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Abstract: Brazilians have been using the underground organs of Smilax species in alternative medicine since the 
19th century because of their anti-rheumatic qualities. However, even nowadays, these species are explored only 
by extractivism. Studies on seed germination and development of these organs could be useful to preserve these 
plants. After germination, seedling development of Smilax polyantha was analyzed to understand underground 
stem formation. Furthermore, to analyze the ontogenesis of the underground system, seedlings aged from one 
to twelve months were sectioned. One of the most striking features of this species is the presence of two stem 
branching systems. The plumule gives rise to the first stem branching system with negative geotropism. Its first 
underground axillary bud sprouted into the other caulinar axis with positive geotropism. The horizontal growth 
and the subsequent thickening of this underground organ depended on the development of axillary buds from 
basal nodes of the previous branches. The cotyledonary bud did not play a role in the underground formation, 
as previously described in the literature for this genus, but the buds of the basal cataphylls built the second stem 
branching system. In this study we discuss the terminology and suggest calling this second stem branching 
system a rhizophore.
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Resumo: As espécies de Smilax L. são utilizadas na medicina popular brasileira desde o século 19 devido às 
propriedades anti-reumáticas atribuídas aos órgãos subterrâneos de todas as espécies. No entanto, ainda hoje, 
essas espécies são exploradas apenas por extrativismo. Estudos sobre a germinação e o desenvolvimento dos 
órgãos subterrâneos podem ser úteis para preservar essas plantas. Após a germinação, o desenvolvimento de 
plântulas de Smilax polyantha foi analisado para compreender a formação do sistema subterrâneo. Para a análise da 
ontogênese do sistema subterrâneo foram seccionadas plantas em diferentes estágios de desenvolvimento entre um 
e doze meses. Uma das características mais marcantes desta espécie é a presença de dois sistemas de ramificação 
caulinar. A plúmula dá origem ao primeiro sistema caulinar de ramificações com geotropismo negativo. As gemas 
axilares subterrâneas desse primeiro eixo caulinar originam o segundo eixo caulinar com geotropismo positivo. O 
crescimento horizontal e o espessamento do órgão subterrâneo dependem do desenvolvimento de gemas axilares 
de nós basais dos ramos anteriores. A gema cotiledonar não participa da formação do caule subterrâneo, como 
descrito anteriormente na literatura para este gênero, mas as gemas axilares basais dos ramos caulinares aéreos 
originam o segundo eixo de ramificação caulinar subterrâneo. Neste estudo, após ser discutida a terminologia 
mais adequada, sugere-se chamar o caule subterrâneo dessas espécies de rizóforo.
Palavras-chave: anatomia, desenvolvimento, salsaparrilha, rizoma, rizóforos.
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observed were submitted to tetrazolium test (Brasil 1992) to determine 
their viability. In that test, immediately following the longitudinal 
section, the seeds were placed into a small plastic cup containing 
1% tetrazolium. This container was covered with aluminum sheet to 
prevent the evaporation of the solution and kept at 30 °C for 24 hours. 
The seeds with red-colored embryo were considered viable.

Analyses of variance were performed (one factor: treatment), 
using Tukey’s test in order to identify possible differences between 
number of germinated seeds among treatments (p ≤ 0.05).

3. Morphology and anatomy

The observation of seedlings and young plants development 
was performed from December 2006, when the first seedlings were 
obtained, to December 2007. The definition and differentiation of 
seedlings and young plants were based on Smilax studies by Andreata 
& Pereira (1990).

Seedlings and young plants at different stages were fixed in 
Karnovsky solution (Karnovsky 1965), dehydrated in ethanol series 
and stored in 70% ethanol. The morphology of the vegetative organs 
was registered through photographs and botanical illustrations. The 
morphology of the seedlings was described according to Tillich (2007).

For the anatomical analysis, samples from different developmental 
stages of Smilax polyantha were fixed as above described, dehydrated 
in ethylic series and embedded in historesin (Leica Historesin). 
Serial sections were cut at 8-10 µm thickness on a rotary microtome 
(Sass 1951) and stained with toluidine blue O (Sakai 1973). 
Permanent slides were mounted in synthetic resin “Entellan”. 
Images from slides were captured digitally through a Leica DMLB 
microscope with a video camera attached to a PC, using Leica, IM50 
image analysis software.

Results

1. Germination study

The highest number of germinated seeds was found at 30 °C, 
followed by 20-30 °C (Table 1). Rates of germination for both 
treatments were 27% and 14.5%, respectively (Table 1). By analyzing 
the viability of seed with tetrazolium test (Table 1), it was possible to 
verify that 86% of the seeds continued to be viable in the treatment 
20 °C and 50% in the treatment 30 °C. Seeds which were considered 
to be viable had an embryo with reddish colour after the immersion 
in tetrazolium solution. Non-viable seeds were those with destroyed 
embryo (by fungi) or with no reddish colour after the test. Few seeds 
were found with no embryo (not viable seeds), as well as viable seeds 
with two embryos.

Although there is no significant difference between the 
temperatures 30 °C and 20-30 °C (Table 2), the percentage values 
suggest that temperature 30 °C should be used for seed germination of 
the studied species. The other four treatments showed a low number of 
germinated seeds, with rates of germination below 5% (1.0%, 4.0%, 
2.5% and 3.5% for 20 °C, 25 °C, 15-35 °C and 20-30 °C, respectively).

Several other factors were analyzed for seed germination under 
30 °C but none of them improved their rates of germination (data not 
shown). As seeds were viable and presented satisfactory absorption 

Introduction

The Smilax genus consists of approximately 30 species widely 
distributed across the Brazilian territory. Plants are known as 
“salsaparrilha” and “japecanga” in the Brazilian popular medicine. 
However, even nowadays, these species are explored only by 
extractivism.

Studies on seed germination are important to solve taxonomic 
and phylogenetic problems, to contribute to the knowledge of plant 
morphology through the ontogenesis, to recognize species in the 
field. Moreover, these studies reinforce the necessity of conservation 
of Smilax species in forest and tropical savanna (Cerrado) areas of 
Brazilian central region (Andreata & Pereira 1990).

Several authors investigated the germination and development of 
Smilax species (Holm 1890, Andreata 1980, Pogge & Bearce 1989, 
Andreata & Pereira 1990, Andreata & Menezes 1999, Rosa & Ferreira 
1999, D’Antuono & Lovato 2003, Santos et al. 2003). However, there 
are conflicting results on the seed germination rates.

Holm (1890) extensively investigated and described the 
development of the underground systems of some North American 
species of Smilax without anatomical data. Andreata & Pereira (1990) 
described the post-seminal development as divided into seedling 
and young plant stages. According to the authors, the seedlings 
were characterized by the presence of eophyll and the young 
plants by the presence of protophylls. Andreata & Menezes (1999) 
described the underground system in Smilax quinquenervia using 
both morphological and anatomical features, defining this system as 
rhizophores based on its origin.

This study presents seed germination and seedling and young 
plant morphology of Smilax polyantha Grisebach and discusses the 
terminology of the underground system.

Material and methods

1. Plant Material

Seedlings were obtained by germination studies from seeds of 
Smilax polyantha Grisebach collected from several adult plants in 
Pratânia-SP (S 22° 48’ 54, 5’’ W 48° 44’ 33,2’’) and Mogi Guaçu, SP 
(S 22° 15’ 18,9’’ W 47° 9’ 15,7’’), in Cerrado areas in southeastern 
Brazil, during April and May of 2006. The voucher of the specimen 
(107664) was deposited in the ESA Herbarium, Brazil. Seedlings 
were cultivated in greenhouse during one year after germination.

2. Germination study

The experiment was conducted in a completely randomized 
design with six different treatments (15-35 °C, 20-30 °C, 20-35 °C, 
20 °C, 25 °C and 30 °C) and eight replications. All treatments were 
exposed to a daily photoperiod of eight hours. For each replication, a 
germination box (11 × 11 × 3 cm) with cover was used, where 292 g 
of sand was added, containing 45mL of water (60% of the restrained 
value) with 25 seeds.

The experiment was established in October 2006 and finished in 
November 2007. The seeds in which a normal-appearing embryo was 

Table 1. Seed viability of Smilax polyantha after tetrazolium test at the end of seed germination experiment. (V) Number of seeds not germinated, but still 
viable; (NV) Number of seeds not germinated and not viable; percentage of seed germination (G %).

Tabela 1. Viabilidade das sementes de Smilax polyantha após o teste do Tetrazólio ao final do experimento de germinação de sementes. (V) Número de sementes 
não germinadas, mas ainda viáveis; (NV) Número de sementes não germinadas e não viáveis; Porcentagem de germinação de sementes (G %).

20 °C 25 °C 30 °C 15-35 °C 20-30 °C 20-35 °C
V NV V NV V NV V NV V NV V NV

Number of seeds 172 26 160 32 100 46 164 31 145 26 166 27
Seeds germinated 2 8 54 5 29 7
G% 1.0 4.0 27.0 2.5 14.5 3.5
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Figure 1. a) Seedling of Smilax polyantha with few days after germination. Dotted lines indicate the cross sectioned sector showed from b to d. b) Cotyledon 
consisting of a haustorial hyperphyll (cot) and a short cotyledonary sheath (cs) protecting the plumular axis (pa). c) Vascular transition region below of the 
insertion of the cotyledon and the cotyledonary sheath. d) Primary root. cs = cotyledonary sheath; cot = cotyledon; ct = cataphyll; en = endosperm; pa = plumular 
axis; pr = primary root; arrow = vascular tissue.

Figura 1. a) Plântula de Smilax polyantha poucos dias após a germinação. As linhas pontilhadas indicam a região seccionada apresentada em b a d. b) O 
cotilédone é haustorial (cot) e a bainha cotiledonar é curta (cs) protegendo o eixo caulinar plumular (pa). c) Região de transição vascular abaixo da inserção dos 
cotilédones e da bainha cotiledonar. d) Raiz primária. cs = bainha cotiledonar; cot = cotilédone; ct = catafilo; en = endosperma; pa = eixo caulinar plumular; 
pr = raiz primária; arrow = tecido vascular.

a b

c d

of water, it is possible that the low germination percentage of this 
species might be associated with the seed metabolism.

2. Morphology and anatomy of seedlings

The germination of this species was cryptohypogeal (Figure 1a). 
At the beginning of germination, the cotyledonary sheath, plumule, 
hypocotyl and radicle are pushed through the testa on the opposite 
side of the hilum (Figures 1, 2a).

The cotyledon was compact and consisted of a haustorial 
hyperphyll and a short cotyledonary sheath embracing the 
cotyledonary node and protecting the plumule axis (Figure 1b). The 
cotyledonary sheath exhibited idioblasts with raphides.

Both hypocotyl and epicotyl were very short (480 µm and 200 µm 
in length, respectively) and the first plumular leaf and the first axillary 
bud were basally embraced by the cotyledonary sheath (Figure 2a).

In transection, the hypocotyl was composed by a uniseriated 
epidermis with stomata, the cortex was parenchymatous and a 
few cells of its innermost layer (endodermis) exhibited U-shaped 
thickenings. The vascular cylinder was a transition zone where 
it was not possible to analyze the maturation of the protoxylem 
strands and the arrangement of xylematic and phloematic elements 
(Figure 1c). The primary root showed uniseriate epidermis, cortex 
with isodiametrical cells, idioblasts with raphides, endodermis 
with thick-walled cells and a vascular cylinder – tetrarch and 
protostelic – surrounded by a uniseriated pericycle with thin-walled 
cells (Figure 1d).
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The plumule of these seedlings gave rise to at least three cataphylls 
before foliage leaves (eophylls) were produced. The cataphylls were 
hyaline, apiculate, one on each node, alternate and amplexicaul. They 
showed three collateral vascular bundles and stomata were observed 
in the epidermis of the cataphyll and cotyledonary sheath.

Serial longitudinal (Figure 2a) and cross sections (Figure 2b, c) 
of different seedlings allowed us to verify that the cotyledonary 
bud did not play a role in the rhizophore formation. There was a 
meristematic area that corresponded to a rudimentary cotyledonary 
bud at the insertion point of the cotyledonary sheath with the 
cotyledon (Figure 2c).

Following the development of the seedling from one month to 
one year of age (Figure 3), it was possible to verify that the primary 
root was not short-lived as in other monocotyledons, whereas it did 
not have a conspicuous growth.

One-month-old seedlings had the primary root and white 
adventitious roots, plumular axis with two cataphylls and the seed 
was still attached to the seedling (Figure 3a, c).

Five-month-old seedlings contained three visible hyaline 
cataphylls, the eophyll, the first metaphyll and its first stem 

ramification. The basis of the two-caulinar branches started to enlarge 
(Figure 3d, e), but some parts of the seed remained attached.

One-year-plants had three aerial branches (Figures 3f, 4a). The 
primary root was still present but it was very difficult to distinguish 
it from the adventitious roots in different developmental stages from 
the basal region of the stem branches (Figure 3f). The anatomical 
analysis of the enlarged caulinar basis (Figure 4b) showed that the 
horizontal growth and the subsequent thickening of the underground 
organ depended on the axillary buds development from basal nodes 
of the previous branches.

Discussion

Holm (1890) was the first author to describe the morphology of 
the underground stem of Smilax rotundifolia and S. glauca, which are 
common species in North America. According to Holm (1890), the 
thickened region of the underground system of Smilax rotundifolia is 
called rhizome, and its origin is in the axillary bud of the cotyledon. 
Andreata & Menezes (1999) also described the formation of the 
underground stem in Smilax quinquenervia from the cotyledonary 
bud. However, in S. polyantha the cotyledonary bud is rudimentary 
and the origin of the underground stem is from the axillary bud of 
the first cataphyll at the plumular axis.

Underground stems as the ones of the genus Smilax are used to 
be called ‘rhizome’ (Holm 1890, Arber 1925, Raunkiaer 1934, Troll 
1937, Holttum 1955). Troll (1937) defined rhizomes as underground 
stems, growing under the surface of the soil, with internodes and 
nodes, with cataphylls, their axillary buds and, of course, with 
adventitious roots. Their main feature is a thick structure, which is 
necessary to store nutrients. Several papers dealt with this definition 
and gave detailed information about the rhizomes of different species 
(Troll 1937, Bell & Tomlinson 1980, Pütz & Sukkau 2002).

Andreata & Menezes (1999) described the underground stem of 
the Smilax quinquenervia as rhizophore. Rhizophores are the second 
vegetative stem branching system in plants whose plumule gives 
rise to the aerial vegetative branching system. The great difference 
between rhizome and rhizophore is that rhizome originates from 
the plumule (Holm 1929, Troll 1937) and constitutes the only 
vegetative stem branching system of the plant. Rhizophore arises 
from the cotyledonary bud (Andreata & Menezes 1999; Hayashi 
&Appezzato-da-Glória 2005), from the thickening of the hypocotyl 

a b c

Figure 2. a) Longitudinal and b,c) cross sections of seedlings of Smilax polyantha a few days after germination at a similar sector indicated in a. Notice the 
short epicotyl and a rudimentary cotiledonary bud (Figure c, arrow). The first axillary bud of the cataphyll (ct) is seen in detail in a and b. ab = axillary bud; 
cs = cotyledonary sheath; ct = cataphyll; pa = plumular axis; pr = primary root.

Figura 2. a) Secções longitudinal e b,c) transversais de plantas de Smilax polyantha poucos dias após a germinação na região indicada em a. Detalhe do epicótilo 
curto e gema axilar rudimentar (Figura c, seta). A primeira gema axilar (ct) é visualisada em detalhe em a e b. ab = gema axilar; cs = bainha cotiledonar; 
ct = catafilo; pa = eixo caulinar plumular; pr = raiz primária.

Table 2. Analysis of variance of the number of germinated seeds of 
Smilax polyantha. Data were transformed into the square root of (x + 0.5) to 
reduce variation. Values of F and the coefficient of variation (CV). Different 
letters mean significant differences between treatments (Tukey’s test, p ≤ 0.05).

Tabela 2. Análise de variância do número de sementes germinadas de 
Smilax polyantha. Os dados foram transformados na raiz quadrada de (x + 0.5) 
para reduzir a variação. Valores de F e do coeficiente de variação (CV). Letras 
diferentes representam diferenças significativas entre os tratamentos (Teste 
de Tukey, p ≤ 0.05).

Treatments Germinated seeds
20 °C
25 °C
30 °C

15-35 °C
20-30 °C
20-35 °C

0.8365b

1.1358b

2.5833a

1.0105b

1.9760a

1.1197b

CV (%)
F (treatments)

34.2324
15.32***

*** p ≤ 0.001
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e f

Figure 3. Seedlings and one-year-old plant of Smilax polyantha. a,c) One-month-old seedlings. c) Two axillary buds are indicated after removing the cataphyll. 
d) The detail of the underground stem indicated in E. e) Five-month-old seedling. f) One-year-old plant. The sector indicated in E is shown in Figure 4. ab = 
axillary bud; cla = caulinar axis from axillary bud development; cs = cotyledonary sheath; ct = cataphyll, pa = caulinar axis from plumular development; pr = 
primary root; ro = adventitious roots; se = seed.

Figura 3. Plantas jovens e plantas com um ano de idade de Smilax polyantha. a,c) Plantas com um mês de desenvolvimento. c) A remoção dos catafilos evidencia 
as duas gemas axilares. d) Detalhe do caule subterrâneo indicado em E. e. Planta com cinco meses de desenvolvimento. f) Planta com um ano de idade. A 
região indicada em E está em detalhe na Figura 4. ab = gema axilar; cla = eixo caulinar originado pelo desenvolvimento de uma gema axilar subterrânea; cs = 
bainha cotiledonar; ct = catafilo, pa = eixo caulinar desenvolvido pela plúmula; pr = raiz primária; ro = raiz adventícia; se = semente.
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2008). On the other hand, this type of strategy assures a successful 
establishment and thus, survival in the environment. The presence 
of underground axillary buds and the capacity of sprouting should be 
examined under ecological point of view of clonal growth (compare 
Klimeš et al. 1997).

Regarding the efforts of conservation biologists in protecting 
species from the Cerrado, we could consider S. polyantha as a 
threatened species, mainly because of the extractivism activity. On 
one hand, this species showed low rates of germination and very 
slow development. On the other hand, the part used in the popular 
medicine is the underground system. Hence, extractivism activities 
hinder sprouting and may therefore be a great threat to the protection 
of this species in Cerrado ecosystems.

Conclusion

The morphological and anatomical analyses confirm that the 
underground system of Smilax polyantha is a rhizophore since it 
constitutes a second cauline system in the plant. Its origin is from the 
axillary bud of the first cataphyll at the plumular axis and not from 
cotyledonary buds as previously reported for other Smilax species.
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