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Abstract: Vanilla is the most well-known and economically important genus of Orchidaceae in the world. Vanilla 
bahiana is restricted to Brazil and its conservation status was recently assessed as ‘Endangered’. The species is 
phylogenetically closely related to V. planifolia, whose pods are the main natural source of vanillin. The primary 
desirable traits for vanilla production are high fruit set and great resistance to abiotic stress. High temperatures (> 
32ºC) and heavy rain favor fungal infection, and thus are indirectly responsible for fruit drop by V. planifolia in 
cultivation. The aim of the present study was to follow the process of pod ripening of V. bahiana in a restinga fragment 
in an Environmental Protection Area of Bahia State, and to highlight implications for vanilla crop improvement. 
Fieldwork was carried out from April 2016 to January 2017. A total of nine manual self-pollinations and nine 
manual cross-pollinations were successfully carried out. Fruit length, diameter and girth were recorded every two 
weeks. Fruit permanence in the infrutescence was measured as consecutive days from pollination. Descriptive 
statistics were calculated and Pearson correlation analysis performed among all attributes per pollination method. 
The influence of temperature and rainfall was also analyzed. Pod measurements and fruit permanence in the 
infrutescence were higher for cross-pollination than self-pollination. Higher rainfall results in fruit drop. The use 
of V. bahiana in breeding efforts for the genus is here strongly suggested and supported by previously published 
studies that allowed us to highlight several desirable traits: vanillin production, its wide geographical distribution and 
occurrence in a variety of habitats; substantial populations; resistance to conditions of drought and high luminosity 
and temperature; extensive blooming period; high number of flowers per raceme; possible synchronised flowering 
with V. planifolia, and fruiting throughout the year. These prospects are promising and should be further evaluated, 
not only for V. bahiana but for other vanilla crop wild relatives. Studies of pollination ecology can be used to set 
guidelines for the conservation of the V. planifolia group and to encourage the development of strategies to increase 
the production of fruit and, consequently, vanillin for its culinary uses and medical applications.
Keywords: Bahia State, Brazil, conservation, crop wild relative, vanilla production.

Vanilla bahiana Hoehne (Orchidaceae): estudos sobre o desenvolvimento dos frutos e 
novas perspectivas para o melhoramento de culturas do grupo Vanilla planifolia

Resumo: Vanilla é o gênero mais bem conhecido e economicamente importante de Orchidaceae no mundo. A 
espécie Vanilla bahiana é restrita ao Brasil e seu estado de conservação foi recentemente avaliado como “Em 
Perigo”. A espécie é filogeneticamente próxima de V. planifolia, cujos frutos são a principal fonte natural de 
vanilina. As principais características desejáveis para a produção de baunilha são o elevado número de frutos e 
grande resistência ao estresse abiótico. Altas temperaturas (> 32 º C) e fortes chuvas favorecem a infecção fúngica, 
sendo, portanto, indiretamente responsáveis pela queda de frutos de V. planifolia em cultivo. O objetivo do presente 
estudo foi acompanhar o processo de maturação do fruto de V. bahiana em um fragmento de restinga em uma Área 
de Proteção Ambiental do estado da Bahia e destacar as implicações para o melhoramento da cultura da baunilha. 
O trabalho de campo foi realizado de abril de 2016 a janeiro de 2017. Um total de nove autopolinizações manuais e 
nove polinizações cruzadas manuais foram realizadas com sucesso. O comprimento, o diâmetro e a circunferência 
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Introduction

Vanilla Mill. is the most well-known and economically important 
genus of Orchidaceae in the world (e.g. Correll 1953, Ramachandra 
& Ravishankar 2000, Lubinsky et al. 2008a). Beans of Vanilla spp., 
mainly Vanilla planifolia Jacks. ex Andrew, are natural sources of 
vanillin and vanilla extracts, which are widely used in different cuisines 
and perfumes (Childers & Cibes 1948, Bythrow 2005, Havkin-Frenkel 
& Belanger 2011).  Furthermore, vanillin has been found to be 
anticarcinogenic, anticlastogenic, antimicrobial and antimutagenic 
(Bythrow 2005). Important vanilla-producing countries include India, 
Indonesia, Mexico, Papua New Guinea, Puerto Rico, Uganda, and 
regions of the Indian Ocean, with less-extensive plantations in several 
equatorial and tropical countries such as Brazil, Colombia, Costa 
Rica and Australia (Correll 1953, Sasikumar 2010, Havkin-Frenkel & 
Belanger 2011, Osorio et al. 2012). However, Vanilla planifolia has 
limited genetic variability (Schlüter et al. 2007, Lubinsky et al. 2008a, 
Minoo et al. 2008), and thus crop wild relatives have been identified 
as potencial sources of desirable traits for vanilla production, yet field 
research is needed to better understand their ecology (Nissar et al. 2006, 
Minoo et al. 2008, Havkin-Frenkel & Belanger 2011, Gigant et al. 2011, 
Flanagan et al. 2019).

Vanilla comprises about 120 species, with its highest species 
richness being in Brazil (37 species, 21 of which are restricted to the 
country) (Pansarin 2010, Ferreira et al. 2017, Flanagan et al. 2019, 
Flora do Brasil 2020). The informal V. planifolia group  encompasses 
25 taxa, and includes several American species (Soto Arenas & 
Cribb 2010, Barona-Colmenares 2018, Karremans & Lehamm 2018, 
Flanagan et al. 2018, 2019). Vanilla bahiana is phylogenetically 
closely related to Vanilla planifolia and is restricted to Brazil, where 
it occurs from Maranhão State to São Paulo State. (Bouetard et al. 
2010, Gigant et al. 2011, Villanueva-Viramontes et al. 2017, Flora 
do Brasil 2020). Regarding the conservation status, Vanilla bahiana 
was recently assessed as ‘Endangered’ (Ferreira et al. 2017). Vanilla 
bahiana is a deceptive and self-compatible species. It is pollinator 
dependent, has short anthesis (few hours) at dawn, and low natural 
fruit set (ca. 2%) (Anjos et al. 2017). However, little is known about 
its fruit development. High temperatures (> 32ºC), poor ventilation and 

heavy rain favor fungal infection, and thus are indirectly responsible 
for fruit drop by V. planifolia in cultivation (Hernández-Hernández 
2011). The goals of the present study were to (1) follow the process of 
pod ripening of V. bahiana in a restinga fragment in an Environmental 
Protection Area of Bahia State, and (2) to highlight implications for 
vanilla crop improvement.

Material and Methods

1.	 Study area

The study was carried out in an area of sand dunes in the Área 
de Proteção Ambiental de Lagoas e Dunas do Abaeté (APA Abaeté) 
in the municipality of Salvador (12°54’–12°57’S, 38°18’–38º21’W), 
northeastern Brazil (Brasil 2018). This protected area was established in 
1987 and covers a total of 1,800 hectares (Bahia 1987). The climate is 
tropical humid, without a dry season (Köppen 1948), and with relative 
humidity above 70-80% throughout the year (Viana & Kleinert 2005). 
The annual mean temperature is 25.9 °C, the annual precipitation is 
1,885 mm, and April and May are the rainiest months (Schiavone 2014). 
Distinct restinga phytophysiognomies (sensu Brasil, 2009) are found 
within APA Abaeté, including herbaceous, shrub and restinga forest 
formations (Britto et al. 1993, Silva, 2012).

2.	 Data collection

Fruit development of V. bahiana was studied during April 2016 and 
January 2017 (40 weeks) in a restinga forest fragment bordered by a 
shrub formation (12°55’S, 38°19’W) and with a discontinuous canopy 
due to the establishment of trails (Figure 1a). A total of nine manual 
self-pollinations (SP) and nine manual cross-pollinations (CP) (a single 
flower per individual) were successfully realized from April 2016 to May 
2016. For each raceme, the first flower to open was pollinated (Figure 
1b). Pollinations were performed between 08:00 and 08:30 h using all 
the pollen of the flowers (Anjos et al. 2017). To avoid confusion among 
treatments, different-colored ribbons were used for each test (Dafni et al. 
2005). Fruit lengh (L), diameter (D) and  girth (G) was measured every 
two weeks. Fruit permanence in the infrutescence (F) was measured by 
counting consecutive days from pollination until the last measurement.

dos frutos foram registrados a cada duas semanas. A permanência do fruto na infrutescência foi medida através de dias 
consecutivos a partir da polinização. Medidas estatísticas descritivas dos atributos morfométricos foram calculadas 
e a análise de correlação de Pearson foi realizada para verificar a associação entre os pares dos atributos por método 
de polinização. Também foi analisada a influência da temperatura e da precipitação pluviométrica.  As medidas do 
fruto e a permanência do fruto na infrutescência foram maiores na polinização cruzada do que na autopolinização. O 
aumento dos índices pluviométricos resulta em queda de frutos. O uso de V. bahiana em esforços de melhoramento 
para o gênero é fortemente sugerido aqui e suportado por estudos publicados anteriormente, que nos permitiram 
destacar várias características desejáveis: a produção de vanilina; ampla distribuição geográfica e ocorrência em 
diversos domínios fitogeográficos; formação de populações substanciais; resistência às condições de seca, alta 
luminosidade e temperatura elevada; extenso período de floração; elevado número de flores por racemo; possível 
florescimento sincronizado com V. planifolia; e frutificação ao longo do ano. Essas perspectivas são promissoras 
e devem ser avaliadas não apenas para V. bahiana, mas também para outras espécies de Vanilla restritas ao Brasil. 
Estudos de ecologia de polinização podem ser usados para estabelecer diretrizes para a conservação do grupo 
V. planifolia e encorajar o desenvolvimento de estratégias para aumentar a produção de frutos e, consequentemente, 
de vanilina para usos culinários e aplicações médicas.
Palavras-chave: Bahia, Brasil, conservação, parente silvestre de cultivar, produção de baunilha.
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3.	 Data analysis

Descriptive statistics, including means, medians, standard 
deviations, skewness and kurtosis were calculated for the four 
parameters in order to verify numerically the behavior of the data. 
Pearson’s correlation analysis was used to test the association between 

pairs of attributes (Callegari-Jacques 2003), and the level of significance 
for each pair was calculated by Test T. An exploratory analysis of the 
data was also carried out. Coefficients of variation (CV) for the variables 
were compared in order to verify the homogeneity of the data around the 
mean (Pimentel-Gomes 2009). We adopted the following classification 
for the coefficients of variation (Pimentel-Gomes 2009):  low (< 10%), 

Figure 1. Vanilla bahiana Hoehne. (a) Habitat. (b) Intact flower. For each raceme, the first flower to open was pollinated. (c) 
Immature fruit formed by manual cross-pollination (73 days after pollination; fruit length = 13,2 cm, diameter = 1,1 cm and 
girth = 4,0 cm). (d) Mature fruit formed by cross-pollination (7 months after pollination; fruit length = 13,1 cm, diameter = 1,1 
cm and girth = 4,5 cm). Photographed by Felipe Fajardo V. A. Barberena (a, b) and Tailane Alves do Nascimento (c, d).
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medium (10-20%), high (20-30%), and very high (> 30%). Correlations 
between all the previously mentioned attributes and temperature (T) 
and rainfall (R) were also analyzed. Compiled data for temperature 
and rainfall were obtained from Instituto Nacional de Meteorologia 
(2018) for the study period. Additional data on reproductive biology 
of V. bahiana, encompasing two flowering seasons (2014/2015 and 
2015/2016), were extracted from Anjos et al. (2017).

Results

Fruit maturation is visually evidenced by yellowing and dehiscence 
of the fruit apex  and often occurs about seven months after pollination 
(up to 217 days after pollination, data not presented) (Figure 1c, d). 
Regarding the mean of the data, beans formed by manual self-pollination 
had smaller measurements for length (8.26 vs 9.09 cm), girth (2.84 vs. 
3.12 cm) and diameter (0.84 vs 0.87 cm) than fruits formed by manual 
cross-pollination;  coefficients of variation of the three attributes were 
higher for manual cross-pollination, reflecting the higher means (Table 
1 and 2). Similarly, fruit permanence in the infrutescence was longer 
for cross-pollination than manual-pollination. From the coefficient of 
variation, a comparison statistic that measures the dispersion of the data 
around the mean, it was verified that the variation of F was very high 
for both pollination methods, showing a high degree of variability of 
the data, which is associated with long permanence. The coefficients 
of variation for the attributes L, D and C  were medium or high for 
the two pollination methods. These data show that some fruits have 
more developed morphometric characteristics. Tables 1 and 2 show the 
descriptive statistics for the attributes according to pollination method.

In self-pollination, fruit length was directly proportional to fruit 
diameter, girth and permanence, but inversely proportional to rainfall. 
Girth was directly proportional to fruit diameter and permanence, 
but inversely proportional to rainfall. Fruit permanence and rainfall 

were inversely proportional. No statistically significant correlations 
were recorded between temperature and the morphometric attributes. 
(Table 3).

In cross-pollination, fruit length was directly proportional to fruit 
diameter, girth and permanence, but inversely proportional to rainfall. 
Similarly, fruit diameter was directly related to girth and permanence, 
and inversely related to rainfall. A significant direct relationship between 
permanence and girth, and inverse relationships between rainfall and 
girth and between rainfall and permanence were also recorded. No 
statistically significant correlations were observed between temperature 
and the morphometric attributes. (Table 4).

Discussion

Ripening of the fruits of Vanilla is essential for obtaining greater 
amounts of vanillin, and the first month of pod development is a 
critical phase for Vanilla planifolia bean growth (Nissar et al. 2006). 
For both pollination methods studied longer permanence of the fruit 
of Vanilla bahiana in the infrutescence contributes to increases in all 
the morphometric attributes studied (except for diameter in manual 
pollination, for which no correlation was recorded). Plants of restinga 
experience several limiting conditions such as low water retention and 
intense sunlight (Rizzini 1997). Although the mean monthly maximum 
temperature exceeded 32ºC only in January 2017 (Instituto Nacional 
de Meteorologia 2018), the soil temperature in restinga is much higher, 
reaching about 50ºC. Nonetheless,  individuals of V. bahiana occur in 
shade in the study area and fruit drop does not seem to be correlated 
with high temperatures. However, higher rainfall was responsible for 
a significant decrease in the development of fruit length, girth and 
time of permanence in the infrutescence (fruit drop tends to occur 
at the beginning of development). Thus, cultivation of V. bahiana 
inside greenhouses can be a strategy to decrease fruit drop, since 

Table 1. Descriptive statistics for morphometric attributes and time of permanence for fruit formed by manual self-pollination of Vanilla bahiana Hoehne at Área 
de Proteção Ambiental das Lagoas e Dunas do Abaeté. Attribute: D = diameter; F = time of permanence of the fruit in the infrutescence; G = girth; L = length.

Descriptive statistical measures

Attribute Mean Median
Value Standard 

Deviation
Coefficient

Minimum Maximum CV(%) Kurtosis Skewness
D 0.84 0.76 0.60 1.16 0.20 23.6% -1.20 0.30
F 71.22 40.00 21.00 212.00 74.13 104.1% 0.83 1.60
G 2.84 2.70 2.17 4.10 0.59 20.8% 1.85 1.29
L 8.26 7.70 6.33 11.74 1.77 21.5% 0.73 1.28

Table 2. Descriptive statistics for morphometric attributes and time of permanence for fruit formed by manual cross-pollination of Vanilla bahiana Hoehne at Área 
de Proteção Ambiental das Lagoas e Dunas do Abaeté. Attribute: D = diameter; F = time of permanence of the fruit in the infrutescence; G = girth; L = length.

Descriptive statistical measures

Attribute Mean Median
Value Standard 

Deviation
Coefficient

Minimum Maximum CV(%) Kurtosis Skewness
D 0.87 0.80 0.70 1.08 0.16 18.20% -2.20 0.23
F 114.22 48.00 35.00 213.00 89.59 78.44% -2.55 0.27
G 3.12 2.86 2.48 3.81 0.55 17.63% -2.07 0.21
L 9.09 8.18 6.93 12.16 1.89 20.79% -1.21 0.49
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Table 3. Pearson correlation coefficients for environmental variables and morphometric attributes of the fruit of Vanilla bahiana Hoehne formed by manual self-
pollination at Área de Proteção Ambiental das Lagoas e Dunas. Attribute: D = diameter;  F = time of permanence of the fruit in the infrutescence; G = girth; L = 
length; R = rainfall; T = temperature. ** Significant at 0.01 probability (p < 0.01) by the T-Test. * Significant at 0.05 probability (p < 0.05) by the T-Test. NS, not 
significant (p > 0.05) by the T-Test.

Attribute
Correlation Coefficient

D F G L R T
D 1
F 0.554NS 1
G 0.861** 0.863** 1
L 0.765* 0.938** 0.970** 1
R -0.458NS -0.974** -0.823** -0.915** 1
T -0.530NS -0.241NS -0.321NS -0.263NS 0.130NS 1

Table 4. Pearson correlation coefficients for environmental variables and morphometric attributes of the fruit of Vanilla bahiana Hoehne formed by manual 
cross-pollination at Área de Proteção Ambiental das Lagoas e Dunas. Attribute: D = diameter; F = time of permanence of the fruit in the infrutescence; G = girth; 
L = Lengh; R = rainfall; T = temperature. ** Significant at 0.01 probability (p < 0.01) by the T-Test. * Significant at 0.05 probability (p < 0.05) by the T-Test. NS, 
not significant (p > 0.05) by the T-Test.

Attribute
Correlation Coefficient

D F G L R T
D 1
F 0.964** 1
G 0.970** 0.955** 1
L 0.886** 0.921** 0.920** 1
R -0.865** -0.829** -0.858** -0.703* 1
T -0.522NS -0.621NS -0.504NS -0.653NS 0.080NS 1

the shading can be administered and the amount of water regulated, 
benefiting fruit production. In addition, cross-pollination is preferred 
over self-pollination because of the longer permanence of the fruit in 
the infrutescence, which also benefits fruit production (see levels of 
correlation between the variables; Tables 3 and 4).

The formation of natural and artificial hybrids is recurrent in the 
genus Vanilla, and has included taxa native to different continents 
(Nielsen 2000, Nissar et al. 2006, Minoo et al. 2008, Soto Arenas & 
Dressler 2010). Hybridization has been exploited to obtain genetic 
variability and vanilla crop improvement, but is still at an early stage 
of development (Nissar et al. 2006, Lubinsky et al. 2008b, Sasikumar 
2010). The primary desirable traits for vanilla production are high 
flower production and fruit set, and great resistance to disease and 
abiotic stress (Soto Arenas 1999). Breeding programs have proven to 
be efficient, but remain mostly based on species distantly related to V. 
planifolia, when they should involve American species (Soto Arenas 
& Dressler 2010, Cameron 2011).

Vanilla bahiana presents promising traits that are of value in vanilla 
crop improvement and may be a good initial choice for new breeding 
efforts with V. planifolia. The species has recently been found to produce 
significant amounts of vanillin and other compounds related to vanilla 
flavor (Lopes 2018). In addition, there are other determinant factors 
to consider: Vanilla bahiana has (1) a wide geographical distribution 
(Ferreira et al. 2017, Flora do Brasil 2020); (2) occurs in different 
vegetation types and phytogeographic domains – Caatinga and Cerrado, 
as well as the Atlantic Forest; (3) forms substantial populations in 
restinga fragments (at least 160 individuals in the study area) – whereas 

natural populations of several species of Vanilla are small (Soto Arenas 
1999); (4) is resistant to conditions of drought and high luminosity 
and temperature; (5) has a long blooming period (over an eight-month 
period in restinga areas) (Anjos et al. 2017); (6) produces a high 
number of flowers per raceme – Vanilla bahiana bears more flowers 
than several Vanilla species, including V. planifolia (up to 31 flowers 
per inflorescence versus 24 flowers) (Childers & Cibes 1948, Anjos et 
al., 2017); (7) has possible synchronized flowering with V. planifolia 
due to partial overlap of anthesis and pollination times (Soto Arenas 
1999, Nissar et al. 2006); and (8) fruits throughout the year (Anjos et al. 
2017). Therefore, it may be possible to have flowers, and consequently 
fruits, throughout the year and over a long period of time (months) for 
performing vanilla pollination. Furthermore, the adaptations possessed 
by V. bahiana to adverse abiotic factors may favor cropping in areas 
that are drier and have higher-luminosity, conditions that also reduce 
the propensity for disease.

These results and prospects are promising and should be further 
evaluated, not only for V. bahiana but for other vanilla crop wild 
relatives. Experiments with wild species as part of vanilla breeding 
programs is recommended for growing areas, mainly in tropical and 
equatorial regions where the most significant plantings are concentrated. 
Concomitantly, investigation into the reproductive biology of other 
Brazilian species of Vanilla should continue, since studies of pollination 
ecology can be used to set guidelines for the conservation of the V. 
planifolia group and to encourage the development of strategies to 
increase the production of fruit and, consequently, vanillin for its 
culinary uses and medical applications.
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Finally, it is necessary to plan appropriate management of genetic 
resources, including not only the possible reformulation and expansion 
of vanilla crops, but also in situ conservation efforts for the species. 
Habitat fragmentation is a concern in areas near APA Lagoas e Dunas 
do Abaeté, as it is in innumerable unprotected areas of Brazil, and 
may result in rapid population declines of species of Vanilla. It is 
particularily worrying for species threatened with extinction, such as 
Vanilla bahiana and Vanilla dubia Hoehne (Menini Neto et al. 2013, 
Ferreira et al. 2017). The conservation status of the other species of V. 
planifolia group that occur in the country has not been assessed for red 
lists. Therefore, proper assessment of the conservation status of these 
species is a necessary next step towards the conservation of the gene pool 
of Vanilla. Ex situ conservation actions are also extremely important, 
and will facilitate research of potential agronomic traits, as well as crop 
breeding (Flanagan & Mosquera-Espinosa 2016, Flanagan et al. 2019).
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