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Abstract
Eleocharis carniolica W.D.J. Koch (Cyperaceae) is an endangered wetland spike rush mainly threatened by habitat loss
and fragmentation. Understanding the germination ecology of this species is essential to perform successful
conservation and restoration actions. In this study, we investigated the effect of vernalization (i.e. cold stratification),
gibberellic acid (GA3) and chemical scarification on seed germination of E. carniolica from wild populations in northern
Italy.

The results showed that vernalization (i.e. 8-weeks at 4°C) significantly improved germination probability, speed, and
uniformity compared to non-stratified seeds. Gibberellic acid treatment alone or in combination with vernalization did not
show a significant improvement in germination. Chemical scarification using sodium hypochlorite increased germination
probability, with 8 hours of scarification showing the highest success rate. However, 24-hour scarification had a negative
impact on germination.

Overall, vernalization was found to be the most effective method to enhance germination in E. carniolica. These findings
provide valuable insights into the seed germination ecology of this endangered species, aiding in its exsitu conservation,
propagation, and in-situ restoration efforts. Moreover, they have important implications on future germination dynamics
of this endangered species, especially with predicted climate change scenarios.

Introduction
Land use change is recognized as the primary cause of the degradation of natural ecosystems and biodiversity loss (Ellis
et al. 2010; Foley et al. 2011). Among the various ecosystems, wetland areas have suffered a drastic area reduction
during recent centuries, with an estimated global area loss of at least 50% since 1900. This contraction is usually linked
with agricultural drainage (Davidson 2014) to convert wetlands to productive fields. The disruption of these unique
habitats has drastic consequences on biodiversity, threatening many wetland species and highlighting the need for
effective conservation and restoration actions (Semlitsch and Bodie 1998; Mosanghini et al. 2023). Therefore, the study
of adequate conservation and restoration strategies for endangered wetland plants is crucial to maintain present
biodiversity levels and avoid species extinction (Gibbs 2000). In this light, developing effective ex situ seed conservation
and germination protocols for endangered species is of the utmost importance (Godefroid et al. 2011; Shen et al. 2015).

Seed germination is recognized as a pivotal stage in a plant's life cycle (Dekkers et al. 2013), beginning when a seed
emerges from its dormant state and starts to develop into a seedling (Baskin and Baskin 1998; Khurana and Singh 2001;
Fenner and Thompson 2005). The success of seed germination is essential for the perpetuation of plant populations and,
ultimately, the maintenance of biodiversity in natural ecosystems (Herranz et al. 2010).

Orthodox seeds (i.e. those capable of surviving drying and storage at low temperature) must overcome the dormancy
stage which is crucial to enhance the germination rate of the species. Seed dormancy is considered as the incapacity of a
viable seed to germinate when the conditions are favorable (Bewley 1997; Finch-Savage and Leubner-Metzger 2006). In
the literature several methods are proposed to overcome seed dormancy. In particular, treatments such as cold
stratification (i.e. vernalization) (Zhou et al. 2009; Vandelook et al. 2009), chemical or mechanical scarification (Patanè
and Gresta 2006; Chisha-Kasumu et al. 2007; Olmez et al. 2007; Wang et al. 2007) and use of active molecules (e.g.
gibberellic acid; GA3) (Tigabu and Oden 2001; Nadjafi et al. 2006) have been used to improve germination probability,
germination speed, and uniformity. The endogenous growth regulating hormone GA3, for instance, has been proven to be
crucial to stimulating seed germination (Debeaujon and Koornneef 2000; Graeber et al. 2012) by increasing the growth
potential of the embryo and by inducing hydrolytic enzymes (Ogawa et al. 2003; Kucera et al. 2005; Finch-Savage and
Leubner-Metzger 2006). Moreover, it is accepted that vernalization is able to break down dormancy by decreasing the
level of abscisic acid while increasing the amount of gibberellic acid in the embryo (Feurtado et al. 2004; Graeber et al.
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2012). Dormancy can also be manually released by removing constraints (i.e. tissues that surround the embryo)
preventing germination (i.e. scarification) (Graeber et al. 2012).

Understanding the germination probability of plant species is crucial for identifying key limiting factors that may hinder
natural regeneration or restoration efforts (Angevine and Chabot 1979; Narbona et al. 2013; Vuerich et al. 2022). By
identifying such obstacles, conservationists can implement targeted interventions, such as habitat restoration, habitat
connectivity improvements, or seed banking, to enhance germination success and promote the long-term survival of
endangered plant species. Moreover, the speed of seed germination represents a pivotal determinant of a plant species'
survival in its natural environment. In harsh ecosystems, where resources are limited and environmental conditions
fluctuate, early germination can provide a significant advantage to a plant species (Gioria and Pyšek 2017; Gioria et al.
2018). Rapid germination enables seedlings to establish and access vital resources such as light, water and nutrients
before other competing species (Benech-Arnold et al. 2000; Forbis 2010). This early establishment bolsters a plant's
resilience against environmental stressors and enhances its ability to compete with other native and alien species and
thrive in challenging conditions (Mosanghini et al., 2023), thereby increasing its overall chances of survival.

Eleocharis carniolica W.D.J. Koch (Cyperaceae) is one of the most endangered and rarest species of the European
wetland flora, included in Habitat Directive Annex II (92/43/CEE). Previous studies have highlighted that E. carniolica
produces dormant seeds (Puchalski et al. 2014; Niemczyk et al. 2023); thus it is crucial to conduct experiments aiming at
optimizing the seed dormancy breaking procedures with appropriate treatments. Other species of the genus Eleocharis
have been reported to exhibit irregular germination rates under natural conditions and difficulties in ex situ germination
(Leeds et al. 2006; Baskin and Baskin 2014; Rosbakh et al. 2019). Since reproduction by seed is more desirable for
successful maintenance of genetic diversity and optimal population reinforcement, the establishment of effective
germination protocols is required. Therefore, urgent ex situ conservation actions have been undertaken for its preservation
(specifically, the EU LIFE project (2021)LIFE20 NAT/IT/001468, LIFE SEEDFORCE; Magrini et al. 2022).

In this context we designed an in vitro germination experiment aimed at shedding new light on the critical factors that
contribute to the speed and probability of seed germination of the endangered species E. carniolica. We treated seeds of
this species with vernalization, gibberellic acid and chemical scarification treatments to induce seed germination and we
hypothesized that all the treatments affect germination success (following Rosbakh et al. 2019). In particular, we
expected vernalization and gibberellic treatment to positively interact to determine the germination success, as most
wetland species show a nondeep physiological class of dormancy overcome by vernalization and/or GA3 (Baskin and
Baskin 2014).

MATERIALS AND METHODS

Study species
Eleocharis carniolica is included in the EU Habitats Directive list (EEC, 1992, annex II) and is listed in the European Red
List of Vascular Plants (Abeli et al. 2011). The species range is mainly centered in the central-east part of Europe, with the
richest populations occurring in Hungary (Lansdown 2011). Other important populations have been recorded in Slovenia,
Croatia, Romania (Anca et al. 2007; Lansdown 2011; Šegota and Alegro 2016), Bulgaria, Turkey, Slovakia (Lansdown
2011), Austria, Bosnia (Đug et al. 2013) and Montenegro (Vuksanović et al. 2019). In Italy the species has a scattered
distribution across the northern part of the country, mainly across the Alpine chain and its southern foothills.. Moreover,
Italian populations appear to be isolated from other European populations because of the Alpine barrier (Gennai et al.
2013). Although at a global level the species has an IUCN conservation status of Least Concern (Lansdown 2011), in Italy
it is considered Endangered (Gennai et al. 2013). Nowadays the species has a status of ‘U1 Unfavorable – Inadequate’
(EEA 2018; EUNIS 2018). Populations in the Lombardy and Friuli Venezia Giulia regions are at risk of extinction or size
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reduction, with some of the main threats being land use change and reforestation of abandoned wet and marshy
meadows (Brusa and Armiraglio 2021).

E. carniolica is a caespitose perennial plant (Fitter 1980; Verloove 2010), but it also behaves as an annual (Lastrucci and
Becattini 2009). The optimum habitats of this species are wet meadows (Pignatti et al. 2017), lake or pond shores,
temporary puddles, muddy habitats (Martini 1985; Lastrucci and Becattini 2007; Lastrucci and Becattini 2008), and
anthropogenic sites such as flooded fields or road verges and drainage waterways (Niemczyk et al. 2023). It is a pioneer
species on disturbed bare soils and herbaceous open areas at low altitude (Barina et al. 2011). It prefers clayey,
oligotrophic, acidic soils. It is an anemophilous species, and the dispersion of the seed is thought to be via hydrochory.

Fruit collection and storage
Achenes (treated as seeds) of E. carniolica were collected at the time of natural dispersal from two wild populations in
northern Italy: the first one is occurring in the “Palude di Racchiuso” protected area (SAC: IT3320039; 46°10’0.48’’N
13°18’37.08’’E), in oligo- to meso-trophic standing waters (August 2022) and the second one from the Groane Regional
Park (SAC IT2050002 Boschi delle Groane; 45°36'43.97"N 9°5'59.85"E)(August 2022). The two populations are considered
to be among the most important in the Italian regions of Friuli Venezia Giulia and Lombardy, being estimated at
thousands of ramets and also representing the eastern and western boundary of the species range in the Po Plain,
respectively. The sites are donor sites for the LIFE project LIFE20 NAT/IT/001468.

The collected seeds were initially stored in a dry room in the laboratory for one month, then cleaned and stored dry at
room temperature until the start of vernalization treatment (December 2022) and germination experiments (February
2023).

Experimental design
Two sets of experiments on seed from each population were performed in parallel both at the University of Udine and CFA
Monte Barro facilities, respectively.

Firstly, a two-factorial combination of vernalization (i.e. cold stratification) and hormonal priming with gibberellic acid
(GA3) as dormancy-breaking treatments was tested. For vernalization, seeds were subjected to 8-week cold/wet
stratification in Falcon tubes at 4°C (Baskin and Baskin 2014). For treatment with GA3, seeds were soaked in 1000 ppm
GA3 (Sigma Aldrich) solution for 24 h. In particular, 4 sets of seeds were prepared: seeds placed in Petri dishes without a
prior stratification period or GA3 treatment (hereafter CONTROL), seeds without a prior stratification with GA3 treatment
(hereafter GA3), seeds wet vernalized without GA3 treatment (hereafter VERN) and seeds that were wet vernalized and
then subsequently GA3 treated (hereafter VERN + GA3). For all treatments, seeds were firstly surface-sterilized with
commercial bleach (NaClO, 4.5% w/v active chlorine) for 10 min and then rinsed several times with sterile milliQ water.

A further experiment was conducted to determine the effect of chemical scarification on seed dormancy of different
durations (0, 4, 8, 12 or 24 h). Seeds were incubated with 1 ml solution of commercial bleach (NaClO, 4.5% w/v active
chlorine), for the corresponding duration period at room temperature in dark conditions and then thoroughly rinsed with
sterile milliQ water before germination testing.

For each treatment and population, sets of 20 seeds in six replicates were prepared (6 replicates × 20 seeds × 8
treatments × 2 populations with a total number of 1920 seeds).

Seed germination test
Seeds were placed on water agar (1%, w/v agar) in sterile 6 cm-diameter Petri dishes, closed with Parafilm to limit
moisture loss and incubated at alternating temperatures and photoperiod (22 and 25°C with a photoperiod of 14 h day
light and 10 h dark) in a growth cabinet for 35 days. The dishes were monitored at one-day intervals and seeds with
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visible protruding coleoptile emergence (Walters 1950; Baskin and Baskin 2018) were considered as germinated.
Germinated and non-germinated seeds were left in the Petri dishes for the entire incubation period and at the end the total
number of non-germinated seeds was counted.

Germination parameters and statistical analysis
The germination records were analysed considering the different treatments in the two corresponding sets of experiments
by the log-logistic model, based on time-to-event analysis (Onofri et al. 2010; Onofri et al. 2022). This model provided
inferences on germination events that did not occur at the specific time of evaluation, but during the interval between
evaluations (Ritz et al. 2013). Three germination parameters were determined by the following equation:

where F(t) is the fraction of germinated seeds between time interval t, d is the parameter referring to the total germination
(i.e. the higher asymptote of the function), b is the slope of the curve at the inflection point (i.e. usually described as seed
uniformity), and e is the time required for 50% seed germination (usually known as T50), here used as a measure of
germination rate.

All the statistical analyses were performed in the R environment (R Core Team 2022). The dataset preliminary was set for
analyses using the function “mel_te” (i.e. reshaping time-to-event datasets) of the “drcte” R package (Onofri et al. 2022),
derived from the “drc” package (Ritz et al. 2015). The model was executed using the “drmte” function (i.e. fitting time-to-
event models for seed science). The difference between the 3 germinating parameters (i.e. b, d and e) between the two
different treatments (i.e. gibberellic acid and vernalization) were tested with the function “compCDF” (i.e. compare time-to-
event curves, comparing the difference in each model). The difference was considered statistically significant when the p-
value was < 0.05.

RESULTS
The results are presented in two sections following the different sets of experiments we performed. Firstly, we analysed
the germination performance of Eleocharis carniolica with vernalization, gibberellic acid and the interaction between
these treatments; secondly, we studied the germination performance with increasing amounts of time of scarification. The
germination curves are presented respectively in Figs. 1 and 2.

Effects of vernalization and GA3 on seed germination parameters of Eleocharis carniolica

The vernalization significantly enhanced the germination performance of E. carniolica (Table 1). In particular,
vernalization increased the germination probability, showing a significant higher value than in other treatments (control
and GA3; Table 1). Although the highest germination probability was achieved when both seed vernalization and
gibberellic acid were used (78% success; Table 2), the difference of the combined treatment with vernalization was not
statistically significant. Interestingly, the control exhibited a higher gemination probability compared with the seed treated
only with GA3 (35% instead of 27%).

F (t) =
d

1 + exp {b [log (t) + log (e)]}
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Table 1
Pairwise comparison of b, d and e value (i.e.

germination parameters) between the
vernalization (VERN), gibberellic acid (GA3)

treatments, and their interaction (VERN + GA3).
The p-value is reported in bold when significant

(p < 0.05).
b parameter CONTROL GA3 VERN

GA3 0.759    

VERN 0.021 0.017  

VERN + GA3 0.563 0.387 0.017

d parameter      

GA3 0.037    

VERN < 0.001 < 0.001  

VERN + GA3 < 0.001 < 0.001 0.200

e parameter      

GA3 0.001    

VERN < 0.001 < 0.001  

VERN + GA3 < 0.001 < 0.001 0.522

Table 2
Summary of the b, d and e value (i.e.

germination parameters) subjected to
vernalization (VERN), gibberellic acid (GA3)

treatments, and their interaction (VERN + GA3).
Treatment b value d value e value

CONTROL 6.73 0.35 7.00

GA3 7.04 0.27 6.10

VERN 5.04 0.73 4.71

VERN + GA3 6.28 0.78 4.81

Moreover, vernalization promoted a significant increase of germination speed, with a sensible lower value of the e
parameter (i.e. T50, 4.71 days) compared with the GA3 treatment and the control (Tables 1 and 2).

Finally, vernalization increased the uniformity of seed germination of E. carniolica. The other treatments (i.e. vernalization
with GA3, control and GA3) showed no significant differences.

Effects of increasing scarification time on seed germination parameters of Eleocharis carniolica

These tests highlighted that 8h of scarification appears to be the treatment with the highest germination probability (i.e.
55%; Table 4), with differences as compared to all the other treatments except for 12 h scarification (p-value = 0.11; Table
3). The less effective treatment was the 24 h scarification, with 23% germination success. The 4h treatment showed
similar behaviour, in terms of germination probability, compared with the control. 
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Table 3 Pairwise comparison of b, d and e value (i.e. germination parameters) between the various scarification time
treatments (i.e. 0, 4, 8, 12 and 24 hours). The p-value is reported in bold when significant (p< 0.05). 

b parameter 4h 8h 12h 24h

8h 0.099 
 
 


12h 0.521 0.287 
 


24h 0.060 0.590 0.165 


0h 0.001 <0.001 <0.001 <0.001

d parameter 4h 8h 12h 24h

8h 0.007     


12h 0.268 0.113 
 


24h <0.001 <0.001 <0.001 


0h 0.109 <0.001 0.006 0.003


 
 
 
 


e parameter 4h 8h 12h 24h

8h 0.334     


12h 0.890 0.282 
 


24h <0.001 <0.001 <0.001 


0h 0.275 0.903 0.223 <0.001

 

Interestingly, the analyses did not reveal any significant differences between the various treatments and the germination
speed, except for the 24 h scarification. This result appears to be the slowest found, with a T50 (i.e. e parameter) of more
than 10 days.

Moreover, scarification appears to be a key factor in increasing the uniformity of seed germination. Indeed, the various
time treatments appear not to be statistically different compared to one another. The difference in uniformity was found
only when compared with the untreated seeds (i.e. control), resulting in a decrease of uniformity.

DISCUSSION
Our results showed that E. carniolica in northern Italian populations produces dormant seeds and that germination is
strictly related to seed vernalization (i.e. cold stratification). We also demonstrated that seed germination was not



Page 8/15

increased by further treatment by 1000 ppm GA3 nor by its interaction with vernalization. Our results thus suggest that
seed needs to undergo cold temperature to interrupt dormancy, rising some important considerations concerning
conservation and germination protocols for E. carniolica.

In other species of the genus Eleocharis and in other Cyperaceae, irregular germination rates in the wild and difficult ex
situ germination in the laboratory are also reported (Grime et al. 1981; Leeds et al. 2006; Baskin and Baskin 2014;
Rosbakh et al. 2019). In particular, Baskin (2014) classified most species of Eleocharis as physiologically dormant. Seed
dormancy is also confirmed for E. carniolica from Polish populations (Puchalski et al. 2014; Niemczyk et al. 2023) even
though a specific investigation on the class of dormancy was not achieved. It is suggested that this behaviour could be
related to physiological dormancy (embryo-dormancy) as an adaptation to adverse prolonged periods of low
temperatures or also to physical (pericarp-induced) dormancy due to a particularly hard coat, resistant to either acidic soil
pH, frost damage, or gastric juices of frugivorous birds (Schütz 2000; Webb et al. 2009).

In the Seed Information Database, optimal germination conditions are available for a small number of Eleocharis species
among the fifty two present (Society for Ecological Restoration, International Network for Seed Based Restoration and
Royal Botanic Gardens Kew 2023). For E. palustris (L.) Roem. & Schult., a related native species belonging to the same
Eleocharis section and subgenus (González-Elizondo and Peterson 1997), a 50% germination percentage and a very long
germination timing (42 days) were reported for non-treated seeds, while an 18-week vernalization preferably after bleach
pretreatment (2–6% for 6–48 h duration) is recommended for breaking dormancy (Rosbakh et al. 2019).

According to our hypothesis, in the present study, timing, uniformity, and extent of germination in E. carniolica seed from
two populations was effectively improved by vernalization, as the probability of germination was doubled in VERN seeds,
independently from GA3 application, compared to non-stratified seeds. Consistently, VERN seeds were also germinated
more rapidly, homogenously and consistently, confirming that moist vernalization not only released seed dormancy, but
also increased the final seed vigour for seed from different populations of E. carniolica. These qualitative aspects,
explaining the dynamics of the germination process, are fundamental for the optimal ecological restoration of such
endangered species (Talská et al. 2020). Concerning the positive effect of vernalization, it is proposed that seeds of
various wetland species can be successfully stored at low temperatures (0–8°C) in water or cold wet stratification for 6–9
weeks. This process simulates the situation in nature when the mature seeds are shed from plant on wet soils subjected
to waterlogging and cold winter temperatures (Baskin and Baskin 2014), ensuring a prompt spring germination. Similar to
several Carex species of temperate wetlands, Eleocharis could also take advantage of exploring spatially and temporally
occasional gaps in vegetation that occur only in late spring-early summer. Colonization of these vegetation gaps, in fact,
would not be prevented by other competitive species that in contrast have more specific high temperature requirements in
order to germinate (Schütz 2000). The lack of vegetation cover would also promote higher light conditions, which are
commonly favourable in promoting seed germination in many wetland and disturbed areas species.

A clear positive effect of hormone treatment with GA3 in breaking dormancy, alone or in combination with vernalization,
was not found, since GA3 non-vernalized seeds were significantly more rapid in germinating when pre-treated with GA3,
but the final extent of germination was lower. Instead, in VERN + GA3 combination, hormone pre-treatment significantly
increased only their seed uniformity. This is different from what happens in seeds with nondeep physiological dormancy,
in which dormancy can be overcome by chemicals, like GA3, alone or also in combination with cold stratification (Baskin
and Baskin 2014). These results would suggest a complex scenario, where physiological embryonic dormancy could be a
component in dormancy behaviour in the populations of northern Italy (Schütz 2000) but not strictly related to an
insufficient level of GA3, or an intermediate physiological type of dormancy (Baskin and Baskin 2014). Seeds with this
type of dormancy have a fully developed embryo, but the seed coat or pericarp may slow the hydration rate or diffusion of
oxygen and the effect of GA3 on germination is variable. In contrast to our results, Niemczyk et al. (2023) recommended a
brief (one week) warm stratification in darkness with the application of 300 ppm GA3 as the most effective treatment for
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overcoming seed dormancy for Polish populations of E. carniolica and they suggested that light was also pivotal for
seeds to initiate germination. However, our contrasting results demonstrating a requirement for temperature and a
hormone to overcome dormancy in E. carniolica species could be explained on the basis of genetic isolation of the Italian
populations from the European ones because of the Alpine barrier (Gennai et al. 2013). Thus, it can be hypothesized that
dormancy release in Polish populations occurred in summer with seeds germinating in autumn, whereas in populations of
the Po valley, Italy, the species behave as most of the wetland species with physiological dormancy broken down by
vernalization (Baskin and Baskin 2014).

Lastly, it has been suggested that chemical scarification with sodium hypochlorite could also break seed dormancy alone
or in combination with vernalization by promoting water uptake after removal/dissolution or oxidation of the harder
integument or inhibitory components present in the pericarp of several Eleocharis or other Cyperaceae species (Yeo and
Thurston 1983; Yeo 1986; Leeds et al. 2006; Webb et al. 2009; Rosbakh et al. 2019; Rosbakh et al. 2020). Similarly, we
found that chemical scarification significantly increased the probability of germination in E. carniolica compared to the
control for all duration periods apart from 24 h, though never reaching the highest value observed with vernalization (55
vs. 73%) and not affecting germination speed and uniformity. The mechanism of bleaching in promoting dormancy
release is unclear and some possible explanations are proposed. It could be associated to degradation of the seed coat
required to start the germination process, in accordance to microscopy observations by Leeds et al. (2006) and also in E.
carniolica in the present study, where bleach-treated seed coats showed a gel-like appearance. Another explanation could
be linked to an oxidising effect, given that sodium hypochlorite in solution also releases oxygen gas as a byproduct
(Bewley and Black 1982; Yeo 1986). It is suggested that bleach scarification could enhance germination by degrading
wax-like substances present in the pericarp in E. coloradoensis, while mechanical methods of scarification were only
partially successful (Yeo and Thurston 1983). In addition, bleach improves lignin degradation of seed coat cells by
oxidation, thus increasing water imbibition of the seed (Pierce et al. 2019). Otherwise, hypochlorite stimulates oxidative
signalling, like reactive oxygen species, which commonly plays a positive role in dormancy release to some extent (Farooq
et al. 2021). Rosbakh and coworkers (2020) reported that several Eleocharis species characteristic of muddy swamps and
ponds require aerobic conditions for germination, in addition to fluctuating light, water and temperature. Therefore,
chemical scarification could simulate what happens in nature, when seeds buried in muddy soils are occasionally
exposed to air and light after the passage of hoofed animals or agricultural machineries or mimic the effect of passage
of seeds through the digestive gut of wildfowl (Leeds et al., 2006). However, careful selection of the optimal exposure and
proper concentration of bleach is needed, in order to avoid the opposite effect resulting in a reduction in germination
performance, as observed in 24 h-bleach treated seeds, due to full pericarp loss or damage of the embryo (Marty and
Kettenring 2017).

In conclusion, we confirmed that E. carniolica seeds from populations of northern Italy can be stimulated by dormancy-
releasing pre-treatments of vernalization and, moderately, from chemical scarification to some extent, similar to several
other wetland Cyperaceae and Eleocharis species that exhibit scarce ex situ germination.

These results provide the basis for understanding the seed germination ecology of this endangered species and for
developing optimal procedures for its conservation, propagation and cultivation in ex situ conservation strategies and in-
situ restoration and reinforcement projects.
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Figure 1

Seed germination curve for vernalization and gibberellic acid treatments: vernalized seeds (blue, referred as VERN), non-
vernalized seeds (red), the filled points and lines represent the gibberellic acid treatment (referred to as GA3), and the
empty points and dashed lines represent the seeds without gibberellic acid. The treatment described as VERN+GA3 refers
to the combined effects of vernalization and gibberellic acid. The circles represent the observed germination proportion;
the lines (cumulative probability of germination) show the results of fitting equation 1 to the data.

Figure 2

Seed germination curves for the chemical scarification treatment. The number of hours of exposure to chemical
scarificant is represented by the increasing darkness of the line color, corresponding to an increase in treatment time. The
lines (cumulative probability of germination) show the results of fitting equation 1 to the data.


