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Abstract
The shrub Rubus erythroclados Mart. ex Hook.f. is endemic to Brazil and has high nutritional and medicinal potential. 
The objective of this study was to test scarification methods in the seed germination of R. erythroclados and to 
characterize the early stages of seedling development. The seeds were submitted to four treatments: 1) distilled 
water; 2) sodium hypochlorite (5% NaOCl); 3) sulfuric acid (80% H2SO4) and 4) sulfuric acid (98% H2SO4). The 
experimental design used was completely randomized. Each treatment (150 seeds) contained three replications 
with 50 seeds each, totaling 600 seeds. The seedling phase was also monitored weekly, from emergence to the loss 
of cotyledons. Furthermore, young plants were monitored until they acquired 5-leaflets. Seed germination had 
a general average of 46.3%. The treatment 5% NaOCl showed the highest mean germination (88.7%), followed by 
80% H2SO4 (66.7%), both higher than the distilled water (30.0%). No seeds germinated in the 98% H2SO4 treatment. 
The seedling emergence time in the substrate was, on average, 54.4 days, ranging from 22.3 to 107.3 days, after 
sowing. The 5% NaOCl and 80% H2SO4 treatments increased the percentage of seed germination by scarification and 
reduced the seedling emergence time, being indicated for the cultivation of R. erythroclados. On the other hand, 
the 98% H2SO4 treatment is not indicated, as it possibly damaged the seeds. In the seedling phase, the growth in 
height was slow and the average number of leaves increased over the weeks. This phase lasted on average 107.9 ± 
14.3 days. Pentafoliate leaves were observed on average 398.5 ± 54.7 days and lateral sprouting on average 435.7 
± 54.7 days, both after seedling emergence. These results indicate that plants produced by seeds may take some 
years to become sexually reproductive.

Keywords: medicinal plant, sexual reproduction, unconventional food plant.

Resumo
O arbusto Rubus erythroclados Mart. ex Hook.f. é endêmico do Brasil e apresenta alto potencial nutricional e 
medicinal. O objetivo deste estudo foi testar métodos de escarificação na germinação de sementes de R. erythroclados 
e caracterizar os estágios iniciais de desenvolvimento das plântulas. As sementes foram submetidas a quatro 
tratamentos: 1) água destilada; 2) hipoclorito de sódio (NaClO 5%); 3) ácido sulfúrico (H2SO4 80%); e 4) ácido 
sulfúrico (H2SO4 98%). O delineamento experimental utilizado foi o inteiramente casualizado. Cada tratamento 
(150 sementes) continha três repetições com 50 sementes cada, totalizando 600 sementes. A fase de plântulas 
também foi monitorada semanalmente, desde a emergência até a perda dos cotilédones. Além disso, plantas 
jovens foram monitoradas até adquirirem cinco folíolos. A germinação das sementes apresentou média geral de 
46,3%. O tratamento NaClO 5% apresentou a maior média de germinação (88,7%), seguido por H2SO4 80% (66,7%), 
ambos superiores a água destilada (30,0%). Nenhuma semente germinou no tratamento H2SO4 98%. O tempo de 
emergência das plântulas no substrato foi, em média, de 54,4 dias, variando de 22,3 a 107,3 dias, após a semeadura. 
Os tratamentos NaClO 5% e H2SO4 80% aumentaram a porcentagem de germinação das sementes por escarificação 
e reduziram o tempo de emergência das plântulas, sendo indicados para o cultivo de R. erythroclados. Por outro 
lado, o tratamento com H2SO4 a 98% não é indicado, pois possivelmente danifica as sementes. Na fase de plântulas, 
o crescimento em altura foi lento e o número médio de folhas aumentou ao longo das semanas. Essa fase durou, 
em média, 107,9 ± 14,3 dias. Folhas pentafoliadas foram observadas, em média, 398,5 ± 54,7 dias e brotações 
laterais, em média, 435,7 ± 54,7 dias, ambas após a emergência das plântulas. Esses resultados indicam que plantas 
produzidas por sementes podem levar alguns anos para se tornarem sexualmente reprodutivas.

Palavras-chave: planta medicinal, reprodução sexuada, planta alimentícia não convencional.
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There are no data in the literature on its germination and 
seedling development. Thus, the objective of this study 
was to evaluate scarification in seed germination and to 
characterize the early stages of seedling development of 
R. erythroclados.

2. Material and Methods

2.1. Experimental location and conditions

The experiment was carried out from January 2021 to 
March 2023 in the Federal Institute of Rio Grande do Sul 
(IFRS) – Campus Sertão. The first part of the experiment 
(seed germination) was carried out at the Natural Sciences 
Laboratory, and the second part (seedling evaluation) was 
carried out in a greenhouse.

The seeds were collected from a home orchard located 
in the municipality of Getúlio Vargas, South Brazil (27° 
52’ 37” S, 52° 13’ 35” W and 665 m.a.s.l.). The climate 
of the region, based on the Köppen classification, is Cfa 
(humid subtropical) with an average temperature of 
17.7 °C and annual rainfall of 1,803.1 mm (Ramos et al., 
2009). The local soil is classified as dystrophic Red Latosol 
(Oxisol) (Santos et al., 2018).

2.2. Treatments and experimental design

The seeds were submitted to four treatments: 1) distilled 
water − immersion in distilled water for 48 hours, adapted 
from Rawat  et  al. (2011); 2) sodium hypochlorite (5% 
NaOCl) − immersion in sodium hypochlorite for 16 hours 
and 32 hours in distilled water, according to Vásquez et al. 
(2019); 3) sulfuric acid (80% H2SO4); and 4) sulfuric acid (98% 
H2SO4) − both with immersion for one hour and 47 hours 
in distilled water, adapted from Bonilla Ponluisa (2013).

The experimental design used was completely 
randomized. Each treatment (150 seeds) contained 
3 repetitions with 50 seeds each, totaling 600 seeds. 
The seeds were sown in gerbox containing sand as 
substrate and were kept in BOD germination chambers, 
with a temperature of 20 °C and a photoperiod of 12 hours.

After emergence, the seedlings were transplanted to 
plastic pots containing an organic substrate. We consider 
as seedling all phase with cotyledons. In this phase the 
following stages of seedling development were identified, 
namely: I − seedling with two cotyledons; II − seedling 
with two cotyledons and one leaf; III − seedling with 
two cotyledons and two leaves; IV − seedling with two 
cotyledons and three leaves; V – seedling with two 
cotyledons and four leaves; VI – seedling with two 
cotyledons and five leaves.

After loss of cotyledons, 10 young plants were monitored 
to evaluate the presence of compound leaves and the 
number of leaflets was counted. The emission of lateral 
sprouting was also evaluated.

2.3. Variables analyzed

The following variables were analyzed: seed germination 
(%), seedling emergency (days), stage duration (days), 

1. Introduction

The genus Rubus (Rosaceae) is a highly diverse, including 
more than 750 species (Thompson, 1995) and has a global 
distribution (Hummer et al., 2019). Mostly the cultivation 
of plants of the genus Rubus is carried out in a vegetative 
way, however the use of seeds is of great importance for 
the genetic improvement and conservation programs 
(Clark et al., 2007). Due to the great diversity of Rubus 
species, a single standard protocol is unlikely to be useful 
for germinating seed of wild germplasm (Daubeny, 1996).

Seeds of this genus generally show dormancy of 
two natures: embryonic dormancy induced by specific 
germination inhibitors within the embryo or the 
presence of a dormant embryo, causing delay or even 
absence of germination; and/or dormancy imposed 
by the structure surrounding the embryo (rigid or 
impermeable integument), isolating the seed from the 
external environment, preventing its imbibition and gas 
exchange (Taylor, 2005; Zasada and Tappeiner III, 2003; 
Wada and Reed, 2011a).

In Brazil there are seven native species of Rubus 
(Carpanezzi et al., 2019). The native species of Rubus may 
have characteristics of interest for cultivation due to their 
hardiness and adaptation to climatic conditions, but none of 
the Brazilian species was domesticated. The domestication 
of native species, including those already known and used 
on a small scale by local and regional populations, still has 
little national or international market, and represents a 
great opportunity to be explored (Coradin et al., 2011). 
Furthermore, Rubus species are typical of early successional 
stages, indicating a potential for environmental recovery 
(Carpanezzi et al., 2019).

Among the native species, Rubus erythroclados Mart. 
ex Hook. f. is cited since the European arrival in Brazil, 
being its fruits known as apé at the time, already aroused 
the interest of colonizers (Hue, 2008). At the moment 
is popularly known as amora-verde, amora-branca or 
capinuriba-verde.

The species R. erythroclados is endemic to Brazil, 
occurring in the Atlantic Forest (Ombrophylous Mixed 
Forest and Campos) and in Cerrado Biomes, occurring 
in the South (Rio Grande do Sul, Santa Catarina and 
Paraná) and Southeast (São Paulo, Rio de Janeiro and 
Minas Gerais) regions of the Brazil (Simão-Bianchini, 
2015). It is considered one of the three most important 
species of the genus Rubus in southern Brazil (Reitz and 
Klein, 1996). R. erythroclados small shrub, reaching up to 
two meters in height, with loose, red branches armed 
with numerous aculeus, its lower leaves 5-foliolate and 
the upper 3-foliolate, ovate-lanceolate leaflets, narrow, 
acuminate, flowers with white color and small, arranged 
in terminal panicles, fruit with green color, subglobose 
(Pio Corrêa, 1984; Baroni et al., 2023). It is described as 
an unconventional food plant, due to its green fruits with 
high sugar content and pleasant taste (Kinupp and Lorenzi, 
2014; Bueno et al., 2018; Baroni et al., 2023). This species has 
medicinal properties, being used in popular phytotherapy 
(Cechinel Filho, 2000; Waltrich, 2014). Recent studies have 
demonstrated that the propagation of R. erythroclados 
by stem cuttings is viable (Balestrin et al., 2020, 2021). 



Brazilian Journal of Biology, 2024, vol. 84, e285568 3/6

Scarification in seed germination and early stages seedling development of Rubus erythroclados

seedling height (mm), hypocotyl diameter (mm), cotyledon 
length and width (mm); and leaf length and width (mm).

2.4. Statistical analysis

The data were submitted to the Shapiro-Wilk and 
Bartlett tests to verify the normality of the residues 
and the homogeneity of the variances, respectively. 
Subsequently, the data were submitted to ANOVA and 
Tukey’s test (α = 0.05). Analyzes were performed using 
the Sisvar 5.6 software. In addition, young plant data were 
analyzed by descriptive statistics (mean and confidence 
interval, with α = 0.05).

3. Results

Seed germination showed an overall average of 46.3%. 
The 5% NaOCl treatment showed highest germination 
(88.7%), followed by 80% H2SO4 (66.7%), both being higher 
than the distilled water (30.0%). None seeds germinated 
in the 98% H2SO4 treatment.

The emergence time, from sowing to emergence of 
seedlings in the substrate, was on average 54.4 days, 
ranging from 23.3 to 107.3 days. Regarding the emergence 
time of the seedlings in the substrate, the treatments 5% 
NaOCl (23.3 ± 0.7 days) and 80% H2SO4 (32.7 ± 0.8 days) 
showed a shorter seedling emergency time in relation to 
distilled water (107.3 ± 24.2 days) (Table 1).

At all stages of seedlings there were no significant 
differences for the evaluated morphologic variables 
between treatments (Table  1). The different stages of 
seedling development (Figure 1) were described, namely:
	 Stage I − The mean duration of phase I was 9.6 days. At 

this stage, the mean was 6.0 mm for seedling height and 
0.6 mm for hypocotyl diameter. The mean cotyledon 
length was 3.8 mm and the mean cotyledon width was 
2.4 mm;

	 Stage II − The mean duration of phase II was 10.0 days. 
At this stage, the mean was 8.0 mm for seedling height 
and 0.6 mm for hypocotyl diameter. The mean cotyledon 
length was 4.5 mm and the mean cotyledon width was 
3.0 mm. At this stage, the seedlings showed mean leaf 
length of 3.5 mm and mean leaf width of 2.5 mm;

	 Stage III − The mean duration of phase III was 14.8 
days. At this stage, the mean was 9.7 mm for seedling 
height and 0.7 mm for hypocotyl diameter. The mean 
cotyledon length was 4.8 mm and the mean cotyledon 
width was 3.3 mm. At this stage, the seedlings showed 
mean leaf width of 3.5 mm and mean leaf length of 
4.4 mm;

	 Stage IV – The mean duration of phase IV was 19.4 
days. At this stage, the mean was 9.7 mm for seedling 
height and 0.6 mm for hypocotyl diameter. The mean 
cotyledon length was 4.9 mm and the mean cotyledon 
width was 3.5 mm. At this stage, the seedlings showed 
mean leaf length of 4.0 mm and mean leaf width was 
of 2.9 mm;

	 Stage V – The mean duration of phase V was 21.1 days. 
At this stage, the mean was 11.5 mm for seedling height 
and 0.6 mm for hypocotyl diameter. The mean cotyledon 
length was of 5.2 mm and the mean cotyledon width 

was of 3.5 mm. At this stage, the seedlings showed mean 
leaf length of 4.7 mm and mean leaf width of 3.5 mm;

	 Stage VI − The mean duration of phase VI was 31.5 days. 
At this stage, the mean was 12.0 mm for seedling height 
and 0.6 mm for hypocotyl diameter. The mean cotyledon 
length was of 4.5 mm and the mean cotyledon width 
was of 3.4 mm. At this stage, the seedlings showed mean 
leaf length of 3.3 mm and mean leaf width of 2.7 mm.
In R. erythroclados, in the seedling phase, the growth 

in height was slow (Figure 2a) and the average number of 
leaves increased over the weeks (Figure 2b). The duration 
of the all seedling phase, from seedling emergence in the 
substrate to loss of cotyledons by the seedling, lasted on 
average 107.9 ± 14.3 days, ranging from 55 to 203 days.

Figure 1. Phases of seedling development (I, II, III, IV, V, VI) of 
Rubus erythroclados. Illustrates a top view of the seedlings (a); and 
illustrates a side view of the seedlings (b).

Figure 2. Mean height (a) and mean number of leaves (b) during the 
seedling development of Rubus erythroclados after their emergence 
on the substrate in all scarification treatments.



Brazilian Journal of Biology, 2024, vol. 84, e2855684/6

Rogalski, J.M. et al.

Table 1. Average germination and morphological attributes on stages of seedling development in different germination scarification 
treatments of Rubus erythroclados.

Stages Morphologic attributes 

Treatments

Overall mean
Coefficient of 

variation (%)Distilled 

water 
5% NaOCl 80% H2SO4 98% H2SO4 

I Seeds 150 150 150 150 150 -

Germination n = 45 n = 133 n = 100 n = 0 n = 92.7 -

% 30.0b 88.7a 66.7a 0c 46.3 18.4

Seedling emergency (days) 107.3b ± 24.2 23.3a ± 0.7 32.7a ± 0.8 - 54.4 88.1

Stage duration (days) 8.6a ± 1.2 9.4a ± 0.7 10.9a ± 1.1 - 9.6 11.8

Seedling height (mm) 5.2a ± 0.5 6.1a ± 0.4 6.7a ± 0.6 - 6.0 12.5

Hypocotyl diameter (mm) 0.5a ± 0.03 0.5a ± 0.02 0.8a ± 0.3 - 0.6 31.5

Cotyledon length (mm) 3.8a ± 0.3 4.1a ± 0.1 3.7a ± 0.3 - 3.8 6.1

Cotyledon width (mm) 2.4a ± 0.2 2.6a ± 0.1 2.3a ± 0.2 - 2.4 5.9

 II Stage duration (days) 10.6a ± 1.2 8.7a ± 0.6 10.7a ± 0.8 - 10.0 10.5

Seedling height (mm) 5.9a ± 0.5 8.5a ± 0.4 9.8a ± 0.6 - 8.0 12.7

Hypocotyl diameter (mm) 0.6a ± 0.03 0.6a ± 0.03 0.6a ± 0.03 - 0.6 15.5

Cotyledon length (mm) 4.6a ± 0.2 4.3a ± 0.1 4.6a ± 0.2 - 4.5 6.0

Cotyledon width (mm) 3.1a ± 0.2 2.8a ± 0.1 3.2a ± 0.2 - 3.0 9.4

Leaf length (mm) 3.9a ± 0.4 3.0a ± 0.2 3.8a ± 0.2 - 3.5 13.0

Leaf width (mm) 2.8a ± 0.2 2.1a ± 0.1 2.8a ± 0.2 - 2.5 11.9

III Stage duration (days) 19.4a ± 3.7 12.2a ± 0.9 12.9a ± 1.4 - 14.8 34.0

Seedling height (mm) 8.1a ± 0.6 10.1a ± 0.5 10.9 ± 0.8 - 9.7 16.2

Hypocotyl diameter (mm) 0.7a ± 0.03 0.7a ± 0.03 0.7a ± 0.04 - 0.7 11.3

Cotyledon length (mm) 5.1a ± 0.2 4.5a ± 0.1 4.7a ± 0.2 - 4.8 5.2

Cotyledon width (mm) 3.3a ± 0.2 3.0a ± 0.1 3.4a ± 0.1 - 3.3 5.5

Leaf length (mm) 4.8a ± 0.3 4.1a ± 0.2 4.2a ± 0.2 - 4.4 6.9

Leaf width (mm) 3.9a0.3 3.2a ± 0.2 3.4a ± 0.2 - 3.5 12.3

IV Stage duration (days) 21.0a ± 5.8 18.7a ± 1.6 18.4a ± 2.4 - 19.4 7.4

Seedling height (mm) 8.9a ± 1.2 9.5a ± 0.4 10.7a ± 0.7 - 9.7 21.1

Hypocotyl diameter (mm) 0.6a ± 0.02 0.6a ± 0.02 0.6a ± 0.02 - 0.6 1.7

Cotyledon length (mm) 5.2a ± 0.01 4.8a ± 0.1 4.7a ± 0.3 - 4.9 5.6

Cotyledon width (mm) 3.3a ± 0.02 3.8a ± 0.1 3.5a ± 0.3 - 3.5 7.9

Leaf length (mm) 4.2a ± 0.4 4.0a ± 0.1 3.9a ± 0.3 - 4.0 3.9

Leaf width (mm) 2.5a ± 0.2 3.1a ± 0.1 3.1a ± 0.2 - 2.9 10.8

V Stage duration (days) 28.0a ± 6.1 16.0a ± 0.9 19.3a ± 2.1 - 21.1 29.4

Seedling height (mm) 10.9a ± 1.2 12.4a ± 0.3 11.1a ± 1.1 - 11.5 9.8

Hypocotyl diameter (mm) 0.7a ± 0.02 0.5a ± 0.01 0.7a ± 0.03 - 0.6 14.5

Cotyledon length (mm) 5.3a ± 0.02 5.0a ± 0.1 5.5a ± 0.2 - 5.2 4.8

Cotyledon width (mm) 3.1a ± 0.02 4.0a ± 0.1 3.4a ± 0.04 - 3.5 11.9

Leaf length (mm) 5.2a ± 0.4 4.5a ± 0.1 4.5a ± 0.2 - 4.7 8.9

Leaf width (mm) 3.8a ± 0.3 3.3a ± 0.1 3.5a ± 0.3 - 3.5 7.1

VI

 

Stage duration (days) 31.5a ± 6.2 28.0a ± 1.2 35.0a ± 4.9 - 31.5 11.1

Seedling height (mm) 11.3a ± 1.2 12.8a ± 0.6 11.9a ± 0.7 - 12.0 11.0

Hypocotyl diameter (mm) 0.6a ± 0.03 0.7a ± 0.01 0.5 ± 0.01 - 0.6 15.7

Cotyledon length (mm) 4.5a ± 0.2 6.0a ± 0.1 3.1a ± 0.1 - 4.5 32.6

Cotyledon width (mm) 3.4a ± 0.1 4.2a ± 0.1 2.6a ± 0.1 - 3.4 23.1

Leaf length (mm) 3.9a ± 0.4 4.7a ± 0.2 4.5a ± 0.2 - 3.3 39.3

Leaf width (mm) 2.9a ± 0.2 3.6a ± 0.1 3.1a ± 0.1 - 2.7 34.3
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The young plants showed, on average, bifoliate leaves 
in 283.5 ± 21.8 days, trifoliate leaves in 260.6 ± 21.4 days, 
tetrafoliate leaves in 381.8 ± 114.8 days, and pentafoliate 
leaves in 398.5 ± 54.7 days, after seedling emergence in 
the substrate. The young plants showed lateral sprouting 
on average 435.7 ± 54.7 days after seedling emergence in 
the substrate.

4. Discussion

The 5% NaOCl and 80% H2SO4 treatments increased 
seed germination of R. erythroclados, possibly due to 
the scarification of the integument. Most blackberry 
and raspberry (Rubus) seed exhibit delayed or poor 
germination because of a deep double dormancy (Wada 
and Reed, 2011b). The effectiveness of sulfuric acid for 
Rubus seed scarification is likely due to degradation of 
proanthocyanidins (PAs) in the testa (Wada et al., 2011). In R. 
glaucus Benth, the cultivars ‘Castilla’ and ‘Andimora’ treated 
with 5.25% sodium hypochlorite had high germination 
percentages (~80%) (Vásquez et al., 2019). Scarification 
with sodium hypochlorite (15% NaOCl) is recommended for 
sand blackberry seeds (R. cuneifolius Pursh) (Campbell et al., 
1988). On the other hand, in dry seeds of six Rubus species, 
seeds scarified with NaOCl germinated more slowly and 
in significantly lower percentages for most species than 
seeds scarified with H2SO4 (Wada and Reed, 2011b).

Wada and Reed (2011b) when evaluating the 
germination of 17 species of Rubus, concluded that most 
of the freshly collected moist seeds from the species did 
not germinate, confirming that primary dormancy occurs 
in this genus. The dormancy of ‘Castilla’ blackberry seeds 
can be released by reducing coat impermeability through 
scarification with 5.25% sodium hypochlorite applied for 
16 to 21 h (Díaz Diez et al., 2013).

In R. coreanus seeds the best germination was achieved 
by stratifying seeds for 30-45 days prior scarifying with 
H2SO4 for 15 minutes. The germination was completed 
in two stages, (a) cracking of coat and (b) rupturing of 
endospermic layer. Scarification with 95% sulfuric acid 
generates a higher number of seeds germinated in R. 
idaeus, in a shorter period time (first weeks), in comparison 
to others concentrations of sulfuric acid (0, 5, and 50%) 
(Contreras et al., 2016).

None seed of R. erythroclados germinated in 
98% H2SO4 treatment possibly due to seed damage. 
The scarification time in H2SO4 can cause damage to 
the seeds (Hummer, 1996; Wada and Reed, 2011b; Díaz 
Diez  et  al., 2013). In R. glaucus sulfuric acid led to a 
germination percentage similar to the control as it could 
cause direct damage to the seed, affecting its emergence 
(Vásquez et al., 2019). On the other hand, the best treatment 
to scarify seeds of our R. idaeus crosses was with 95% sulfuric 
acid (Contreras et al., 2016). The genus Rubus is especially 
difficult due to the disparity in seed-coat thickness and 
structure (Daubeny, 1996).

Rubus species exhibited testa structure generally typical 
for the genus; however anatomical differences and unique 
composition of the cells, cell shapes, numbers and structure 
of layers, were noted among the species. These differences 

relate to the protective functions and germination inhibiting 
qualities of the seed coat (Wada et al., 2011). The observed 
differences in requirements for germination, were the 
thickness and hardness of the tegument key factor in 
studies carried out with eight wild species of Rubus 
(R. arcticus, R. chamaemorus, R. leucodermis, R. niveus, 
R. odoratus, R. parviflorus, R. sanctus, R. urticifolius) (Wada 
and Reed, 2011a).

There was no difference between the treatments for 
the variables (duration, height, diameter of the epicotyl, 
seedling height and width of the cotyledons and leaves), 
since the treatments used act only on germination.

The seedlings of R. erythroclados had simple leaves 
and, later on, the young plants added compound leaves 
with two, three, four or five leaflets. Breeding plants 
of R. erythroclados have digitate composite leaves with 
3 (cauline apex) and 5-leaflets (Carpanezzi et al., 2019; 
Baroni et al., 2023).

In conclusion, in addition to slow germination, seedlings 
(107.9 ± 14.3 days, after emergence in the substrate) and 
young plants (435.7 ± 54.7 days for compound leaves to 
acquire 5 leaflets, after seedling emergence in the substrate) 
of R. erythroclados also showed slow development. These 
results indicate that plants produced by seeds may take 
some years to become sexually reproductive. In distilled 
water, R. erythroclados seeds had dormancy with low 
and slow germination. Scarification with 5% sodium 
hypochlorite and 80% sulfuric acid increased germination, 
possibly due to the thickness and hardness of the seed 
coat found in the genus Rubus.
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