seed bank dynamics has been reported in different 
annual legumes (Russi et al., 1992; Zeng et al., 2005). 
Specifically, Morris et al. (2002) checked the positive effect 
of light in the germination of buried seeds of Astragalus 
bibullatus Barneby & Bridges. Under natural conditions, 
a number of factors (thermal oscillation between day and 
night, mechanical friction with soil particles, precipitation, 
etc.) would slowly and gradually alter the seed coat of hard 
seeds, promoting germination. 

Our results are totally in agreement with the results 
obtained for other species of the genus Astragalus. For 
instance, for A. siliquosus Boiss., belonging to the Irano-
Turanian region, Eisvand et al. (2006) indicated that about 
95% of seed dormancy is due to seed coat impermeability 
to water; the rest is related to physiological factors. 

Mechanical scarification by sandpaper was the most 
appropriate treatment for enhancing the germination of 
A. siliquosus seeds, with no adverse effects on the embryo. 
However, the germination percentage reached by control 
seeds of A. siliquosus was lower (15%) than in the case of 
A. gines-lopezii control seeds (60% and 22% for the Calera 
and Andres populations, respectively).

Similarly, mechanical scarification with sand paper 
was the best treatment for breaking the physical dormancy 
of Astragalus hamosus L. seeds (Patane and Gresta, 
2006). Germination percentage of nonscarified seeds of 
this species was less than 10%, while all scarified seeds 
germinated. For Astragalus nitidiflorus Jiménez Mun. 
& Pau, one of the nearest taxa to A. gines-lopezii with 
published results, scarification treatments also provided 
the best results (Carrión et al., 2007). The effectiveness of 
sandpaper scarification was also reported in Astragalus 
sinicus L. (Kim et al., 2008). However, the results obtained 
in this study for A. gines-lopezii disagreed with results 
obtained by Ramos et al. (2010) for the same species. 
In their study, 2 scarification treatments were applied 
(physical scarification and chemical scarification of the 
seeds by treatment with 96% sulfuric acid) under different 
light regimes (photoperiod and darkness). They found 
that nonscarified seeds presented the highest germination 
percentages (80%). These authors also incubated the 
scarified seeds at 19 °C in darkness, while control seeds 
were incubated at 21 °C with a light/dark photoperiod of 
12 h/12 h. Light regimes and temperature conditions could 
thus be determinant in the slow germination reached by 
scarified seeds against nonscarified seeds.

Our results indicated a high intra- and interpopulation 
variability in germination characteristics of A. gines-
lopezii. Final germination percentages of nonscarified 
seeds (control seeds) belonging to different individual 
plants ranged from 0% to 70% for the Calera population 
and from 0 to 80% for the Andrés population. Germination 
percentages of scarified seeds were more similar and 
uniform among individuals (from 80% to 100%). These 
results suggest that individuals produce viable seeds 
with different grades of dormancy, maybe due to the 
different coat thicknesses and levels of impermeability. 
This variability would explain the varied germination 
percentage in control seeds of both populations. The 
production of seeds with different germination capacity 
is one of the most important survival strategies in plant 
species that live under variable and unpredictable 
environmental conditions (Kigel, 1995; Qaderi and Cavers, 
2000; Baskin and Baskin, 2001; Cruz et al., 2003; Qaderi et 
al., 2005). The capacity for producing seeds with different 
degrees of physical dormancy is the mechanism by which 
plant species like A. gines-lopezii and many others (Pérez-
García, 1993, 2009; Kigel, 1995) are able to adapt to new 
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environmental conditions, ensuring their survival because 
seeds can germinate later. It is probable that this variation, 
as it occurs in several others species (Pérez-García, 1993; 
Bewley and Black, 1994; Qaderi and Cavers, 2002), can be 
attributed to genetic differences among individual parent 
plants, even within a small geographic area. The above 
results highlight that the source (origin) of seed samples 
should always be taken into account when defining models 
of germination behavior, especially in wild species with a 
high degree of morphological and physiological variability. 

In conclusion, A. gines-lopezii produces seeds with 
different degrees of dormancy, varying this grade among 
different individuals within a population. Therefore, seeds 
will overcome dormancy at different times and they will 
germinate progressively with time until they are viable in 
the soil. In general, mechanical scarification drastically 
improves the final germination percentages of these seeds. 
Many individuals of A. gines-lopezii did not produce 
dormant seeds, whereas others produced 100% physically 

dormant seeds. Therefore, individuals growing in close 
proximity produce seeds with very different dormancy 
levels. These data suggest a strategy to spread germination 
through time (but apparently not space) and to buffer 
drastic changes in population dynamics. Conservation 
strategies for this endangered species should evaluate 
factors that reduce fruit set and established plants and 
restrict seedling recruitment. The results described here 
could serve for determining conservation status and 
developing conservation strategies for A. gines-lopezii.
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