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ABSTRACT 
 

This work aimed to evaluate the effect of different priming treatments in the longevity of H. 
serratifolius seeds. Seeds were osmo-conditioned in PEG -1.0 MPa at 10, 15 and 20°C or hydro-
primed at 5, 10 and 15°C. Final germination, speed and uniformity of germination were assessed. 
Priming did not affect the final percentage nor uniformity of germination; however, the germination 
speed was increased after hydropriming at 15°C and osmo-conditioning at 15°C compared to the 
control. Primed and not primed seeds were placed into an incubator (25°C, dark, 100% RH) until 
they reached 15% moisture content. Then, seeds were incubated in a container at 40°C for 0 to 
144 hours, so, samples were taken in each period for determination of viability. The results 
suggest that priming increases longevity of H. serratifolius seeds. 
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1. INTRODUCTION 
 
The use of seeds with high physiological quality 
is one of the critical aspects to improve the plant 
performance in the field. Several factors can 
affect the quality of a seed lot, which range from 
the genetic characteristics of the specie to 
environmental factors. They affecting the 
development of seeds, methodology of collection 
and cleaning, storage and use of techniques 
such as priming [1]. 
 
Priming is a technique used for seed invigoration 
which aims the increase in germination rate and 
uniformity, especially in seed lots with low vigor. 
It was proposed by Heydecker et al. [2] and 
constitutes basically in a controlled hydration of 
the seeds, preventing the radicle protrusion. After 
the treatment, seeds can be dried back before 
use. 
 
The main effects of priming are the increase in 
speed and uniformity of germination, and in 
some cases increases, tolerance to environ-
mental stresses on the seeds and seedlings [3]. 
However, the priming effect cannot be positive, 
especially when it is followed by drying before 
germination. This inconsistent response is also 
observed in seed longevity. However, besides 
negative effects have been reported [4-6], 
increase in seed longevity has also been 
observed [7]. 

 
Considering the factors that determine the 
improvement of seed quality in relation to speed 
and uniformity of germination, it is expected an 
decrease in the longevity of the seed lots               
and, but in few cases are found an increased 
storage potential of the seeds after priming           
[7-8].  

 
The H. serratifolius is an arboreal species of 
Bignoniaceae family. It is widely used in urban 
greening projects [9]. Some species of this genus 
show significant variation in seed quality during 
storage, which can hinder the conservation and 
propagation practices [10]. According to Souza et 
al. [11] the low longevity of seeds of H. 
serratifolius associated with the seasonality of 
production is a challenge for the production of 
seedlings of this specie. Thus, techniques that 
increase the storage potential of seeds of this 
species should be studied as a way to benefit the 
conservation and reforestation programs. Thus, 
the study aimed to evaluate the effect of different 
priming treatments in the longevity of H. 
serratifolius seeds. 

2. MATERIALS AND METHODS 
 

The experiment was conducted at the Forest 
Seed Laboratory (Department of Forest Science 
- Federal University of Lavras, Brazil). 
 

Seeds of Handroanthus serratifolius were 
collected from trees located in Lavras - MG, in 
September 2013. After the removed of PEG, 
seeds were placed in a drying room (20°C/50% 
RH) for two weeks and stored in a cold chamber 
(5°C) in a semi-permeable container (plastic 
bag). 
 

The seed coat was removed from the seeds in 
order to enable identification of damaged and 
deteriorated seeds and to reduce fungi 
infestation during the priming treatments and 
germination tests, and after this process, the 
seed were used in the tests. 
 

2.1 Determination of Water Content 
 

Water content of the seeds was assessed 
according to Brazil [12] using oven drying 
method (105 ± 3°C for 24 hours). 
 

2.2 Priming Treatments 
 

Seeds were first submitted to different priming 
methods in order to determine the best method 
of conditioning. Two priming methods were 
tested namely: Osmopriming using a 
polyethylene glycol (PEG) solution at -1.0 MPa, 
and hydro-priming (in distilled water). For each 
treatment, 100 seeds were soaked in 10 ml 
distilled water or 10 ml of PEG solution over filter 
paper in Petri dishes. Priming was conducted at 
three temperatures: 10, 15 and 20°C (osmo-
priming) and 5, 10 and 15°C (hydropriming). 
After priming, seeds were rinsed in tap water, 
blotted dry and placed in a dry room (20°C and 
50% RH) for up to one week (until the equilibrium 
moisture content was reached). 
 

After drying, seeds were germinated in Petri 
dishes at 25°C under constant light. In order to 
determine the best priming treatment, 
germination was scored daily for determination of 
final percentage of germination, germination rate 
(t50) and uniformity (u7525). 
 

2.3 Germination Tests 
 

Seeds were placed in 90 mm Petri dishes at 
25°C under constant light over two moistened 
germination paper towels using four replicate 
samples of 25 seeds for each treatment. Before 
germination, seeds were surface-sterilized in 1% 
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sodium hypochlorite solution for 10 minutes and 
then rinsed for one minute with tap water. 
Germination was assessed daily by counting the 
numbers of seeds presenting radical protrusion 
of at least 2 mm. 
 
2.4 Priming Effect on Seed Vigor 
 
After determination of the best priming method 
(hydropriming at 15°C), seeds were primed as 
describe above and submitted to controlled 
deterioration. Dried seeds (not primed seeds) 
were used as control. 
 

For controlled deterioration, primed and control 
seeds were placed in a moist chamber (25°C 
and 100%RH) for about five hours, when seed 
water content reached 15% (wet basis). Seeds 
(primed and control) were then transferred to a 
sealed container and incubated at 40°C for 0, 6, 
12, 24, 36, 48, 60, 72, 96, 120 and 144 hours. 
After each period, a seed sample was taken for 
determination of viability by germination test. 
 

2.5 Statistical Analysis 
 
The effect of priming methods on the seed 
quality was analyzed using a completely 
randomized design with four replications of 25 
seeds and six treatments. 
 

The estimation of t50 and u7525 values was 
performed using GERMINATOR [13]. After the 
adjustment of curves and determination of the 
indices t50 (time required for 50% germination of 
seed germination, i.e. germination speed) and 
u7525 (time comprised between 25 and 75% of 
total germination, i.e. germination uniformity) 
mean values obtained were compared by the 
Studentized t test at 5% probability. 
 
To analyze the effect of priming on seed 
germination, a completely randomized design 
with four replications of 25 seeds was used with 
treatments in a factorial scheme 2x11 (primed 
and not primed seeds x 11 periods of exposure 
to 40°C). Comparisons were performed by 
regression analysis using the software 
ASSISTAT v7.7 [14]. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Effect of Priming on Seed 
Germination 

 
H. serratifolius seeds showed little variation in 
response to priming treatments in relation to 

maximum germination. In general, the osmo-
priming and hydro-priming did not provide a 
statistically significant increase compared to the 
control during germination (Fig. 1). 

 
It was observed that seeds submitted to hydro-
priming showed 100% germination at 
temperatures of 10 to 15°C, however, low 
percentage of germination was observed when 
seeds were hydroprimed at 5°C. Osmoprimed 
seeds (PEG at -1.0 MPa at 10 and 15°C) 
presented 100% germination, with a slight 
reduction (not statistically significant) in 
germination (97%) when osmo-priming was 
performed at 20°C. 
 
Regarding the speed of germination as 
measured by t50 (time required for 50% of the 
seeds germinate), there was a significant effect 
(Fig. 2) among the treatments. Osmo-primed and 
hydro-primed seeds at 15°C had lower t50 
(higher speed of germination) when compared to 
the control. 
 

Although H. serratifolius seeds showed a positive 
response to priming in terms of speed of 
germination (t50), there was no significant effect 
for most of the treatments in relation to the 
germination uniformity (u7525) (Fig. 3). The 
majority of the treatments did not differ in the 
uniformity of germination. Hydro-primed seeds at 
5°C and 10°C showed a significant reduction in 
u7525, however, final percentage of germination 
of seeds hydro-primed at 5°C was very low. The 
best results were observed in the following 
treatments: HP15, OP10, OP15 and OP20.   
(Fig. 3). 

 

3.2 Priming Effect on Seed Longevity 
 
Once seeds did not present huge variations in 
response to priming, hydro-primed seeds at 15°C 
were selected because of high germination, low 
t50, u7525 and simplicity of the protocol. 
However, despite the low response of seeds to 
priming, probably due to high quality of the seed 
batch, hydroprimed seeds showed a different 
behavior when compared to the control (not 
primed) after controlled deterioration. There were 
significant differences (P < .0001) between 
treatments. Hydroprimed seeds showed higher 
tolerance to stress conditions during controlled 
deterioration (Fig. 4). 

 
After incubation for up to 12 hours at 40°C, H. 
serratifolius seeds did not show changes in 
viability, which remained above 90%. However, 
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after 24 hours of controlled deterioration, non-
primed seeds showed a reduction of 40% in 
germination, and the total mortality after 36 hours 

of controlled deterioration. Thus, primed seeds 
only showed significant reduction in viability after 
60 hours (67%) of controlled deterioration. 
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Fig. 1. Effect of priming on germination of H. serratifolius seeds. Control, HP (Hydropriming), 
OP (Osmopriming). Bars represent standard deviation 
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Fig. 2. Effect of priming on speed of germination (t50) of H. serratifolius seeds. control, HP 
(Hydropriming), OP (Osmopriming) 

Mean ± S.E.M = Mean values ± Standard error of means of four replicates 
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Fig. 3. Effect of priming on germination uniformity (u7525) of (H. serratifolius) seeds. control, 
HP (Hydropriming), OP (Osmopriming) 

Mean ± S.E.M = Mean values ± Standard error of means of four replicates 
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Fig. 4. Effect of priming on seed longevity after controlled deterioration on H. serratifolius) 
 

3.3 Discussion 
 
3.3.1 Effect of priming on seed germination 
 
Some studies have found positive effects of 
priming on seed germination [15-17]. However, 
the effects of priming in other species has not 

shown significant changes in the final percentage 
of germination [18-21], as observed in this study. 

 
One explanation for the absence of effect of 
treatments on the response of seeds in relation 
to germination is the initial quality of the seed 
batch used. seeds used in the control treatment 
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(non-primed), in this research, showed 100% 
germination, which removes the chances of 
improvement on seed quality. Only priming at 
5°C adversely affect germination. This negative 
response may be related to the low temperature 
limits tolerated by this specie, indicating that 
temperatures around 5°C can cause damages to 
H. serratifolius during germination. Damages at 
low temperatures may also be an effect of 
freezing or chilling injuries at cellular level. 
According to Bewley et al. [22], low temperatures 
decrease metabolic activity, causing a reduction 
in the percentage of germination and therefore 
resulting in delayed germination process. You 
may also wish to discuss the role recalcitrance or 
orthodoxy nature of H. serratifolius with regards 
to low temperature damages to physiological 
responses. 
 

Bearing in mind the high seed quality used in this 
research, was not observed positive effect on 
germination speed. These results are not similar 
to that found by Rodrigues et al. [23] and 
Balbinot and Lopes [24] that observed positive 
effects of hydro-priming in parsley and carrots 
seeds, which an increase in germination rate 
were found. Priming should normally improve 
seed germination in seed batches that originally 
have physiological quality concerns. The effect of 
priming was therefore seen on deteriorated lots 
of the seeds of H. serratifolius used in this study. 
I think that agrees with the previous works. This 
comment could be rephrased to discuss the 
results in a more robust way by reflecting on 
what happens in this work.  
 

The germination uniformity, should be 
considered. In general, after priming there is an 
increase in the uniformity of germination of seeds 
compared to the control [25-27]. In this study, 
germination uniformity measured by u7525 was 
not affected by priming, as observed for Senna 
spectabilis seeds in [28]. 
 
3.3.2 Priming effect on seed longevity 

 
According to Souza et al. [11] H. serratifolius 
presents problems during storage, so it is 
necessary studies to increase the longevity of 
seeds of this specie when stored. 
 

It was observed that not primed H. serratifolius 
seeds were severely affected by controlled 
deterioration when compared to the primed ones. 
This result shows that hydro-priming probably 
induced physiological changes in the seeds 
leading to a higher tolerance to stress conditions 
(high humidity and temperature). After priming, 

sorghum seeds in PEG solution at -0.6 and -1.2 
MPa, and distilled water (hydropriming), 
observed increase the germination percentage 
and longevity in hydro-primed sorghum seeds. 
Similarly, [24] and [29] found that the priming 
contributed to the increase of vigor in carrot and 
gherkin seeds. The authors discussed the 
importance of hydro-priming treatment for seeds 
that will be exposed to adverse environmental 
conditions after sowing. 
 

The mechanisms associated with improvement in 
the quality of seeds after priming are not yet fully 
known [30]. Some authors attribute this effect to 
the increase in activity of the antioxidant system 
and membrane repair processes [31-35]. The 
greater tolerance of primed seeds under 
controlled deterioration can be correlated with 
the gain of longevity after priming. [7] analyzing 
seeds of Digitalis purpurea after priming found 
that the treatment increased the longevity of 
seeds. Priming treatments used in this study 
have been shown to increase the longevity of 
seeds H. serratifolius, however, more studies are 
needed using different priming conditions in 
order to optimize a protocol for this species, 
bearing in mind the potential of the priming 
technique in changing answers of H. serratifolius 
seeds for tolerance to stresses. In the same way, 
studies to determine the factors associated with 
better performance of H. serratifolius seeds after 
priming should be performed. 
 

4. CONCLUSION 
 

Hydropriming at 15°C increases germination 
speed and longevity of H. serratifolius seeds.  
However other studies should test this same 
treatment to evaluate the seed longevity along 
the storage. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Ligterink W, Joosen R, Hilhorst H. 
Unravelling the complex trait of seed 
quality: Using natural variation through a 
combination of physiology, genetics and -
omics technologies. Seed Science 
Research. 2012;22(1):45-52. 
DOI: 10.1017/S0960258511000328 

2. Heydecker W, Higgins J, Gulliver R. 
Accelerated germination by osmotic seed 
treatment. Nature. 1973;246(5427):42-44.  



 
 
 
 

Silva et al.; JEAI, 31(3): 1-8, 2019; Article no.JEAI.46502 
 
 

 
7 
 

3. Chen K, Arora R. Priming memory invokes 
seed stress-tolerance. Environmental and 
Experimental Botany. 2013;94(1):33-45. 
DOI: org/10.1016/j.envexpbot.2012.03.005 

4. Wechsberg G, Bray C, Probert R. 
Expression of dehydrin-like proteins in 
orthodox seeds of Ranunculus sceleratus 
during development and water stress. 
Seed Science Research. 1994;4(2):241-
246.  
DOI: org/10.1017/S0960258500002221 

5. Maude RB, Drew RLK, Gray D, Bujalski W, 
Nienow AW. The effect of storage on the 
germination and seedling abnormalities of 
leek seeds primed and dried by different 
methods. Seed Science and Technology. 
1994;22(2):299-311. 

6. Chojnowski M, Corbineau F, CÃ´me D. 
Physiological and biochemical changes 
induced in sunflower seeds by osmo-
priming and subsequent drying, storage 
and aging. Seed Science Research. 1997; 
7(4):323-332.  
DOI: org/10.1017/S096025850000372X 

7. Butler L, Hay F, Ellis R, Smith R, Murray T. 
Priming and re-drying improve the survival 
of mature seeds of Digitalis purpurea 
during storage. Annals of Botany. 2009; 
103(8):1261-1270. 
DOI: org/10.1093/aob/mcp059 

8. Powell A. The influence of aerated 
hydration seed treatment on seed longevity 
as assessed by the viability equations. 
Journal of Experimental Botany. 2000; 
51(353):2031-2043. 
DOI: org/10.1093/jexbot/51.353.2031 

9. Carvalho P. Brazilian forest species. 
Colombo, Paraná, Brazil: EMBRAPA-
CNPF / SPI; 1994. 

10. Martins J, Alvarenga A, Castro E, Silva A, 
Oliveira C, Alves E. Leaf anatomy of 
alfavaca-clove plants grown under colored 
meshes. Ciência Rural. 2009;39(1):82-87. 
DOI: dx.doi.org/10.1590/S0103-847820080 
05000040 

11. Souza V, Bruno R, Andrade L. Stamina of 
stored seeds of ipe-amarelo Tabebuia 
serratifolia (Vahl.) Nich. Revista Árvore. 
2005;29(6):833-841.  

12. Brazil. Ministry of agriculture, livestock and 
supply. Rules for Seed Analysis. 
Secretariat of Agricultural Defense. 
Brasília; 2009.  

13. Joosen R, Kodde J, Willems L, Ligterink 
W, Van Der Plas L, Hilhorst H. Germinator: 
A software package for high-throughput 
scoring and curve fitting of Arabidopsis 

seed germination. The Plant Journal. 2009; 
62(1):148-159.  
DOI: org/10.1111/j.1365-313X.2009.041 1 
6.x 

14. Silva F. Assistat. Version 7.7 - beta,. 
Campina Grande: Federal University of 
Campina Grande; 2010. 

15. Birth WM, Aragão FAS. Osmotic 
conditioning of melon seeds: Water 
absorption and germination under different 
temperatures. Revista Brasileira de 
Sementes. Pelotas. 2002;24(1):153-157.  

16. Birth WM. Osmotic conditioning of vege-
table seeds for germination under low 
temperature conditions. Horticultura 
brasileira. Brasília. 2005;23(2):211-214. 

17. Carvalho L, Medeiros-Filho S, Rossetti A, 
Teófilo E. Osmotic conditioning in sorghum 
seeds. Revista Brasileira de Sementes. 
2000;22(1):185-192. 

18. Marcos Filho J, Kikuti A. Physiological 
conditioning of cauliflower seeds and 
performance of plants in the field. Horti-
cultura Brasileira. 2008;26(2):165-169.  
DOI: dx.doi.org/10.1590/S0102-053620080 
00200007 

19. Gurgel Júnior FE, Torres SB, Oliveira FN, 
Nunes TA. Physiological conditioning of 
cucumber seeds. Revista Caatinga. 2009; 
22(4):163-168. 

20. Kissmann C, Scalon S, Mota L, Vieira M. 
Germination of seeds of Stryphno dendron 
Mart. The moconditioned. Revista 
Brasileira de Sementes. 2010;32(2):26-35. 

21. Pinho D, Lima Borges E, Pontes C. 
Evaluation of viability and vigor of seeds of 
Anadenanthera peregrina (L.) Speg. 
accelerated aging and osmo conditioning. 
Revista Árvore. 2010;34(3):425-434. 

22. Bewley J, Bradford K, Hilhorst H, Nonogaki 
H. Seeds. New York: Springer; 2013. 

23. Rodrigues A, Laura V, Chermouth K, 
Gadum J. Osmocondicionamento de 
sementes de salsa (Petroselinum sativum 
Hoffm.) em diferentes potenciais hídricos. 
Ciência e Agrotecnologia. 2009;33(5): 
1288-1294.  

24. Balbinot E, Lopes H. Effects of 
physiological conditioning and drying on 
germination and vigor of carrot seeds. 
Revista Brasileira de Sementes. 2006; 
28(1):1-8.  
DOI: dx.doi.org/10.1590/S0101-312220060 
00100001 

25. Bittencourt M, Dias D, Dias L, Araújo E. 
Effect of osmotic seed conditioning on 
germination and asparagus seedling 



 
 
 
 

Silva et al.; JEAI, 31(3): 1-8, 2019; Article no.JEAI.46502 
 
 

 
8 
 

growth. Revista brasileira de sementes. 
2004;26(1). 
DOI: dx.doi.org/10.1590/S0103-901620050 
0 0400003 

26. Costa C, Villela F. Osmotic conditioning of 
beet seeds. Revista brasileira de 
sementes. 2006;28(1):21-29. 
DOI: dx.doi.org/10.1590/S0101-312220060 
00100004 

27. Rahimi A. Seed priming improves the 
germination performance of cumin 
(Cuminum syminum L.) under temperature 
and water stress. Industrial Crops and 
Products. 2013;42:454-460.  
DOI: org/10.1016/j.indcrop.2012.06.026 

28. Jeller H, Perez S. Osmotic conditioning in 
the germination of cassia seeds of the 
Northeast under water, thermal and saline 
stress. Pesquisa Agropecuária Brasileira. 
2003;38(9):1025-1034.  

29. Araújo P, Torres S, Benedito C, Paiva E. 
Physiological conditioning and vigor of 
maxixe seeds. Revista Brasileira de 
Sementes. 2011;33(3):482-489.  
DOI: dx.doi.org/10.1590/S0101-312220110 
00300011 

30. Bruggink G, Ooms J, Van Der Toorn P. 
Induction of longevity in primed seeds. 

Seed Science Research. 1999;9(1):49-  
53. 
DOI: org/10.1017/S0960258599000057 

31. Burgass WR, Powell AA. Evidence for 
repair process in the invigoration of seeds 
by hydration. Annals of Botany, London. 
1984;53(5):753-757.  
DOI: org/10.1093/oxfordjournals.aob.a086 
741 

32. Ashraf M, Bray C. DNA synthesis in 
osmoprimed leek (Allium porrum L.) seeds 
and evidence for repair and replication. 
Seed Science Research. 1993;3(1):15-23. 
DOI: org/10.1017/S0960258500001525 

33. Bray CM, Ashraf M, Davison PA, Taylor 
RM. Molecular markers of seed quality. 
Paris; 1993. 

34. Bailly C, Benamar A, Corbineau F, CÃ´me 
D. Antioxidant systems in sunflower 
(Helianthus annuus L.) seeds as affected 
by priming. Seed Science Research. 2000; 
10(1):35-42.  
DOI: org/10.1017/S0960258500000040 

35. Daniel IO. Biology of seed vigor in the light 
of -omics tools. In: Advances in seed 
biology (ed. jimenez-lopez JC). Intechopen 
Publishers. 2017;236-278. 
DOI: 10.5772/intechopen.68178 

_________________________________________________________________________________ 
© 2019 Silva et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle3.com/review-history/46502 


