
Journal of Agricultural Science; Vol. 11, No. 8; 2019 
ISSN 1916-9752   E-ISSN 1916-9760 

Published by Canadian Center of Science and Education 

156 

Reproductive Biology and Flowering of Feijoa 
(Acca sellowiana (Berg) Burret) in Areas of Marginal Occurrence 

Joel Donazzolo1, Eliza Luana Charneski Turra2, Larissa Corradi Voss2, Moeses Andrigo Danner2,  
Idemir Citadin2 & Rubens Onofre Nodari3 

1 Department of Agronomy, Federal University of Technology-Paraná, Dois Vizinhos, PR, Brazil 
2 Department of Agronomy, Federal University of Technology-Paraná, Pato Branco, PR, Brazil 
3 Graduate Program in Plant Genetic Resources, Federal University of Santa Catarina, Florianópolis, SC, Brazil 

Correspondence: Joel Donazzolo, Graduate Program in Agroecosystems, Department of Agronomy, Federal 
University of Technology-Paraná, Estrada Para Boa Esperança, Km 04, 85660-000, Dois Vizinhos, Paraná, 
Brazil. Tel: 55-463-536-8428. E-mail: joel@utfpr.edu.br 

 

Received: February 9, 2019      Accepted: April 2, 2019      Online Published: June 15, 2019 

doi:10.5539/jas.v11n8p156          URL: https://doi.org/10.5539/jas.v11n8p156 

 

Abstract 
Studies of feijoa adaptability in different locations, with specific weather conditions can be useful for the 
cultivation of the species. The objective of this work was to study aspects of reproductive biology (pollen viability 
and fruit set under different methods of pollination) and flowering phenology of feijoa in regions of marginal 
species occurrence. Progenies of five different crosses were evaluated in 2011 in Pato Branco and Dois Vizinhos, 
Paraná, Brazil. Effective fruit set was low with manual self-pollination and open pollination, but was higher with 
manual cross-pollination, demonstrating a lack of pollinators or even self-incompatibility in some progenies. For 
both sites, pollen viability was extremely low and atypical for the species. The flowering period of feijoa started 
earlier and was extended in these marginal regions. Manual pollination is required for a good fruit set. 

Keywords: adaptability, pineaple-guava, pollen viability, pollination  

1. Introduction 
Feijoa, known in Brazil as “goiabeira-serrana”, is classified as Acca sellowiana (Berg) Burret (Mattos, 1986) and 
is defined by the Ministry of the Environment as a native species that is potentially important for commercial 
cultivation (Coradin, Siminski, & Reis, 2011). Its fruits can be consumed fresh or processed (Thorp & Bieleski, 
2002). This tree belongs to the Myrtaceae family, and is native to the Brazilian southern plateau, frequently found 
in forests along with Paraná pines (Araucaria angustifolia), or in Araucaria Moist Forests (Lorenzini, Boff, Rech, 
& Boff, 2007). It also occurs in the South of Brazil, and in Northern Uruguay (Mattos, 1986; Thorp & Bieleski, 
2002; Vignale & Bisio, 2005), which are the regions considered the center of its origin and diversity. 

In studies on feijoa adaptability in different locations, Ducroquet, Hickel, and Nodari (2000) believed that the 
high-altitude regions in Paraná, Santa Catarina and Rio Grande do Sul states, Brazil, could be suitable for 
cultivation of the species. The four cultivars officially released in Brazil-Alcântara, Nonante, Helena and Mattos – 
are recommended only for altitudes above 1,200 m (Ducroquet et al., 2007; Ducroquet, Nunes, Guerra, & Nodari, 
2008). However, the species has been successfully cultivated in ecosystems that are different to those characterized 
as its center of origin, such as in Colombia, where more than 600 ha are cultivated, and in New Zealand, where 
about 500 ha are cultivated (Amarante, 2017), making them the largest world producers (Thorp & Bieleski, 2002). 
Feijoa is also present in countries such as Turkey (Beyhan & Eyduran, 2011), Ukraine (Yezhov et al., 2005) and 
China (Xiong, Zou, Yuan, Zhang, & Tan, 2016), among others. This fact highlights the potential plasticity of the 
species to adapt to different environmental conditions, an interesting characteristic in times of intense climatic 
changes. In Brazil, there are initiatives to adapt the cultivation this species outside of the preferred regions (Santos, 
Donazzolo, Guries, Peroni, & Nodari, 2018; Donazzolo, Ornellas, Bertoldo, & Nodari, 2014). 

In its center of origin, feijoa has a well-defined vegetation cycle, starting its sprouting in mid-September and 
flowering from October to November, with the identification of flowering axillary buds before this period being 
quite difficult (Ducroquet et al., 2000; Ducroquet & Hickel, 1991). Recently, in the Bogotá region, six distinct 
phases of phenological growth of two different feijoa cultivars were identified according to the BBCH 
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Figure 1. 
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periods, February and September, resulting in two harvest events, in May-June representing 70% of the harvest 
and January, representing only 30% (Ramírez & Kallarackal, 2018). This shows the interference of the weather 
variations found in those regions. According to Ramírez and Kallarackal (2018), precipitation has a clear effect 
on leaf development and the development of feijoa fruits, but does not influence floral induction. 
Parra-Coronado, Fischer and Chaves-Cordoba (2015) stated that the largest thermal sum can reduce the schedule 
of feijoa phenophases. Thus, the possible cause for this early flowering may be linked to temperature, in São 
Joaquim, there was an average of 13 °C for September and 15 °C for October, while the average for these 
months in Pato Branco was 18 °C and 20 °C and, in Dois Vizinhos, 20 °C and 24 °C (Figure 1). In studies of 
feijoa adaptability, Ducroquet et al. (2000) believed that the available cultivars could be cultivated only in the 
high-altitude regions in the states of Paraná, Santa Catarina and Rio Grande do Sul. Thus, there is, for the sites in 
the current study, a difference of at least two degrees in average temperature, which may have influenced the 
early flowering. 

The delay in the reproductive period observed in Dois Vizinhos, can be related to the crossing adaptation to 
climatic conditions, since the progenies come from elite matrixes from places of altitude in Santa Catarina 
(Ducroquet et al., 2007, 2008). Therefore, it is possible to infer a better adaptation for the species in Pato Branco 
compared with Dois Vizinhos, explained mostly by the higher altitude and, consequently, lower average 
temperature. Another fact that corroborates that there is a better adaptation of feijoa in Pato Branco than in Dois 
Vizinhos is the smaller flowering heterogeneity. For Pato Branco, the average time of flowering in the three 
assessed cycles was 7.4 weeks, while for Dois Vizinhos it was 9.7 weeks (Figure 2). When plants from a 
temperate climate are cultivated in regions with a mild winter, they show several developmental anomalies, such 
as extended flowering period, deformation of the stigma, low pollen quality, erratic flowering and low effective 
fruit set (Petri & Leite, 2004; Oukabli & Mahhou, 2007). In general, the more the species is adapted to the 
cultivation site, the more homogeneous and compact its flowering is. The flowering was most abundant and 
compact in Pato Branco, which may be due to the occurrence of colder periods, which have a greater similarity 
to the place of origin of its genitors. 

In areas where the species naturally occurs, pollen germination has been observed, by several studies, to always 
be greater than 69% (Franzon et al., 2005; Santos et al., 2007), although a wide variation of pollen germination 
was observed in the review conducted by Ramírez and Kallarackal (2017). In the present study, the low pollen 
germination (Table 1) may be evidence that the climatic conditions of the regions (Pato Branco and Dois 
Vizinhos) are not adequate for the studied genotypes. Temperatures above 30 °C decrease pollen viability 
considerably (Franzon et al., 2005). The temperature variation recorded in Dois Vizinhos by a weather station 
from INMET (National Institute of Meteorology) was high, with minimum of 2.1 °C and a maximum of 36 °C 
recorded in September 2015, and the temperature variation recorded in Pato Branco by Simepar (Meteorological 
System of Paraná) showed a minimum of 2.8 °C and maximum of 33.7 °C. This could justify the difference in 
the pollen germination percentages found between the genotypes located in Dois Vizinhos and Pato Branco. 

In addition, the elite matrixes used for performing the crossings assessed in this study are cultivars adapted to 
areas 1,200 meters above sea level (Ducroquet et al., 2007, 2008), with average temperatures below those 
recorded at the sites in the present study. Therefore, the progenies of these crossings, in places too distinct from 
their origin, show less adaptation which is the case for pollen viability. 

When genotype performance was assessed, in general, those that had the Helena variety as one of their genitors 
had a higher rate of pollen germination, which is a characteristic of interest that can be selected in the 
segregating populations (Table 1). This variable comes from crossing with the cv. Unique (Ducroquet et al., 
2007), which belongs to the Uruguay type. This feijoa type comes from that geographical area with higher 
temperature averages when compared to São Joaquim, SC, Brazil, place that holds the Brazilian type of feijoa. 
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Table 1. Percentage of in vitro pollen germination of feijoa progenies in the 2015/2016 cycle for Pato Branco and 
Dois Vizinhos, PR 

Progenies 
Pollen germination (%) 

Pato Branco Dois Vizinhos 

Helena × Nonante - 4.2 c* 
Helena × Nonante - 16.8 a 
Helena × Nonante - 9.1 b 
Helena × Nonante - 6.0 c 
Helena × Nonante - 4.9 c 
Helena × Nonante - 5.8 c 
Alcântara × Mattos - 3.8 c 
Alcântara × Mattos - 4.7 c 
Alcântara × Mattos - 4.2 c 
Alcântara × Nonante 12.5 c 5.2 c 
Alcântara × Helena 48.5 a 9.7 c 
Alcântara × Helena 34.2 b 17.3 a 
Alcântara × Helena 22.9 c 10.4 b 
Alcântara × Helena 17.6 c 9.4 b 
Nonante × Helena 42.1 a - 
Nonante × Helena 29.2 b - 
Nonante × Helena 20.6 c - 
Nonante × Alcântara 37.1 b - 
Nonante × Alcântara 15.6 c - 
Nonante × Nonante  24.2 c - 
Means 27.7 8.0 
CV (%) 22.5 13.8 

Note. * Means of each treatment followed by equal letters in the columns do not differ (Scott-Knott’s test, p ≤ 
0.05). 

 

The effective fruit set originating from manually pollinated flowers was greater than the one obtained by open 
pollination for both the studied sites (Figure 3), which is consistent with what was observed by Finatto et al. (2011), 
who noticed a significant reduction regarding the effective fruit set for open pollination when compared to manual 
cross-pollination. However, in Dois Vizinhos, there was a significant reduction in the effective fruit set rate for 
open pollination (5.8%) when compared with Pato Branco (27.5%). The combining of the analyses from both 
experiments performed in Dois Vizinhos and in Pato Branco revealed that, in addition to the pollen viability issue, 
there may have been a lack of pollinators l, particularly birds (Ducroquet & Hichel, 1997; Mattos, 1986; Ramírez 
& Kallarackal, 2017; Thorp & Bieleski, 2002) and bumblebees. This corroborates with the hypothesis that a lack 
of pollinators can result in low production and varies according to the locations, therefore complementary manual 
pollination is necessary (Patterson, 1990). This fact can explain what occurred in Dois Vizinhos, since, with open 
pollination, the effective fruit set was lower than the manual pollination treatments (Figure 3A). In addition, it is 
worth mentioning that the pollinator restrictions results in the natural variation of pollen quantity deposited on the 
flower stigma, which influences the number of seeds per fruit and, as a consequence, the reduction of fruit seed 
number is associated with the ease of abortion (Stephenson, 1981). High precipitation and low temperatures 
decrease the abundance of pollinators (bumblebees) and the period of stigma receptivity may be reduced, in 
addition to mechanical damage to the flowers (Rom, 1970). In the period of feijoa flowering in Pato Branco and 
Dois Vizinhos, in September and October, the precipitation was 80.4 and 205.8 mm for Pato Branco, and 42.8 and 
185.6 mm in Dois Vizinhos, respectively (Figure 1), which may not justify the low effective fruit set.  

The open pollination was not enough to achieve the potential fruit production in the assessed plants, suggesting 
that pollination is a factor to be considered in species adaptation to regions of marginal occurrence and cultivation, 
requiring manual pollination or the availability of pollinators to obtain good fruit yields. 

4. Conclusion 
In areas of marginal occurrence of the species, the flowering period of feijoa begins earlier and is extended 
compared with adapted areas. Low pollen viability and pollination deficiency were observed in areas of marginal 
occurrence of the species, which caused low fruit set. We suggest that manual pollination should be used, since 
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with cross-pollination there was an effective fruiting compatible with the need for commercial production. More 
detailed investigations should be carried out to identify pollinator agents as well as their efficiency in pollination. 
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