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Abstract 

 

Pitaya is the name given to the fruits of several climbing cactus plants (Cactaceae), some of which are potentially suitable for 

commercialization. Studies that focus on various factors, such as light, that affect germination are necessary to understand the 

germination process of pitaya genotypes. The aim of this study was to evaluate the germination of the seeds of five pitaya genotypes 

under light of different wavelengths and intensities. The genotypes studied were Hylocereus undatus (HU), H. Polyrhizus (HP), 

Selenicereus megalanthus (SM), H. undatus x H. costaricensis (PH1) and H. costaricensis x H. undatus (PH2). The wavelengths 

tested were red (R), far-red and white light, at intensities of 3.4, 10.1 and 17.9 μmol m-2 s-1. The absence of light was also tested. 

Each treatment consisted of four replications of 50 seeds of each genotype. The variables evaluated were germination percentage, 

germination speed index and average germination time. All genotypes germinated in the dark, but light produced favorable results in 

the germination percentages of SM, PH1 and PH2. Light wavelength did not affect the germination percentage of the Hylocereus 

genotypes. Light intensity was favorable for the germination speed index and average germination time. Intensities of 17.9 and 10.1 

μmol m-2 s-1 were the most suitable for germinating HU, HP and PH1, while 17.9 μmol m-2 s-1 was most suitable for SM and 17.9, 

10.1 and 3.4 μmol m-2 s-1 were suitable for PH2. All light wavelengths were favorable for germinating HU and PH2. 

 

Keywords: Cactaceae; Dragon fruit; Germination test; Hylocereus; Selenicereus. 

Abbreviations: AGT_average germination time; GSI_germination speed index; HU_Hylocereus undatus; HP_Hylocereus 

polyrhizus; Pfr_far-red phytochrome; PH1_Hylocereus undatus x Hylocereus costaricensis; PH2_Hylocereus costaricensis x 

Hylocereus undatus; SM_Selenicereus megalanthus; HC_Hylocereus costaricensis. 

 

 

Introduction 

 

Pitaya is the name given to the fruits of various climbing 

cactus plants that contain small digestible seeds and can have 

either thorny or non-thorny skins, which can easily be 

removed during maturation (Nerd 2002). Some species, 

including HU (oblong fruit with red skin and white flesh), HP 

(oblong fruit with red skin and red flesh), HC (globular fruit 

with red skin and red flesh) and SM (oblong fruit with yellow 

skin and white flesh), are suitable for commercialization 

(Mizrahi et al. 1997; Nerd 2002). Pitayas can be propagated 

either vegetatively or from seed. Growth from seed is the 

preferred method for breeding programs because materials 

with different genetic information can be obtained, allowing 

their various characteristics to be exploited. Therefore, plants 

produced by sexual propagation exhibit wide variability, 

allowing the selection of offspring with desirable 

characteristics, such as productivity, external appearance, 

flesh color and suitability for different climatic conditions 

(Andrade et al. 2008). The environmental factors most 

commonly known to regulate germination are the absence or 

presence of light, light wavelength, temperature and 

temperature changes, and the concentration of gases and 

water around the diaspore (Ferreira et al. 2001). Light is 

necessary for seed germination in some species, which are 

identified as positively photoblastic. Negatively photoblastic 

species germinate better in limited light; the germination of 

light-insensitive species is not affected by light. The seeds of 

most cultivated plants germinate in both the presence and 

absence of light, although non-photoblastic seeds may require 

light under unfavorable environmental conditions. The 

classification of seeds in terms of light sensitivity is an 

important factor in germination testing (Villiers 1972; Mayer 

and Poljakoff-Mayber 1989). A seed’s sensitivity to light 

varies according to the properties of the light, its intensity and 

the irradiation time, as well as the soaking time and 

temperature (Toole 1973; Labouriau 1983). Plants detect the 

properties of light with phytochromes, a class of pigments 

that consists of five distinct forms. Phytochrome B is 

responsible for detecting the R: FR ratio (Red:Far-Red, ratio 

between the 655-665 nm and 725-735 wavelengths) and 

rendering seed germination (Takaki 2001). According to the 

Brazilian Seed Analysis Rules, the intensity of light that is 

necessary to satisfy the requirements of all light-sensitive 

seeds must be between 10.1 and 17.9 μmol m-2 s-1, and for 

seeds not sensitive to light, the intensity can be 3.4 μmol m-2 

s-1 (Brazilian Ministry of Agriculture and Agrarian Reform 

1992, 2009). The aim of this study was to evaluate the 

germination of the seeds of five genotypes of pitaya at 

different light wavelengths and intensities, to elucidate the 

effect of light on pitaya seed germination. 
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Table 1. The germination percentages for pitaya genotypes at different light intensities (μmol m-2 s-1) and wavelengths (white, red – 

R - and far-red - FR). 

Genotypex  Intensity White light R FR Averages   

 17.9 90 ns 87 ns 87 ns 88 ns 

HU 10.1 86  89  88  88  

 3.4 87  86  88  87  

 Darkness 85   85   85   85   

 Averages 87   86   87       

 CV (%)     5.11         

  White light R FR Averages   

 17.9 91 ns 88 ns 85 ns 88 ns 

HP 10.1 93  88  86  89  

 3.4 94  86  89  90  

 Darkness 90   90   90   90  

 Averages 92  ns 88   88      

 CV (%)    8.3       

  White light R FR Averages   

 17.9 89 Aay 81 Aab 76 Bb 82 A 

SM 10.1 89 Aa 82 Aa 90 Aa 87 A 

 3.4 88 Aa 77 Ab 81 ABab 82 A 

 Darkness 30 B 30 B 30 C 30 B 

 Averages 74 a 67 b 69 ab     

 CV (%)    8.49         

  White light R FR Averages   

 17.9 67 Aa2 71 Aa 71 Aa 70 AB 

PH1 10.1 77 Aa 73 Aa 75 Aa 75 A 

 3.4 68 Aa 64 Aa 73 Aa 69 B 

 Darkness 67 A 67 A 67 A 67 B 

 Averages 69 a 69 a 72 a     

 CV (%)    7.53         

  White light R FR Averages   

 17.9 98 Aa2 95 Aa 97 Aa 97 A 

PH2 10.1 96 ABa 96 Aa 97 Aa 97 A 

 3.4 96 ABa 96 Aa 95 ABa 96 A 

 Darkness 93 B 93 A 93 B 93 B 

 Averages 96 a 95 a 96 a     

 CV (%) z    2.46         
xHU: H. undatus; HP: H. polyrhizus; SM: S. megalanthus; PH1: H. undatus X H. costaricensis; PH2: H. costaricensis X H. undatus. yAverages followed by the same 

uppercase letter in the column and lowercase letter in the row did not differ in the Tukey test (p < 0.05). nsNot significant. z Coefficient of variation.  

 

Results  

 

Germination percentage  

 

The seeds of all genotypes germinated in the dark, but the 

presence of light, even at low intensity, boosted the 

germination percentage for SM, PH1 and PH2. The 

wavelength of light did not affect the germination percentage 

of Hylocereus (HU, HP, PH1 and PH2). One illumination 

effect was observed to affect the germination of SM only: 

white light produced better results than red, and for far-red, 

an intensity of 10.1 μmol m-2 s-1 was better than 17.9 μmol m-

2 s-1. Additionally, the separate analysis of the effects of 

intensity at the different wavelengths showed that light 

intensity did not affect the germination of the PH1 genotype 

(Table 1). 

 

Germination speed index 

 

In terms of the GSI, the three intensities of light tested 

exhibited higher averages by comparison with a dark 

environment for HP and PH2. For the other genotypes, 

intensities of 17.9 and 10.1 μmol m-2 s-1 were better than 3.4 

μmol m-2 s-1 and darkness. Only SM showed any significant 

difference with respect to wavelength, exhibiting an average 

higher than that obtained for white light (Table 2). Upon 

analyzing the GSI values for each intensity, the highest 

values were found for 17.9 and 10.1 μmol m-2 s-1 for all 

genotypes, with the exception of PH2 under white light. 

Under red light, all intensities were better than darkness for 

all genotypes, and a similar result applies for far-red light 

with the HP, PH1 and PH2 genotypes (Table 2). 

 

Average germination time 

 

For the AGT, light intensities of 17.9 and 10.1 μmol m-2 s-1 

were favorable for HU, HP and PH1. For SM, 17.9 μmol m-2 

s-1 was favorable, while for PH2, all light intensities were 

better than darkness. No significant difference was observed 

for the HU and PH2 genotypes in terms of wavelength. For 

HP and PH1, far-red produced better results than white light, 

and for SM, white light was better than far-red (Table 3). 

Under white light, intensities of 17.9 and 10.1 μmol m-2 s-1 

were favorable for all genotypes, but 3.4 μmol m-2 s-1 was 

also favorable for SM and PH2. Under red light, all 

intensities were better than darkness for all genotypes. A 

similar result was obtained under far-red light for HP, PH1 

and PH2 (Table 3). 
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Table 2. The germination speed indexes (GSIs) for pitaya genotypes at different light intensities (μmol m-2 s-1) and wavelengths 

(white, red - R - and far-red – FR - light). 

Genotypex  Intensity White light R FR Averages   

 17.9 12.25 Aay 10.73 ABb 12.3 Aa 11.76 A 

HU 10.1 11.81 Aa 11.65 Aa 11.88 Aa 11.78 A 

 3.4 10.47 Ba 10.78 ABa 10.19 Ba 10.48 B 

 Darkness 9.98 B 9.98 B 9.98 B 9.98 B 

 Averages 11.13 a 10.79 a 11.09 a     

 CV (%)    6.34           

  White light R FR Averages   

 17.9 12.94 ABa2 12.44 Aa 12.08 Aa 12.49 A 

HP 10.1 13.37 Aa 11.94 Aa 12.52 Aa 12.61 A 

 3.4 11.19 BCa 11.36 ABa 12.52 Aa 11.69 A 

 Darkness 9.74 C 9.74 B 9.74 B 9.74 B 

 Averages 11.81 a 11.37 a 11.72 a     

 CV (%)    9.15           

  White light R FR Averages   

 17.9 7.59 ABa2 6.73 Aa 6.94 Aa 7.09 A 

SM 10.1 8.18 Aa 6.19 Ab 6.14 Ab 6.84 A 

 3.4 6.61 Ba 6.19 Aa 4.73 Bb 5.84 B 

 Darkness 1.54 C 1.54 B 1.54 C 1.54 C 

 Averages 5.98 a 5.16 b 4.84 b     

 CV (%)    11.10           

  White light R FR Averages   

 17.9 8.14 Aa2 8.29 Aa 8.74 Aa 8.39 A 

PH1 10.1 9.00 Aa 8.51 Aa 9.11 Aa 8.88 A 

 3.4 6.45 Bb 7.14 ABab 7.90 Aa 7.17 B 

 Darkness 6.24 B 6.24 B 6.24 B 6.24 C 

 Averages 7.46 a 7.55 a 8.00 a     

 CV (%)    10.28           

  White light R FR Averages   

 17.9 13.42 Aa2 12.92 Aa 13.54 Aa 13.30 A 

PH2 10.1 12.62 Aa 13.44 Aa 12.96 Aa 13.01 A 

 3.4 12.54 Aab 13.48 Aa 12.31 Ab 12.78 A 

 Darkness 9.69 B 9.69 B 9.69 B 9.69 B 

 Averages 12.07 a 12.38 a 12.13 a     

 CV (%) z     5.51           
xHU: H. undatus; HP: H. polyrhizus; SM: S. megalanthus; PH1: H. undatus X H. costaricensis; PH2: H. costaricensis X H. undatus.yAverages followed by the same 

uppercase letter in the column and lowercase letter in the row did not differ in the Tukey test (p < 0.05). z Coefficient of variation. 

 

Discussion 

 

The presence of light, regardless of wavelength, was 

positively correlated with germination for most of the 

genotypes studied. Consistent with our study, Yamashita et 

al. (2008), working on the germination of yerba porosa 

(Porophyllum ruderale), and Lopes et al. (2005), working on 

climbing spinach (Basella rubra), also observed no 

difference between white, red and far-red wavelengths, all of 

which produced better results than the absence of light. 

Simão et al. (2010), working on the germination of seeds of 

Epiphyllum phyllanthus, an epiphyte cactus, obtained better 

germination percentages under white light in comparison 

with a dark environment, which is also consistent with our 

observations. 

Various germination behaviors related to the effect of light 

on cactus seed germination are reported in the literature. 

Ortega-Baes and Rojas-Aréchiga (2007), working on the 

germination of Trichocereus terscheckii, and Meiado et al. 

(2010), working on Cereus jamacaru, both found that the 

seeds of these cacti did not germinate in the dark, i.e., the 

seeds of these species are positively photoblastic. However, 

Pedroni and Sánchez (1997) found no sensitivity to light over  

 

 

 

 

a wide range of temperatures for Pereskia aculeata 

(Cactaceae). The wavelengths of light did not affect the 

values of GSI for Hylocereus genotypes. Rebouças and 

Santos (2007), working on the germination of seeds of 

Melocactus conoideus (Cactaceae), also found no significant 

differences in germination speed between various 

wavelengths of light (red, far-red and white light). Light 

intensity proved favorable to both the measurements of GSI 

and AGT, and intensities greater than 3.4 μmol m-2 s-1 gave 

the best results for all pitaya genotypes except PH2, which 

showed no sensitivity to light intensity but was adversely 

affected by darkness (Table 2 and 4). Simão et al. (2007) also 

detected no differences in the germination percentages of 

seeds of Selenicereus setaceus (Cactaceae) germinated under 

differing light intensities, finding that only germination speed 

increased in direct proportion to light intensity. Considering 

germination percentage on its own, the HU and HP genotypes 

can be classified as neutral because there was no difference in 

germination based on the presence or absence of light 

(Villiers 1972; Mayer and Poljakoff-Mayber 1989). The SM, 

PH1 and PH2 genotypes should preferably be classified as 
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Table 3. The average germination time (AGT - days) for pitaya genotypes at different light intensities (μmol m-2 s-1) and 

wavelengths (white, red - R - and far-red - FR). 

Genotypex  Intensity White light R FR Average   

 17.9 4.04 Aaby 4.31 Ab 3.77 Aa 4.04 A 

HU 10.1 4.03 Aa 4.12 Aa 3.82 Aa 3.99 A 

 3.4 4.48 Ba 4.23 Aa 4.58 Ba 4.43 B 

 Darkness 4.72 B 4.72 B 4.72 B 4.72 C 

 Averages 4.32 a 4.35 a 4.22 a     

 CV (%)     4.95           

  White light R FR Average   

 17.9 3.79 Aa2 3.84 Aa 3.85 Aa 3.83 A 

HP 10.1 3.8 Aa 3.99 Aa 3.71 Aa 3.84 A 

 3.4 4.75 Bb 4.11 Aa 3.77 Aa 4.21 B 

 Darkness 5.11 B 5.11 B 5.11 B 5.11 C 

 Averages 4.36 b 4.26 ab 4.11 a     

 CV (%)     6.77           

  White light R FR Averages   

 17.9 6.44 Aa2 6.64 Aa 6.11 Aa 6.40 A 

SM 10.1 6.40 Aa 7.32 Aab 8.05 Bb 7.26 B 

 3.4 7.29 Aa 7.13 Aa 9.42 Bb 7.95 B 

 Darkness 11.03 B 11.03 B 11.03 C 11.03 C 

 Averages 7.79 a 8.03 ab 8.65 b     

 CV (%)     9.38           

  White light R FR Averages   

 17.9 4.63 Aa2 4.72 Aa 4.50 Aa 4.62 A 

PH1 10.1 4.79 Aa 4.61 Aa 4.41 Aa 4.61 A 

 3.4 5.88 Bb 4.99 Aa 4.95 Aa 5.28 B 

 Darkness 5.93 B 5.93 B 5.93 B 5.93 C 

 Averages 5.31 b 5.06 ab 4.95 a     

 CV (%)     5.91           

  White light R FR Averages   

 17.9 3.74 Aa2 3.85 Aa 3.69 Aa 3.76 A 

PH2 10.1 3.91 Aa 3.72 Aa 3.88 Aa 3.84 A 

 3.4 4.01 Aa 3.75 Aa 4.04 Aa 3.93 A 

 Darkness 5.09 B 5.09 B 5.09 B 5.09 B 

 Averages 4.19 a 4.1 a 4.17 a     

 CV (%)z     5.96           
xHU: H. undatus; HP: H. polyrhizus; SM: S. megalanthus; PH1: H. undatus X H. costaricensis; PH2: H. costaricensis X H. undatus. 
yAverages followed by the same uppercase letter in the column and lowercase letter in the row did not differ in the Tukey test (p < 0.05).  
z Coefficient of variation. 

 

positively photoblastic because the germination percentage 

was higher in the presence of light in comparison with 

darkness (Klein and Felippe 1991). However, taking GSI and 

AGT together, the best results for all genotypes were 

obtained in the presence of light. According to Takaki et al. 

(1983), positively photoblastic seeds can be characterized as 

needing a high threshold of far-red phytochrome (Pfr) for 

germination to occur because they contain an insufficient 

quantity of Pfr to initiate the germination process. This means 

that a period of exposure to light is necessary to boost Pfr to 

sufficient levels to initiate germination. According to Takaki 

et al. (1983) and Takaki (2000), neutral or non-photoblastic 

seeds have a sufficient Pfr threshold to initiate germination 

without exposure to light. The fact that some seeds 

germinated in the dark in our study can be attributed to a pre-

existing level of Pfr that was sufficient to induce germination 

in some of the seeds in the sample (Takaki 2001 and Simão et 

al. 2010). The results obtained in this study partially elucidate 

the adaptation and development of pitaya species, both in 

shady and sunny environments, as reported by Le Bellec et 

al. (2006). The results also partly explain the vivipary 

reported by Cota-Sánchez (2007) for some species of the 

Hylocereeae tribe, which includes the Hylocereus and 

Selenicereus genera. This study showed that light intensities 

of 17.9 or 10.1 μmol m-2 s-1 are recommended for 

germinating H. undatus, H. polyrhizus and H. undatus x H. 

costaricensis, 17.9 μmol m-2 s-1 for S. megalanthus and 17.9, 

10.1 or 3.4 μmol m-2 s-1 for H. costaricensis x H. undatus. 

This study also showed that all wavelengths are favorable for 

germinating H. undatus and H. costaricensis x H. undatus, 

that far-red light was better than white light for H. polyrhizus 

and H. undatus x H. costaricensis and that white light was 

better than far-red light for S. megalanthus. 

 

Materials and Methods 

 

Plant Materials 

 

The experiment was conducted in the plant science laboratory 

at the State University of Londrina (Parana State) using seeds 

of different pitaya genotypes taken from fruits acquired from 

individual collectors in the Londrina region and producers in 

São Paulo state and Bogota, Colombia. Three species and two 

hybrids were tested, identified as HU, HP, SM, PH1 and 

PH2. The flesh was manually removed from the fruits using a 

spoon, and then the flesh of each fruit was packed in a plastic 

container with water (2 L) and sugar (25 g L-1 sucrose) and 

left to ferment for 48 hours at ambient temperature to 

facilitate seed extraction. The solution was then sieved under 
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running water to eliminate the flesh residues and retain the 

seeds, which were then placed on filter paper to dry in the 

shade for 48 hours at ambient temperature. The seeds were 

then packed in polyethylene and stored for 20 days in a cold 

chamber (6 - 9°C, 75% RH.). The seeds were homogenized 

before setting up the experiment. 

 

Light treatments 

 

Red, far-red and white light wavelengths were used at 

intensities of  3.4, 10.1 and 17.9 μmol m-2 s-1 ( ± 0.48, 0.75, 

0.46 μmol m-2 s-1, respectively). One treatment consisted of 

keeping the seeds in the dark.  All treatments were subject to 

four replications of 50 seeds, sown on blotting paper 

moistened with distilled water (2.5 times the dry packed 

weight of the paper) and stored in germination boxes 

(Gerbox). To test for the effect of white light, the germination 

boxes were placed in opaque plastic boxes (28 x 18 x 10 cm) 

internally lined with aluminum foil (two germination boxes 

per lined plastic box). Red light wavelengths were obtained 

using two sheets of red cellophane, and far-red light was 

achieved by using two sheets of red and two sheets of blue 

cellophane (Almeida and Mundstock 2001). The cellophane 

sheets were fixed to the longer sides of pre-cut paper bags, 

into which the aluminum-lined plastic boxes were inserted. 

The seeds were sown in two germination boxes containing 

blotting paper moistened with distilled water (2.5 times the 

dry blotting paper weight), which were placed in each plastic 

box. To test under zero light conditions, the aluminum-lined 

plastic boxes were wrapped inside with two black 

polyethylene bags. The experiment was conducted in a 

growing room with 40 W daylight fluorescent tubes Philips® 

2x9, at a temperature of 25°C (± 0.5) and photoperiod of 12 

hours. To test all light intensities, the boxes were placed at a 

distance of 34 cm (± 2) from the light source (fluorescent 

tube) for direct exposure at 17.9 μmol m-2 s-1. To reduce the 

intensity to 10.1 μmol m-2 s-1, half the area of the tubes was 

covered with 5 cm strips of black polyethylene, blocking 

50% of the light (commercial information). To produce an 

intensity of 3.4 μmol m-2 s-1, the tubes were entirely covered 

with the same type of polyethylene. In the 10.1 and 3.4 μmol 

m-2 s-1 treatments, the light source distance was also 34 cm (+ 

2). 

 

Statistical analysis 

 

The experimental design was fully randomized in a 4 x 3 

factorial arrangement of 4 light intensities and 3 wavelengths. 

Each treatment was replicated four times for each genotype 

with a sample size of 50 seeds. Evaluations were made daily 

for 30 days in a room with a green safety light, and seeds 

exhibiting a hypocotyl were considered to have germinated. 

The GSI, calculated using the formula proposed by Maguirre 

(1962), and average germination time (AGT - days), 

calculated according to Lima et al. (2006), were evaluated as 

the variables. 

For the purpose of statistical analysis, the germination 

percentage values were transformed into arcsines (x/100)0.5 

for normalization, although the values shown in the tables are 

not transformed.  variance was carried out, and the averages 

were compared using the Tukey test (p < 0.05). 

 

Conclusion 

 

Light intensities of 17.9 and 10.1 μmol m-2 s-1 are the best 

indicated values for the germination of PB, PV, and PH1, 

while 17.9 μmol m-2 s-1 is the best indicated for PA, and 17.9, 

10.1 and 3.4 μmol m-2 s-1 are indicated for PH2. 

All of the light levels were favorable for the germination of 

PB and PH2; VE was higher than white light for PV and 

PH1; and white light was higher than VE for PA. 

 

Acknowledgments 

 

We thank the National Council for Scientific and 

Technological Development (CNPq), Araucária Foundation 

and CAPES for funding the project and the scholarship 

provided.  

 

References 

 

Almeida ML, Mundstock CM (2001) A qualidade da luz 

afeta o afilhamento em plantas de trigo quando cultivadas 

sob competição [Light quality affects tillering on wheat 

when grown under competition]. Cienc Rural. 31(3):401-

408.. 

Andrade RA, Oliveira IVM, Silva MTH, Martins ABG 

(2008) Germinação de pitaya em diferentes substratos 

[Germination of pitaya in different substrates]. Rev 

Caatinga. 21(1):71-75. 

Cota-Sánchez JH (2007) Viviparidad en cactáceas: un 

extenso campo de investigación [Viviparity in the 

Cactaceae: a wide research field]. Bol Soc Latin Carib Cact 

Suc. 4(1):5-7. 

Ferreira AG, Cassol B, Taylor da Rosa SG, Sales da Silveira 

T, Stival AL, Silva AA (2001) Germinação de sementes de 

Asteraceae nativas no Rio Grande do Sul, Brasil 

[Germination of seeds of Asteraceae natives of Rio Grande 

do Sul, Brazil]. Acta Botânica. 15(2): 231-242. 

Klein A, Felippe GM (1991) Efeito da luz na germinação de 

sementes de ervas invasoras [Effect of light in the 

germination of weed seeds]. Pesq Agropec Bras. 26(7):955-

966. 

Labouriau LG (1983) A germinação de sementes [Seed 

germination]. 1st ed. OEA, Washington.  

Le Bellec F, Vaillant F, Imbert E (2006). Pitahaya 

(Hylocereus spp.): a new fruit crop, a market with a future. 

Fruits. 61(4):237–250.  

Lima JD, Almeida CC, Dantas V, Siba BM, Moraes WS 

(2006) Efeito da temperatura e do substrato na germinação 

de sementes de Caesalpinia ferrea Mart. ex Tul. 

(Leguminosae, Caesalpinoideae) [Effect of temperature and 

substrate on seed germination of Caesalpinia ferrea Mart. 

ex Tul. (Leguminosae, Caesalpinoideae)]. Rev Árvore. 

30(4):513-518. 

Lopes JC, Capucho MT, Martins Filho S, Repossi PA (2005) 

Influência de temperatura, substrato e luz na germinação de 

sementes de bertalha [The influence of temperature, 

substrate, and light on "bertalha" seed germination ]. Rev 

Bras Sementes. 27(2):18-24.  

Maguire JD (1962) Speed of germination-aid in selection and 

evaluation for seedling emergence and vigor. Crop Sci. 

2(2):176-177.  

Mayer AC, Poljakoff-Mayber A (1989) The germination of 

seeds. 1st edn. Pergamon Press, London.  

Meiado MV, de Albuquerque LSC, Rocha EA, Rojas-

Aréchiga M, Leal IR (2010) Seed germination responses of 

Cereus jamacaru DC. ssp. Jamacaru (Cactaceae) to 

environmental factors. Plant Species Biol. 25(2):120-128.  

Ministério da Agricultura e da Reforma Agrária [Brazilian 

Ministry of Agriculture and Agrarian Reform] (1992) 

Regras para análise de sementes [Rules for seed analysis]. 

Mapa/ACS, Brasília.  



1480 

 

Ministério da Agricultura e da Reforma Agrária [Brazilian 

Ministry of Agriculture and Agrarian Reform]. (2009) 

Regras para análise de sementes [Rules for seed analysis].  

1st ed. Mapa/ACS, Brasília.  

Mizrahi Y, Nerd A, Nobel PS (1997) Cacti as crops. Hort 

Rev. 18:291-320. 

Nerd A, Tel-Zur N, Mizrahi Y (2002) Fruit of vine and 

columnar cacti. In: Nobel PS (ed) Cacti: Biology and uses. 

University of California Press, Los Angeles.  

Ortega-Baes P, Rojas-Aréchiga M (2007) Seed germination 

of Trichocereus terscheckii (Cactaceae): light, temperature 

and gibberellic acid effects. J Arid Environ. 69(1):169-176.  

Pedroni F, Sánchez M (1997) Dispersão de sementes de 

Pereskia aculeata Muller (Cactaceae) num fragmento 

florestal no sudeste do Brasil [Dispersal of Pereskia 

aculeata Muller (Cactaceae) seeds in a forest fragment in 

Southeastern Brazil]. Rev Bras Biol. 57(3):479–486. 

Rebouças ACMN, Santos DL (2007) Influência do 

fotoperíodo e qualidade de luz na germinação de sementes 

de Melocactus conoideus (Cactaceae) [Effect of 

photoperiod and light quality on seed germination of 

Melocactus conoideus (Cactaceae)]. Braz J Biosci. 

5(S2):900-902. 

Simão E, Socolowski F, Takaki M (2007) The epiphytic 

Cactaceae Hylocereus setaceus (Salm-Dick ex DC.) Ralf 

Bauer seed germination is controlled by light and 

temperature. Braz Arch Biol Technol. 50(4):655-662.  

Simão E, Nakamura AT, Takaki M (2010) The germination 

of seeds of Epiphyllum phyllanthus (L.) Haw. (Cactaceae) 

is controlled by phytochrome and by nonphytochrome 

related process. Biota Neotrop. 10(1):115-119. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Takaki M, Heeringa GH, Cone JW, Kendrick RE (1983) 

Analysis of the effect light and temperature on the fluence 

response curves for germination of Rumex obtusifolius. 

Plant Physiol. 77(3):731-734. 

Takaki M (2000) New proposal of classification of seeds by 

forms of phytochrome instead of photoblastism. Rev Bras 

Fisiol Veg. 13(1):103-107. 

Toole VK (1973) Effects of light, temperature and their 

interactions on the germination of seeds. Seed Sci Technol. 

21:339-396. 

Villiers TA (1972) Seed dormancy. In: Kozlowski TT (ed) 

Seed biology, vol. 2. Academic Press, New York: pp. 219-

281. 

Yamashita OM, Albuquerque MCF, Guimarães SC, Silva JL, 

Carvalho MAC (2008) Influência da temperatura e da luz 

na germinação de sementes de couve-cravinho 

(Porophyllum ruderale (Jacq.) Cass) [The influence of 

temperature and light on Porophyllum ruderale (Jacq.) 

Cass. seed germination]. Rev Bras Sementes. 30(3):202-

206. 


