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ABSTRACT - The objective of this study was to evaluate the effects of temperature, substrate 
and pre-germinative treatments on T. triangulare seeds. Four temperatures (constant 20, 
25, 30 °C and alternate 20-30 °C) and two types of seeding (on paper and between paper), 
with light, were evaluated. The pre-germinative treatments evaluated included: immersion 
in water (24 hours), immersion in 6% hypochlorite solution (1 hour), immersion in 0.2% 
potassium nitrate solution (24 hours), immersion in 0.05% gibberellin solution (24 hours) 
and the control (untreated seeds). The highest germination percentage was observed at the 
alternate temperatures of 20-30 ºC, but with no significant difference between the substrates at this 
temperature. Soaking seeds in KNO3 gave the highest percentage germination and germination 
speed index (GSI), which differed from the other treatments except for soaking in water. Pre-
soaking of T. triangulare seeds favors germination and may be done only in pure water, resulting 
in a more rapid and uniform germination.

Index terms: substrate, germination, dormancy, medicinal plant. 

TEMPERATURA E TRATAMENTOS PRÉ-GERMINATIVOS NA GERMINAÇÃO DE 
SEMENTES DE Talinum triangulare (Jacq.) Willd  (PORTULACACEAE)

RESUMO - O objetivo neste trabalho foi avaliar os efeitos da temperatura, substrato e tratamentos 
pré-germinativos, sobre a germinação das sementes de T. triangulare. Foram avaliadas quatro 
temperaturas (constantes de 20, 25, 30 ºC e alternada de 20-30 ºC) e dois tipos de substrato 
(sobre papel e entre papel), na presença de luz. Também foram avaliados os tratamentos pré-
germinativos: imersão em água (24 horas); imersão em solução de hipoclorito a 6% (1 hora); 
imersão em solução de nitrato de potássio a 0,2% (24 horas); imersão em solução de giberelina 
0,05% (24 horas) e testemunha (sementes sem tratamento prévio). A maior porcentagem de 
germinação foi verificada na temperatura alternada 20-30 ºC, e não houve diferença significativa 
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entre os substratos nesta temperatura. A imersão das sementes em KNO3 proporcionou as 
melhores respostas de porcentagem e índice de velocidade de germinação (IVG), diferindo dos 
outros tratamentos, a exceção do tratamento de imersão em água. A pré-embebição das sementes 
de T. triangulare favorece o processo germinativo e pode ser realizado apenas em água pura 
propiciando germinação mais rápida e uniforme. 

Termos para indexação: substrato, germinação, dormência, planta medicinal.

INTRODUCTION

The medicinal, economic and ecological importance 
of native Brazilian species and the risk of extinction by 
man’s predatory actions, have motivated studies on the 
preservation and rational use of these species. 

Talinum triangulare (Jacq.) Willd is used in food (Fasuyi, 
2007) and in traditional medicine (Agra et al., 2008). This 
species reproduces by seed and its principal dissemination 

strategies are   wind dispersal and a large seed production. 
The seeds are produced in yellow capsules, measuring 5-7 
mm, which burst when ripe, dispersing the many seeds, 
which are small, and brownish-red when immature and 
black when ripe (Figure 1A-B) (Kissmann and Groth, 1999). 
Dormancy is probably another survival strategy since some 
authors admit that T. triangulare seeds can show dormancy 
due to the tegument, which is presumably impermeable to 
water and/ or gases (Fawusi, 1979). 

FIGURE 1. Talinum triangulare (Jacq.) Willd.: A – Ripe fruit; B - Seeds. C –  Protrusion of primary root. 
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Various factors affect the seed dormancy level of wild 
species. These types of study have been done principally 
with temperate climate species and have shown that the 
main stimulants are: light (Om et al., 2003), alternate 
temperatures (Ikeda et al., 2008; Ferreira e Rosa, 2009) 
and potassium nitrate (Chauhan et al., 2006). 

The optimum temperatures for the germination of 
most tropical species lie between 20 and 30 ºC and the 
maximum between 35 and 40 ºC. Other factors interfere 
in seed germination besides temperature, especially 
the hormonal equilibrium of the embryo and tegument 
permeability. These factors can retard the beginning of the 
germination process of those seeds which remain longer in 
the soil and which are responsible for maintaining the seed 

bank. However, this may be a problem when the objective 
is seedling propagation and production.  (Marcos Filho, 
2005).  

Some treatments may be used to stimulate, accelerate 
or standardize the germination of dormant or immature 
seeds. The treatments commonly used consist of immersing 
seeds in water at room temperature, hot or boiling, for 
different periods; immersion in various concentrations of 
gibberellic acid, associated or not with citocinin; using 
KNO3 solutions and mechanical or chemical scarification 
(Brasil, 2009). Gibberellin was successfully used for the 
germination of medicinal species, such as Egletes viscosa 
(Bezerra et al., 2006) and Smilax japicanga Griseb (Santos 
et al., 2003). 
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The immersion of seeds in chemical products, such 
as sodium hypochlorite, potassium nitrate and hydrogen 
peroxide is a common practice to stimulate germination. 
Studies by Meireles (2007) showed that the pre-imbibition 
of coffee seeds for 6 hours in an aqueous solution of 
sodium hypochlorite, containing 5% of active chlorine, 
degraded the parchment without damaging the embryo, 
resulting in a percentage germination and germination 
speed similar to the manual removal of the parchment.   

The more adequate conditions  for seed germination 
of the most wild plant species, including T. triangulare, 
are still poorly known, which makes a study of techniques 
to accelerate and standardize germination necessary. 
Therefore, the objective of this study was to evaluate the 
effects of temperature and pre-germinative treatments on 
the percentage and speed of germination of T. triangulare 
seeds.

MATERIALS AND METHODS

The experiments were carried out at the Seed 
Research Laboratory of the Department of Plant Science, 
at Federal University of Viçosa. The seeds were collected 
in May 2009 from plants propagated from seeds and 
cultivated in green houses with 30% shade mesh and a 
transparent plastic polyethlene film.  

Initially, the weight of 1,000 seeds and the seed 
moisture content were determined according to Rules for 
Seed Testing (Brasil, 2009).  

The curve for seed imbibition in water was 
determined to evaluate the presence of tegument 
dormancy. The seeds were placed in a gerbox with 
previously moistened towel paper (2.5 times its weight), 
with the water content being re-established every 24 h (1.0 
mL per gerbox). During the evaluations, which occurred 
after 3, 6, 9, 12, 24, 36, 48, 60 and 72 h of imbibition, 
the seeds were removed from the gerbox and carefully 
dried with a paper towel, weighed on a digital balance 
with a precision of 0.001 g and placed once more in the 
gerbox to continue  imbibition. From the values of the 
consecutive weightings the mean percentage of water 
gain in relation to the initial seed weight was calculated 
and the imbibition curve  plotted.

Evaluation of the effects of temperature and 
substrates on germination: germination tests were 
done according to a completely randomized experimental 
design, in a 4 x 2 factorial scheme, with four temperatures 
(constant of  20, 25, 30 ºC and alternate of 20-30 ºC) and 

two types of seeding: on paper (seeds without any covering) 
and between paper (seeds covered with a sheet of germitest 
paper), with a 12 h photoperiod. Four replications of 100 
seeds were used, distributed on  two sheets of towel paper, 
moistened with distilled water (2.5 times own weight) in 
transparent plastic boxes. The accumulated germination, 
final germination and germination speed index were 
determined (Maguire, 1962). A seed was considered as 
germinated after emitting the primary root (Labouriau, 
1983). A count of the number of seeds with a root length 
of at least 1.0 mm was made every two days to calculate 
the germination speed index (Fig. 1C), over 30 days. The 
data were interpreted by an analysis of variance and the 
means compared by the Tukey test (P<0.05). 

Evaluation of the effects of pre-germinative 
treatments: germination tests were done using a 
completely randomized experimental design, with four 
repetitions of 100 seeds and five treatments:  immersion 
in water (24 h); immersion in 6% hypochlorite solution 
(1 h); immersion in 0.2% potassium nitrate solution (24 
h); immersion in 0.05% gibberellin solution and the 
control (untreated seeds). The imbibition treatments were 
performed  at room temperature (± 25 oC). The standard  
germination test follows the same methodology described 
in the previous trial, using alternate temperatures of 20-30 
ºC.  Germination was evaluated daily over 15 days using 
the same criterion as the previous trial. The following 
variables were analyzed: accumulated germination, final 
germination and the germination speed index (Maguire, 
1962). The data were interpreted by an analysis of variance 
and the means compared by the Tukey test (P<0.05). 

RESULTS AND DISCUSSION

The water content and weight of 1,000 seeds were 
9.64% and 0.315 g respectively. The imbibition curve for 
seeds in water (Figure 2) shows that the tegument did not 
prevent water absortion by the seeds. These results differ 
from those of Fawusi (1979) who, working with seeds 
harvested in Africa, concluded that there was dormancy 
in T. triangulare due to the hardness of the tegument 
and emphasized the partial removal of the tegument 
as the most efficient method to overcome this. This 
difference may be associated with environmental and 
genetic differences of the study populations because the 
impermeability of the tegument to water is a hereditary 
character and significantly influenced by the environment 
(Marcos Filho, 2005). 
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FIGURE 2. Curve of imbibition in water by Talinum triangulare (Jacq.) Willd. seeds. 
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Effect of the temperature and substrate on 
germination: the germination percentage (G) and the 
germination speed index (GSI) were significantly affected 
(P ≤ 0.01) by the temperature and the substrate. The 
highest percentage of germination was seen at the alternate 
temperatures of  20-30 ºC, but there were no differences 
between substrates at this temperature (Table 1). The 

greatest reductions in germination and germination speed 
occurred at 25 ºC and 30 ºC. The demand for alternating 
temperatures in the seed germination of various species 
implies that a large proportion of thent will remain dormant 
in the soil if the daily variation is small (such as in shady 
environments), but will germinate in open and sunny sites, 
or when light manages to penetrate (Borghetti, 2000). 

TABLE 1.  Germination percentage and germination speed index (GSI) of Talinum triangulare seeds as a function 
of temperature and substrate. 

Temperature (
o
C) 

Germination (%) GSI 

On paper Between paper On paper Between paper 

20 54.00 a B 25.25  b B   4.62 a  B   1.40  b B 

25   9.75  a C 11.75  a C   0.51  a C   0.70 a C 

30   2.25  a D   3.75  a D   0.17  a C   0.24 a C 

20-30 95.75 a A 95.50  a A 12.05  a A 11.13 b A 

 Means followed by the same small letter in the line or capital letter in the column for each characteristic are not significantly different by the Tukey 
test (P > 0.05). 

Many wild species need a daily temperature 
fluctuation to germinate (Silva et al., 2002), considering 
that alternating temperatures correspond to the adaptation 
of species to natural environmental fluctuations (Steckel 
et al., 2004). Thus, seeds from wild species, such as T. 
triangulare, tend to repeat their behavior in the natural 
environment in the laboratory where the temperatures 
vary between day and night and constant temperatures 
rarely occur. Carvalho and Christoffolet (2007) studied 

the germination of five Amaranthus species and 
concluded that alternate temperatures of 20-30 ºC were 
the most suitable for germination. Other authors also 
verified that alternate temperatures promote germination 
of seeds of Aloysia gratissima and Psychotria leicocarpa 
(Rosa and Ferreira, 2001), Borreria verticillata and 
Cayaponia martiana (Ferreira and Rosa, 2009), Eclipta 
alba and Tagetes minuta (Ferreira et al., 2001), Ageratum 
conyzoides (Ikeda et al., 2008), and Pyrostegia venusta 
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(Scalon et al., 2008).  
The germination speed index accompanies total 

germination, i.e., germination speed was also significantly 
higher at the alternatetemperatures of 20-30 ºC. According 
to Borghetti and Ferreira (2004), the fact that a large part 
of the seeds germinates uniformly in a short space of time, 
implies that germination is not random but responding 
to some biochemical or metabolic germination control 
mechanism, the temperature in this case, resulting in a 
synchronization of the process. 

In the evaluation of the substrates, the only difference 

observed was for germination  at 20 oC. However, for the 
germination speed index, there was a difference between 
substrates at the constant 20 oC  temperature or the 
alternate temperatures 20-30 ºC (Table 1).

According to the accumulated germination curves 
(Figure 3), germination of T. triangulare tends to remain 
constant from the 10th day after sowing, both on paper 
or between papers, at the 20-30 ºC temperatures. This 
shows that at the alternating temperatures of 20-30 ºC, the 
germination test of  T. triangulare seeds can be stopped 
earlier without having to wait 30 days.  
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FIGURE 3. Accumulated germination of Talinum triangulare (Jacq.) Willd. seeds at four temperatures. 

Effect of pre-germinative treatments: there was 
a significant treatment effect (P ≤ 0.01) on percentage 
germination (G) and germination speed index (GVI) of 
T. triangulare seeds. The immersion of seeds in KNO3 
gave the best responses in percentages and germination 
speed index (GSI), differing significantly from the other 
treatments, except for the immersion in water treatment 
(Table 2). Hilhorst (1990), studying Sisymbrium 
officinale, concluded that nitrate could function as a 
co-factor in the action of phytochrome, suggesting that 
optimum quantities of nitrate can generate more active 
phytochrome receptors and/ or inhibit the inactivation 
of these receptors. For T. triangulare seeds, the KNO3 
solution did not substitute the light effect since the 
trial was not done in the dark. On the other hand, since 
germination was high and the germination speed  index 
greater for seeds treated with this chemical, with light, an 
increase in the number of active phytochrome receptors 
may have occurred, thus triggering the germination 
process more easily. 

TABLE 2. Germination percentage and germination 
speed index (GSI) of Talinum triangulare 
seeds submitted to five pre-germinative 
treatments at alternate temperatures of 
20-30 oC. 

Treatment Germination (%) GSI 

Immersion in KNO3 78.75 a 10.82 a 

Immersion in water  67.00 ab 8.53 b 

Immersion in gibberellin  62.00 b 7.85 b 

Control 59.25 b 6.86 b 

Immersion in hypochlorite 1.50 c 0.17 c 

 In each column, means followed by the same letter are not 
significantly different by the 
Tukey test (P > 0.05). 

Ikeda et al. (2008) observed that the moistening 
of the substrate with KNO3 in the presence of light and 
alternating temperatures (15-35 ºC) resulted in increases 
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in the percentage and speed of germination of Ageratum 
conyzoides. Scalon et al. (2008) also studied the effect 
of pre-germinative treatments in Pyrostegia venusta, a 
medicinal species, and concluded that immersion of the 
seeds in KNO3 resulted in higher germination and more 
fresh seedling tissue.   

The application of KNO3 can result in significantly 
different responses between species. In Hypericum 
brasiliense, the moistening of the substrate with an aqueous 
solution of 0.2% KNO3 increased germination, whereas in 
Hypericum perforatum  this treatment caused no significant 
effect (Faron et al., 2004). 

The immersion of seeds in hypochlorite was harmful, 
inhibiting germination almost totally. Observations of 
germination inhibition by hypochlorite indicate that 
certain seeds, whose tegument are not a physical barrier to 
germination, can be scarified to the point where live tissues 
are damaged (Carnelossi et al., 1995), which may possibly 
have occurred with the Talinum triangulare seeds.

Shuying et al. (2003) showed that previous imbibition 
of T. triangulare seeds for three hours at 25 oC, and a 
germination temperature of 35 oC, increased the percentage 
of seed germination, and this was also observed in the 
present study. The beneficial effect of immersing seeds 
in water, which favored germination, was also seen in 
Astrocaryum aculeatum, when the percentage germination 
progressively increased as the imbibition period of the 
seeds in water increased, reaching 70% after nine days of 
imbibition (Ferreira e Gentil, 2006). The pre-imbibition of 
the seeds in water for 24 and 48 h increased the percentage 
and speed of germination and reduced the mean germination 
time of Egletes viscose (Bezerra et al., 2006) and Magonia 
pubescente (Macedo et al., 2009). 

Under natural conditions, many factors influence the 
initiation and continuity of germination and, therefore, 
seeds of the same species can germinate after very different 
periods, depending on external conditions. Considering the 
results found under the conditions of the present study, 
it can be  verified that T. triangulare seeds do not show 
tegument dormancy and their germination is favored by 
alternate temperatures and pre-imbibition in water.

CONCLUSIONS

The alternate temperatures of 20-30 ºC are beneficial 
for the germination of T. triangular seeds. The pre-
imbibition of seeds favors a rapid and uniform germination 
and may be done by simply using pure water without the 

addition of any other chemical product. 
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