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Abstract 
 
Seed germination depends on internal and external factors relating to the seed but the whole process will normally occur if there 
are no restrictions during the stages of germination. So, the aim of the present study was to evaluate the viability and the vigor of 
pitaya seed under different pH levels. A completely randomized design was employed under a 3 × 13 factorial design [pitaya 
genotypes: Hylocereus undatus (white pitaya); H. undatus x H. costaricensis (pitaya hybrid I), and H. costaricensis x H. undatus 
(pitaya hybrid II), and pH levels: 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, and 9.0], with four replications. The solutions of 
pH levels were prepared with distilled water added by hydrochloric acid (HCl) and/or sodium hydroxide (NaOH), and measured with 
the aid of pH meter. In order to conduct the germination test, 50 seeds were used per repetition, arranged in polystyrene boxes 
(Gerbox

®
 type) lined with blotter paper and moistened with solutions referring to pH. The experiment was conducted in 

germinators with photoperiod of 12h and constant temperature of 25ºC. The variables evaluated were percentage of germination 
(PG), germination speed index (GSI), and mean germination time (MGT). The data pertaining to PG were fitted to a almost-binomial 
model and the data pertaining to GSI and MGT were fitted to linear regression models. Hylocereus spp. seeds are sensitive to pH 
changes of the substrate. The pH levels lower than 4.5 damaged the viability and the vigor of pitaya seed, while the pH range 
between 6.0 and 7.5 is favorable for the germination process. 
 
Keywords: hybridization; Hylocereus costaricensis; H. undatus; physiological quality; viability; vigor. 
Abbreviations: ºC_degree Celsius; GSI_germination speed index; h_hours; MGT_mean germination time; mm_millimeter; 
PG_percentage of germination. 
 
Introduction 
 
Cactaceae family (Eudicot) comprises about 200 genera and 
2,000 species, from which approximately 80 species have 
agricultural aptitude (Kiesling, 2001; Areces, 2004; Taylor 
and Zappi, 2004). Pitaya (Hylocereus spp.), known as dragon 
fruit due to its scales, is the denomination used for both the 
plant and the fruit. It originated in tropical and subtropical 
America (Le Bellec et al., 2006). This species has occupied a 
growing niche in the exotic fruit market, arousing the 
interest of the consumers, due to their organoleptic 
characteristics and nutraceutical properties (Silva et al., 
2006; Andrade et al., 2007; Gunasena et al., 2007) and of the 
fruit producers, regarding to the aggregate commercial value 
(Bastos et al., 2006). The fruit is considered nutritious and 
can be consumed both in natura and processed in a range of 
industrialized products. The pulp is succulent, where 
numerous seeds are distributed. The seeds are obovate-
shaped, dark, smooth, and bright, with approximately 3 mm 
in diameter (Le Bellec et al., 2006; Lorenzi et al., 2006). 

Propagation can be performed by means of seeds or 
vegetative structures. The seeds present high germination 
capacity and less possibility of transmitting diseases (Verheij, 
2005; Elobeidy, 2006), being convenient to obtain different 
genetic information. Its diversity can be used in the selection 
of genotypes with desirable characteristics such as 
productivity, external appearance, pulp coloring and better 
adaptation to different climatic conditions (Andrade et al., 
2008). 
The germination percentage depends on internal and 
external factors related to the seeds. Thus, the whole 
process will normally occur if there is no restriction during 
the germination stages (Wagner Júnior et al., 2007). It is 
known that several factors are involved and are likely to 
influence seed germination, being that the most studied are 
water, oxygen, temperature, light, and substrate. Besides 
these, pH is also a factor of relevance for the germination 
process and development of seedlings of cultivated species, 
although is relatively little studied (Ortiz et al., 2015).  
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According to the Rules for Seed Analysis (Brasil, 2009), for 
most species, it is recommended that the pH of both the 
substrate and the water should be between 6.0 and 7.5. 
However, there are no data for cacti. The International Seed 
Testing Association (Ista, 2015) have also recommended this 
pH range (between 6.0 and 7.5), which, according to 
Kerbauy (2012), favors the germination process of most 
plant species. 
The influence of pH on germination has received little 
attention. From the few studies considering the pH effect on 
the germination process, it has been observed that pH levels 
between 3.0 and 11.0 in Lactuca sativa (Wandscheer et al., 
2011) and between 3.0 and 9.0 in Hylocereus spp. (Ortiz et 
al., 2015) has not significantly influenced the percentage of 
germination. However, Ortiz et al. (2015) found a significant 
effect of pH on vigor, expressed by GSI, in one of the three 
genotypes of Hylocereus spp. evaluated, with lower 
performance at pH 4.0; 5.0 and 6.0. 
Differential effects depending on pH levels can be observed 
according to the evaluated genetic material. Due to a few 
researches related to pitaya, the need for studies is 
emphasized to obtain information that can be applied to 
crops under world soil and climatic conditions (Cavalcante et 
al., 2011). Thus, the aim of this study was to evaluate the 
viability and the vigor of pitaya seeds under different pH 
levels. 
 
Results and Discussion 
 
Percentage of germination of pitaya genotypes seeds at pH 
levels 
 
Figure 1 shows the percentage of germination (PG) of pitaya 
genotypes seeds submitted to different pH levels, where the 
interaction between the factors (genotype and pH) and the 
quadratic term are significant. For white pitaya, pH levels 
between 5.5 and 7.5 favored the PG. Similar behavior was 
observed for the seeds of the pitaya hybrid I and pitaya 
hybrid II, which had the germination process optimized 
when submitted to the pH levels of 6.0 to 8.0, expressing 
greater PG in this interval. However, according to Ortiz et al. 
(2015), the pH effect was not significant for seed 
germination of three genotypes of Hylocereus spp. 
The lowest performances occurred in acid pH levels (lower 
than pH 4.5); pH levels between 6.0 and 7.5 were favorable 
to the germination process of Hylocereus spp. seeds, in 
order to provide satisfactory conditions for the germination 
of the three evaluated genotypes (Fig. 1). The results found 
in the present study confirm the recommendations from the 
Rules for Seed Analysis (Brasil, 2009) and the International 
Seed Testing Association (Ista, 2015). Both recommend the 
germination of most species at pH between 6.0 and 7.5. 
Similar results were obtained by Evenari (1949) when 
studying seeds of Lycopersicon esculentum and Malus spp., 
and by Ferreira (1976) on Mimosa bimucronata, verifying 
that the seeds of these species do not germinate in acidic 
environment. 
According to Wandscheer et al. (2011) in L. sativa and 
Therios (1982) in Prunus amygdalus seeds, the broad pH 
ranges of 3.0 to 11.0 and between 2.8 and 8.4, respectively, 
were not able to significantly influence the percentage of 
germination of these species. 

 
Germination speed index and mean germination time of 
pitaya genotypes seeds at pH levels 
 
Regarding to the variables of the germination speed index 
(GSI) and mean germination time (MGT), it is noteworthy 
that they were not measured at the pH levels 3.0 and 3.5 for 
white pitaya and at 3.0 for pitaya hybrid II, due to the lack of 
germinated seeds of these genotypes under these 
conditions. In addition, as found for PG, when analyzing GSI 
and MGT it was also found that both the interaction 
between the factors (genotype and pH) and the quadratic 
term were significant (Fig. 2 and 3). 
With regard to GSI, it was found that pH levels between 5.5 
and 7.5 for white pitaya once again contributed to the 
germination process, as well as observed when evaluating 
the PG. For the pitaya hybrid I and pitaya hybrid II, the pH 
levels between 6.0 and 8.0 provided the highest GSIs. The 
lowest indexes were obtained in acid pH ranges, lower than 
4.5. The levels of pH 6.0 to 7.5 were those that provided 
higher GSI in the Hylocereus spp. genotypes evaluated 
(Figure 2). 
Since germination and seedling development can be 
influenced in extremely acid or alkaline medium, a pH level 
between 6.0 and 7.5 is recommended, which is ideal for the 
germination of most plant species (Kerbauy, 2012) and 
collaborates on biochemical processes and plant nutrition 
(Larcher, 2000). 
Figure 3 shows the behavior of pitaya genotypes seeds 
submitted to different pH levels for MGT. For white pitaya, 
the MGT did not differ significantly at pH levels, but differing 
from the results observed by Ortiz et al. (2015). In the case 
of the pitaya hybrid I and pitaya hybrid II, it was observed 
that the MGT decreased with as the pH increased, which is 
advantageous. This confirms once again that a pH level of 
extreme acidity (less than 4.5) was unfavorable to the seeds 
of these genotypes, because it caused a delay in the 
germination process, since it demands more time in average 
for the seeds to germinate. 
 
Final considerations 
 
The performance of the pitaya hybrids was highlighted in the 
different pH levels in relation to their paternal, on PG, GSI 
and MGT, and can be justified by the heterosis. These results 
corroborate with the research of Coimbra et al. (2006), who 
concluded that the heterosis in hybrid rice cultivars is one of 
the most important technical applications of genetics in 
agriculture, obtaining more vigorous and higher yielding 
cultivars. 
Thus, it is observed that the pH factor influences the viability 
and the vigor of Hylocereus spp. seeds. The results obtained 
in this study confirm the recommendations as per Brasil 
(2009) and Ista (2015), where pH levels close to neutrality 
(6.0-7.5) are favorable to the germination process, reducing 
its efficiency when tending to acidity and/or alkalinity. This 
fact was confirmed by the trend presented in the three 
Hylocereus spp. genotypes evaluated. 
However, because each genetic material presents a peculiar 
response,  it  is  necessary  to  evaluate  the  performance of  
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Fig 1. Adjust of the almost-binomial regression model for Percentage of Germination (PG - %) of three pitaya genotypes seeds 
submitted to thirteen pH levels. 

 
Fig 2. Adjust of the linear regression model for Germination Speed Index (GSI) of three pitaya genotypes seeds submitted to 
thirteen pH levels. 
 

 
Fig 3. Adjust of the linear regression model for Mean Germination Time (MGT - days) of three pitaya genotypes seeds submitted to 
thirteen pH levels. 
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each one according to the pH levels. With that said, due to 
the scarcity of agronomic information about the 
management and cultivation of pitaya, as well as scientific 
basics related to the effect of pH on seed germination and 
seedling development, new research should be carried out 
to optimize the production of this species and increase the 
area in the world scenario. 
 
Materials and Methods 
 
Study area characterization and plant material 
 
This study was conducted in the Seed Production and 
Technology Laboratory at the State University of Londrina 
(Universidade Estadual de Londrina - UEL), Londrina, Brazil. 
Seeds were obtained from ripe fruit of parent plants of 
Hylocereus undatus (white pitaya), and the hybrids H. 
undatus x H. costaricensis (pitaya hybrid I) and H. 
costaricensis x H. undatus (pitaya hybrid II), cultivated in the 
experimental area of the Department of Agronomy at UEL, 
which is located at 23º 23’ S and 51º 11’ W at a mean 
altitude of 566 m.  
Pitaya plants, aged for approximately 10 years, were grown 
in soil area classified as RED NITISOL Eutroferric latosol 
(Embrapa, 2013), planted every 2.0 × 3.0 m, and supported 
by 2.5-m-high sticks with two plants per stick. 
 
Seed extraction 
 
Pulp of the fruit was extracted manually using a spoon and 
placed in a 2 L beaker with a solution consisting of water (1 
L) and sugar (25 g L

-1
). Then, this mixture was allowed to rest 

for 48 h at room temperature to favor the fermentation 
process and facilitate seed extraction. After the resting 
period, the solution was sieved under running water to 
eliminate pulp residues and retain the seeds, which were 
subsequently placed on filter paper and dried in the shade at 
room temperature for 48 h. 
 
Treatments 
 
The experimental design was completely randomized, under 
a 3 × 13 factorial design corresponding to the 3 pitaya 
genotypes [Hylocereus undatus (white pitaya), H. undatus x 
H. costaricensis (pitaya hybrid I), and H. costaricensis x H. 
undatus (pitaya hybrid II)] and 13 pH levels (3.0, 3.5, 4.0, 4.5, 
5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, and 9.0), with four 
replications. 
To obtain the pH levels, solutions were prepared with 
distilled water, adding hydrochloric acid (HCl) and/or sodium 
hydroxide (NaOH) and measured using a Jenway

®
 pH meter, 

model 3510. A sufficient quantity of each solution was 
prepared to set up and conduct the experiment, as well as to 
re-wet the blotting paper if the initial material evaporated. 
The substrate was moistened according to the variation in its 
absorption capacity – that is, until saturation, without 
excess. 
 
Measured variables  
 
For the analysis of the percentage of germination (PG), 
germination speed index (GSI) and mean germination time 
(MGT), 50 seeds were used per repetition, arranged in 

polystyrene boxes (Gerbox
®
 type) lined with blotter paper, 

moistened with solutions referring to pH. 
The experiment was conducted in germinators with 
photoperiod of 12 h and constant temperature of 25 ºC. The 
evaluations were performed daily for 30 days, when the 
germination stabilized. The botanical concept of germination 
was adopted – that is, the seeds that presented root 
extension equal to or greater than 2 mm were been 
considered germinated. The results were expressed as 
percentage of germinated seeds. In addition to the 
germination test, GSI was determined according to the 
methodology of Maguire (1962) and MGT in days, according 
to Lima et al. (2006), from daily counts of germinated seeds. 
 
Statistical analysis 
 
Statistical analysis were performed using software R (R 
Development Core Team, 2017). To verify the germination 
potential of the pitaya genotypes in relation to the pH levels, 
the almost-binomial model was adjusted, in which the 
response variable is the percentage of germinated seeds. To 
check the fit of the model, a semi-normal probability graph 
with a simulation envelope was constructed. From this 
verification, we found evidence of the model providing a 
good fit, since most of the points were within the envelope 
(Urbano et al., 2013). Models were made for the GSI and 
MGT variables adjustments of linear regression, in which the 
explanatory variable was the pH level. 
 
Conclusion 
 
Hylocereus spp. seeds are sensitive to pH changes of the 
substrate. The pH levels lower than 4.5 damaged the 
viability and the vigor of pitaya genotypes seeds, while the 
pH range between 6.0 and 7.5 is favorable for the 
germination process. 
 
Acknowledgements 
 
The authors acknowledge the financial support of the CAPES 
[Coordenação de Aperfeiçoamento de Pessoal de Nível 
Superior (Brazilian Federal Agency for the Support and 
Evaluation of Graduate Education)] for granting scholarship 
to the first author and the Fundação Araucária (Araucária 
Foundation) for the productivity grant provided to the Lúcia 
Sadayo Assari Takahashi. 
 
References 
  
Areces A (2004) Cactaceae. In:  Smith N, Mori SA, Henderson 

A, Stevenson DW, Heald SV (eds) Flowering plants of the 
neotropics, Princeton University Press, Oxford. 

Andrade RA, Martins ABG, Silva MTH (2007) Influência da 
fonte de material e do tempo de cura na propagação 
vegetativa da pitaya vermelha (Hylocereus undatus Haw). 
Rev Bras Frutic. 29:183–186. 

Andrade RA, Oliveira IVM, Silva MTH, Martins ABG (2008) 
Germinação de pitaya em diferentes substratos. Rev 
Caatinga. 21:71–75. 

Bastos DC, Pio R, Scarpare Filho JA, Libardi MN, Almeida LFP, 
Galuchi TPD, Bakker ST (2006) Propagação da pitaya 
'vermelha' por estaquia. Ciênc Agrotec. 30:1106–1109. 



1204 

 

Brasil - Ministério da Agricultura, Pecuária e Abastecimento 
(2009) Regras para análise de sementes, 1st edn. 
Mapa/ACS, Brasília. 

Cavalcante ÍHL, Martins ABG, Silva Júnior GB, Rocha LF, 
Falcão Neto R, Cavalcante LF (2011) Adubação orgânica e 
intensidade luminosa no crescimento e desenvolvimento 
inicial da pitaya em Bom Jesus-PI. Rev Bras Frutic. 33:970–
982. 

Coimbra JLM, Oliveira AC, Carvalho FIF, Magalhães Júnior 
AM, Fagundes PRR, Kopp MM (2006) Heterose em arroz 
híbrido. RBA. 12:257–264. 

Elobeidy AA (2006) Mass propagation of pitaya (dragon 
fruit). Fruits. 61:313–319. 

Embrapa (2013) Sistema brasileiro de classificação de solos, 
3rd edn. Embrapa Solos, Rio de Janeiro. 

Evenari M (1949) Germination inhibitors. Bot Rev. 15:153–
194. 

Ferreira AG (1976) Germinação de sementes de Mimosa 
bimucronata (DC) OK. (maricá) 1 - Efeito da escarificação e 
do pH. Cien Cult. 28:1200–1204. 

Gunasena HPM, Pushpakumara DKNG, Kariyawasam M 
(2007) Dragon fruit Hylocereus undatus (Haw.) Britton and 
Rose. In: Pushpakumara DKN, Gunasena HPM, SINGH VP 
(eds) Underutilized fruit trees in Sri Lanka, World 
Agroforestry Centre, New Delhi. 

Ista (International Seed Testing Association) (2015) 
International rules for seed testing. In: Chapter 5: The 
germination test. Ista, Bassersdorf. 

Kerbauy GB (2012) Fisiologia vegetal, 2st edn. Guanabara 
Koogan, Rio de Janeiro. 

Kiesling R (2001) Cactaceas de la Argentina promisorias 
agronomicamente. J Prof Assoc Cactus. 4:11–14. 

Larcher W (2000) Ecofisiologia vegetal. Rima, São Carlos. 
Le Bellec F, Vaillant F, Imbert E (2006) Pitahaya (Hylocereus 

spp.): a new crop, a market with a future. Fruits. 61:237–
250. 

Lima JD, Almeida CC, Dantas VAV, Siba BM, Moraes WS 
(2006) Efeito da temperatura e do substrato na 

germinação de sementes de Caesalpinia ferrea Mart. ex 
Tul. (Leguminosae, Caesalpinoideae). Rev Árvore. 30:513–
518. 

Lorenzi H, Bacher L, Lacerda M, Sartori S (2006) Frutas 
brasileiras e exóticas cultivadas (de consumo in natura), 
1st ed. Instituto Plantarum de Estudos da Flora, Nova 
Odessa. 

Maguire JD (1962) Speed of germination-aid in selection and 
evaluation for seedling emergence and vigor. Crop Sci. 
2:176–177. 

Ortiz TA, Moritz A, Oliveira MA, Takahashi LSA (2015) Effects 
of the hydrogen potential and fungicide treatment on 
Pitaya seed germination. Acta Sci Agron. 37:69–74. 

R Development Core Team. R Foundation for Statistical 
Computing. Vienna: Austria, 2017. 

Silva MTH, Martins ABG, Aparecida de Andrade R (2006) 
Enraizamento de estacas de pitaya vermelha em 
diferentes substratos. Rev Caatinga. 19:61–64. 

Taylor N, Zappi D (2004) Cacti of eastern Brazil. Royal 
Botanic Gardens, Kew, England. 

Therios IN (1982) Effects of temperature, moisture stress 
and pH on the germination of seeds of almond (Prunus 
amygdalus). Seed Sci Technol. 10:585–594. 

Urbano MR, Hinde J, Demétrio CGB (2013) Dose response 
models with natural mortality and random effects. J Agr 
Biol Environ Stat. 18:594–610. 

Verheij E (2005) Propagação e plantio de árvores. Fundação 
Agromisa, Piracicaba. 

Wagner Júnior A, Negreiros JRS, Alexandre RS, Pimentel LD, 
Bruckner CH (2007) Efeito do pH da água de embebição e 
do trincamento das sementes de maracujazeiro amarelo 
na germinação e desenvolvimento inicial. Ciênc Agrotec. 
31:1014–1019. 

Wandscheer ACD, Borella J, Bonatti LC, Pastorini LH (2011) 
Atividade alelopática de folhas e pseudofrutos de Hovenia 
dulcis Thunb. (Rhamnaceae) sobre a germinação de 
Lactuca sativa L. (Asteraceae). Acta Bot Bras. 25:25–30. 

 

http://landbouwwagennld.library.ingentaconnect.com/content/ista/rules
http://link.springer.com/search?facet-author=%22M.+R.+Urbano%22
http://link.springer.com/journal/13253
http://link.springer.com/journal/13253

