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Efectos de la luz y de Ia temperatura sobre la germinacion de semillas de cuatro especies
autoctonas de alta montaia Mediterrinea (Espaiia)
(Con 1 Tabla y 1 Figura)

Serrano-Bernardo F', JL Rosua', M Diaz-Miguel’

Abstract. The Mediterranean region is considered one of the most
important zones worldwide in terms of plant diversity. Sierra Nevada (S Spain)
is a unique mountain massif within the high-mountain systems of the
Mediterranean. It is of great floristic importance and very rich in endemic
species. However, it requires numerous tasks for restoring plant cover due to
the constant anthropic degradation, especially because of the ski station loca-
ted near the second-highest peak of the mountain. One of the restoration
efforts consists of trying to reproduce, in the laboratory, the ideal conditions
to pre-germinate seeds of some of the species most threatened by these per-
turbations. This is to transplant the seedlings afterwards in the mountain, the-
reby contributing to the recovery of these species. With this purpose, a ger-
mination experiment was performed, under controlled conditions, with seeds
of Genista versicolor Boiss. Hormathophylla spinosa (L.) P. Kiipfer, Reseda
complicata Bory, and Thymus serpylloides Bory. These four species, native to
the Mediterranean high mountains, were germinated under constant dark-
ness, 12 or 24 h light followed by constant darkness, and constant light, at
temperatures of 15 °C or 25 °C. The germination process was monitored
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during 15 days. Results were species-dependent: some species germinated
easier under darkness at low temperatures, such as Genista versicolor, whe-
reas Thymus serpylloides presented maximum germination under constant
light to a higher temperature.

Key words: Germination, plant-cover restoration, Mediterranean
high mountains, Sierra Nevada, light, temperature.

Resumen. La region mediterrdnea es considerada como una de las
zonas més importantes a nivel mundial en cuanto a diversidad vegetal. Sierra
Nevada (Sur de Espaiia) constituye un drea importante dentro de esta region.
Es un macizo montafioso tinico dentro de los sistemas de alta montafia medi-
terrdnea, de gran importancia florfstica y muy rico en endemismos. Esto hace
necesarias numerosas tareas de restauracién de la cubierta vegetal, debido a
las constantes alteraciones antrépicas que sufre, especialmente como resul-
tado de la estacién de esqui que hay en él. Una de estas tareas de restaura-
cién consiste en intentar reproducir, en laboratorio, las condiciones ideales
para pregerminar semillas de algunas de las especies méds amenazadas por
estas alteraciones. Esto permitirfa posteriormente transplantar dichas espe-
cies al campo, contribuyendo a su recuperacién. En el presente trabajo, se
llevé a cabo un experimento de germinacién, en condiciones controladas,
con semillas de Genista versicolor Boiss. Hormathophylla spinosa (L.) P.
Kiipfer, Reseda complicata Bory, and Thymus serpylloides Bory. Estas espe-
cies, autéctonas de alta montafia mediterrdnea, fueron puestas a germinar en
condiciones de Oscuridad Constante, 12 6 24 horas de luz y posterior trasla-
do a Oscuridad Constante, y Luz Constante, a temperaturas de 15 °C o 25 °C.
Durante 15 dias se sigui6 la evolucién de la germinacién. Los resultados
obtenidos fueron heterogéneos. Hubo especies con mayor facilidad para ger-
minar en oscuridad a bajas temperaturas, como Genista versicolor, en oposi-
cion a Thymus serpylloides, que presenté un méximo porcentaje germinativo
con luz constante a la temperatura més elevada.

Palabras clave: Germinacién, restauracién de la cubierta vegetal,
alta montafia Mediterrdnea, Sierra Nevada, luz, temperatura.

INTRODUCTION

The Mediterranean region is considered one of the most important zones
worldwide regarding plant diversity (Médail & Quézel, 1997; Myers et al., 2000,
Malcolm et al., 2006; Médail & Diadema, 2006; Vogiatzakis et al., 2006), inclu-
ding Mediterranean high-mountain areas (Vire et al., 2003; Giménez-Benavides
et al., 2005). One of these mountain systems is Sierra Nevada (S Spain), with the
only high-mountain national park in Europe, covering 86,208 ha. Also, this is
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the most southern European massif, and its proximity to Africa gives it particu-
lar climatic characteristics. These characteristics, in combination with its altitu-
de (among other factors) make it the only Mediterranean mountain of Spain that
has five bioclimatic levels (Rivas-Martinez, 1990). This contributes to explain
the high biodiversity of this massif. Thus, Sierra Nevada has more than 2000
vascular plant species and subspecies, constituting more than 30% of the flora
of the Spanish peninsula. Of this high number of vascular plant species, more
than 80 are endemic, especially in the peak zones, where the percentage of ende-
mic species exceeds 30%. In exclusive ecological niches such as the rocky or
gravely areas, over 80% of the species are endemic (Blanca, 2002). In these fra-
gile areas, stands the Sierra Nevada ski station, the most southern ski resort of
Europe. It receives a great number of skiers and visitors year round: roughly a
million people per year for a surface area of around 350 ha. Works preparing the
runs have seriously perturbed the ecosystems of these slopes, resulting in a
major loss of biodiversity and increased soil erosion. It is essential to restore the
plant cover for preventing further ecosystem degradation and loss of biodiversity.

Chambers (1997) and Macyk (2000) have described the alpine ecos-
ystem as one of the most difficult for restoring disturbances, because of the
exclusive physical determinants of the environment, such as low tempera-
tures, high levels of solar radiation, persistent winds, irregular topography
and steep slopes. Among these determinants, temperature and light play a
major role. Temperature regulates germination in three ways (Bewley &
Black, 1994): 1) by determining the capacity and percentage of germina-
tion; 2) by eliminating primary and/or secondary dormancy; and 3) by indu-
cing secondary dormancy. The optimal germination temperature for most
seeds which are not in dormancy is 25 to 30 °C. However, temperature ran-
ges for germination depend largely on the (1) period of the year in which
plants complete their life cycle and (2) geographic origin of the species
(Besnier, 1989). Thus, seeds usually require a thermal periodicity to ger-
minate: a cold season (of activation), between 0 and 10 °C (stratification),
alternating with another one where the embryonic axis grows at intermedia-
te temperatures (20-30 °C). In fact, low temperatures can break dormancy
of some seeds (e.g. woody plants, cereals), and are necessary for germina-
tion at higher temperatures (Bewley & Black, 1982). High temperatures
sometimes reduce dormancy of some seeds but induce secondary dormancy
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in others. Therefore, the response of seeds to these conditions can be essen-
tial for the regeneration of communities after a perturbation.

In addition, light is also important for seed germination. Many species
respond to the environment with optimal growth and development according to
the light they receive (Maloof et al., 2000). Some seeds germinate similarly in
light and darkness (Baskin & Baskin, 1988), while others do it more readily
either under light (Colbach et al., 2002) or darkness conditions (Thanos et al.,
1989). Also, light requirements for germination can vary with temperature. It
has been demonstrated that some species need a constant temperature and light
to germinate and others can germinate either under light or darkness conditions
but need temperature fluctuations (Felippe, 1978). In other species, stratifica-
tion (Farmer et al., 1984) or high temperatures (Amritphale et al., 1989) replace
light requirements for germination.

Our objective was to determine some of the light and temperature require-
ments for germination of the study species under laboratory conditions. This
would contribute to know the required light and temperature conditions necessary
for optimum germination of these species in soils of Sierra Nevada. After seed
germination in the laboratory, seedlings were transplanted to the natural environ-
ment in an effort to improve methods of restoring plant cover in degraded areas.

MATERIALS AND METHODS

Seeds from four endemic species of the Betic Sierras and Sierra Nevada
were used in this study: Genista versicolor Boiss., Hormathophylla spinosa (L.) P.
Kiipfer), Reseda complicata Bory, and Thymus serpylloides Bory. They were
collected from different areas near the ski station, between 2000 and 3000 m in
altitude. Before the study initiation, similar-size seeds from each species were
kept in darkness at 4 °C for at least three months. Thereafter, seeds were sorted
out for uniform size and similar external characteristics, discarding those with
obvious alterations or malformations.

Previous to the germination test, a sample of seeds was tested for viability,
applying the tetrazolium test (AOSA, 2000). It showed a positive staining reac-
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tion in 80-90% of the seeds. All seeds were surface sterilized by immersion in
1% sodium hypochlorite for 5 min, and washed afterwards with distilled water.
Thereafter, petri dishes 10 ¢cm in diameter were prepared with filter paper (both
previously sterilized). Sixty seeds were placed on each of 6 petri dishes (repli-
cates; 10 seeds x dish), 10 ml of distilled water was added, and the following four
treatments were applied: Constant Darkness; Light 12 h followed by constant
darkness; Light 24 h followed by constant darkness; and Constant Light.
Germination tests were conducted in a cultivation chamber having fluorescent
tubes of white light and a light/darkness timer, at 15 °C or 25 °C. Dishes were
sampled daily during 15 days. A seed was considered germinated when the radi-
cle emerged. Days to reach half the maximum germination percentage (Ts : esti-
mate of germination rate) was determined in each case. Distilled water was
added whenever moisture loss was detected.

Data were analyzed using one-way ANOVA. When F tests were significant,
means were compared using the Duncan’s multiple-range test (Duncan, 1955).

RESULTS

1) Temperature: 15 °C

In G. versicolor, germination percentages under Darkness or with a pre-tre-
atment of 12 h Light were more than 18% greater than those under a pre-treat-
ment of 24 h Light (Fig. 1A). Germination rate of seeds germinated in Darkness
was greater than that in the other treatments; these seeds presented a Tso value
about half of that on seeds germinated with Constant Light (Table 1).
Hormathophylla spinosa seeds, in all cases where light was involved, registered
germination values greater than those of seeds germinated under Constant
Darkness. Values increased by 10% in the case of 12 h Light, 16% under the
pre-treatment with 24 h Light, and 28% under Constant Light, in relation to
seeds kept in Darkness (Fig. 1B; Table 1). Seed germination was significantly
greater (p<0.05) under Constant Light than under Constant Darkness (Table 1).
Similarly, results for R. complicata showed that seeds in the light treatments rea-
ched higher germination percentages than under Constant Darkness, although
differences were not significant in any case (p>0.05). Treatments with 12 h and
24 h Light reached the higher germination rates (48% and 52% germination)
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than under Constant Light and Constant Darkness, respectively (Fig. 1C).
Treatments with 12 and 24 h Light also showed faster germination (Ts= 3.8 days)
than those under Constant Light and Constant Darkness (T5=8.1 and 3.9 days,
respectively; Table 1). Finally, T serpylloides reached 82% germination under
any light pre-treatment. This value was 24% higher than that for seeds germina-
ted in Constant Darkness. However, differences were non-significant (p>0.05)
in any case. When the evolution of germination was studied, no significant dif-
ferences (p>0.05) were found among Constant Light, Constant Darkness and
Light pre-treatments of 12 and 24 h (Figure 1D).

2) Temperature: 25 °C

No differences (p>0.05) in germination percentages were found among
treatments in any species at this temperature (Table 1). When G. versicolor seeds
were germinated at 25 °C, or 15 °C, there were no significant differences (p>0.05)
in final germination percentage in the Constant Light and 24 h pre-treatment
(Table 1). Seeds in the 12 h pre-treatment showed greater (p<0.05) germination
percentages at 25 than 15 °C (Table 1). The reverse was true (p<0.05) under
Constant Darkness (Table 1). All treatments with light presented curves situated
above those corresponding to seeds germinated in Constant Darkness (Fig. 1E).
Seeds of H. spinosa had greater (p<0.05) germination percentages at 15 than 25 °C
under all study treatments (Table 1, Fig. 1F). Germination percentages for R.
complicata were greater (p<0.05) at 25 than 15 °C under the Constant Light or
Constant Darkness treatment (Table 1; Fig. 1G). In addition, at 25 °C, all treat-
ments had lower Ts values than at 15 °C (Table 1). Seeds of 7. serpylloides under
Constant Light and Constant Darkness showed greater (p<0.05) germination per-
centages at 25 than 15 °C (Table 1; Fig. 1H). However, seeds of T serpylloides

pre-teated with 12 h Light showed greater (p<0.05) germination percentages at
15 than 25 °C (Table 1).

DISCUSSION

Mediterranean high-mountain ecosystems are especially sensitive to dis-
turbances, such as overgrazing and agriculture, increase in tourist pressure or
factors which act synergycally (Lorite et al., 2007). They are also vulnerable to
natural climatic variations (Hédar & Zamora, 2004). In this sense, interactions
between light and temperature can determine the germination time and
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Fig 1. Variation of the germination percentage through time on seeds of

the study species under the tested experimental conditions.
Fig. 1. Evolucién del porcentaje de germinacién obtenido en semillas de las distintas
especies estudiadas, bajo las diferentes condiciones ensayadas.

A,B,C & D= Experiments conducted at 15 °C / Experimentos realizados a 15 °C
E,F,G & H= Experiments conducted at 25 °C  / Experimentos realizados a 25 °C
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seed capacity to germinate of many species. Thus, some seeds require light at a
certain temperature but not at others (Pons, 1992). Light characteristics that
affect germination include photon length, quality, and irradiance reaching the
seed (Casal et al., 1998). For many species in different habitats, light responses
are measured by perception via the phytochrome (Vazquez-Yanes et al., 1996,
Casal & Sanchez, 1998).

In addition, it is generally recognized that high-mountain species do not
need a specific temperature to promote germination (Korner, 2003), although
most of them usually prefer high temperatures (Billings & Mooney, 1968). This
also seems to occur in the case of Mediterranean high-mountain species in the

Table 1. Germination percentage and Tso of the study species.

Tabla 1. Porcentaje de germinacién y Tso de las diferentes especies estudiadas.

15°C 25°C
Speci Treatment Germination Tso Germination Tso
pecies (%) (days) (%) (days)

1 50.0%8.69" 3.4 28.0:3.1°8 7.2

6. versicolor 2 32.0:6.0° 4.0 42.0: 547 43
3 50.0%5.2% 4.7 42.0%5.4% 3.4

4 38.04.8°% 6.4 32.0%4.0%° 4.0

1 50.0% 2,65 2.7 34.0+ 5.5°F 2.2

H. spinosa 2 6002 S‘Qb’ZAA 3.0 260t 5.5°7 2.5

& 66.0+4.9°> 4.2 34.0:6.6°° | 29

4 78.0* 4.8°" 3.9 36.0+5.5°F 2.7

1 34.0 6.6%8 3.9 48.0+8.6°" 2.8

R. complicata 2 48.0t 7450'2 3.8 56.0:6.0% | 24
3 52.0t7.5% 3.8 56.0£5.2°% | 2.6

4 38.0t 4.8°F 8.1 62.0% 4 8" 3.8

1 58.0£7.0°F 2.5 78.0:10.1%" | 1.6

T 2 82.0+6.5°" 2.4 62.0+7.0°8 1.7
serpylloides 3 78.0%6.0°" 2.9 740+11.1°% | 15
4 60.0%11.3%8 3.5 84.0+4.2°4 1.7

Each value is the mean + 1 s.e. Independently for each species, values followed by the same lowercase
letters in each column and capital letters in each row are not significantly different (p=0.05).

Treatments: 1= Constant Darkness, 2= 12 h Light, 3= 24 h Light, 4= Constant Light.

Cada valor es el promedio + 1 e.e. Independientemente para cada especie, los valores seguidos por la misma
letra mindscula en cada columna o letra mayuscula en cada fila no son significativamente diferentes (p=0,09).
Tratamientos: 1= Oscuridad Constante, 2= 12 h luz, 3= 24 h luz, 4= Luz Constante.
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oromediterranean level (Giménez-Benavides et al., 2005). However, this does
not apply to the four species of the present study, which is situated also at this
same bioclimatic level. This is very likely because of the extraordinary combi-
nation of natural factors that mix and interact in the ecosystems of this type of
Mediterranean mountain. In this sense, Sierra Nevada is a zone where the solar
radiation is especially intense during the dry months. This produces great ther-
mal gradients during the day between the atmosphere, which is always cold, and
an overheated soil. This is especially true because rocky soils present dark
colours, which reflect little the incident radiation (Ortega, 1989). The fruiting
period of the study species spans from the end of July (H. spinosa) to the end of
September (R. complicata). This implies, as occurs in other Mediterranean high-
mountain species (Angosto & Matilla, 1994), that light sensitivity of each spe-
cies can be a major factor inducing possible secondary dormancy (Baskin &
Baskin, 1998). This is because of the few weeks that the seeds have to germina-
te after snowmelt, and the harsh climatic conditions of the Mediterranean high
mountains (Giménez-Benavides, 2005). Except in specific cases, light can also
slow down the germination process. The fact that seeds of G. versicolor need light
at 25 °C but not at 15 °C to activate germination may be related to an increase of
the ABA levels at this latter temperature, which can inhibit growth that prece-
des germination (Karssen, 1976).

The study species are chamephytes (the replacement buds are near the
ground surface during the unfavourable season). This, and factors such as seed
weight and size, can cause any amount of light to be sufficient for promoting ger-
mination in a very short response-time period (Casal et al., 1997). This happened
with R. complicata and T. serpylloides seeds at 15 °C, and can make differences
hardly appreciable between the exposure to light for 12 or 24 h. The exception
was G. versicolor at 15 °C, where the germination percentages reached after the
seeds were exposed to light for 24 h (identical to the results under Constant
Darkness) did not appear to follow the general pattern of the other species.

The cold stratification in darkness, used to increase germination percen-
tages in many high-mountain species (Bewley & Black, 1982; Baskin & Baskin,
1998) helps to increase light sensitivity, especially in seeds with permeable and
semi-permeable coats (Hartmann et al., 1997). This can be explained by the gre-
ater easiness of the seeds of H. spinosa, R. complicata, and T. serpylloides to ger-
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minate in the presence of light. It could be that G. versicolor seeds do not res-
pond efficiently to darkness stratification because either the lack or excess of
time, and this could have determined secondary dormancy (skotodormancy).
This would involve less light sensitivity (Steadman, 2004), giving rise to the ger-
mination percentages found when seeds were exposed to light. Nevertheless, it
would be necessary to increase knowledge of these four species, specially in
those that require light to germinate, and in particular, in the study of the
phytochrome response (specially Pfr). This, when present in sufficient quantities,
can stimulate germination (Hillhorst, 1998; Vleeshouwers & Bouwmeester,
2001). Phytochrome may also be one of the factors responsible for the rela-
tionship between temperature and light-exposure time in the germination pro-
cess of these Mediterranean high-mountain plants.
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