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ABSTRACT: Direct seeding is a technology that reduces the costs of forest restoration projects 
and favors species which are difficult to establish for seedlings. The seeds osmotic treatment 
to accelerate and standardize germination and induce tolerance to environmental stresses 
may favor seedling establishment in field through direct sowing and contribute to the 
greater efficiency of this technique. With the purpose of favor seed germination and seedling 
establishment under direct seeding conditions in the field, Tabebuia roseoalba osmoprimed 
seeds in polyethylene glycol (PEG) solution and unconditioned seeds were treated with 
isolated and/or combined solutions of plant growth regulators (PGR) and rooting (RTG). 
These seeds were submitted to germination test and evaluated for percentage germination 
rate, germination speed index and normal seedlings, and to seedling emergence test by 
direct field seeding. RTG had a toxic effect on T. roseoalba seeds. Osmoconditioning induced 
stress tolerance by RTG during germination and on seedling establishment. PGR treatment 
favors seedling emergence in field conditions and alleviates the toxicity effect caused by 
RTG. These treatments have great potential for use in direct sowing of T. roseoalba seeds.

Index terms: osmopriming, phytohormones, forest restoration, seedling establishment, 
stress tolerance.

Tratamento osmótico, reguladores de crescimento e enraizador em 
sementes de Tabebuia roseoalba (RIDL.) Sandwith  para semeadura direta

RESUMO: A semeadura direta é uma tecnologia que reduz os custos de projetos de restauração 
florestal e favorece espécies de difícil estabelecimento por mudas. O tratamento osmótico 
de sementes para acelerar, uniformizar e induzir tolerância a estresses ambientais durante a 
germinação pode favorecer o estabelecimento de plântulas em campo, por meio da semeadura 
direta e contribuir para a maior eficiência dessa técnica. Com o objetivo de favorecer a germinação 
de sementes e o estabelecimento de plântulas em condições de semeadura direta em campo, 
sementes de Tabebuia roseoalba osmocondiocionadas em solução de polietilenoglicol (PEG) 
e sementes não condicionadas foram tratadas com soluções isoladas e/ou combinadas de 
reguladores de crescimento vegetal (PGR) e de enraizantes (RTG). Essas sementes foram 
submetidas ao teste de germinação e avaliadas quanto à porcentagem de germinação, índice de 
velocidade de germinação e plântulas normais e ao teste de emergência de plântula, por meio 
de semeadura direta em campo. O RTG teve um efeito tóxico nas sementes de T. roseoalba. 
O osmocondicionamento induziu tolerância ao estresse por RTG durante a germinação e o 
estabelecimento de plântulas. O tratamento com PGR favorece a emergência de plântulas em 
condições de campo e alivia o efeito da toxicidade causada pelo RTG. Esses tratamentos têm 
grande potencial de uso na semeadura direta de sementes de T. roseoalba. 

Termos para indexação: osmocondicionamento, fitormônios, restauração florestal, 
estabelecimento de plântulas, tolerância a estresse.
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INTRODUCTION

Seedling establishment is one of the most critical and vulnerable processes for plant life and often represents a 
challenge after emerging from the protected environment of the seed (Gommers and Monte, 2018). It is a critical 
step for the regeneration of plant populations, because of the common high mortality rates during this stage (Grubb, 
1977; Harper, 1977; Clark et al., 1999). In plant species with a wide distribution, the populations are usually subjected 
to different biotic and abiotic conditions and, therefore, to environments with contrasting limitations on the seedling 
establishment (Castro et al., 2004). 

Tabebuia roseoalba (Ridl.) Sandwith (Bignoniaceae) is an endangered tropical tree species, with a wide geographic 
distribution in South America. In Brazil, it is mostly found in Seasonal Semideciduous Atlantic Forest and in Savanna 
(Feres et al., 2012). It has large commercial, medicinal and ornamental value, with widespread use in urban forestry 
and plant recovery of degraded areas.  Their seeds, currently classified as orthodox, displays a strong variation in 
quality during storage and a short period of viability, which hampers its natural dispersal as well as the development of 
cropping techniques for this tree (Lorenzi, 2009). 

Reforestation usually falls into three main categories: assisted natural regeneration, direct seeding, and planting 
seedlings by tubestock (Greening Australia Victoria, 2003). The choice between different restoration strategies depends 
in part on a compromise between effectiveness and cost (Prieto-Rodao et al., 2019). In recent years, direct seeding of 
native trees has been used as a low-cost alternative for restoration (Engel and Parrotta, 2001; Wallin et al., 2009; 
Ceccon et al., 2016). Direct seeding involves applying seed propagules directly into the soil where reforestation is 
required without first germinating seeds off-site (Schirmer and Field, 2000; Summers et al., 2015).

Direct seeding is considered a feasible alternative for large-scale forest restoration (Freitas et al., 2019). It has as 
advantages the reducing costs in the implementation of forest restoration projects by exempting the use of nurseries, 
providing successful establishment of species with difficulty to produce seedlings, growing in definitive location, and 
reducing losses of sensitive species to transplant shock  (Pancel, 1993; Ferreira et al., 2007; Cole et al., 2011). However, 
the chances of survival of the plant in direct seeding are less than planting seedlings, because they are unprotected 
against lethal agents controlled in the greenhouse stage (Smith, 1986). 

Osmopriming is a pre-sowing treatment defined as the controlled hydration of seeds by exposure to osmotic 
solutions up to a limit that allows pre-germination metabolic events to proceed without visible protrusion of the radicle 
(Heydecker and Coolbear, 1977; Bradford, 1986; Jisha et al., 2013). This treatment improves germination efficiency 
and seedling emergence under adverse environmental conditions as drought (Wang et al., 2003; Jisha et al., 2013) and 
salinity (Sivritepe et al., 2003; Jisha et al., 2013), and improve the resistance or tolerance to elevated temperatures 
(Ligterink et al., 2007).

Plant growth regulators (PGRs) were used to improve seeds germination, seedling establishment and induce 
tolerance to diverse environmental stress in these stages and during plant growth (Riefler et al., 2006; Wen et al., 2010; 
Peleg and Blumwald, 2011; Shinohara et al., 2017). PGRs were associated with micronutrients, which act primarily as 
enzyme catalysts by seed coating, seeking higher germination values and better establishment of plants in the field 
(Silva et al., 2008). The aim of this work was to evaluate osmopriming combined with the use of plant growth regulators, 
rooting and seed coating with polymers in the treatment of Tabebuia roseoalba seeds to favor seed germination and 
the establishment of seedlings under direct sowing conditions in the field.

MATERIAL AND METHODS

Freshly harvested T. roseoalba seeds from forest fragment located in the municipality of Promissão, São Paulo 
State, were used. The water content in wet basis and a mass of one thousand seeds were obtained (Brasil, 2009). 
During the experiment the seeds were stored at 5 °C in hermetic plastic packaging. 

The osmopriming was performed by seeds imbibition in osmotic polyethylene glycol (PEG) 6000 solution with hydric 
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potential (ψw) of -0.8 MPa at 25 °C, calculated according to the equation proposed by Michel and Kaufmann (1973), 
during 18 h. The choice of hydric potential and treatment time was determined based on previous imbibition curves 
established with 0.0 MPa (deionized water) and -0.8 MPa (PEG solution) at 25 °C. Each curve’s point was obtained of 
three independent replicates of fifteen seeds, seeded in Petri dishes (9 cm diameter), between two sheets of paper, 
moistened with 12 mL of water or PEG solution with the photoperiod of sixteen hours of light. After different imbibition 
times, the seeds were weighed (0.0001 g precision) to obtain the wet mass (gravimetric method), and the water content 
was calculated. After osmopriming, the seeds were washed in running water to remove the PEG residues and placed to 
dry for 72 h in controlled atmosphere of 42% RH, at 25 °C (Buitink et al., 2003; Silva et al., 2017).

Osmoprimed and unprimed seeds were submitted to treatments with plant growth regulators (PGRs) (0.009% 
kinetin, 0.005% gibberellic acid, 0.005% indolbutyric acid) and/or rooting (RTG) (1.5% water soluble nitrogen, 6% 
organic carbon, 0.2 % boron). The following treatments were established: i – control (without PGRs or RTG); ii – RTG; iii 
– PGRs; iv – RTG + PGRs. For each treatment, 2 mL of PRGs and/or 2 mL of RTG were used, and 1 mL of a polymer (Polifix 
G5®) and water were added until the final solution volume of 10 mL was complete. The proportion of 10 mL of the final 
solution per 100 g of seed was applied. After that, the seeds and solutions were placed in a plastic bag and mixed by 
gentle shaking for three minutes, and then the seeds were left to dry at room temperature for 24 hours.

The germination test was performed by four replicates of thirty seeds seeded in a roll of germinating paper, 
moistened with 2.5 times the volume of water in relation to the weight of the dry paper, at 25 °C. The percentage 
of germination (G%) and normal seedlings (NS%) was evaluated. The seeds were considered germinated with root 
protrusion equal to or greater than 1 mm. Seedlings exhibiting well-formed primary root and hypocotyl, cotyledons and 
leaves were classified as normal. From the daily germination count, the germination speed index (GSI) was calculated 
according to Maguire (1962). The direct seedling was conducted in March 13th, 2016, in an experimental area (23,5944S 
and 47,5234W UTM), in Sorocaba, São Paulo State. The area was a pasture covered by Brachiaria decumbens L., totally 
removed by manual weeding one week prior to the experiment.  The soil was uniform with Eutrophic Red Latosol (LVe). 
The climatic conditions during the test are shown in Figure 1. 

Source: Brazilian National Institute of Meteorology (BRASIL, 2016).

Figure 1. Minimum temperature (T. min), maximum temperature (T. max), relative air humidity (RU) and precipitation 
(Prec). Sorocaba, São Paulo, Brazil. March 2016. 
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Four experimental blocks were established, represented by four beds of 2 x 3 m, 70 cm apart. In each block eight lines 
of 3 m spaced at 20 cm were established, in which one replication of thirty seeds for each treatment was distributed. 
The seeds were seeded every 10 cm, at a depth of 1 cm. The lines were covered with Brachiaria grass straw, 5 cm high 
(Silva et al., 2015). At fifteen days after seeded, when the emergence of seedlings ceased, the number of emerged 
seedlings above the straw was counted, and the percentage of seedling emergence (SE%) was calculated. 

For the G%, NS% and GSI analyzes, a completely randomized experimental design was adopted. For the SE%, the 
randomized block design was used. Treatments were evaluated by a factorial arrangement of 2 (osmoprimed and 
unprimed seeds) x 4 (3 treatments + control), with four replicates per treatment. The data normality was evaluated 
using the Shapiro-Wilk’s test, and analysis of variance (ANOVA) was performed. The means were compared by the 
Tukey test (p < 0.05). All analyses were performed using software R (2015).

RESULTS AND DISCUSSION

The water seeds content found in the work lot was 9.4%, while the mass of one thousand seeds was 0.6897g.seed-1. 
The beginning of germination was observed after 41 hours of imbibition in water. Seeds imbibed in osmotic solution did 
not germinate and maintained water content without significant variation after reaching phase II (Figure 2).

There was no significative differences in G%, GSI, NS% and SE% among osmoprimed seeds. For unprimed seeds, the 
G%, NS% and GSI of the control (untreated seed) was higher than the seeds treated with PGRs and with RTG, while for 
SE% the best result was observed for seeds treated with PGRs and PGRs + RTG (Figure 3).

There was no difference in G% between unprimed and osmoprimed seeds when treated with PGRs or with PGRs 
+ RTG. For untreated seeds (control), the osmopriming reduced G% and GSI, whereas for seeds treated with RTG, the 
osmopriming provided a higher G% and GSI. The NS% differed when treated with PGRs + RTG, while the SE% differed 
only when treated with PGRs, with best results for unprimed seeds (Figure 3).

According to imbibition curves (Figure 2), the imbibition time of the seed in osmotic solution (-0.8 MPa) during 18 
h meets the requirements for application of the osmopriming technique. In this condition, the imbibition of the seeds 
in osmotic solutions of enough hydric potential is low enough to prevent germination, but allows to occur some pre-
germinating physiological and biochemical processes (Heydecker and Coolbear, 1977; Bradford, 1986; Bewley et al., 2013).

Figure 2. Imbibition curves of T. roseoalba seeds in water (0.0 MPa) and osmotic solution (-0.8 MPa) at 25 °C.

-0.8 MPa
0.0 MPa
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Considering that RTG treatment in unprimed seeds resulted in lower G%, GSI%, NS% and SE% in relation to 
untreated seeds (control), it is possible to infer that the rooting treatment had a toxic effect on T. roseoalba seeds, 
in the concentration and form utilized in this study. In favorable conditions, the osmopriming did not benefit seed 
germination, since for untreated seeds (control) the G% was higher in unprimed seeds (Figure 3A). However, assuming 
that rooting had a toxic effect on seed germination, it follows that the osmotic conditioning induced tolerance to 
stress caused by rooting treatment, once the G% and GSI for seeds treated with RTG were higher in seeds previously 
submitted to osmopriming (Figures 3A and 3B). 

During the osmopriming, the seeds are subjected to hydric stress (Ashraf et al., 2018), which produces a memory 
mediated by proteins and transcription factors (Bruce et al., 2007), activating networks of physiological and metabolic 
mechanisms for defense against the stress initially imposed. Thus, there may be an tolerance induction to other types 
of stresses (Genoud and Métraux, 1999; Kranner et al., 2010). 

Seeds unprimed treated with RTG + PGRs showed the best results compared to osmoprimed seeds treated only 
with RTG for all avaliations (Figure 3), indicating that PGRs treatment alleviate the effect to rooting toxicity. Due to the 
potential of the osmopriming to induce stress tolerance during germination and seedling establishment, and because 

Means ± SDs, n = 4.
Different capital letters represent significant differences at (p < 0.05) unprimed and osmoprimed seeds, submitted to the same treatment.

Lowercase letters represent significant differences at (p < 0.05) between unprimed or osmoprimed seeds, submitted to different treatments.

Figure 3.	 Germination (A), germination speed index (B), normal seedlings (C), and seedlings emergence (D) of T. 
roseoalba unprimed and osmoprimed seeds, treated with plant growth regulators (PGRs) and rooting (RTG). 
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the PGRs treatment increased the seedling emergence and also alleviated the toxicity effect of rooting treatment 
observed in this study, there is great potential for use of the osmopriming and PGRs in seeds treatment for direct 
seedling of T. rosealba. 

The present study provides a basis for the development of new researches to improve the techniques of osmotic 
conditioning, including variation in potential osmotic of the solution, time of imbibition in osmotic solution and 
temperature associated or not to PGRs treatments, using different doses per mass of seeds for the direct seedling of 
T. roseoalba in forest restoration.

CONCLUSIONS

The RTG had an apparent toxic effect on the seeds. Osmopriming induces stress tolerance to toxicity during T. 
roseoalba seed germination. PGR treatment accelerates germination and induces greater seedling emergence, favoring 
seedling establishment under field conditions. 
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