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INTRODUCTION

Non-traditional fruits species, either native 
or exotic, which are little explored economically 
in Brazil, have aroused the market interest for their 
organoleptic, medicinal properties and acceptability 
by the population. Among them are mangosteen, 
lychee, pomegranate, mulberry, umbu, star fruit and 
goldenberry (physalis), in addition to other fruits 
(Watanabe & Oliveira 2014).

Among the species of the Physalis genus, 
whose fruits are rich in compounds beneficial to the 
human health, and with a potential as food, is Physalis 
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ixocarpa Brot. ex Hornem. Still little known in Brazil, 
the species is native to Mexico, which is the largest 
producer and distributor. Depending on the variety 
cultivated, the color of the fruits produced may be 
green, yellow-green or purple. They are used in the 
traditional Mexican cuisine and are popularly known 
as Mexican husk tomatoes (Peña-Lomelí et al. 2011). 
The fruit is also marketed in the United States, owing 
to the increasing demand of the Latino community 
in the country (Díaz-Pérez et al. 2005). In India, 
recent studies have been developed to introduce this 
fruit crop in the region (Singh et al. 2013). In Brazil, 
due to the fruit diverse potential (for instance, in the 
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The Physalis ixocarpa species has an interesting 
performance in hot and dry regions. However, there has been 
a lack of information about the influence of edaphoclimatic 
conditions, during the growing period, on the physical and 
physicochemical characteristics of the fruits. This study aimed 
to evaluate the characteristics of ‘purple’ and ‘green’ fruits of 
the P. ixocarpa species, according to the growing season, in 
the semi-arid region of the Bahia state, Brazil. A randomized 
block design was used, in a 2 x 2 x 5 factorial scheme 
(variety x growing season x fruit maturation stages), with three 
replications. The following characteristics were evaluated: 
color, fresh weight, length, diameter and total soluble solids 
contents of the fruits. The changes in the characteristics of the 
fruits follow the same tendency during maturation, for both 
evaluated varieties, with the best characteristics being observed 
when the calyx is green, with dry parts, completely expanded 
and ruptured. The growing season has a significant effect on 
the characteristics of the fruits, with May to August presenting 
the best environmental conditions for growing in the semi-arid 
region of the Bahia state.

KEYWORDS: Physalis ixocarpa Brot. ex Hornem; Solanaceae; 
fruit maturation; growing environment.

Desenvolvimento de frutos de fisális 
em função da época de cultivo no semiárido baiano

A espécie Physalis ixocarpa demonstra desempenho 
interessante em regiões quentes e secas. Contudo, há necessidade 
de informações acerca da influência das condições edafoclimáticas 
durante o cultivo nas características físicas e físico-químicas 
dos frutos. Objetivou-se avaliar as características de frutos das 
variedades ‘roxa’ e ‘verde’ de P. ixocarpa, em função da época 
de cultivo, no semiárido baiano. Utilizou-se delineamento 
experimental em blocos casualizados, em esquema fatorial 2 x 2 x 
5 (variedade x época de cultivo x estádios de maturação do fruto), 
com três repetições. Avaliaram-se as seguintes características: 
cor, massa fresca, comprimento, diâmetro e teores de sólidos 
solúveis totais dos frutos. As modificações nas características 
dos frutos seguem a mesma tendência ao longo da maturação, 
nas duas variedades avaliadas, observando-se as melhores 
características quando o cálice está verde, com partes secas, 
completamente expandido e rompido. A época de cultivo tem 
efeito significativo nas características dos frutos, devendo este 
ser realizado de maio a agosto, no semiárido baiano.

PALAVRAS-CHAVE: Physalis ixocarpa Brot. ex Hornem; 
Solanaceae; maturação de frutos; ambiente de cultivo.
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food and pharmaceutical industries), there has been 
a commercial interest, and recent studies have been 
carried out in the southeastern and northeastern 
regions of the country (Silva et al. 2016, Barroso et 
al. 2017).

P. ixocarpa fruits, used as vegetable, are a 
source of nutrients essential for the maintenance 
of human health (Vargas-Ponce et al. 2015). In 
addition, pectins with a high potential for use 
in the food industry (Morales-Contreras et al. 
2018) can be extracted from the fruit. Besides, the 
extract from leaves, stem, fruits and calyx has an 
important pharmacological potential, due to its high 
antibacterial (Khan et al. 2016) and chemopreventive 
activity (Choi et al. 2006).

In recent years,  the cult ivation and 
commercialization of physalis, mainly Physalis 
peruviana, have been taking place in the central-
south Brazil; but species of this genus are tolerant 
to various types of climates and soils, and have a 
potential to be commercially expanded to others 
regions of the country (Rufato et al. 2013, Muniz 
et al. 2015). The potential for introducing this crop 
to the Brazilian Northeast region, for example, can 
be demonstrated by studies with different species 
of this genus carried out by Souza et al. (2017) and 
with the P. ixocarpa species by Barroso et al. (2017). 
In those studies, the fruits presented physical and 
physicochemical characteristics similar to those 
obtained in studies carried out in places of natural 
occurrence and/or cultivation of the species.

With regard to the Physalis species, the season 
and growing environment have a significant effect on 
the development of the plants and, consequently, on 
their physical characteristics, such as weight and size, 
and on their chemical characteristics, such as ºBrix, 
acidity, vitamin C content and anthocyanins (Lima 
et al. 2012, Silva et al. 2016 and 2018). In addition, 
they influence the growth rate and development 
duration (Fisher et al. 2007). Therefore, studies 
investigating the effect of growing seasons on fruit 
characteristics contribute to verify the potential of 
this species in different regions, such as in the semi-
arid region. Such studies also allow identifying the 
appropriate crop management, as well as introducing 
and diversifying cultivation practices of the species, 
which shows a great commercial potential in the 
national market.

In view of the above, this study aimed to 
evaluate the characteristics of fruits of the ‘purple’ 

and ‘green’ varieties of Physalis ixocarpa, according 
to the growing season, in the semi-arid region of the 
Bahia state, Brazil. 

MATERIAL AND METHODS

The experiments were conducted at the 
Universidade Estadual de Feira de Santana, in 
Feira de Santana, Bahia state, Brazil (12º16’09”S, 
38º56’34”W and altitude of 234 m), from May to 
August 2017 and from August to November 2017.

The region has a mean annual temperature 
of 24 ºC, mean annual rainfall of around 848 mm, 
and the climate is dry subhumid, megathermal 
(C2rA’a’), according to the Thornthwaite & Mather 
method (UEFS 2018). The soil in the region is a 
Red-Yellow Podzolic (Silva 2015), with a clay-
sandy texture and a flat relief, showing the following 
chemical characteristics: organic matter = 24.0 g kg-1; 
Ca = 2.8 cmolc dm-3; K = 0.15 cmolc dm-3; Mg = 
1.05 cmolc dm-3; Na = 0.05 cmolc dm-3; H + Al = 
1.98 cmolc dm-3; sum of bases = 4.04 cmolc dm-3; 
cation exchange capacity = 124.7 cmolc dm-3; base 
saturation = 67 %; P = 15 mg dm-3; and pH = 6.1.

A complete randomized block design was used, 
with three replications, each plot with 20 plants, in a 
2 x 2 x 5 factorial scheme, in which two varieties of 
Physalis ixocarpa, the ‘purple’ and the ‘green’ ones, 
were evaluated during two growing seasons: season 1 
(May to August 2017), when there is a higher total 
rainfall and milder temperatures; and season 2 (August 
to November 2017), in which rainfall decreases and 
temperature increases (Figure 1), and five stages of 
fruit maturation.

For the production of the ‘purple’ and ‘green’ 
seedlings of P. ixocarpa, seeds were sown in 300 mL 
plastic cups filled with the commercial substrate 
Vivatto Slim Plus®. After the seedling emergence, 
thinning was carried out, leaving only one seedling 
per cup. These seedlings were kept under shade-cloth 
cover and daily irrigation. From the emergence of 
the first eophyll pairs, after 20 days, 120 seedlings 
were transplanted to open field conditions. The 
seedlings were arranged in two rows per block, with 
spacing of 0.8 m between plants and 2.0 m between 
rows. A chemical fertilizer with NPK was used, as 
recommended by Thomé & Osaki (2010).

During the growing period, the branches 
were staked in an “X” format, following the 
recommendation by Muniz et al. (2011). The plants 
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were marked with ribbons one month after the 
transplant, staking the new branches as needed 
throughout the plant developmental stage. The 
irrigation system consisted of drippers spaced at 
every 0.8 cm. For pest control, a commercial neem oil 
(1 % emulsifiable oil solution) diluted in water in the 
proportion of 5 mL L-1 was used whenever necessary.

At 40 days after transplanting, at different 
positions and orientations in the plant, fruits in 
different stages were collected, and the maturation 
stages were determined according to the description 
of the characteristics and images of calyx and fruit 
displayed in the publication by Barroso et al. (2017). 
By means of visual selection, the fruits were grouped 
into five stages: E1 - green calyx not completely 
expanded, and fruit not filling the calyx; E2 - green 
and fully expanded calyx, and fruit not filling the 
calyx; E3 - green and fully expanded calyx, and 
fruit completely filling the calyx; E4 - green calyx, 
with dry parts, completely expanded and ruptured, 
and fruit completely filling the calyx; E5 - dry, fully 
expanded and ruptured calyx, and fruit completely 
filling the calyx.

Using the Royal Horticultural Society color 
chart (RHS 2001), calyx and fruit colors were 
determined. In addition to color, the analysis also 
determined the fresh weight (g) using a Shimadzu 
AY220 analytical scale (0.001 g), fruit diameter 
(measured in equatorial plane) and fruit length 
(mm) (apex to base), using a 0.01 mm Cosa digital 
caliper. The total soluble solids content was measured 
indirectly by placing a drop of fruit juice on the prism 
of an Atago manual refractometer, with temperature 
correction at 20 ºC and expressed in ºBrix.

The analyses followed a randomized design, 
consisting of three replications, and each plot was 
represented by 15 fruits (collected from 20 plants 
per plot), totaling 45 fruits per stage. The results 
were submitted to analysis of variance by the F 
test and, when the effect of the factors and of the 
interaction between them were significant, a test of 
comparison of averages (Tukey) was performed at a 
5 % significance level. Data analysis was performed 
using the Sisvar software (Ferreira 2011). 

 
RESULTS AND DISCUSSION

Changes in the characteristics of calyces and 
fruits followed the same tendency, regardless of the 
growing season, for the ‘purple’ and ‘green’ varieties 
of Physalis ixocarpa, showing changes only in the 
final stages (Figure 2).

Regarding fruit color, no marked changes 
were observed for the ‘green’ variety. Observations 
showed that the fruits maintain their dark green color 
(144A-RHS) during almost all their development 
period, varying in tonality, thus becoming light green 
(145A-RHS) only when changes in the calyx color 
occur [light yellowish brown (158A-RHS)].

The ‘purple’ variety, like most physalis 
species, showed changes in color in the calyx and 
fruit when fully developed. The dark green color 
(144A-RHS) of the fruits was maintained until near 
the stage of maximum maturation (stage 4), when 
the calyx is ruptured and part of the fruit surface 
begins to become purple (N89A-RHS), what is then 
accentuated in the last stage evaluated. The purple 
color of the fruits of this variety is associated with 
the presence of anthocyanin (Gonzáles-Mendonza et 
al. 2011). This pigment is detected in higher contents 
in the final stages of fruit maturation (Borghesi 
et al. 2016), because, besides being an important 
protective mechanism against solar radiation, an 
antioxidant and a defense mechanism, it plays a role 
in attracting seed dispersers and delays senescence 
(Liu et al. 2018).

Unlike the species P. angulata and P. peruviana, 
among other species of the genus, the changes in the 
color of calyx and fruit for the evaluated varieties 
are not gradual throughout the developmental 
stages (Rodrigues et al. 2012, Carvalho et al. 2014). 
Changes occurred only in the final maturation stages. 
This observation can be explained by the intrinsic 
genetic aspect of the species, since the two varieties 

Figure 1. Variations of monthly minimum (Tmin), mean (Tm) and 
maximum (Tmax) air temperature and rainfall levels 
(precipitation), during the experimental period, in Feira 
de Santana, Bahia state, Brazil. Source: Brasil (2018). 
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under analysis showed the same tendency, and 
the color-change pattern was the same in the two 
evaluated periods.

The statistical analyses showed a triple 
interaction (season x variety x maturation stages 
of the fruit) only for the variable fruit fresh weight. 
This demonstrated that the fruit increased weight 
during its development depends on the environmental 
conditions and the P. ixocarpa variety being 
cultivated.

The increase in the fruit fresh weight during 
maturation showed a significant difference and 
followed the same tendency for the two varieties 
and growing seasons evaluated (Table 1). The fruits 
showed a similar weight for both varieties at the 

initial stages of development in the two growing 
seasons (E1 and E2); but, from the stage 3, the fruits 
of the ‘green’ variety were heavier than those of the 
‘purple’ variety, in the evaluated periods.

The highest average for fresh weight 
(36.4 g) was verified for the ‘green’ P. ixocarpa 
in fruits with dry and completely ruptured calyx 
obtained from May to August 2017 (season 1). This 
value is similar to that found for the ‘green’ variety 
by Souza et al. (2017) and Barroso et al. (2017), for 
plants grown at the same place that the present study 
was carried out. However, when compared to the 
average of 30.5 g verified by Rodríguez-Burgos et al. 
(2011) - the highest value among the varieties studied 
by these authors - and the average of 27.96 g observed 

Figure 2. Visual aspects of Physalis ixocarpa fruits at different maturation stages of the ‘purple’ [S1 (A); S2 (B); S3 (C); S4 (D); 
S5 (E)] and ‘green’ [S1 (F); S2 (G); S3 (H); S4 (I); S5 (J)] varieties. Each square equals 1 mm2.

* Means followed by the same letter, lowercase in the column (growing season) and uppercase in the row (maturation stage), do not differ by the Tukey test at a 5 % 
significance level.

Season Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
Purple Green Purple Green Purple Green Purple Green Purple Green

1 3.8 aA* 6.3 aA 7.4 aA 11.7 aA 11.4 aB 18.7 aA 23.1 aB 34.6 aA 28.4 aB 36.4 aA
2 3.3 aA 5.6 aA 8.2 aA 11.7 aA 12.9 aB 18.0 aA 12.6 bB 22.4 bA 11.2 bB 23.1 bA

CV (%) 18.72

Table 1. Fruit fresh weight at five maturation stages of the ‘purple’ and ‘green’ varieties of Physalis ixocarpa produced in two 
seasons: from May to August 2017 (season 1) and from August to November 2017 (season 2).
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by Ramos-Lopez et al. (2017), both studies conducted 
in Mexico, the result obtained in the present study 
was above those values. This indicates that the semi-
arid climate conditions favor the production of fruits 
with a greater weight and, consequently, with more 
interesting attributes for the customer market.

The higher fresh weight of fruits produced from 
May to August 2017 may be related to the greater 
availability of water at that time. At the place where 
the study was developed, this is the period when 
higher rainfall levels and milder temperatures occur 
(Figure 1). These conditions favor the development of 
fruits with a greater weight and size (Ramos-Lopez et 
al. 2017). Growing seasons with higher temperatures, 
lower rainfall levels and greater radiance, as in the 
months of August to November, can generate an 
environment in which the plant needs to redirect its 
metabolism to tolerate such conditions, thus reducing 
the plant investment in fruit development, what 
accelerates the fruit maturation and results in less 
developed fruits (Hasanuzzaman et al. 2013).

Regarding the variables length, diameter 
and total soluble solids contents, the effect of the 
interaction season x variety x maturation stages was 
not significant. However, when the growing season 
and maturation stage were tested separately, there was 
a significant difference for the ‘purple’ and ‘green’ 
varieties (Table 2).

The total soluble solids content of the fruits 
was not significantly influenced by the growing 

season for both varieties at all maturation stages 
evaluated (Table 2). However, a significant difference 
was observed between the stages, increasing the 
total soluble solids content with fruit maturation. 
This may be related to the metabolic processes that 
occur with fruit maturation, such as biosynthesis or 
degradation of polysaccharides or loss of fruit water, 
resulting in an increase in the amount of sugar in the 
fruit (Chitarra & Chitarra 2005).

The highest values ​​for the total soluble solids 
content of the ‘purple’ and ‘green’ P. ixocarpa 
varieties (respectively 5.8 ºBrix and 6.2 ºBrix) were 
verified in mature fruits collected in the first growing 
season. These values ​​are similar to those found in 
recent studies carried out with that species in the 
same region as in the present study, as well as in 
crops grown in Mexico (Benito-Bautista et al. 2016, 
Barroso et al. 2017, Ramos-Lopez et al. 2017, Souza 
et al. 2017). Thus, the value found in the study is 
within the expected range for mature fruits of this 
species used as vegetables.

A significant growth in length and diameter 
occurred up to the fourth stage evaluated (E4), 
reaching, respectively, 31 mm and 34.6 mm for the 
‘purple’ variety and 34.4 mm and 40.9 mm for the 
‘green’ variety (Table 2). These results demonstrate 
the potential of the semi-arid region for the production 
of fruits of this species, because they are similar to 
those obtained for mature fruits of P. ixocarpa in 
studies carried out in Mexico by Rodríguez-Burgos 

* Means followed by the same letter, lowercase in the column (growing season) and uppercase in the row (maturation stage), do not differ by the Tukey test at a 5 % 
significance level.

Variable Season Maturation stage (S)
S1 S2 S3 S4 S5

‘Purple’ P. ixocarpa 

TSSC (ºBrix) 1     4.2 aB*   4.5 aB  4.6 aB     5.1 aAB   5.8 aA
2   3.9 aB   4.2 aB    4.7 aAB     4.8 aAB   5.4 aA

L (mm) 1 18.6 aB    22.4 aAB  28.8 aAB 31.0 aA 30.9 aA
2 17.2 aC 22.6 aB  26.1 aA 25.6 bA 24.5 bA

D (mm) 1 21.2 aB 26.2 aB  34.4 aAB 34.6 aA 36.0 aA
2 19.3 aB 26.4 aB  30.4 aAB 29.4 bA 28.1 bA

‘Green’ P. ixocarpa 

TSSC (ºBrix) 1   4.5 aB   4.6 aB 5.3 aB   6.2 aA   6.2 aA
2   4.0 aB   4.8 aB 4.7 aB   5.8 aA   6.0 aA

L (mm) 1 19.7 aB    24.3 aAB  28.1 aAB 34.4 aA 33.9 aA
2 18.7 aC 23.6 aB  27.2 aAB 28.7 bA 27.4 bA

D (mm) 1 23.8 aC    29.4 aBC  33.7 aAB 40.9 aA 41.4 aA
2 23.4 aC    29.8 aBC  33.8 aAB 36.7 bA 34.9 bA

Table 2. Length (L), diameter (D) and total soluble solids content (TSSC) at five maturation stages of the ‘purple’ and ‘green’ 
varieties of Physalis ixocarpa fruits produced in two seasons: from May to August 2017 (season 1) and from August to 
November 2017 (season 2).
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et al. (2011) and Ramos-Lopez et al. (2017), and were 
higher than the values ​​observed by Silva et al. (2018) 
for crops in southeastern Brazil.

Similarly to what occurred in the maturation 
stages, the growing seasons influenced fruit length 
and diameter only at the final stages evaluated for both 
varieties. The fruits produced from May to August 
(season 1) had averages higher than those for fruits 
produced from August to November (season 2). This 
can be explained by the results observed in recent 
studies with physalis. In this period, the growing 
conditions influenced the development and growth 
of physalis plants and, consequently, the quality of 
the fruits produced (Lima et al. 2012).

 
CONCLUSIONS

1. In the semi-arid region of the Bahia state, Brazil, 
Physalis ixocarpa should be grown under 
environmental conditions from May to August;

2. Changes in fruit characteristics along the stages 
follow the same tendency, regardless of the 
growing season, for both the ‘green’ and ‘purple’ 
varieties of P. ixocarpa;

3. The best fruit characteristics are observed when 
the calyx is green, with dry parts, completely 
expanded and ruptured.
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