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Abstract

Gypsophila tomentosa and G. struthium are closely related species, characteristic of two European priority habitats, salt and gypsum
inland steppes, respectively. Germination strategies of the two taxa were investigated in plants from two nearby populations, growing
under the same climatic conditions but on different types of soil, and belonging to different plant communities. Their germination
patterns were studied at five constant temperatures in darkness: 5°C, 10°C, 15°C, 20°C and 25°C, and the base temperature and the
thermal time requirement were calculated. As the distribution area of both species is subjected to a Mediterranean continental climate
with significant differences between day and night, the possible preferences for an alternating temperature regime (25/10°C) were
contrasted, as well as the influence of cold stratification and freezing. The effects on seed germination of light at constant 20°C and a
12/12 h photoperiod were also compared in the two species. The main conclusions of the work are the similarity of behaviour of both
species, with an absence of seed dormancy, their opportunistic germination strategy, and water availability as the principal limitation to
seed germination and plant establishment. The base temperature and thermal time indicate higher competitiveness of G. struthium at
low temperatures, but seed germination of G. fomentosa is the most efficient at temperatures higher than 13.3°C. Optimal temperature
and illumination conditions for nursery propagation depend on the species. The high viability of seeds observed after freezing prove the
orthodox character of these seeds, providing additional information for long term seed conservation procedures.
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Introduction

Salt and gypsum steppes have been classified as priority
habitats for conservation under the code numbers *1510
and *1520, respectively, of the Council Directive 92/43/
EEC (European Commission, 1992), and are considered
among the most threatened ecosystems in Europe (Pueyo
et al., 2007; Silliman ez 4., 2009).

These two types of habitats have been the subject of
different studies (Escudero et al., 1997; Khan ez al., 2000;
Mota et al., 2004; Pueyo et al., 2007; Silliman ez al., 2009);
however, as for other ecosystems, our knowledge concern-
ing the reproductive ecology and propagation of most
species of the threatened flora is still very limited. The es-
tablishment and implementation of conservation plans for
priority habitats require a deep knowledge of plant repro-
duction and propagation of species growing in threatened
communities.

Germination patterns are relevant to understand the
ecological equilibrium and community maintenance in
natural habitats (Espinar ez 4/, 2005) and also to develop

reliable protocols for nursery propagation. Growers of na-
tive species used in revegetation could then use these pro-
tocols to provide plants with adequate genetic diversity for
restoration programmes of natural populations (Rogers,
2004; Rose et al., 1998).

The Native Plant Working Group (2000) identified
the unpredictable germination of wild seeds as one of the
major limitations for the use of several native plants in
revegetation projects, and the development of improved
propagation techniques as one of the future needs.

During the last thirty years, germination has been an
important research topic in plant conservation biology
(Soule and Kohm, 1989). Despite the large number of
publications in this field, research on optimal germination
conditions for native wild species is still required today.
According to Randriatafika ez 4/ (2007), germination
studies represent an essential part of biodiversity conser-
vation and recovery strategies, as they can lead to the im-
provement of propagation techniques.

Two Gypsophila species, closely related taxonomically
but growing in different habitats, were selected for this
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study, which aimed to contribute to the conservation and
restoration programmes developed in the locality of Vil-
lena (Alicante, Spain) by the regional government of the
Valencian Community. Gypsophila struthium L. is charac-
teristic of gypsum communities of Helianthemo thibaudii-
Teucrietum libanitidis Rivas Goday and Rigual in Rivas
Goday, Borja, Monasterio, Galiano, Rigual and Rivas-
Martinez 1957 corr. Diez Garretas, Ferndndez-Gonzélez
and Asensi 1996 nom. mut., whereas Gypsophila tomentosa
Loefl. lives at the border of subsided areas, where the soils
are more humid and saline; here the dominant vegetation
is Limonio-delicatuli-Gypsophiletum tomentosae Peinado-
Lorca and Martinez-Parras, 1982.

These two plant communities grow in neighbouring
areas. The populations of G. struthium were included in
the Valencian Plant Microreserves Network in 1999 as an
in situ conservation measure (Laguna, 2001). Both species
are also included in the ex sizu conservation programme of
the ‘Germplasm Bank of the Valencian Wild Flora’ located
in the Botanical Garden of the University of Valencia (Es-
trelles et al., 2004).

This territory, with about 350 mm of annual rainfall, is
classified as semi-arid under a Mediterranean pluviseason-
al-oceanic climate, according to the Bioclimatic Classifica-
tion System (Rivas-Martinez and Rivas-Séenz, 2009).

The present study attempts to assess the propagation
of native Gypsophila for use in restoration of natural habi-
tats disturbed by diverse human actions. Our main objec-
tive was to determine germination responses in these two
species, to improve propagation methods by optimizing
the seed used. The specific questions addressed were: (a)
Do these species show any dormancy level? (b) Are tem-
perature and light the factors controlling germination in
these species from Mediterranean semiarid climate? (c)
Have the two species of Gypsophila, growing in habitats
with different soil characteristics but under the same cli-
matic conditions, different germination strategies? (d) Do
winter temperatures have any influence on seed responses?
(¢) Which are the optimal temperature and photoperiod
conditions to optimize plant production for restoration
activities?

Materials and methods

Origin of seeds

The seeds used in this study were collected from the
Valley of Villena in the Basin of the Vinalopé River, in the
Alicantine sector of the biogeographic province Murcia-
no-Almeriense (SE Spain). Seeds of Gypsophila struthium
were collected from the flora microreserve ‘Los Cabeci-
cos, (UTM 30SXH8379). Seeds of Gypsohila tomentosa
were sampled from ‘Las Salinas de la Redonda, (UTM
30SXH8080). Mature dry seeds were stored at 4°C, im-
mediately after collection, for one month before used in
the experiments.
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Germination experiments were completed after 15
days when no additional seeds had germinated for 5 d.
Four replications of 25 seed were placed on 0.6% agar, in
55 mm diameter Petri dishes. The number of germinated
seeds was counted every two days, and germinated seeds
were removed. Final germination percentage and mean
time to germination (MTG) were determined according

to Brenchley and Probert (1998).

Light and temperature regime influence

The germination responses at constant (20°C) and fluc-
tuating day/night (25/10°C) temperatures were checked
under two different light regimes, total darkness and 12
h photoperiod using daylight fluorescent illumination
(100 uE m™2 s7"). The alternating temperature regime was
selected according to the continental local climate. Seed
germination in darkness at 5°C, 10°C, 15°C, 20°C and 25°C
was checked under green safe light provided by two green
luminescent lamps (Philips TL-D 18W/17) supplement-
ed with a green filter (Roscolux ref. n° 90).

Effect of a cold stratification period

A stratification treatment was carried out by maintain-
ing seeds of both species in a germination chamber at 5°C
in darkness for 45 days, previous to germination tests at
15°C, also in the dark. The temperature of 5°C was select-
ed as pre-treatment since similar average temperatures are
recorded at the sampling site at least three months a year
(December, January and February).

Effect of a freezing period

The germination capacity of seeds stored for two years
at —25°C (after desiccation with silica gel) was tested at
15°C in darkness. This low temperature corresponds to the
winter minimum in the natural area and the experiment
provides additional information to check seed banking
procedures.

Data analysis

Germination percentages were expressed as mean + SE.
The obtained germination percentages were statistically
compiled in box plot graphics where the minimum, me-
dian and maximum values were shown; the interquartile
ranges are represented as grey bars, including 50% of the
data values. The rate of germination was expressed as the
mean time to germination (MTG) according to Brenchley
and Probert (1998). The base temperature (T,) was also
calculated for each species by back extrapolation (Garcia-
Huidobro e al., 1982), as the thermal time requirement
(Trudgill, 1995) in order to compare thermal responses.

Germination percentages were arcsine transformed
(Zar, 1984) and the variance was analysed to compare the
conditions used. Analysis of variance (Sokal and Rohlf,
1995) was applied to determine if significant differences
were present among means (p < 0.05). A post-hoc Tukey
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test was used to estimate least significant range between
means obtained at constant temperatures in order to de-
termine the optimal response. All statistical methods were
performed using SPSS, version 16.0.

Results and discussion

Final germination percentages and the mean time to
germination (MTG) obtained under the studied condi-
tions are compiled in Tab. 1 and Fig. 1. In G. struthium
the effect of light is significant, but not the variation of
temperature or the interaction of both factors, as shown
in Tab. 2. At 25/10°C, germination in darkness was sig-
nificantly higher, but at 20°C, seed germination of G.
struthium under a 12 h light photoperiod did not differ
significantly from germination in the dark. There were no
statistically significant differences between the constant
and the alternating temperature regimes applied.

On the contrary, germination in G. fomentosa was not
affected by the light condition applied, as the seeds ger-
minated equally well in light and darkness, whereas the
temperature regime had a significant effect, as shown by
two way ANOVA (Tab. 3), with better germination de-
tected for constant temperature (Tab. 1). The interaction
between temperature regime and light on final germina-
tion was also significant, indicating that the germination
response to light depended on the constant or alternating
temperature regime used. Germination under a constant
regime of temperature showed identical response to light
and darkness; the highest percentage was registered at
25/10°C under a 12 h photoperiod. Definitely, seed ger-
mination in G. fomentosa was significantly affected by the
temperature regime and the interaction with illumination
(Tab. 3).

The minimum, the median and the maximum values,
as well as the interquartile range for germination tests
performed in darkness, are shown in Fig. 1. In the dark,
over 90% of the seeds of G. tomentosa germinated at all

temperatures tested, with a maximum (100%) at 20°C (see
Tab. 1). When comparing the two species, slightly lower
germination percentages were determined for G. struthi-
um under the same conditions, with the best response at
15°C and 10/25°C (93% and 94%, respectively). At 10°C,
germination was clearly lower than in G. tomentosa (76%
vs5.93%, Tab. 1). Optimal values of MTG were obtained at
20°C and 25°C for both species.

Germination percentages of seeds after stratification
or freezing treatments were not significantly different to
controls at the same temperature (G. struthium F = 0.243,
p =0.790; G. tomentosa F = 0.568, p = 0.586). Seeds after
two years of storage in the seed bank did not lose viability
when compared to controls. When comparing germina-
tion velocities, G. struthium showed stimulation after cold
and freezing pretreatments, with shorter MTG values than
those of the control at 15°C (G. struthium F = 14.424,p =
0.002; G. tomentosa F = 0.314, p = 0.738).

100 é — 5
90 F Q E
2 =
c
2 80
®
£
£
8 70
60—
|:|G. struthium
DG. tomentosa
50 T T \ T T
10° 15° 200 250 10/25°
Temperature

Fig. 1. The minimum, median, and maximum values and the
interquartile range for germination tests completed in darkness
for seeds of Gypsohila struthium and G. tomentosa

Tab. 1. Final germination percentages (mean + standard deviation), and mean time to germination (M TG), obtained under
the indicated temperature and light conditions, for seeds of Gypsophila struthium and G. tomentosa after 15 days of incubation.
Values in a column followed by the same letter are not significantly different. Asterisks in the last column indicate statistically
significant differences of germination percentages between the two species (p < 0.05)

T=/ light Pretreatment G. struthium G. tomentosa Interspecific
% MTG % MTG differences

5°C / darkness - 0 - 0 - -
10°C / darkness - 76 +5.9° 6.9¢ 93+1.0% Q. *
15°C / darkness - 93+3.0* 45® 96 + 1.6* 44¢ -
20°C / darkness - 86+12%® 3.7° 100 +0.0° 25¢ *
25°C / darkness - 87+19%® 3.8* 97 +1.9® 2.5*% *
20°C / 12 h light - 82+26% 322 99 +1.0* 2.5 *
25/10°C / 12 h light - 75+3.0° 6.4° 98 +2.0® 3.7° ¥
25/10°C / darkness - 94+26° 5.0° 92 +4.0° 34" -
15°C / darkness 1m/5°C 91 +25¢ 3.8¢ 94 +1.4% 4.4¢ -
15°C / darkness 2y/-25°C 93+1.7* 3.7¢ 96+ 14 43¢ -
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Tab. 2. Two-way ANOVA analysis of the effects of temperature
regime, light and their interactions on seed germination in

Gypsophila struthium (o = 0.05)

. Sum of Mean F p
Source of variance .
squares Square ratio  value
Temperature regime 0.007 1 0.007  0.864 0371
Light 0.132 1 0.132 15510 0.020*
Temperature x light 0.067 1 0.067  7.836 0.160
Error 0.102 12 0.009

Tab. 3. Two-way ANOVA analysis of the effects of temperature
regime, light and their interactions on seed germination of

Gypsophila tomentosa (a= 0.05)

. Sum of Mean F P
Source of variance .
squares Square ratio  value
Temperature regime 0.083 1 0.083 6941 0.022*
Light 0.021 1 0.021 1.754 0210
Temperature x light 0.060 1 0.060 5.037 0.044"
Error 0.144 12 0.012
0,5
® G. fomentosa
0,4 1 |° G. struthium
O 0,3
-
=
= 0,2 y=0,012x +0,0333
R’ =0,9908
011 y=0,028- 0,1767
R?=0,9932
0 T T T T 1
0 5 10 15 20 25
Temperature (°C)

Fig. 2. Linear regresion of germination rates related to the tem-

perature in darkness for Gypsophila struthium (e) and G. tomen-
tosa (o)

The linear regression of germination rates at the dif-
ferent constant temperatures tested (Fig. 2) showed a T,
of -2.8°C for G. struthium and of 6.3°C for G. tomentosa.
The point of intersection of the lines for each species is
at 13.3°C. The calculated thermal time for G. struthium is
83.3°C day and 35.7°C day for G. tomentosa.

Seeds of both studied species show an orthodox behav-
iour, as seed viability remains high after desiccation to a
low relative humidity, or after storage under freezing con-
ditions for two years in the seed bank.

The high germination capacity of seeds incubated di-
rectly on agar plates at different temperatures, shortly after
collection, already suggested the absence of dormancy in
the two species. Seeds of G. struthium and G. tomentosa
are mature at the end of the summer, after the Mediter-
ranean typical summer stress has ceased and the absence
of primary dormancy permits germination during autumn
rains. In addition, low temperatures, simulating the pass

21
of winter, did not cause any type of secondary dormancy.
Thus, seeds that did not germinate in autumn are ready to
germinate immediately when water resources are available
and the temperature is adequate. These aspects are relevant
for seed banking and also to establish iz situ conservation
plans for these endemic and threatened species or their
habitats, both of special interest in Europe. The signifi-
cant differences observed in germination responses were
not too divergent. Fven the worst germination percentage,
with a73% obtained at 10°C in G. struthium, is acceptable.
In fact, seeds of the two tested species reached high ger-
mination percentages under all the different temperatures
and photoperiods used. This indicates a limited influence
on seed germination of environmental conditions other
than water availability for both, G. struthium and G. to-
mentosa.

The optimal temperature that we recommend for nurs-
ery protocols is 15°C for G. struthium, whereas for G. to-
mentosa could be higher, 20°C to 25°C. These results are
in agreement with previously published data: low tem-
peratures were found to be optimal for germination of
all gypsohytes studied by Escudero ez al. (1997), except
Helianthemum squamatum, which has hard seeds. On the
contrary, many salt-marsh plants tend to require a rela-
tively higher temperature for seed germination (Khan ez
al., 2000).

Germination rate, as other developmental parameters,
shows alinear correlation with temperature in a wide range
up to the thermal optima, T, (Trudgill, 1995). The values
obtained for thermal times show that G. tomentosa seeds
increase rapidly their response when temperature goes up,
whereas G. struthium has better response at lower temper-
atures, up to 13.3°C. This different behaviour could partly
explain why G. struthium is a wider distributed plant, and
G. tomentosa has very localised populations in this region,
characterized by low temperatures.

Regarding the light factor, in the two species high per-
centages of germination were obtained under both condi-
tions tested, indicating that light is not a restrictive factor
for their germination. This behaviour is not general since
light is normally an important ecological factor, but our
findings are in agreement with the observations of Khan
and Gulzar (2003) for some perennial halophytic grasses;
these authors also indicated that the responses to light
differ depending on the species. There are species whose
seeds can remain several years dormant in the dark, but
germinate in a short time in the presence of light and,
on the contrary, seeds of other species germinate only in
absolute darkness. Another common characteristic of
the studied species is that under optimal conditions their
seeds germinated almost quantitatively within a few days.
The high germination percentages and faster germination
rates observed under the studied range of temperatures
and the different light regimes, suggest an opportunistic
germination strategy for both species. Species that live in
xeric areas germinate under less restrictive temperature



Moruno F. et al. / Not Bot Hort Agrobor Cluj, 2011, 39(1):18-23

22

conditions. Under extreme drought conditions, with very
low amounts of rain, these species have developed a dif-
ferent strategy affecting the number of seeds “ready to
germinate” after a rainfall, and probably seedling drought
tolerance. Opportunistic germination is one of the most
common strategies in desert areas, arid sites and steppes,
including the Mediterranean region.

In this situation, seedling establishment in natural hab-
itats is not limited by temperature but by water availabil-
ity, so that seed germination depends mainly on rainfall
rather than on other environmental factors. These species
achieve full germination within a short period, at a wide
range of temperatures as well as under light or darkness.
Their seeds must germinate rapidly with any hydric provi-
sion, maybe the only one during the year, to complete the
biological cycle.

The same behaviour has been found in species or popu-
lations from drylands and from variable or unpredictable
environments (Escudero ez al., 2002; Estrelles e al., 2010;
Gutterman, 2001). This opportunistic germination strate-
gy is shared with species from desert areas such as Blepharis
persica (Gutterman, 1972), Launaea arborescens (Schiitz
and Milberg, 1997), and Schismus arabicus (Gutterman,
2001), or with Eucalyptus species from semi-arid habitats
(Schiitz ez al., 2002). This ecological trait of germination
and rapid early growth when water is available is always
related to scarce rainfall at the site of seed origin.

Conclusions

In conclusion, although G. struthium and G. tomentosa
have different ecological traits, this does not seem to be
due to intrinsic differences in their germination response.
Germination patterns on agar plates, in the absence of
natural stressful conditions, are similar for both taxa un-
der different temperature and light levels, probably as it
should be expected considering the close genetic relation-
ship of the two species. Both species show high adaptation
to their specific habitats. Their germination behaviour
makes them highly competitive in colonizing available
and adequate soils. This consideration agrees with Mota
et al. (2004) who found that G. struthium has very high
cover rate on restoration of quarries in the SE Iberian Pen-
insula, even higher than in unaltered areas. Finally, we rec-
ommend further studies of other factors present at their
respective natural habitats, as osmotic or salinity stress, to
complete the understanding of germination responses and
the seedlings establishment in relation to the different dis-
tribution and ecology of these taxa in the wild.
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