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Article

Abstract

The objective of this study was to evaluate the growth of Physalis peruviana and Physalis pubescens 
in containers and substrates, as well as the growth of transplanted P. pubescens seedlings into 
different containers and substrates. It was used for transplanting experiment (E1) plastic bags, 
disposable plastic glasses and plastic tubes containing four substrates: oxisol; commercial 
substrate; commercial substrate + fine washed sand; and commercial substrate + oxisol + fine 
washed sand. For the experiment of containers x substrates (E2) it was used polystyrene and 
polypropylene trays, both with 200 cells containing two substrates: vermiculite + commercial 
substrate and vermiculite + oxisol. For the experiment of containers x substrates (E3), it was used 
polystyrene trays with 128 and 200 cells and plastic tubes containing four substrates: commercial 
substrate, oxisol, fine washed sand, oxisol + fine washed sand and oxisol + fine washed sand + 
commercial substrate. The experimental design used in E1, E2 and E3 was randomized blocks in 
factorial 3x4, 2x2, and 3x5, respectively, containing 4 replicates and 10 plants per plot. The use 
of commercial substrate Húmus Fértil® for P. pubescens seedlings transplanted from seedbed to 
containers such as plastic glasses or plastic bags provides better seedling growth. For Physalis 
peruviana, better results are verified in the use of polypropylene tubes containing washed fine 
sand + commercial substrate Húmus Fértil® + oxisol or washed fine sand + oxisol. Better results 
for formation of P. pubescens seedlings were verified by using expanded polystyrene trays 
containing oxisol + vermiculite mixture.
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Introduction

Physalis is one of the most easily 
recognized genera among solanaceae, due to 
its very peculiar characteristics such as intense 
yellow-gold fruit and a conical chalice involving 
the fruit in more than one hundred species of 
this genus (Fischer et al., 2014). Among these 
species, some have detached for their beneficial 
properties to human health and commercial 
activities.

Little is known about the growing 
techniques of these species for commercial 
purposes, since they grow naturally in South 
America. Among these species, the most grown 
in Colombia and South Africa are Physalis 

peruviana and P. pubescens, due to their better 
fruit quality. In Brazil, the cultivation of this fruit is 
still incipient, being consumed as an exotic fruit 
(non-conventional fruit) with high market prices 
(Muniz et al., 2014).

One of the important steps to obtain a 
well-structured orchard that produces high quality 
fruits is the seedling formation phase. For the 
success of an orchard, the seedling production 
with technology that has good sanitary and 
genetic quality is crucial. The most commonly 
used and most common way of propagating 
physalis is by seeds (Rufato et al., 2008; Silva et 
al., 2016).
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For seedlings formation, sowing can be 
performed in a protected environment, using 
containers, together with substrate of good 
origin and with desirable physicochemical 
characteristics, such as low density, high 
porosity and water retention capacity, free of 
pathogens, adequate concentrations of macro 
and micronutrients, among others (Pereira et 
al., 2010). All these characteristics are difficult to 
find in only one substrate, making it necessary to 
mix in order to achieve a substrate closer to the 
desired (Kämpf, 2000).

One factor that directly affects the 
final seedling production cost is the size of the 
container used (Zaccheo et al., 2013). The plastic 
bag was once the most used container for the 
seedling production of fruit trees in Brazil, but it 
has the disadvantage of provoking excessive 
rooting, which decreased plant growth. As 
a consequence of this, new containers have 
been used for seedling production, such as 
polypropylene and polystyrene trays, recyclable 
containers and tubes. In some cases, sowing 
can be done in sowing and transplantation 
is necessary for larger containers after seed 
germination and seedling emergence (Rufato et 
al., 2008).

In this sense, the objective of this work was 
to evaluate the growth of Physalis peruviana and 
Physalis pubescens grown in different containers 
and substrates; and the seedling development 
of P. pubescens, transplanted from sand bed to 
containers.

Material and Methods
The experiments were carried out at 

the Universidade Estadual do Oeste do Paraná 
(Unioeste), Campus Marechal Cândido Rondon, 
using two physalis species (Physalis peruviana 
and P. pubescens), collected at different sites.

The experiments of transplanted seedlings 
(E1) of Physalis pubescens seeds and containers 
x substrates (E2 and E3) were conducted in the 
nursery of seedlings of the Center of Agricultural 
Sciences (CCA) of the Universidade Estadual do 
Oeste do Paraná (Unioeste). P. pubescens seeds 
were obtained from mature fruits (intense yellow 
color and open chalice), of one year old plants, 
located in the UTFPR of Pato Branco, Paraná, 

Brazil. P. peruviana seeds were obtained from 
mature fruits, from one year old planting, located 
at the Experimental Farm of the Agricultural 
Research Company of Minas Gerais (EPAMIG), 
located in Maria da Fé, Minas Gerais, Brazil. The 
fruits were manually harvestedand the seeds 
were removed using a sieve and running water, 
and then shade dried. After drying during 15 
days, the seeds were used in the experiments, 
following th methodology of Silva et al. (2013).

For E1, one thousand P. pubescens seeds 
were sown in a germination bed (0.60 m wide x 
6 m long x 0.40 m high), containing fine washed 
and sterilized sand. After 30 days, 5 cm seedlings 
with a well-developed root system were selected 
for transplantation in appropriate treatments 
(containers and substrates). Black plastic bags 
(10 cm in diameter x 18 cm in height x 0.06 cm 
in thickness), plastic glasses (500 ml) and black 
polypropylene tubes (4.5 cm in diameter x 14 cm 
of length) were used as containers and filled with 
the four substrates (latosol, commercial substrate 
Húmus Fértil®, commercial substrate Húmus Fértil® 
+ fine sand washed, in the ratio 2:1 v/v and 
Humus Fertil® + Oxisol soil + fine washed sand, in 
proportion 2:1:1 v/v/v).

For E2, the recipients used were 200-
cell expanded polystyrene trays and 200-cell 
polypropylene trays containing two substrates 
(fine granulometry vermiculite + commercial 
substrate Húmus Fértil® and vermiculite + latosol in 
a 1:1 v/v ratio). P. pubescens species was studied 
in this experiment.

For E3, Physalis peruviana seeds were 
sowed in 200-cell expanded polystyrene trays, 
128-cell expanded polystyrene tray and 120 
cm³ black polypropylene tubes filled with five 
substrates (commercial substrate Húmus Fértil®, 
oxisol, washed fine sand, oxisol + fine washed sand 
at 1:1 (v/v) proportion and oxisol + fine washed 
sand + Húmus Fértil® commercial substrate, in a 
ratio of 2:1:1 (v/v/v).

The containers + substrates (E2 and E3) 
were placed on a metal bed, in a canvassed 
shelter under shade conditions (50% shading). 
Irrigation was performed daily and manually 
and the cultural treatments were performed 
according to the general indication for production 
of solanaceous seedlings. Hand weeding was 
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also performed to avoid competition with the 
desired plants.

After 70 days of experimentation, 
fresh biomass of aerial part and roots (g) were 
evaluated in E1. After weighing, they were 
placed in brown kraft paper bags previously 
identified with the treatments and placed in an 
oven at 60 °C for one week until the fresh biomass 
stabilization. After this time, the plant material 
was removed and weighed again, to verify the 
dry biomass (g). For E2 and E3, the number of 
leaves, plant length (cm), using a ruler, and stem 
diameter (mm) were evaluated after 70 days, 
using a digital paquimeter.

The experimental design used in E1, E2 
and E3 was randomized blocks, factorial scheme 
3 x 4 (containers x substrates), 2 x 2 (containers 
x substrates), and 3 x 5 (containers x substrates), 
respectively, containing 4 replicates and 10 
plants per replicate. The data were submitted to 
variance analysis using SISVAR software (Ferreira, 
2011), and the means were compared by the 
Scott-Knott test, at 5% probability of error.

Results and Discussion
E1 Experiment

Significant interaction was observed for 
shoot length, stem diameter, and fresh and dry 
shoot biomass, in addition to isolated significance 
for substrates and containers for number of 
leaves. In Table 1, better results can be verified 
for number of leaves with the use of black bag 
and commercial substrate Húmus Fértil®.

The worse results in seedling 
transplantation were observed for the tubes, 
with smaller seedlings and few leaves. The poor 
development of fruit tree seedlings in tubes may 
be mainly related to the substrate, whose nutrients 
limit and/or depleted in a short time (Costa et al., 
2011), since fruit plants need a longer period for 
growth in relation to horticultural plants.

The negative results recorded for the 
physalis seedlings transplantation to the tubes in 
relation to the other containers can be attributed 
to the substrate volume. Although the tubes have 
a satisfactory structure for root system growth, 
the substrate volume may not be sufficient for an 
adequate nutrition of physalis plants during the 
seedling formation phase, being verified the best 
result for black polyethylene bags that contained 
a larger substrate volume, followed by plastic 
glasses which had an intermediate substrate 
volume. This way, a plausible alternative for 
physalis seedling production in tubes can be the 
use of larger tubes.

The use of plastic bags is advantageous 
because it is easy to acquire, low cost and it has 
a greater area for root development. However, 
for physalis seedlings, in which the root system 
develops rapidly and produces a large root 
volume, attention should be paid to the possible 
folding, a factor that may impair the seedling 
development after field transplantation. The 
same can occur for plastic glasses. These factors 
must be considered for recipient chose (Francisco 
et al., 2010).

Table 1. Number of leaves in physalis seedling grown in recipients filled with substrates. 

Substrates Number of leaves
CS(2) + FWS(1) 4.667 b*
FWS(1) + CS(2) + OX(3) 5.611 b
OX(3) 4.241 b
CS(2) 7.278 a
CV(%) 11.92
Recipient Number of leaves
Tube 3.250 c
Plastic glass 5.389 b
Black polyethilene bag 7.708 a
CV(%) 8.47

*Averages values followed by the same small letter in column show no statistical difference by Scott-Knott test at 5% probability error. 
CV = Coefficient of variation. FWS(1) = fine washed sand; CS(2) = commercial substrate Húmus Fértil®; OX(3) = oxisol.

The commercial substrate promotes 
high moisture percentage and a pH value of 6.8 
(Pelizza et al., 2011). According to Rufato et al. 
(2008), substrates indicated for physalis seedling 

production are those that present a granular 
structure and preferably pH values around 5.5 
and 6.8, as observed in commercial substrates 
used in this study. Piva et al. (2013) also observed 
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Table 2. Shoot length (cm) and stem diameter (mm) of physalis seedlings grown in recipients filled with substrates.

Shoot length (cm)
Substrates

Recipient CS(2) + AFL(1) AFL(1) + SCFH(2) + OX OX(3) CS(2)

Tube 8.017 a* 5.850 aB 1.817 bB 9.750 aB
Plastic glass 10.850 a 10.773 bA 11.743 bA 20.340 aA
Black polyethilene bag 10.800 b 11.327 bA 11.533 bA 23.500 aA

Average stem diameter (mm)
CS(2) +  AFL(1) AFL(1) + CS(2) + OX OX(3) CS(2)

Tube 1.815 b 1.428 bB 0.403 cB 2.217 aC
Plastic glass 2.315 b 2.172 bA 2.042 bA 3.718 aA
Black polyethilene bag 2.367 b 2.097 bA 2.278 bA 3.145 aB
*Averages values followed by the same small letter in column and capital letter in row show no statistical difference by Scott-Knott test at 5% probability error. 
CV = Coefficient of variation. FWS(1) = fine washed sand; CS(2) = commercial substrate Húmus Fértil®; OX(3) = oxisol.

better results for seedling emergence of P. 
peruviana in tubes containing vermiculite-based 
mixtures.

A significant interaction was observed 
for the average shoot length of physalis seedlings 
(Table 2), with significant results observed with the 

use of plastic bags and plastic glasses, added 
with commercial substrate, corroborating with 
Cardoso et al. (2001), who obtained similar results 
with the use of disposable glasses for yellow 
passion fruit seedling production.

The use of these containers promotes 
better root development and greater initial 
survival of fruit trees due to their larger size. These 
types of containers are a good option for small 
nurseries, due to the easier availability and more 
affordable price, associated to the substrates 
or ideal mixtures for the fruit trees. The use of 
commercial substrates for seedling preparation 
may provide necessary amounts of organic 
matter, providing better seedling development 
(Rodrigues et al., 2010).

The worst results for shoot length were 
observed for soil use as a substrate. This is 
probably because it does not have an adequate 
humidity/aeration balance, nor good drainage 
capacity, from a layer of oxisol. Beyond the soil 
is a low-cost substrate with variable composition, 
it presents easy compactation and high moisture 
retention, factors that compromises the seedling 
development of fruit species (Ferraz et al., 2002).

Is observes in Table 2 the significant 
interaction for the stem diameter of physalis 
seedlings, with satisfactory results for the use of 
plastic glasses + commercial substrate, verifying 
a balance between stem diameter and shoot 
length height. Once again unsatisfactory results 
were observed for the tube as a container for 
seedling formation. The smaller stem diameter 
found for the combination of tube and soil was 
possibly due to the lower nutrient availability in a 
smaller soil volume, aggravated by the absence 

of organic and mineral sources, and also by the 
low nutrient levels available in the soil used as 
substrate.

It is possible to observe in Table 3 the 
significant interaction between the container 
type and the substrate used, being better results 
for fresh and dry biomass verified for seedling 
formation in tubes filled with Humus Fértil®.

The increase in seedling fresh biomass 
probably occurred due to the greater branching 
capacity of the plants in this substrate, during 
the seedling formation. In addition, the physical 
structure of the commercial substrate may 
allow greater root exploration within the tube 
and better development of the whole seedling 
(Fachinello et al., 2005).

Table 4 shows the average of substrates 
and containers for fresh root biomass and the 
significant interaction for root dry biomass.

Experiment E2
It was recorded significant effect for the 

average steam diameter colon and average 
shoot length of physalis seedlings, as a function 
of substrates and containers separately (Table 5).

Better results for average shoot length 
were recorded for seedling grown with the OX + 
FGV mix, independently of the container used, 
since both have the same number and size of 
cells.
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Table 4. Dry and fresh root mass (g) of physalis seedlings grown in recipients filled with substrates.

Root fresh mass (g)
Substrates Average
CS(2) + FWS(1) 1.527 b*
FWS(1) + CS(2) + OX(3) 1.314 c
OX(3) 1.635 b
CS(2) 2.099 a
Recipients Average
Tube 1.602 b
Plastic glass 2.073 a
Black polyethilene bag 1.257 c

Root dry mass (g)
Substrates

Recipients CS(2) + FWS(1) FWS(1) + CS(2) + OX(3) OX(3) CS(2)

Tube 0.921 bA 0.894 bA 0.948 bA 1.317 aA
Plastic glass 0.771 bB 0.726 bB 0.813 aB 0.863 aC
Black polyethilene bag 0.903 bA 0.880 bA 0.964 bA 1.115 aB
*Averages values followed by the same small letter in column and capital letter in row show no statistical difference by Scott-Knott test at 5% probability error. 
FWS(1) = fine washed sand; CS(2) = commercial substrate Húmus Fértil®; OX(3) = oxisol.

Table 5. Average stem diameter (mm) and shoot length of physalis seedlings grown in recipients filled with substrates.

Stem diameter (mm)
Substrate Average
CS(1) + FGV(2) n.s.

OX(3) + FGV(2) n.s.

Recipient Average
Expanded polystyrene tray with 200 cells 1.220 a*
Polypropylene tray with 200 cells 1.136 b

Shoot length (cm)
Substrate Average
CS(1) + FGV(2) 1.409 b
OX(3) + FGV(2) 1.667 a
Recipient Average
Expanded polystyrene tray with 200 cells 1.659 a
Polypropylene tray with 200 cells 1.418 a
*Averages values followed by the same small letter in column and capital letter in row show no statistical difference by Scott-Knott test at 5% probability error; 
NS = Non significant; CS(1) = commercial substrate Húmus Fértil®; FGV(3) = fine granulometry vermiculite;  OX(3) = oxisol.

Table 3. Dry and fresh shoot mass (mg) of physalis seedlings grown in recipients filled with substrates.

                                               Shoot fresh mass (mg)
Substrates

Recipient SCFH(2) + FWS(1) FWS(1) + CS(2) + OX(3) OX(3) CS(2)

Tube 1.664 bA* 1.706 bA 1.541 bA 2.743 aA
Plastic glass 1.508 aA 1.410 bB 1.540 bA 2.256 aB
Black polyethilene bag 1.019 aB 0.806 bC 1.078 aB 1.288 aC

                                             Shoot dry mass (mg)
  Substratos

Recipient CS(2) + FWS(1) FWS(1) + CS(2) + OX(3) OX(3) CS(2)

Tube 0.921 bA 0.894 bA 0.948 bA 1.317 aA
Plastic glass 0.771 bB 0.726 bB 0.813 aB 0.863 aC
Black polyethilene bag 0.903 bA 0.880 bA 0.964 bA 1.115 aB
*Averages values followed by the same small letter in column and capital letter in row show no statistical difference by Scott-Knott test at 5% probability error. 
FWS(1) = fine washed sand; CS(2) = commercial substrate Húmus Fértil®; OX(3) = oxisol.

The most recommended soils for physalis 
must have a granular structure and preferably 
contain high organic matter content and pH 
between 5.5 and 6.8 (Rufato et al., 2008). The 
use of vermiculite in this mixture provided an 

improvement in the physical conditions of the 
substrate, promoting better cation exchange 
capacity (CEC), water retention, soil conditioner, 
pH correction, making the substrate more 
porous and aerated; promoting better seedling 
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development and making easier to take off the 
seedling from the recipient (Ugarte et al., 2005).

For average diameter, satisfactory 
results were observed with the use of polystyrene 
trays. In practice, it is observed that in seedling 
production, there is predominance in tray use 
with smaller cell volumes, but with large amounts 
of them, as trays of 200 cells. These produce large 
amounts of seedlings, with less substrate expense.

In an experiment with passion fruit 
seedlings grown under similar edaphoclimatic 

conditions of west of Paraná, Costa et al. (2009) 
argued that the use of polystyrene trays had 
an advantage in seedling development, since 
the material (styrofoam) is a thermal insulation, 
allowing better root development under high 
temperature conditions.

Experiment E3
In Table 6 is verifies a significant 

interaction between substrates and containers 
for the number of leaves.

Table 6. Number of leaves of physalis seedlings grown in recipients filled with substrates.

Recipient
Substratos EPT 128 EPT 200 Tube
FWS(1) + CS(2) + OX(3)  1.954 aB* 1.957 aB 2.542 aA
FWS(1) 0.707 cB 0.707 bB 1.989 bA
FWS(1) + OX(3) 1.387 bB 1.065 bB 2.313 aA
CS(2) 2.156 aA 1.575 aB 2.146 bA
OX(3) 0.707 cB 0.707 bB 1.915 bA
*Averages values followed by the same small letter in column and capital letter in row show no statistical difference by Scott-Knott test at 5% probability 
error; FWS(1) = fine washed sand; CS(2) = commercial substrate Húmus Fértil®; OX(3) = oxisol; EPT 128 = Expanded polystyrene tray with 128 cells; EPT 200 = 
Expanded polystyrene tray with 200 cells.

It is possible to observe a greater number 
of leaves with the use of tubes and trays of 128 
cells, containing sand + commercial substrate 
+ oxisol, sand + oxisol and only commercial 
substrate.

Table 7 shows the significant interaction 
for the average shoot length and stem diameter 
of physalis seedlings. For the average shoot 
length, the substrate composed of by oxisol + fine 
washed sand + commercial Húmus Fértil® substrate 

mixture was superior in all three containers 
studied, matching only the commercial Húmus 
Fértil® substrate in 128 cell trays and oxisol + fine 
washed sand in tubes. This result demonstrates the 
demand for a good aeration of root system for a 
good seedling development. Also the substrate 
amount available for the seedling affects its 
development, which justifies higher values found 
for tubes for almost all substrates tested.

Table 7. Shoot length (cm) and stem diameter (mm) of physalis seedlings grown in recipients filled with substrates.

Average shoot length (mm)
Recipient

Substrate BPE 128 BPE Tube
FWS(1) + CS(2) + OX(3)  1.581 aA* 1.567 aA 1.802 aA
FWS(1) 0.707 cB 0.707 cB 1.251 bA
FWS(1) + OX(3) 1.031 bB 0.919 cB 1.852 aA
CS(2) 1.536 aA 1.229 bB 1.761 bA
OX(3) 0.707 cB 0.707 cB 1.699 bA

Average stem diameter (mm)
FWS(1) + CS(2) + OX(3)  1.230 aB 1.247 aB 1.889 aA
FWS(1) 0.707 cB 0.707 bB 0.983 bA
FWS(1) + OX(3) 0.483 bB 0.283 bB 2.217 aA
CS(2) 1.361 aB 0.810 aC 1.916 aA
OX(3) 0.707cB 0.707 bB 1.416 bA
*Averages values followed by the same small letter in column and capital letter in row show no statistical difference by Scott-Knott test at 5% probability error; 
FWS(1) = fine washed sand; CS(2) = commercial substrate Húmus Fértil®; OX(3) = oxisol; EPT 128 = Expanded polystyrene tray with 128 cells; EPT 200 = Expanded 
polystyrene tray with 200 cells.

For average stem diameter, better 
results were observed in seedlings grown in tubes 
containing the substrates studied. In addition to 

the larger volume of substrate contained in the 
tubes, they have internal lateral friezes, and this 
vessel directs the lateral roots to better structure 
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the root system (Bortolini et al., 2012).
The ratio between stem diameter 

and shoot length is one of the most important 
morphological characteristics to estimate the 
seedling growth after the final planting in the 
field. It expresses the growth equilibrium, relating 
these important morphological characteristics 
to only one index, also known as a robustness 
quotient, which is considered one of the most 
accurate and provides information on how thin 
is the seedling. Seedlings with low stem diameter, 
as verified in the seedlings grown in trays, present 
difficulties to remain erect after transplanting. The 
dumping off due to this characteristic can result 
in death or deformations that compromise the 
seedling value (Cunha et al., 2005).

The use of polystyrene and polyethylene 
trays is quite common in this technique because 
they have mobility in transportation and easy 
hygiene. However the tray cell size can directly 
affect the development and architecture of the 
root system, also affecting shoot development 
and seedling quality (Oliveira et al., 2011).

In a general evaluation of the 
parameters recorded of P. peruviana seedlings 
in the different containers and substrates studied, 
seedlings produced in tubes filled with washed 
fine sand + commercial substrate Húmus Fértil® + 
oxisol or washed fine sand + oxisol were superior.

Conclusions
The use of commercial substrate Húmus 

Fértil® for P. pubescens seedlings transplanted 
from seedbed to containers such as plastic 
glasses or plastic bags provides better seedling 
growth.

Better results for formation of P. 
pubescens seedlings were verified by using 
expanded polystyrene trays containing oxisol + 
vermiculite mixture.

For Physalis peruviana, better results 
are verified in the use of polypropylene tubes 
containing washed fine sand + commercial 
substrate Húmus Fértil® + oxisol or washed fine 
sand + oxisol.
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