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ABSTRACT: The purpose of this study was to develop a pollen preparation methodology with a high 

proportion of intact pollen of species for the genus Passiflora subg. Passiflora. Thus, flower buds were collected near 
anthesis, from the species: P. alata, P. edulis, P. foetida, P. giberti,  and P. setacea, fixed in ethanol-acetic acid mixture 
(3:1) and treated in 10%-20% aqueous sodium hydroxide, or acetolyzed. The pollen treated with 10% sodium hydroxide 
resulted in an average of 96% intact pollen grains in all species, however, after acetolysis an average percentage of 98% 
broken pollen was observed. Data obtained in pollen measurements did not change with the new methodology. It is 
therefore evident that the proposed methodology for pollen preparation based on sodium hydroxide was effective, as it 
allowed the visualization of a significant amount of intact pollen, thus promoting morpho-palynological studies of these 
species. 
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INTRODUCTION 
 

The genus Passiflora L. (Passifloraceae) is 
divided into four subgenera (Passiflora, Decaloba, 
Astrophea and Deidamoides). The most 
representative among them is Passiflora L. 
(FEUILETT AND MACDOUGAL, 2007), with 
approximately 140 described species in Brazil alone 
(CERVI, 2006; BERNACI et al., 2008). Aside from 
the large number of species, the variability in both 
vegetative and reproductive structures of the genus 
is impressive. A classification key, based on a larger 
number of descriptors associated with molecular 
studies (HANSEN et al., 2006), could eliminate 
errors in the systematic classification of this group. 

Dettke and Santos (2009) stated that the 
family Passifloraceae is particularly interesting from 
the palynological point of view, due to the great 
variation in size and shape of the pollen grains. On 
the other hand, little is known about the pollen 
morphology, which could be important in the 
characterization of the genus Passiflora, using traits 
that have taxonomic value and could  be useful to 
understand the systematics of the genus 
(MILVARD-DE-AZEVEDO et al., 2004) an 
efficient method of pollen preparation for such 
palynological studies would contribute to this 
purpose. 
 A number of methods for morpho-

palynological studies have been cited in the 
literature, for example, acetolysis developed by 
Erdtman (1960), lactic acetolysis by Raynal and 
Raynal (1971) and the method of Wodehouse 
(1935). But in palynological studies with species of 
the subgenus Passiflora, the results of the above 
methodologies in pollen preparations for bright-field 
microscopy are unsatisfactory, as reported by 
Araújo and Santos (2004); Dettke and Santos (2009) 
and Evaldt et al., (2011). The development of a 
methodology for a good pollen preparation could 
circumvent this problem, underlying palynological 
studies of the species of this group. 

Thus, the purpose of this study was to 
develop a methodology of pollen preparation 
producing a high proportion of intact pollen grains 
for morpho-palynological studies of species of the 
subgenus Passiflora under bright-field microscopy. 

 
MATERIAL AND METHODS 

 
The pollen material was obtained from 

flower buds near anthesis, of the species: Passiflora 
alata Curtis, Passiflora edulis Sims, Passiflora 
foetida L., Passiflora giberti N. E. Brow and 
Passiflora setacea DC. To obtain pollen material 
from each species, buds were collected and fixed in 
3:1 ethanol-acetic acid and refrigerated (4 °C) for at 
least 24 hours. Subsequently, two anthers per bud 
were removed, cross-sectioned, transferred to 1000 
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µL microtubes containing 500 µL of acetic acid and 
left to stand for 15 min. After the pollen material 
was exposed, the anthers were removed and the 
tubes centrifuged at 3000 rpm (rotations per minute) 
for 5 min and then the supernatant was discarded. 

After separating the pollen material 
according to the above method for each species, two 
techniques were used independently for the 
preparation for bright field microscopy analysis: a) 
acetolysis of pollen grains as proposed by Erdtman 
(1960), b) sodium hydroxide (NaOH) in aqueous 
solution at 10% (v/v) and 20% (v/v), where 500 uL 
of 10 or 20% of the solution was filled into a 
microtube containing the pollen material, and 
incubated for 15 min at room temperature, then  
slides were prepared in glycerol gelatin and the 
material was analyzed. 

Per slide, 250 pollen grains were analyzed, a 
total of eight slides for each of the five species, i.e. a 
total of 10,000 pollen grains, distinguishing the 
intact from the damaged (broken or partially 
broken) grains. The data were subjected to 
descriptive statistics, using measures of central 

tendency and data variability, and the confidence 
interval for the proportion was estimated at a 
significance level of 0.05%, using the program 
GENES (CRUZ, 2006).  Measurements in polar 
view of the polar pollen diameter were also carried 
out for all species. 

 
RESULTS AND DISCUSSION 

 
Pollen preparation by the acetolysis method 

resulted in partially or completely broken pollen 
grains, however, preparing the pollen on the basis of 
NaOH allowed a clear visualization of the 
morphology of the pollen of all species of this study 
(Figure 1). In some studies (ARAÚJO and 
SANTOS, 2004; DETTKE et al., 2009 and 
EVALDT et al., 2011), acetolyzed pollen of 
representatives of the subgenus Passiflora under 
bright-field microscopy appeared with partially or 
completely broken grains, hampering some 
estimations, e.g., of the polar and the equatorial 
diameter. 

 
Figure 1. Photomicrographs of NaOH-treated pollen grains of species of the subgenus Passiflora. (ADG) set of 

intact pollen, respectively, of P. edulis, P. alata e P. setacea; (B) P. edulis, (C) P. foetida, (E) P. 
alata, (F) P. giberti and (I) P. setacea in polar view; (H) P. setacea in equatorial view; (*) 
pseudoperculum and (●) pontoperculum. Bar 20 µm. 
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Well-prepared pollen grains, aside from 
maintaining the pollen integrity, should show the 
outer pollen membrane, making a clear distinction 
between the nexine and sexine possible 
(SALGADO-LABOURIAU, 1973; MARTINS, 
2010). The data from this study corroborated 
statements of the above authors, since the use of 
aqueous NaOH allowed a good visualization of 

these structures (Figure 1). In addition, a high 
percentage of intact pollen was observed resulting 
from preparation with 10% NaOH : P. alata (97%), 
P. edulis (95%), P. foetida (97%), P. giberti (96%), 
and P. setacea (98%), while the in preparation with 
20% NaOH:  P. alata (88%), P. edulis (90%), P. 
foetida (91%), P. giberti (88%), and P. setacea 
(93%) (Table 1). 

 
Table 1. Confidence interval (CI), at a significance level of 0.05 for the proportion (p) of intact and broken 

pollen of the species P. alata, P. edulis, P. foetida, P. giberti, and P. setacea, after  pollen preparation 
by different methods. 

 
 
 
Species 

 
 
 

Methodology 

Proportion 
 
 
Intact pollen 

 
 
Broken pollen 

 
 
P. alata 

 p CI (95%) p CI (95%) 
acetolysis 0.02 0.01-0.03  0.98 0.97-0.99 
sodium hydroxide (10%) 0.97 0.95-0.99 0.03 0.01-0.05 
sodium hydroxide (20%) 0.88 0.87-0.91 0.12 0.09-0.13 

 acetolysis 0.01 0.01-0.03 0.99 0.97-0.99 
P. edulis sodium hydroxide  (10%) 0.95 0.95-0.98 0.05 0.02-0.05 
 sodium hydroxide  (20%) 0.90 0.86-0.90 0.10 0.10-0.14 
 acetolysis 0.02 0.01-0.03 0.98 0.97-0.99 
P. foetida sodium hydroxide  (10%) 0.97 0.95-0.99 0.03 0.01-0.05 
 sodium hydroxide  (20%) 0.91 0.87-0.93 0.11 0.07-0.13 
 acetolysis 0.03 0.01-0.04 0.97 0.96-0.99 
P. giberti sodium hydroxide  (10%) 0.96 0.95-0.99 0.03 0.01-0.05 
 sodium hydroxide  (20%) 0.88 0.87-0.91 0.12 0.09-0.13 
 acetolysis 0.02 0.01-0.03 0.98 0.97-0.99 
P. setacea sodium hydroxide  (10%) 0.98 0.94-0.99 0.02 0.01-0.06 
 sodium hydroxide  (20%) 0.93 0.90-0.95 0.07 0.05-0.10 

 
 
The measurements in equatorial view 

showed the following average values of polar 
diameter of the species, P. edulis (69.2 µm), P. alata 
(73.3 µm), P. foetida (79.6 µm), P. giberti (78.5 
µm) and P. setacea (79.4 µm) and equatorial 
diameter of 70.2, 72.5, 75.1, 80.3 e 79.0µm, 

respectively, to above species (Table 2). Similar 
values were found by Evaldt et al. (2011) for P. 
alata, P. edulis and P. foetida, using acetolysis 
method, this fact indicates that the proposed 
methodology does not underestimate the pollen 
measurements of the species studied. 

 
Table 2. Morphometric characteristics of pollen grains of species for the genus Passiflora subg. Passiflora. 

 
Species 

Polar  
diameter 

Equatorial 
diameter 

Range x ± sx s CI 95%  CV 
(%) 

Range x ± sx s CI 95% CV 
(%) 

P. edulis 65.3-75.4 69.2±1.5 2.9 68.3-71.2 4.1 64.7-76.1 70.2±1.4 2.5 69.0-72.3 3.5 
P. alata 62.1-84.7 73.3±1.8 1.3 70.5-74.0 3.9 61.8-83.9 72.5±3.5 3.7 70.1-74.8 5.1 
P. foetida 65.6-94.5 76.9±2.4 2.0 75.2-78.5 2.6 66.1-95.3 75.1±1.9 3.0 74.0-77.4 3.9 
P. setacea 70.1-83.2 79.4±1.3 1.7 78.8-80.7 2.1 69.8-84.7 80.3±3.0 2.9 78.5-81.6 3.6 
P. giberti 64.8-80.1 78.5±2.0 3.2 76.5-80.9 4.0 62.2-82.3 79.0±2.7 3.4 78.4-81.0 4.3 

x: mean; sx: standard deviation from the mean; s: standard deviation from the sample; CI: confidence interval; CV(%): coefficient of 
variation 
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It is therefore evident that the proposed 
methodology resulted in a significant amount of 
intact pollen grains and enabled a clear visualization 
of the pollen morphology, thus representing a viable 
alternative for palynological descriptions of the 
studied in Passiflora species. 
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RESUMO: Este estudo teve como objetivo elaborar uma metodologia, para obter preparos polínicos com alta 

frequência de polens íntegros de espécies representantes do gênero Passiflora subg. Passiflora. Dessa forma, botões florais 
foram coletados, próximo à antese, das seguintes espécies: P. alata, P. edulis, P. foetida, P. giberti e P. setacea, fixado em 
solução etanol-ácido acético (3:1) e tratado em solução aquosa de hidróxido de sódio (10 e 20%) ou acetolisados, 
independentemente. Os preparos palinológicos, quando tratados com hidróxido de sódio a 10%, evidenciaram, em todas as 
espécies, média de 96% de polens íntegros, em contrapartida, quando acetolisados foi observada uma percentagem média 
de 98% de polens rompidos. Os dados referentes a mensurações polínicas não sofreram alterações com a nova 
metodologia. Evidencia-se, dessa forma, que a metodologia proposta, para preparações polínicas à base de hidróxido de 
sódio, foi eficiente, pois promoveu a visualização de uma quantidade significativa de polens íntegros, favorecendo assim o 
estudo da morfologia polínica nessas espécies. 
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