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ABSTRACT
The consumer’s constant search for novelties in the area of ornamental plants has inspired the use of species that are normally used 
for other purposes, such as fruit-bearing plants, to be introduced into floriculture. The physalis, a fruit-bearing plant, with a beautiful 
accrescent fruiting calyx that envelops the berry, can be used for these purposes. However, this plant can reach 70 cm high, which makes 
it unviable to be used as an indoor plant. The objective of this research was to decrease the size of the physalis (Physalis angulata) for 
ornamental use, pot it and apply the plant growth regulator Paclobutrazol (PBZ). The PBZ growth regulator was applied only once, via 
foliar spray at the concentrations of 0, 30, 60, 90, 120 and 150 mg a.i L- 1, as well as via irrigation in the substrate at concentrations of 0, 5, 
10, 15, 30 and 60 mg a.i L- 1. Along with the quantitative variables, a plant acceptability test was carried out when it was considered ideal 
for commercialization. The obtained results clearly show that it is possible to reduce the size of the physalis for use as a potted plant 
by using PBZ with foliar applications at the concentration of 90 mg a.i L-1 or by using irrigation applications directly in the substrate at a 
concentration of 5 mg a.i L-1.

Index terms: Physalis angulata; plant regulator; Paclobutrazol; sensorial analysis; ornamental fruit bearing plants.

RESUMO
A constante busca dos consumidores de plantas ornamentais por novidades estimula que espécies utilizadas para outros fins, como as 
plantas frutíferas, possam ser introduzidas na floricultura. O fisális, uma planta frutífera, cujos frutos são envolvidos por um belo cálice 
em forma de balão, pode ser utilizado para este fim. Entretanto, essa planta pode chegar a 70 cm de altura, o que inviabiliza o seu cultivo 
em vasos como planta de interior. Objetivou-se com essa pesquisa diminuir o porte de plantas de fisális (Physalis angulata) para uso 
ornamental envasado com a aplicação do regulador vegetal Paclobutrazol (PBZ). Para isso utilizou-se o regulador vegetal PBZ, uma única 
vez, via pulverização foliar nas concentrações de 0, 30, 60, 90, 120 e 150 mg i.a L-1, e via irrigação do substrato nas concentrações de 0, 
5, 10, 15, 30 e 60 mg i.a L-1. Adicionalmente as variáveis quantitativas, foi aplicado um teste de aceitabilidade das plantas no momento 
em que se considerava ideal para comercialização. Os resultados obtidos demonstraram que é possível a redução do porte de fisális 
para uso como planta envasada utilizando PBZ com aplicação foliar na concentração de 90 mg i.a L-1 ou com aplicação via irrigação do 
substrato na concentração de 5 mg i.a L-1.

Termos para indexação: Physalis angulata; regulador vegetal; Paclobutrazol; análise sensorial; frutífera ornamental.

INTRODUCTION
The consumer’s constant search for novelties in 

the area of ornamental plants (Noordegraaf, 2000) has 
inspired the use of species that are normally used for other 
purposes, such as fruit-bearing plants, to be introduced into 
floriculture. The physalis (Physalis angulata L.), known 
for its delicious fruit (Rufato et al., 2012), could become 
a good alternative for the floriculture sector, with its 
beautiful calyx that envelops the berry, its many branches 
and alternating bright green leaves. However, the physalis 
plant can reach 70 centimeters tall (Lorenzi; Matos, 2002), 
exceeding the desired aesthetic standards for potted plants. 
The reason being is that the potted plant’s maximum height 

must be two to three times the height of the pot in order for 
it to grow successfully (Barbosa, 2003; Brum et al., 2007).

Reducing the size of ornamental plants is frequently 
performed with plant growth regulators. They act within 
the plant, reducing elongation of the internodes (Silva 
et al., 2003). PBZ (Paclobutrazol) ([(2RS-3RS)-1-(4-
clorofenil)4,4-dimetil-2-(1,2,4-triazol-1-y)-pentan-3-ol]) 
is a plant growth regulator widely used in floriculture and 
can be applied by both foliar spray or in substrate form 
(Syngenta, 2012; Zeneca, 2015). 

In most studies with herbaceous species, just one 
PBZ application, in varying concentrations of 15 to 150 
mg a.i L-1 by foliar spray, is enough (Grossi et al., 2005; 
Moraes et al., 2005; Milandri; Laubscher; Ndakidemi, 
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2008). When applying the PBZ to the substrate, the 
recommended concentration is between 2 to 60 mg a.i L-1 

(Grossi et al., 2005; Moraes et al., 2005).
In regard to floriculture, a good visual appearance 

is essential for product quality. It can be evaluated by 
sensorial analysis (Boumaza et al., 2010). However, 
very little study has been carried out involving a 
sensorial analysis of the quality of the final product 
with ornamental plants, such as the one developed by 
Tognon et al. (2015a) and Tognon et al. (2015b). The 
objective of this study was to decrease the size of the 
physalis plant (Physalis angulata) for ornamental use 
by applying the Paclobutrazol (PBZ) plant growth 
regulator.

MATERIAL AND METHODS
The experiments were carried out in a greenhouse 

covered with a low-density polyethylene film (from 
November/2013 to February/2014), in Curitiba, PR 
(25°24’38.9”S 49°14’57.0”W). The climate in the 
region is subtropical and humid (Cfb) according to the 
Köppen climate classification (Instituto Agronômico 
do Paraná-Iapar, 2014), with an average temperature of 
approximately 23 °C in the summer, capable of rising 
above 32 °C on hotter days. According to information 
from the Paraná Meteorological System (Sistema 
Meteorológico do Paraná-Simepar, 2014), during the 
summers of 2013/2014, the maximum temperature 
registered at 35.5 °C.

The physalis (P. angulata) seeds were sown 2,5 
months before the experiment in expanded polystyrene 
trays filled with commercial substrate, which were 
then placed in a greenhouse, receiving daily irrigation 
manually. Transplanting took place when the seedlings 
reached approximately ten centimeters high. The 
seedlings were grown in 15 pots (15 cm in diameter and 
12 cm high, with a volume of 2.0 L), one of the most 
common vases used for growing indoor plants. They 
were filled with substrate composed of 70% pine bark 
and 30% sandy-clay soil.

The PBZ – Cultar® containing 25% of the active 
ingredient (a.i) Paclobutrazol – was used in one of the 
experiments as a foliar spray at concentrations of 0, 30, 
60, 90, 120 and 150 mg a.i L-1. In another experiment, it 
was applied directly to the substrate, via manual irrigation 
at concentrations of 0, 5, 10, 15, 30 and 60 mg a.i L-1. The 
control treatment was handled without a plant growth 
regulator added, receiving the same amount of water that 
was used in the solution containing the product. Both 

types of applications, foliar and directly in the substrate, 
were implemented seven days after the seedlings were 
transplanted. 

When the plants showed at least 10 fruits with a 
minimum diameter of 2.8 cm, which occurred 50 days 
after transplanting the seedlings, 5 plants from each 
concentration were randomly picked. There was a total of 
30 plants from both experiments (foliar application and 
directly in the substrate) used for sensorial evaluation. 

An acceptability test was applied for the sensorial 
evaluation, using 60 untrained judges who used a hedonic 
scale that was structured with nine points ranging from 
“I really didn’t like it” (lowest score) to “I really liked it 
a lot” (highest scored) (Dutcosky, 2013). The following 
descriptors were used for evaluation: plant height, number 
of fruit per plant and appearance of the plant. Additionally, 
the following questions were asked: Would you buy this 
product? If so, what would be the main reason why you 
would buy it? 

All the plants were later analyzed for height, the 
number of fruit per plant, the diameter of the plant, the 
length of the fruit peduncle and the dry mass of the aerial 
part. 

The plan used for this experiment was completely 
randomized with eight repetitions per treatment. The 
results obtained were submitted to variance analysis and, 
afterward, were checked for the normality assumptions 
of waste, waste homoscedasticity, lack of waste and 
the additivity model. They also underwent a regression 
analysis. 

RESULTS AND DISCUSSION

Application of PBZ via foliar spray

The PBZ applied via foliar spray led to a decrease 
in plant height (Figure 1 and 2A). This result was also 
reported by Grossi et al. (2005), Moraes et al. (2005) and 
Pinto et al. (2006) in other ornamental potted plants. It 
is caused by the PBZ action in the plant’s metabolism, 
inhibiting the natural production of gibberellins and 
decreasing elongation and cell division (Basra, 2000).

The proper height of the plants to maintain 
their proportionality and recommended commercial 
standards for potted plants was from 24 to 36 cm (two 
or three times the height of the vase), according to 
the recommendations of Barbosa (2003) and Brum et 
al. (2007). Heights of 29 to 32 cm were obtained by 
applying foliar PBZ at concentrations of 60 to 120 mg 
a.i L-1 (Figure 2A). 
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Figure 1: Effects of concentrations of 0, 30, 60, 90, 120 and 150 mg a.i L-1 of Paclobutrazol (PBZ) applied via foliar 
spray, one single time, to physalis plants (Physalis angulata L.).

The application of PBZ spray resulted in various 
effects in the number of fruit (Figure 2B), reaching a 
maximum of 54 fruits per plant with a spray concentration 
of 60 mg a.i L-1, following a reduction in the number of 
fruit per plant with the other concentrations. A similar 
effect using PBZ was reported by Matsoukis et al. (2001) 
with Lantana camara. 

Previous studies have indicated that the PBZ 
effect of increasing the number of fruit per plant could 
be related to the decrease of plant growth, followed by 
change in the photoassimilates distribution standard, 
channeling it toward reproductive development 
(Khalil; Ali, 2013). However, at high concentrations, 
the PBZ also inhibits gibberellic acid biosynthesis 
(Rademacher, 2000), which causes a delay in flowering 
and consequently entails a lower number of fruit on 
the plants. In cases where the fruit is the decorative 
element, the number of fruit can be a decisive factor 
for the consumer when buying and, therefore, would 
be a deciding factor when choosing the regulating 
concentration to be applied. 

The diameter of the plant decreases when the PBZ 
concentration is increased (Figure 2C), confirming the 
studies of Grossi et al. (2005) and Tinoco et al. (2011). 
The reduced diameter is probably related to the reduction 
of internode elongation, due to inhibiting gibberellin 
biosynthesis. Reducing the plant’s diameter makes it 
more compact, preventing the substrate from being 
apparent when looking at it from above. This is a desirable 
characteristic and serves as a quality standard for some 
potted plants such as chrysanthemums, Thanksgiving 
cactus, gerbera and the kalanchoe (Instituto Brasileiro de 
Floricultura-Ibraflor, 2012).

The dry mass of the areal part (Figure 2D) 
in all the PBZ concentrations tested were similar. 
However, the plants that did not receive an application 
of the regulator were approximately 70% higher 
(data not numerically quantified) than those treated 
with PBZ. One can, therefore, assume that PBZ 
gives plants a smaller but fuller appearance. Perhaps 
this phenomenon explains, according to Berova and 
Zlatev (2000), findings in tomato plants where PBZ 
applications decreased plant height while maintaining 
the amount of leaves and increasing the number of 
fruit per plant.  

The physalis fruit peduncle length decreased with 
increasing concentrations of PBZ (Figure 2E), agreeing 
with Pinto et al. (2006). Gibberellins are a growth-
promoting hormone that acts along the cellular walls; 
it affects the permeability of the membrane, enzyme 
activity and carbohydrate mobilization as well as cell 
elongation (Taiz; Zaiger, 2009). Therefore, the stock 
reduction is due to PBZ action that inhibits gibberellin 
biosynthesis. When the peduncle is shorter, the fruit is 
closer to the leaf, which improves the aesthetic effect by 
making it more compact and accentuating the contrast 
between the leaf and the fruit. 

Acceptability test of PBZ application via foliar spray

Plants sprayed with PBZ at concentrations of 
90 and 120 mg a.i L-1 received the highest scores by 
the evaluators (7.5) in regard to plant height (Figure 
3A) at 29 and 32 cm tall, respectively (Figure 2A). 
These plant heights agree with the Barbosa et al. 
(2003) and Brum et al. (2007) recommendations for 
potted plants.
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Figure 2: Effects of different concentrations (mg a.i L-1) of Paclobutrazol (PBZ) applied via foliar spray, in a single 
application, on the height (A), number of fruit (B), plant diameter (C), dry mass of the areal part (D) and the fruit 
peduncle length (E) of physalis plants (Physalis angulata L.).
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Figure 3: Effects of different concentrations of Paclobutrazol (PBZ), applied one single time via foliar spray, on 
the grading of height (A), number of fruit per plant (B) and appearance (C) of physalis (P. angulata) by hedonic 
evaluations carried out by 60 untrained judges. 

The 90 mg a.i L-1 concentration generated the 
greatest quantity of fruit (Figure 2B), which can be directly 
related to the evaluators’ opinions (Figure 3B) that gave 
a 7.6 grade for the required number of fruits. This proves 
that consumers of potted fruit plants prefer plants with 
more fruit. 

At the time of evaluation, one evaluator noted 
that the fruit were in different stages of development, 
confirming what Lorenzi and Matos (2002) claimed 
regarding physalis fruit production, which begins around 
the 3rd and 4th months after sowing, spanning a period 
of about six months. This type of effect could encourage 
people to purchase this product as the plants will continue 
to bear fruit after purchase. 

Grades the judges gave that were above 7.0 
for plant appearance (Figure 3C) were for those that 
received concentrations of 90 to 120 mg a.i L-1. Maybe 

this acceptance was due to the large quantity of fruit 
on the plant, the plant’s greatest aerial dry weight, a 
plant height between 24 and 36 cm and an average plant 
diameter of 31 cm, showing the greatest commercial 
potential.  

Those products that were most preferred by the 
judges were the ones that received concentrations of 90 
and 120 mg a.i L-1, and according to the judges’ statements, 
the choice was due to the highest quantity of fruit and the 
plant’s proportionality within the vase. However, due to 
the higher costs of applying PBZ at higher concentrations, 
and similar results between concentrations of 90 and 
120 mg a.i L-1, it is recommended to use the lower 
concentration (90 mg a.i L-1) of PBZ applied via foliar 
spray on physalis plants. 

Twenty-six judges preferred plants treated with 
PBZ, reporting that they appeared to be healthier plants 
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Figure 4: Effects of concentrations of 0, 5, 10, 15, 30 and 60 mg a.i L-1 de Paclobutrazol (PBZ) applied via substrate, 
one single time to physalis plants (Physalis angulata L.).

compared to the control plants. Such findings could 
be related to the increase in palisade parenchyma of 
the leaves, which are mechanical barriers against the 
penetration of the pathogen (Tekalign; Hammes, 2005), 
giving the plants a healthier appearance. 

When asking the judges if they would buy the 
product, 100% of them said yes and 93% of them said 
they would be inspired to buy the potted physalis because 
of the beautiful calyx, while the other 7% attributed their 
decision to the product’s novelty.  

Applying PBZ via substrate irrigation

The height of the plants was reduced by applying 
PBZ (Figure 4 and Figure 5A), confirming studies from 
Ochoa et al. (2009) and Larcher et al. (2011). The plant 
growth regulator action of reducing the size of the 
plants occurs by inhibiting gibberellin synthesis, which 
is responsible for the expansion and elongation of the 
meristem cells that form the internodes (Taiz; Zeiger, 
2009).

PBZ caused crinkled leaves and stunted growth 
for plants exposed to concentrations of 30 and 60 mg a.i 
L-1 (Figure 4), making it unviable to commercialize the 
plants. The same phytotoxic symptoms were reported by 
Grossi et al. (2005) and by Moraes et al. (2005). Visual 
symptoms of phytotoxicity were not found in the other 
concentrations tested. 

The dry mass of the areal part (Figure 5B) was 
lower in plants treated with PBZ compared to plants that 
received no plant growth regulator application. This may 
have occurred due to the reduced internodal distance. 
This causes the plants to become so compact that the 
lower leaves probably did not receive enough light for 

the photosynthesis demand. According to Larcher (2000), 
growth is based on 95% dry matter accumulated by the 
plant during its growth, which comes from photosynthesis 
action, and the remaining 5% is derived from the 
absorption of nutrients.  

The reduced diameter of the plant with the increase 
of PBZ concentration (Figure 5C), confirms results found 
by Tinoco et al. (2011) but disagrees with findings by 
Whipker et al. (2001). Diameter reduction is probably 
related to the reduced internode elongation due to the 
inhibition of gibberellin biosynthesis. 

At concentrations of 5, 10 and 15 mg a.i L-1 
the plant diameters were up to 33% lower than those 
observed in plants that received no regulating application 
(Figure 5C). From these concentrations, one could observe 
that the diameter reduction created more compact plants, 
thus blocking the substrate from being viewed from above. 
However, with concentrations of 30 and 60 mg a.i L-1, the 
reduction of the plant’s diameter was so great that they 
became disproportionate to the vase and the substrate 
was apparent, proving it impossible to recommend this 
concentration.  

The biggest fruit amount (44 fruits per plant) 
(Figure 5D) was obtained without PBZ application. 
This result shows that this product is not necessary for 
improving this plant feature.

At concentrations of 30 and 60 mg a.i L-1 the 
effect of using PBZ was so great that, at the time of 
evaluation, the plants had no fruit at all (Figure 5D). 
Late flowering due to using PBZ was also reported on 
physalis plants (P. peruviana) by Yadava (2012). This 
author attributes the effect to the suppression of plant 
growth by using PBZ.
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Figure 5: Effects of different concentrations (mg a.i L-1) of Paclobutrazol (PBZ) applied via substrate irrigation in 
one single application, on height (A), the dry mass of the areal part (B), the diameter of the plant (C), number of 
fruit (D) and length of fruit peduncle (E) of physalis plants (Physalis angulata L.).
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Figure 6: Effects of different concentrations of Paclobutrazol (PBZ), applied one single time, via substrate 
irrigation, graded on height (A), the number of fruit per plant (B) and appearance (C) of physalis (P. angulata) by 
hedonic evaluations using 60 untrained judges. 

As was found in the experiment of PBZ via 
foliar spray, the length of the fruit peduncle (Figure 5E) 
was reduced with an increased concentration of PBZ, 
and this contributed to a better aesthetic appearance, 
as the plants became more compact and delicate in 
appearance. 

Acceptability test for applying PBZ via substrate 
irrigation 

Plants that received PBZ at concentrations of 10 
and 15 mg a.i L-1 (Figure 6A) received the best grades by 
the evaluators (7.5) in regard to plant height. These plants 
showed respective heights of 24 and 36 cm (Figure 5A), 
confirming recommendations by Barbosa (2003) and Brum 
et al. (2007).

The concentration of 5 mg a.i L-1 generated the 
greatest amount of fruit (Figure 5D), which can be directly 

related to the opinions of the evaluators (Figure 6B) who 
graded them at 7.6 for the requirement of the number of 
fruit. This demonstrates that consumers of potted fruit-
bearing plants prefer plants with more fruit. 

At the time of evaluation, the fruit was at different 
stages of development, which can motivate people to 
acquire the product because the plant will continue to bear 
fruit after purchase. 

The highest grades in regard to plant appearance 
were given to concentrations of 5 and 10 mg a.i L-1 (Figure 6C). 
This is most likely due to the greater amount of fruit, its 
height (24 to 36 cm) and an average plant diameter of 30 
cm, illustrating the possibility of commercializing potted 
physalis. However, plants receiving higher concentrations 
were not evaluated well because this use of PBZ drastically 
reduced the height and diameter of the plant; they did not 
produce fruit and showed signs of phytotoxicity as well. 
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Products preferred by 97% of the judges were those 
that had received concentrations of 5 and 10 mg a.i L-1 and 
according to the judges, their choice was due to a greater 
quantity of fruit and the plant proportionality to the vase.  

When considering the cost of applying higher 
concentrations of the product, the results indicate that 
the concentration of 5 mg a.i L-1 PBZ via substrate 
irrigation of one single application is the most optimal 
for the physalis.

When asking the judges if they would buy the 
product, 100% of them said yes, and 86% of them said 
they would be inspired to buy the potted physalis because 
of the beautiful calyx, while the other 14% attributed their 
decision just because the product was a novelty.  

CONCLUSION
The appropriate physalis size for potted cultivation 

can be obtained by the foliar application of 90 mg a.i L-1 of 
PBZ or by application to the substrate of 5 mg a.i L-1 PBZ. 
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