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Abstract. Efficient propagation of endangered plant species is a critical factor in
successful ecological restoration and conscientious habitat management. Hence,
propagation trials of nine endemic plant species of Madeira (Anthyllis lemanniana Lowe,
Armeria maderensis Lowe, Cedronella canariensis (L.) Webb & Berthel., Erica maderensis
(Benth.) Bornm., Genista tenera (Jacq. ex Murray) Kuntze, Helichrysum melaleucum Rchb. ex
Holl, Pericallis aurita (L'Her.) B. Nord., Sideritis candicans Aiton and Teline maderensis
Webb & Berthel.) were carried out. Plant propagation requirements and their sexual and
vegetative propagation methods were studied. Seed germination success varied between
species. Germination rate exceeded 70% in six out of nine species, being lower than 30%
in Pericallis aurita, while H. melaleucum seeds did not germinate. Vegetative propagation
yielded lower success rates, with three species (Erica maderensis, Genista tenera and Teline
maderensis) unable to establish roots, and three species (Helichrysum melaleucum, Pericallis
aurita and Sideritis candicans) exceeding 60% of the rooting success.

Establishment of the propagation requirements of these species could be regarded an
important tool for supporting Madeira’s flora conservation programs.
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Propagacdo de nove espécies de plantas endémicas da ilha da Madeira (Portugal)
Sumadrio. A propagacdo eficaz de espécies de plantas ameacadas pode ser um fator
critico numa restauragdo ecolégica de sucesso e numa gestdo consciente de habitats.

Por conseguinte, foram realizadas ensaios de propagacdo de nove espécies de plantas
endémicas da Madeira (Anthyllis lemanniana Lowe, Armeria maderensis Lowe, Cedronella
canariensis (L.) Webb & Berthel., Erica maderensis (Benth.) Bornm., Genista tenera (Jacq. Ex
Murray) Kuntze, Helichrysum melaleucum Rchb. Ex Holl, Pericallis aurita (L'Her.) B. Nord.,
Sideritis candicans Aiton e Teline maderensis Webb & Berthel.).

Foram analisados os requisitos de propagacado destas espécies através de métodos de
propagagcdo sexual e vegetativa.

O sucesso da germinacdo das sementes variou entre as espécies. A taxa de
germinagdo foi superior a 70% em seis das nove espécies, sendo inferior a 30% em
Pericallis aurita, e de 0% para H. melaleucum. A propagacao vegetativa apresentou taxas de
sucesso inferiores, com trés espécies (Erica maderensis, Genista tenera e Teline maderensis)
incapazes de estabelecer raizes. Por outro lado, trés espécies apresentaram taxas de
enraizamento superiores a 60% (Helichrysum melaleucum, Pericallis aurita e Sideritis
candicans).

O estabelecimento dos requisitos de propagagdo dessas espécies pode ser considerado
como uma ferramenta importante na conservagdo da flora da Madeira.

Palavras-chave: Propagacdo de sementes, propagacao vegetativa, conservacao de plantas

Propagation des neuf espéces de plantes endémiques de 1'ile de Madére (Portugal)
Résumé. La propagation efficace des especes végétales menacées est un facteur critique
pour la restauration écologique réussie et la gestion consciencieuse de 1'habitat.

Ainsi, ont été réalisés les essais de propagation de neuf espéces de plantes
endémiques de Madere (Anthyllis lemanniana Lowe, Armeria maderensis Lowe, Cedronella
canariensis (L.) Webb et Berthel., Erica maderensis (Benth.) Bornm., Genista tenera (Jacq. Ex
Murray) Kuntze, Helichrysum melaleucum Rchb. Ex Holl, Pericallis aurita (L'Her.) B. Nord.,
Sideritis candicans Aiton et Teline maderensis Webb & Berthel.).

Les besoins de propagation des plantes et leurs méthodes de propagation sexuelle et
végétative ont été étudiés.

Le succés de la germination des semences variait d'une espéce a l'autre. Le taux de
germination a dépassé 70% chez six espéces sur neuf, soit moins de 30% chez Pericallis
aurita, alors que les graines de H. melaleucum n'ont pas germé.

La multiplication végétative a donné des résultats inférieurs avec trois especes (Erica
maderensis, Genista tenera et Teline maderensis) incapables d'établir des racines, alors que
trois especes (Helichrysum melaleucum, Pericallis aurita et Sideritis candicans) excédant 60%
du succeés d'enracinement.
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L'établissement des besoins de propagation de ces espéces pourrait étre considéré
comme un outil important pour soutenir les programmes de conservation de la flore de
Madere.

Mots-clés: Propagation de semences, multiplication végétative, conservation des plantes
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Introduction

Oceanic islands tend to have unique floras, with higher number of
endemisms, with the Archipelagos of Madeira and Selvagens being a prime
example. Their flora comprises of 1,204 vascular plant species, 780 native and
154 endemics, with endemism representing 13% of the overall diversity (JARDIM
& SEQUEIRA, 2008). Madeira Island has the second richest flora of Macaronesia,
harboring the highest biodiversity per area (BORGES et al., 2008).

Undoubtedly, Madeira is included in one of Europe's hotspots of
biodiversity, being integrated in the biodiversity hotspot of the Mediterranean
(MYERS ef al., 2000; BORGES et al., 2008), and a recognized site for conservation
priorities (BORGES et al., 2008; BILZ et al., 2011). Many plant species have small
population sizes or are threatened and, therefore, there is a need for ex situ and
in situ conservation efforts in order to safeguard this unique natural heritage.

The effects of climate changes and anthropogenic activities on native
ecosystems are also affecting Madeira. Over the last years we have noticed some
vulnerability of Madeira’s plant cover concerning forest fires and floods.
Historical climatic records have shown a progressive climate warming
throughout the last century, reaching up to 0.51°C per decade in some areas,
and it is expected to increase in the decades to follow (MIRANDA et al., 2006;
SAUTER et al., 2013). A considerable reduction in annual precipitation (up to
30%) (MIRANDA ef al., 2006; CRUZ et al., 2009; SAUTER et al., 2013) and water
availability (up to 40-50%) (OLIVEIRA et al., 2006) are also predicted. These
constrains will have a critical impact on water resources of small creeks and
ground water aquifers, threatening natural ecosystems (SAUTER et al., 2013). The
expected changes will lead to the expansion of invasive species, an altitudinal
shift in the native vegetation that will undergo a decrease in its suitable area
(FREITAS & COUTINHO, 2006; CRUZ et al., 2009), and an expected increase of
plant disease and pests (CORREIA et al., 2006).

Consequently, under these conditions, mountain ecosystems and their
vegetation will suffer an increasing pressure. The actions to restore these fragile
ecosystems will be of great importance to reverse the trend of species loss
(DORNER, 2002). The use of native species is advantageous to successful
ecosystem restoration. Native plants form self-sustaining, locally adapted
communities that do not require great maintenance efforts, and hence tend to
resist damage from numerous external stress factors, such as fires, drought and
diseases (DORNER, 2002).
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The nine plant species studied in this work (Anthyllis lemanniana Lowe,
Armeria maderensis Lowe, Cedronella canariensis (L.) Webb & Berthel.,, Erica
maderensis (Benth.) Bornm., Genista tenera (Jacq. ex Murray) Kuntze, Helichrysum
melaleucum Rchb. ex Holl, Pericallis aurita (L'Her.) B. Nord., Sideritis candicans
Aiton and Teline maderensis Webb & Berthel.) are prime examples of native plant
species that should be used in the ecological restoration of these ecosystems as
they represent a succession stage that leads to the climax stage of the target
habitat (CAPELO et al., 2004). They represent the understory and edges of the
Laurel and Heaths forests (CAPELO et al., 2004), and are expected to be
successful colonizers after a habitat disturbance.

Although seed propagation is a preferred method for habitat restoration or
plant recovery purposes due to genetic diversity conservation (BONNER &
KARRFALT, 2008), low seed availability favors vegetative propagation as a faster
alternative and an efficient method for the multiplication of some species.

Furthermore, the seeds of many native wild species require specific
conditions to germinate (MEYER, 2006), resulting from their adaptation to
ecological and environmental cues that trigger germination (LUNA et al., 2009).
This is due to seed dormancy mechanisms developed in nature to increase the
chances of seedling survival by preventing germination during unsuitable
ecological conditions or by delaying germination (MEYER, 2006; BONNER &
KARRFALT, 2008; TAIZ & ZEIGER, 2010).

A variety of treatments can be used to break dormancy, including
scarification (mechanical or chemical), soaking, light, germination stimulators
(such as gibberellins, GA) and stratification (or chilling) (BONNER & KARRFALT,
2008; LUNA et al., 2009, HARTMANN et al., 2011).

When seed germination is unsuccessful, vegetative propagation by rooted
cuttings, air layering, grafting, budding or micropropagation could be
attempted as alternative methods of plant propagation (BONNER & KARRFALT,
2008). Some plant species, including those in wild habitats, develop vegetative
reproduction as an alternative way of reproduction. According to the best of our
knowledge, information about seed germination success and vegetative
propagation of these nine species has not been published to date.

The main objective of this study was to attain the know-how on the
propagation requirements of the nine target plant species and establish
propagation protocols considering both the seed and vegetative methods.
Furthermore, the study of their propagation may assist in the conservation of
these taxa, from which three species face the risk of extinction (or are vulnerable)
and have low population counts (A. lemanniana, A. maderensis and S. candicans)
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(JARDIM et al., 2006), and two of which are on the list of the 100 taxa for priority
management in Madeira (A. lemanniana, A. maderensis) (FARIA et al., 2008).
Additionally, A. lemanniana is listed in the Bern Convention and Habitats
Directive (Annexes II, IV) (JARDIM & SEQUEIRA, 2008; BILZ et al., 2011).
Moreover, the species studied in this work are part of protected habitats, namely
the "Endemic Macaronesian Heaths" and "Macaronesian laurel forests (Laurus,
Ocotea)", both priority habitats (EUROPEAN COMMISSION, 2013).

Materials and Methods
Plant material

The reproductive features of nine species belonging to five families were
studied: A. lemanniana, G. tenera and T. maderensis from Fabaceae; C. canariensis
and S. candicans (Lamiaceae); H. melaleucum and P. aurita (Asteraceae); A.
maderensis (Plumbaginaceae); and E. maderensis (Ericaceae) (Table 1).

Plant material was collected from 18 wild populations, located along
different altitudinal ranges. On the south face of the island, the collection sites
were Assomada (c. 200 m a.s.l.), the Ecological Park of Funchal (c. 470 m a.s.L),
Monte da Tabaiba (c. 272 m a.s.1), near Poiso (c. 1,414 m a.s.l), Encumeada (800 -
900 m a.s.l.), Levada da Serra do Faial (750 - 800 m a.s.l.) and Ribeiro Frio (830 -
860 m a.s.l). On the north face, the surveyed sites included Folhadal (1,000 m
a.s.l), Funduras (c. 597 m a.s.l), Portela (c. 626 m a.s.l), Achadas da Cruz (575 m
a.s.l.), Levada da Ribeira da Janela (430 - 460 m a.s.l.), Chao da Ribeira (c. 500 m
a.s.l), Levada dos Cedros (840 - 1,130 m a.s.l), Lombo do Mouro (c. 1,280 m
a.s.l). Additionally, several sites cross through the island, encompassing both
the north and south faces, including the Central Mountain Massif, namely
Caminho Real da Encumeada (c. 940 m a.s.l.), Padl da Serra (c. 1,500 m a.s.l) and
the Vereda do Arieiro (1,542 - 1,818 m a.s.l).

In general, plants grown at the collection sites bloom and set fruits from
spring through autumn, depending, however, on climatic conditions (PRESS &
SHORT, 1994; JARDIM & FRANCISCO, 2000). In most cases, vegetative plant
material was collected between May and November 2011 and seeds were
collected from June through November 2011.
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Table 1 - Plants species studied, with description of their biological type,
ecology and collection sites (PRESS & SHORT, 1994; JARDIM et al., 2007)

Species Life Form Ecolo Altitudinal Site and Date of Seed
(Family) Life cycle type 24 range [m] a.s.l. collection
Decumbent to
X Cliffs, steep rocks
o Anthyllis b:;;ecr;::;nfglfonr;ug:;e and ledges in the
lemanniana ! mountainous central | 1,200 - 1,800 m | Pico do Arieiro, 08/2011
herbaceous woody- . .
(Fabaceae) based perennial region of Madeira
Pol}l/jcarpic ' Island.
Exposed rocky and
® Armeria maderensis Tufted herb with Sand}.’ sites on t}'1e Highest altitudes | Pico do Arieiro, 07/2011,
. woody, branched stock. | summits of the high
(Plumbaginaceae) . (ca. 1,800 m) 08/2011
Monocarpic. central peaks of
Madeira Island.
Levada dos Cedros,
07/2011, 09/2011; Ribeiro
OCedronella Perennial herb to small | Laurisilva and shady P(ljirsl(()), 8;; égﬁ’ gi(/) 12:111;1
canariensis bush, woody at base. sites of Madeira Above 500 m ’ ’ 8
(Lamiaceae) Polycarpic Island Park of Funchal, 07/2011;
yearpic. : Lombo do Mouro;
08/2011; Encumeada,
08,/2011, 09/2011
Stocky shrub up to 80 In heath sites ar.ld on
. . bare rock faces in the .
® Erica maderensis cm, usually prostrate. . Only vegetative
. . mountainous central | 1,400 - 1,800 m .
(Ericaceae) Woody perennial. . . propagation
Polycarpic region (l)f hgadelra
) Island.
® Genista tenera . Caminho Real da .
(Jacq. ex Murray) Unarmed woody Exposed rocky cliffs From sea level Encumeada, 07/2011;
Kun t‘Ze perennial shrub, up to | and ravines, mainly t01.700 m Monte da Tabaiba,
(Fabaceae) 2,5 m. Polycarpic. on the south side. upto 07/2011; Assomada;
07/2011;
® Helichrysum Woody-based 1
melaleucum Rchb. ex Shl‘l(l)l(; yeree::ialsrza to Exposed rocky cliffs | From sea level Achadas da Cruz,
Holl 100 'CI}; Pol ca,r E and steep rocks up to 1,700 m 08/2011
(Asteraceae) - olycarpic.
Caminho Real da
Slender, open semi- Laurisilva and Encumeada, 07/2011;
® Pericallis aurita ' OP . ravines and on rocky . Encumeada, 07/2011;
\ hardwood perennial . . Altitudes above
(L'Her.) B. Nord. shrub up to 1.5 m slopes in the higher 1.000 m Funduras, 08/2011;
(Asteraceae) Pol Pc)ar ié ' parts in the interior ! ) Portela, 08/2011; Patl da
yearpic. of Madeira Island. Serra, 08/2011; Achadas
da Cruz, 08/2011
® Sideritis candicans Herbaceous small cleI;:;nZl:;iia;lden Lombo do Mouro,
Aiton shrub, perennial, 45 - n§ it iﬁ ! 600 - 1,700 m 08/2011; Encumeada,
(Lamiaceae) 100 cm. Polycarpic. I\ZZ dei}; as Iselsan d 08/2011
® Teline maderensis Unarr.ned woody Laurisilva and rocky | From sea level Encumeada, 0 8/. 2011;
perennial evergreen . . Levada da Ribeira da
Webb & Berthel. wooded ravines, and | up to the highest .
(Fabaceae) shrubs or small tree, up iti liff ltitud Janela, 08/2011; Ribeiro
to 6 m. Polycarpic. martiime ciiis. attudes Frio, 11/2011

® Endemic to Madeira; oEndemic to Macaronesia.
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The seeds were air-dried in trays for a few days, and subsequently manually
cleaned. Any visually malformed or immature seeds were rejected. The seeds
were then stored in dry conditions at room temperature in glass containers with
silica-gel. The vegetative material was propagated, at the most, a day after
collection.

The study was conducted in a non-acclimatized greenhouse located at the
Floriculture Centre (Lugar de Baixo, Ponta do Sol) on the southern coast of
Madeira, 10 - 40 m a.s.l. The climate is dry infra-mediterranean, characterized
by a long dry season during the summer months (MESQUITA et al., 2004). The
greenhouse has a roof covered with hard plastic panels, and open walls covered
with nets. The temperatures inside the structure ranged from 29°C (day) to 19°C
(night) during summer/autumn, while in winter temperatures varied between
23-24°C (day) and 14-15°C (night).

Seven seed pre-treatments and three vegetative propagation methods were
used to study their effects on seed germination and plant propagation.

Final germination percentage was calculated for seed propagation and the
rooting percentage was reported for the vegetative propagation.

Statistical analysis for seed germination and vegetative propagation data
analysis was performed using the SPSS Statistics 22 software package. Both
parametric and nonparametric tests were performed, and the p-value (<0.05)
was calculated to establish significant differences between each treatment. For
statistical analysis, data as percentages were transformed to arcsine\ (x/100).

Seed propagation trials

Germination trials were carried out between June 2011 and April 2012. In
general, seven seed treatments were tested, namely: a) control, without
treatment; b) mechanical scarification; c) cold water immersion; d) mechanical
scarification, followed by immersion in water; e) gibberellic acid (GAs)
treatment; f) scarification in hot water; and g) scarification in boiling water
(Table 2).

Due to limited seed availability, the above-mentioned treatments, including
control tests, were selectively applied only to the species that were indicated as
relevant in several bibliographical references. Specifically, control tests for C.
canariensis and T. maderensis were not performed based on the seed hardness of
this species that would turn the seed unable to imbibe water, and therefore,
unable to germinate (HARTMANN et al,, 2011). Similarly, prompted by the
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bibliographical references, control test were not performed on A. lemanniana
(DOUSSI & THANOS, 1993, 1994; IBANES & PASSERA, 1997; PRIETO et al., 2004;
MORBIDONI et al., 2008). The rarity of some species and scarcity of seed
production affected the seed sample size, which was not uniform throughout
the tests. Therefore, each trial contained a variable number of seeds according to
the species, with 2 to 6 replicates (for more details see Table 2).

Table 2 - Final germination percentage (%) of the experimental tests to study
the sexual propagation of the target species

Treatments
Mechanical Boilin:
. Seeds Mechanical |Cold water (scarification + GA; Hot water 8 Cold
Species 3 Control P . PN water e .
per trial scarification |immersion water treatment |scarification ificati Btratification
immersion scarification
. 97.8%
39.3% (une)
o
Armeria | 255 | 369% ) 3.6% 100 ) i ; - 98.0%
maderensis " 4 21.1%(12h) 0%
20-30 41.7 % (une)
50
(*; mechanical
scarification) 5.8%(3h25);
Cedronell 30 - 500 57.1%; 7% (18h);
CqTONErl 1 ¢t cold water = 46% 0%(10h); 133% = - = 3.3%
canariensis S 100%
30 (102)(120)
(scarification +
immersion)
450 - 511
Genista tenera | 10 (% hot 24.2% - - - - 56.2 - 91.6% 3.1% -
scarification
)
Helichrysum |Seeds were 0% _ _ B _ _ _ _
melaleucum ot summed| i
1000 16.8%
pen'c,‘zllis (control) a5 (Sep(en;ber) A B _ _ B _
aurita R 29.5%
2000 (December)
. 72.5 % (ight);
40 Creontrol) (0 Chade),
Sideritis 36.4-70% ! 125% 25% (10h); B 25% Tamb); B _ _
candicans | | ae 7% ”’ PP 17.2%m) 70% ¢
- .7%
(January)
733%(5 min,
Toline August);
oo 20" = - = 40 - 50%(1h30) - p5-85%0Cmin = -
maderensis November);
36.49% (10 min)

If no treatment is mentioned, seed number is applied in all seed treatments. * Indicates trials
with 2 to 6 duplicates.

The following are details of seeds pre-treatment:
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a. Mechanical scarification - the seeds were rubbed between two sheets of
fine-grained sandpaper;

b. Cold-water treatment - the seeds were immersed for different periods,
ranging from 30 minutes up to 24 hours, depending on the species;

c. Mechanical scarification plus water treatment - combination of sandpaper
scarification, followed by water immersion for 90 min up to 6 h;

d. GAj treatment - the seeds were immersed in a 100 ppm solution of GA3
for 72 h, either at room or cold temperatures (3°C);

e. Scarification with hot water - boiling water was poured for 5 or 10 min on
the seeds placed in a glass container;

f. Scarification with boiling water - the seeds were placed in a small strainer
and immersed in boiling water (100°C) for 1 min.

An additional treatment was applied to A. maderensis and C. canariensis,
consisting of the seed cold stratification at a temperature between 1 - 6°C, for 3
months and 1 month respectively, by placing the seeds on a layer of filter paper
soaked in distilled water in a sterile Petri dish.

After the treatment, the seeds were sown in germination trays filled with a
substrate mixture of soil, peat and perlite (2:1:1), which was used in the majority
of the germination trials. For A. maderensis and S. candicans a different substrate
composition was also tested that included the addition of gravel to the substrate
(soil, gravel, peat and perlite, with a ratio of 2:2:1:1).

All the seeds were thoroughly cleaned except for A. maderensis, whose seeds
were tested with and without their papery bracts.

The germination trays were covered with a glass sheet to maintain humidity
and were watered every two days.

The seeds were considered germinated with the radicle emergence through
the seed coat (TAIZ & ZEIGER, 2010).

Each trial had duration of six months for A. lemanniana, C. canariensis and H.
melaleucum, and ten months for A. maderensis, G. tenera, P. aurita, S. candicans and
T. maderensis.

The number of days to germination of 50% of all germinated seeds (Tso) was
calculated according to the following formula of BACCHETTA et al. (2008):

Ts0=[(N/2-Ni) (To-T1)] +T1/ N2-Ny

where, N is the final number of emergence and Ni; and N the cumulative
number of seeds germinated by adjacent counts at times T; and T respectively,
when N1 < N/2 <Na». The Tsy values were not calculated when germination was
below 5%.
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Vegetative propagation trials

Vegetative propagation of C. canariensis, E. maderensis, G. tenera, H.
melaleucum, P. aurita, S. candicans and T. maderensis, were carried out between
June 2011 and April 2012. A. lemanniana and A. maderensis were not considered
suitable for vegetative propagation due to their characteristics, that involve little
or no vegetative spread and their highly herbaceous nature.

Simple cuttings were tested for all of the six species in the vegetative
propagation trials. Additional approaches included trench layering for C.
canariensis and P. aurita, and heel cuttings for T. maderensis. The number of
cuttings per test was not standardized due to the scarcity of some species in
nature, and therefore, their collection in nature was made considering the
number of individuals available in the wild populations in a sustainable
approach.

To prepare stem cuttings, a slant angle cut was made just below a node and
the leaf area was reduced, leaving only 2 - 3 apical leaves. For cuttings that were
taken from the middle portion of a branch, a straight cut was made in the apical
portion to reduce water loss. Layering was prepared by wounding the nodes.
The cuttings were tested with indole-3-butyric acid (IBA) or potassium salt of
indole-3-butyric acid (KIBA) and without the rooting hormones. A powder
formulation of IBA with different concentrations of IBA was used according to
the type of cutting, namely 0.1% w/w IBA for softwood cuttings (IBA 0.1%),
0.3% w/w IBA for semi-hardwood cuttings (IBA 0.3%), and 0.8% w/w IBA for
hardwood cuttings (IBA 0.8%).

Cuttings were established in a substrate mixture of soil, peat and perlite
(2:1:1). All cuttings were bed in substrate mixture, either in small plastic bags or
in styrofoam boxes covered with a glass sheet in order to maintain humidity
until the establishment of rooting. The cuttings were watered every two days.

Cedronella canariensis and P. aurita were tested for two methods of vegetative
propagation: simple stem cuttings (softwood) with a slant angle, as well as
trench layering. For the stem cuttings the difference between the absence of
hormones and IBA 0.1% was tested. For the trench layering trial, no hormones
were used. For the C. canariensis tests, 35 cuttings were used for the IBA 0.1%
trials and 421 cuttings for the simple cuttings without the hormones. Forty-three
cuttings were tested using the layering method. In P. aurita, simple cuttings
without hormones were used on 17 cuttings, while IBA 0.1% was applied on 46
cuttings. For the layering method, 10 cuttings were tested for each trial (with
and without hormones).
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Erica maderensis cuttings (hardwood) were tested either without hormones or
with IBA 0.8%. For this species each trial consisted of 20 cuttings.

The heel cutting method was applied to G. tenera, both softwood and
hardwood cuttings, both without hormones, and with IBA 0.1% and 0.8%,
respectively. For this species each trial was performed with 25 to 40 cuttings.

For H. melaleucum, 1 cm of the epidermal layer from the lower portion of the
semi-hardwood cutting was removed in order to increase rooting success
(DRAGOVIC, 2009) and dipped in KIBA (500 ppm) or IBA (1,000 ppm), both for 5
seconds. For this species each trial consisted of 20 to 30 cuttings.

For S. candicans, semi-hardwood stem cuttings were tested with a quick-dip
in IBA (1000 ppm) for periods of 5, 7 and 10 seconds and KIBA (500 ppm) for 7
seconds. For this species, the trial using IBA was performed with 20 cuttings
and those using KIBA consisted of seven to nine cuttings.

Teline maderensis was tested for two approaches of the vegetative
propagation: simple stem cuttings with a slant angle as well as the heel cutting.
For the semi-hardwood stem cuttings the difference between no hormones and
a quick-dip in IBA (1,000 ppm) for 10 seconds was tested. For the heel cuttings,
IBA 0.1%, 0.3% and 0.8% were used, respectively for softwood, semi-hardwood
and hardwood cuttings. For this species each trial was performed on 20 to 43
cuttings.

Results
Seed propagation

The results of seed propagation trials are summarized in Table 2.

Seeds of Anthyllis lemanniana were submitted to only one treatment based on
the literature data and therefore the control test was not performed. Mechanical
scarification was applied in two distinct seed trials (one in June and one in
December). We observed that the chosen propagation method was more
effective in December, with a success rate of 97.8% (Table 2).

On the other hand, Tso was lower in June (5.65 days) by comparison with
December (11 days).

Armeria maderensis seeds were tested using three treatments, namely control,
cold-water immersion and cold stratification. We found that the highest success
rate was reached in seed trials with cold stratification (98.0%, Table 2). The

second highest success rate was achieved without any seed treatment, i.e.,
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control (41.7% in June, and 36.9% in December). This species Tso showed a high
range, fluctuating between 12,65 (control, December) and 63.08 days (control,
June); and cold-water immersion yielded a Tsp of 71.66 days. Regarding trials
with cold stratification, Tsy values were not calculated since all the seeds
germinated at approximately the same time, and therefore the formula was not
applicable.

Cedronella canariensis seeds were subjected to five treatments (Table 2).
Control tests were not performed based on the seed hardness that would make
the seed unable to imbibe water, and therefore, unable to germinate. In these
cases, the seed usually requires some other kind of treatment to germinate. The
most successful was water immersion for 12 h resulting in 100% germination.
Mechanical scarification appeared to be the second best method, yielding 57.1%
germination. The remaining treatments resulted in a lower germination success,
between 0% and 46.0%.

C. canariensis Tsp values were high. The mechanical scarification treatment
attained 90.34 days, while water immersion Tsy values ranged between 84.25
days (18h), 89.27 days (3h 25 min) and 102 days (12h). Regarding the treatment
that combined mechanical scarification and water immersion, all the seeds
germinated at approximately the same time, and therefore the formula was not
valid and the T5 value was not calculated.

Genista tenera germination was tested under three seed treatments, namely,
control, immersion in hot water 5 min, and immersion in boiling water 1 min.
The most successful was hot water scarification for 5 min, leading to
germination between 56.2% and 91.6% (Table 2). The lowest success rate was
achieved with the boiling water scarification for 1 min (3.1%). This species trials
showed low Tsy values, namely 13.66 days for the control treatment, and from
13.53 up to 27.08 days for the hot water scarification treatment.

Helichrysum melaleucum tests were deemed unsuccessful with no germination
established.

Pericallis aurita seeds were exposed to three seed treatments (Table 2). The
best result was attained with the mechanical scarification with a low success rate
of 29.5% in December, whereas in September this value was even lower,
reaching 16.8% germination. Water immersion yielded 23.5% (August), and
control treatment achieved only 5.3%.

P. aurita Tso values were similar amongst treatments, with values between
16,16 (December) and 30.89 days (September) with mechanical scarification,
with these values increasing with the decrease of germination success. The
water immersion trials showed a Tso of 28.5 days.
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Sideritis candicans seeds were subjected to four treatments, namely control,
mechanical scarification, water immersion, and GA; dipping either combined
with cold stratification at 3°C or sown at room temperature (Table 2). A test was
made to verify the best period of the year for the propagation of this species.
The highest success rate was achieved in the control trial in August (72.5%), and
the tests performed in early January showed 70% germination. On the other
hand, control trials performed in September showed lower germination success,
between 38.36 and 40%. A test was performed (August) in order to explore the
effect of light without seed treatment. We found that light led to a higher
germination (72.5%) than the shade conditions (20.0%, Table 2). Another
treatment that showed high germination success was GA; dipping combined
with cold stratification with a 70.0% germination success.

This species yielded different Tsp values depending on the treatment applied
to the seeds. The lowest Tso values were found in the seeds treated with GA;,
namely 11 days at 3°C and 19.5 days at room temperature. In the control trials,
the lowest Ts were from tests performed in January (15.28 days), whilst trials
performed between August and September yielded values between 20 and 76.5
days. Concerning Tso values found in the other trials, the mechanical
scarification trials were found to have a Tso of 43.5 days, whilst water immersion
reached 29 days.

Teline maderensis seeds were subjected to two treatments, namely to hot water
immersion of different durations, and a combination of warm water immersion
and mechanical scarification (Table 2). The test with the best results was
immersion in hot water for 5 min, with success rates between 55.0% and 85.0%.
On the other hand, hot water immersion for 10 min lowered germination to
36.4%. The combination of warm water immersion and mechanical scarification
resulted in 40.0 up to 50.0% germination.

T. maderensis Tsy lowest values were observed with the 5 min hot water
treatment, being the lowermost in August (20 days) followed by November
(30.11 days). The 10 min trials yielded a Tsp value of 38 days, and the
combination of warm water immersion and mechanical scarification reached
31.67 days.

Regarding the statistical tests, the results demonstrated that there was no
statistical difference between treatments, except for G. tenera, with a p-value of
0.025 in the one-way ANOVA test.
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Vegetative propagation

The results of plant vegetative propagation are summarized in Table 3.

Cedronella canariensis vegetative propagation was performed between May
and November using two methods, the simple stem cuttings and the trench
layering (Table 3). IBA 0.1% was applied only in May, since the cuttings using
this hormone showed a low success rate (3.0%). Regarding cuttings without
hormones, the highest success rate was reached in November (48.2%), followed
by August and July, both with 41.0% success. The lowest success rate was
achieved in May (33.0%). We found that in most cases the rooting occurred
within a month from the commencement of the treatments. The trench layering
method had the highest success rate in July (30.8%) followed by June (20%).

Propagation success of Helichrysum melaleucum greatly depended on the time
of experiment (Table 3). Cuttings made in May had a success rate of only 4.0%.
On the other hand, cuttings prepared in August showed a 60.0% success rate.
These results were achieved only with a 5 second quick-dip in KIBA (500 ppm)
since the cuttings tested with IBA (1000 ppm) did not root at all.

In Pericallis aurita, the most successful treatment was trench layering with
and without hormones (60% and 80%, respectively) (Table 3). On the other
hand, simple cuttings proved to be a less effective method, not reaching, overall,
higher than 36.9%.

Sideritis candicans cuttings attained a general yield of 47.8% (Table 3). The
highest success rate was achieved in May, with a 5 second quick-dip in 1000
ppm IBA (75.0%), followed by trials made in June (70.0%). Cuttings made in
August showed a lower success rate, between 10.0% (10 sec quick-dip in 1000
ppm IBA) and 50.0% (5 sec. quick-dip in 1000 ppm IBA), where only rooting
nodules where observed. However, due to this species scarcity in nature, few
cuttings were tested.

The lowest success of vegetative propagation was recorded for G. tenera, T.
maderensis and E. maderensis (all 0%), with the cuttings dying within a month.

In the statistical tests performed for vegetative propagation, the results
demonstrated that there was no statistical difference between treatments.
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Table 3 - Rooting percentage (%) of the experimental studies of the vegetative
propagation treatments applied to each species

Treatments
Stem Stem Softwood Semi- HaZ?de
Species Stem cuttings | cuttings - cuttings - |stem cuttings | hardwood cuttings - Trench Heel Cuttin
P -No treatment | IBA1000 | KIBA500 | -01%p/p |stem cuttings | j'cor & o | layering 8
ppm ppm IBA L 0.3% p/p IBA | 1315 P
Cedronella o o 20.0 -
canariensis D=L B 3 3.0% B - 30.8% B
Erica ) 0% B _ B B 0% _ B
maderensis
Genista tenera 0% - - 0% - 0% - -
Helichrysum 0% 7.6% May);
melaleucum B ° 72 % (August) B - B - -
60.0% (with
Pericallis o o hormones),
aurita 29.4% - = 36.9% - - 80.0% (without -
hormones)
70.0-75.0%
Sideritis (5 sec dip);
_ ; 4 (7 sec di _ - . - -
candicans 22.2% (7 secdip); A 2
25.0% (10 sec dip)
Teline 0% 0% = 0% 0% 0% = 0%
maderensis
Discussion

There is very little previously published information regarding propagation
features of the studied Madeiran species. These species employed several
germination strategies, and in the majority of cases, germinated under a variety
of settings achieving the highest success under specific conditions. This is
consistent with prior findings reporting relationships between the seed traits,
dormancy and habitat among species of close genera (MAYA et al., 1988; DOUSSI
& THANOS, 1993, 1994; PRESS & SHORT, 1994; THANOS & DOUSSI, 1995; IBANEZ
& PASSERA, 1997; HANLEY & FENNER, 1998; HEIMBINDER, 2001; AYANOGLU et
al., 2002; ESTRELLES et al., 2004, 2010; PRIETO et al., 2004; GARCIA et al., 2005;
LOPES et al., 2005, SERRANO-BERNARDO et al., 2007, BONNER et al., 2008;
MORBIDONI et al., 2008; CERVELLI, 2009; PAPAFOTIOU & KALANTZIS, 2009;
KADIS et al., 2010; UCAR & TURGUT, 2011), as well as habitat of origin (PRESS &
SHORT, 1994; JARDIM et al., 2007).

The germination success ranged from 70.0% (A. lemmaniana, A. maderensis, C.
canariensis, G. tenera, S. candicans and T. maderensis) to 0% (H. melaleucum), while
P. aurita showed an intermediate germination success (29.5%).

The vegetative propagation does not appear to be an ultimate reproductive
strategy within three species that showed no rooting success, and only four
species reaching a rooting success higher than 60%.
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Anthyllis lemanniana commenced germinating only after a certain period of
time after mechanical scarification. These observations point to the assumption
that mechanical scarification mimics this species habitat (rocky cliffs in the
highest altitudes of the island) and the need for cold temperatures to trigger
germination. Therefore, it is safe to assume that the main factors affecting this
species germination are the temperature and breaking seed coat dormancy. This
is also supported by previous reports documenting that a major characteristic of
the Anthyllis genus is seedcoat hardness, hence primary dormancy could be
broken by the mechanical scarification (DOUSSI & THANOS, 1993, 1994; IBANEZ
& PASSERA, 1997; HANLEY & FENNER, 1998; PRIETO et al., 2004; MORBIDONI et
al., 2008).

In Armeria maderensis dormancy breaking treatments were needed to achieve
germination success. Plant seeds exhibited a higher germination rates after cold
stratification (98.0% germination success), leading to the break of seeds
thermodormancy (secondary dormancy). This fact can be correlated with this
species habitat in the highest peaks of the island, up to 1,860 m a.s.l. (PRESS &
SHORT, 1994; JARDIM & FRANCISCO, 2000).

Cedronella canariensis seeds showed the highest success rates after water
immersion (12h, 100%) and mechanical scarification (57.1%). These results point
to the water availability and uptake as key requirements for seeds germination,
which is consistent with species habitat, where water is typically available in
abundance. Therefore, it can be assumed that this species displays physical
dormancy (primary dormancy). In fact, germination tests performed by
ENSCOBASE (2011) showed that scarification of the seeds (chipped with scalpel)
lead to germination between 46 and 100%, whilst the use of sole GAs lead to
germination success of only 5 to 26%, proving the need for scarification. On the
other hand, C. canariensis seems to be easily propagated by simple softwood
(herbaceous) stem cuttings without rooting hormones requirement, which can
be used as an alternative strategy of plant reproduction.

Erica maderensis vegetative propagation trials were unsuccessful. This could
point to an existence of a persistent seed bank sufficient to assure survival of the
species, and therefore, the plant did not develop robust vegetative reproduction
strategies. Additional experiments involving the treatment with heat or smoke
could shed some more light on the details of reproduction tactics of E.
maderensis, since it has been observed that Ericaceae species are more prone to
reproduce vegetatively after disturbances, such as fires (VALBUENA & VERA,
2002; PAULA & OJEDA, 2006, 2009). A research conducted by PAULA & OJEDA
(2009), who studied the aboveground and belowground response of three
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species of Erica, E. australis L., E. scoparia L., and E. arborea L., and their capacity
to resprout after disturbances revealed that the belowground (root) starch
reserves are more crucial for resprouting when compared to the aboveground
biomass.

Genista tenera propagation tests showed that this species seeds requires hot
water scarification (5 min) treatment to break physical dormancy imposed by a
hard seedcoat. Such treatment resulted in effective germination (between 66.7
and 91.6 %) since the heat was used to soften the seedcoat. These conditions
mimicked high temperatures experienced by the plant during the summer
reproductive period. Similar results have been obtained with Genista species,
namely Genista monspessulana (L.) L. Johnson, where heat-treated seeds with
boiling water germinated rapidly with over 50% of germination (ZOUHAR,
2005). A study performed on several species of the Genistae tribe showed that in
general, the germination success was improved for nearly all of the taxa when
scarifying agents (such as sulphuric acid) were applied (LOPEZ et al., 1999),
substantiating the need for scarifying in order to break dormancy of these
species. On the other hand, vegetative propagation proved to be an ineffective
reproductive strategy for G. tenera.

Teline maderensis seed propagation tests showed a great similarity with the
results obtained for G. tenera, with the seeds requiring hot water scarification (5
min) to remove physical dormancy. As with G. tenera, vegetative propagation of
T. maderensis species was also unsuccessful, perhaps due to these species
vegetative regeneration strategy. Species of the Fabaceae usually reproduce by
vegetative means sporadically, after being subjected to a disturbance such as a
fire, when typically the upper part of the plant is destroyed, and thus allowing
for the vegetative reproduction to be initiated from the neck or base of the root
system (SAHA & HOWE, 2003; ZOUHAR, 2005; REYES et al., 2009). This has been
observed in other species of the Genistae tribe such as Genista triacanthos Brot.,
Ulex minor Roth and Ulex europaeus (L.) (REYES et al., 2009). Therefore, cuttings
from their branches would hardly lead to a rooted cutting. This is in agreement
with the observation that G. tenera and T. maderensis seeds germinated better
under high temperature conditions.

Helichrysum melaleucum shows to have low seed productivity, and few viable
seeds were found in nature. We observed that seeds of this species were heavily
affected by pest feeding on the inflorescence and seeds, making seed availability
scarce. The 0% germination obtained in seed trials without treatments can be
explained by the seeds non-viability, or the need to combine factors or
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treatments to break their dormancy. Thus far, there has not been any attempt to
propagate this species.

Studies conducted with species belonging to the same genus, Helichrysum
gossypinum Webb., a Canary Island endemic, have shown that germination of
this species could be mainly influenced by temperature (MAYA & PONCE, 1989).
Another study with H. gossypinum and Helichrysum monogynum Burtt &
Sunding, another endemic species of the Canary Islands, showed that without
any seed treatment, only the latter species showed 20.0% germination (MAYA et
al., 1988). In the same study, the use of GA3 leads to germination of 27.5% of H.
gossypinum and 12.5% of H. monogynum seeds (MAYA et al., 1988). However, it
has been observed in nature and the gardens that seeds of this species sprout
near the mother plant. We hypothesize that the mother plant could establish
some interactions with soil rhizosphere, thus increasing the seed germination
success. At the same time, vegetative propagation was mediocre, with 60%
rooting success in the presence of KIBA (500 ppm). Vegetative propagation of H.
melaleucum appears to be dependent on the time of year, as it has been already
shown by DRAGOVIC (2005a; 2005b; 2009) in other Helichrysum species of
Madeira. Therefore, it appears that the best propagation method of this species
would be vegetative propagation due to its low seed germination.

Pericallis aurita seeds required mechanical scarification treatment to break
seed dormancy in order to reach of 29.5% germination success, thus displaying
physical dormancy, probably due to a hard seedcoat. Interestingly, a study
performed by BANARES et al. (2003) with the germination of Pericallis hansenii
(Kunkel) Sunding, a Canary endemic closely related to P. aurita, showed very
different results. In these trials, the control tests resulted in 59.5% germination,
whilst germination augmented with the hormone treatment (GA3) reached 84%.
However, since the germination success of P. aurita is fairly low, the plant could
rely on vegetative propagation as a reproductive strategy. Simple stem cuttings
and trench layering, regardless of the use of hormones can reach 90.0% of
rooting success. Rooting success seems to have a physiological basis and is
season dependent (time of year conditioned). Similarly, the study performed by
BANARES et al. (2003) showed good vegetative propagation results with simple
cuttings with the use of IBA 0.10% (80.0% rooting success).

Sideritis candicans does not require any sort of seed treatment to achieve high
germination success, regardless of time of year, light conditions and cold
stratification. On the other hand, a study performed with two Iberian Sideritis
species, Sideritis pungens Benth. and Sideritis chamaedryfolia Cav. showed that
germination of these species is affected by temperature, pre-treatment used, and
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especially light conditions (ESTRELLES et al., 2010). The different needs of S.
candicans could be due to the diverse environments of the species, since S.
pungens grows in sub-humid high mountains (1,000 - 2,000 m a.s.l.) and S.
chamaedryfolia is found in dry, thermo-mesomediterranean habitats (500 - 850 m
a.s.l.) (ESTRELLES et al., 2010). Likewise, when KADIS ef al. (2010) studied the
germination requirements of Sideritis cypria Post, it was shown that temperature
was the main factor impacting this species germination, but no additional pre-
treatments were required, as in S. candicans. In contrast, a study conducted in
Bulgaria showed that a species of Sideritis, Sideritis scardica Griseb., required GAs;
to germinate (80.9%), whilst seeds with no treatment did not germinate at all
(KOZUHAROVA, 2009). This plant also shows an effective vegetative
propagation, most efficient, when simple cuttings are combined with a 5 second
quick-dip in 1000 ppm of IBA (70 - 75%), preferably in late spring - early
summer.

The statistical tests generated results that are in contrast with the field
observations, showing that there was no statistical difference between
treatments, both in seed propagation and vegetative propagation. These
divergences between field results and statistical results could be due to the use
of samples to small or insufficient to detect any effect in statistical tests, i.e., the
trials and their effects were with an inadequate sample size, thus providing a
false negative (KANYONGO et al., 2007; RITCHIE ef al., 2011; REINHART, 2012;
COLQUHOUN, 2014).

Overall, physical dormancy appears to be the most common type of
dormancy displayed by the nine native Madeiran species studied in the present
work. At the same time, the major ecological constraints to seed germination are
represented by temperature and water availability. Physical dormancy of hard
seedcoat species (A. lemanniana, C. canariensis, G. tenera and T. maderensis)
appears to be mainly due to inability of the seeds to imbibe water.

We were able to verify that the mechanical scarification is a suitable method
for A. lemmaniana and P. aurita, while G. tenera and T. maderensis require hot
water scarification for 5 min. On the other hand, A. maderensis requires cold
stratification and C. canariensis could be propagated either by the mechanical
scarification or cold water immersion. Interestingly S. candicans does not require
any seed treatment to germinate, even though the application of GA; also gave
positive results. The only species that did not show any germination was H.
melaleucum, in which the lack of viable seeds led to insufficient germination
trials. Therefore, sexual propagation of this species requires further studies.
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Vegetative propagation appears to be a method applicable to only a few
species with rooting success higher than 50% in only three species, namely H.
melaleucum, P. aurita and S. candicans, followed by C. canariensis, reaching near
50 % success. All tested species adopted different vegetative regeneration
strategies — C. canariensis does not require rooting agents and is propagated by
simple stem cuttings, H. melaleucum requires KIBA (500 ppm) and propagates
better in the summer, P. aurita is best propagated by the trench layering, and S.
candicans with a 5 sec. dip in IBA 1,000 ppm.
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