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Introduction
Cape gooseberry (Physalis peruviana L.) is a perennial plant 

that belongs to the Solanaceae family. In Brazil, its growing is still 
new and has become a great alternative of growing, especially be-
cause the fruit trading is for the “natural” market as well as for 
the production of jelly, candies, juice and ice cream [1]. With the 
developing market, studies are necessary to develop new and 
more viable technology for cultivation, as well as for character-
izing the growing and development of the plants under specific 
climate, soil and management conditions of this crop [2]. Cape 
gooseberry cultivation is a bush with very thick branches, and it 
has decumbent branches, a support system is necessary for the 
plants during growth, which makes it easier for the crop handling 
and increasing the productivity [3]. The type of training and tying 
required depend on the density of the seeds, the land topography, 
availability of the materials and its costs. Several training systems  

 
|may be used on the growing of cape gooseberry, including the  
ones described on other kinds of plant production or, yet, the ones 
used on solanaceous plants, such as on the tomato. As commercial 
crops, the training of cape gooseberry plants is mandatory and the 
plant spacing may depend on the training system used. A distance 
of 0.8 to 1.5 between plants and 2 3 meters between the rows is 
recommended [2,4].

In Brazil, the plant distance ranges from 0,5 to 1,5 meters, ac-
cording to the tutor. Distances of 3 X 1 meters or 3 to 0,5 meters 
between grooves and plants, respectively, are recommended [1]. 
The number of plants per hectare determines the cultivation den-
sity and the amount of harvest costs [5]. For those reasons, the 
knowledge of tutoring becomes an important information to have 
better productive and qualitative results. The objective of this pa-
per was to evaluate four types of training system more adequate 
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for the growing and production of P. peruviana fruit under the soil 
and climate conditions of Ponta Grossa, Campos Gerais, Parana, 
Brazil.

Material and Methods
The experiment was carried out between August 2016 and 

June 2017, in South Region of Brazil with latitude 25º05’49’’ S 
and longitude 0°03’’11” W, elevation of 969 meters. According to 
Alvares et al. [6] in the Köppen classification, the climate is Cbf, 
humid temperate climate with temperate summer, with well-de-
fined winter and summer seasons, precipitation well distributed 
throughout the year and soil with Dystrophic Red-Yellow Latosol. 
The average temperature is 17.5ºC and the average annual rain-
fall is 1495 millimeters. The trial design was composed by ran-
domized groups, with 4 training systems, which were the free 
system (witness), espalier system, X system and V system, with 
5 plants for each treatment and 3 replications. The experimental 
plots were formed by 3 rows of 20 plants with spacing at 3 meters 
between rows and 1 meter between plants. To produce the seed-
lings, seeds of Physalis peruviana L. were used. The extraction was 
performed in a low power crusher of fruit. Afterwards, they were 
filtered and placed to dry in the shade. After dried, they were sown 
in polysterene trays of 200 cells with dimensions of 680 X 344 X 
53 millimeters and the Lupa™ substrate.

After 40 days, the seedlings were transferred 2 liters plastic 
bags with 40X40X40 centimeters, fertilized with 16 ton ha-1 of cow 
manure, where they stayed for 34 days for acclimatization until 
they reached 15 to 20 centimeters and had 3 to 4 leaves, contain-
ing substrate with a mixture of soil, sand and organic compound 
(2:1:1). The seedlings were hanged to planting. The top-dressing 
fertilization was made 23 days after planted and on the 131th day 
of the transfer (DAT), the first dose was 11,7g of KCl per plant 
(39kg ha-1) and 45g of ammonium sulphate per plant (150 kg. ha-

1) and the second one, 22g of KCl per plant (73,33kg ha-1). 

The espalier plants were trained with 4 branches and with 2 
per level. For the X system, 4 branches were trained with 2 branch-
es per level. For the V system, only 2 branches were kept, with one 
branch per level and on the “witness” (free system), there was no 
use of any type of training, the plants were allowed to grow natu-
rally. The harvest was standardized to stage 4 according to ICON-
TEC [7]. The measurement of the height and diameter of the main 
branches and the counting of the number of fruit was made. After 
harvest, the productivity (kg ha-1), physical analysis of the fruit, 
such as diameter and fresh mass of the fruit (without calyx) were 
evaluated. For the qualitative analysis, the soluble solids content 
(ºBrix) (SS), titratable acidity (% citric acid) (TA), pH and SS/TA 
ratio were evaluated. The color attributes of fruit (without calyx), 
L (black (L=0), white (L=100)), a* (that ranges from green (-a) and 
red (+a), b* (that ranges from blue (-b) and yellow (+b) and angle 
hue (0º=red 90º=yellow, 180º=green and 360º=blue) were eval-
uated as well. The data were submitted to Shapiro Wilk’s test for 
normality, followed by analysis of variance, and, if signifi

cant, submitted to the average test through Tukey test, under 5% 
of probability using SISVAR 5.6 computer program [8]. 

Results and Discussion
In Figure 1, it was possible to observe the minimum and 

maximum monthly temperature and the monthly rainfall (mm) 
during the development cycle of the crop from August 2016 to 
June 2017. Figure 1. Minimum and maximum temperature data 
(ºC) and monthly rainfall (mm) related to the months of August 
2016 and June 2017. Ponta Grossa, Campos Gerais, PR. Figure 2A, 
showed that the V system resulted in the highest plants at 253cm. 
García et al. [4] also observed average values of 253 and 259cm 
for the V system at 3 X 0,5m spacing and 3 X 1m in the harvest of 
2008/2009. This improvement on the height of the branches may 
be related to the higher incidence of direct radiation, leading to 
a higher leaf area index, higher production of photo-assimilated, 
causing more accumulation of fresh mass of the fruit. However, the 
V training system provided smaller production when compared to 
the others Melo et al. [9].

Figure 1: Minimum and maximum temperature data (ºC) and 
monthly rainfall (mm) related to the months of August 2016 and 
June 2017. Ponta Grossa, Campos Gerais, PR.

Figure 2: Height (cm) (a) and diameter of the branches (mm) (b) 
of Physalis peruviana L.
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Figure 2. Height (cm) (a) and diameter of the branches (mm) 
(b) of Physalis peruviana L. during the cycle of 2016/2017 relat-
ed to the four types of training system. Averages followed by the 
same letter do not differ between each other on the Turkey test 
(p≤0,05). Vertical lines show the standard deviation. In Figure 2B, 
it was possible to observed that initially all the systems had simi-
larities on the diameter of the branches until January; however, the 
V system was better if compared to the others. About the height, 
the solar radiation provided a better growing of the branches on 
the height as well García et al. [3]. Observed a bigger diameter of 
branches on the V inverted system, on the three types of thickness 
evaluated. Muniz et al. [2], verified the plants conducted on the V 
system (3,00 X 1,00m), showed bigger diameter of the branches 
than the plants trained on the other systems and spacing in the 
harvests. It was stated that as the plant grown and developed it-
self, the diameter of the branches is likely to increase, however, on 
a more gradual way than the plant’s height. The trunk diameter 
reflected photo-assimilated accumulation that was translocated to 

the top. The bigger trunk diameter reduced plant lodging, favored 
by the spacing and training system.

For the fresh mass of the fruit (Figure 3A), the highest value 
was from the V system, with average of 5,61g. The other values 
from the training systems were lower. Lima et al. [5] found average 
values of 10,05g for the cape gooseberry crop in RS, on the other 
hand, Rodrigues et al. [10] obtained the average of approximate-
ly 3g for the cape gooseberry crop in stage 4 (yellow) in Minas 
Gerais. García et al. [3] obtained average values of 4,95g in Colom-
bia, similar results of this paper. The fresh mass of the fruit was 
considered an important characteristic, since it was related linear-
ly to the development and/or ripening, except when the fruit are 
in advanced stage of maturation. The mass was correlated with 
the size of the fruit and was a characteristic of cultivar. When they 
reached the complete development, the fruit must present vari-
able mass between the typical limits of the cultivar, which are very 
variable [5,10].

Figure 3: Fruit weight (g) (a), diameter of fruit (mm) (without calyz) (b), number of fruit per plant-1 (c) and productivity (kg ha-1) of Physalis 
peruviana L. fruit during the 2016/2017 cycle related to the four types of training systems. Averages followed by the same letter do not differ 
between each other on the Turkey test (p≤0,05). Vertical lines show the standard deviation (n = 4).

Figure 3. Fruit weight (g) (a), diameter of fruit (mm) (without 
calyz) (b), number of fruit per plant-1 (c) and productivity (kg ha-
1) of Physalis peruviana L. fruit during the 2016/2017 cycle relat-
ed to the four types of training systems. Averages followed by the 
same letter do not differ between each other on the Turkey test 
(p≤0,05). Vertical lines show the standard deviation (n = 4).

The physical evaluation of the fruit was important, since the 
fruit with good appearance and measures considered high are 
the main attraction for the consumer. In the cape gooseberry fruit 
studied by Silva et al. [11], it was verified the average size of the 
ripe fruit was around 18,4mm of transverse diameter. On the eval-
uation of the diameter of the fruit (Figure 3b), the highest values 
were obtained with the V training system, with average of 17,2 
mm, which differed significantly from the other training systems, 
and these last ones did not differ between themselves (Figure 3). 

Similar values were found by Rodrigues et al. [10], of 17,45mm for 
cape gooseberry fruit. The incidence of the solar radiation could 
have favored a higher production of photo-assimilated, causing 
more accumulation of fresh mass of the fruit. The espalier training 
system was better when it comes to the total number of fruit (682) 
(Figure 3C), differing from the free training, X and V systems, with 
values of 380, 422 and 432 fruits per plant, respectively. García et 
al. [3] observed that the amount of fruit was bigger to the espalier 
system, obtaining the best results density 2x2m and 3X2m with 
total amount of 300 and 436 fruits per plant, respectively.

Castro et al. [12] state the vegetative growth of cape gooseber-
ry is favored by an increase of the temperature and longer days. 
Therefore, when grown in places or seasons with higher tem-
perature the growing period was shortened and the production 
begins earlier [13]. According to Ramírez et al. [14], it is common 
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to observe simultaneously floral buds, completely open flowers, 
unripe fruit and ripe ones on the same plant, which present unde-
termined growing habit. Related to the productivity (Figure 3D), 
the espalier system was better than the others (10 ton ha-1), dif-
fering in high values of the free, X and V systems, which did not 
differ between themselves, these productivity values are found in 
countries like South Africa, Colombia and Ecuador. In Brazil, Mu-
niz et al. [2] observed values between 3,93 and 3,60 kg ton ha-1 
for both agricultural harvest in the espalier system, respectively. 
García et al.  [3] observed in Colombia higher values than this proj-
ect for the espalier training system, which were approximately 12 
and 13 t ha-1 with the spacing of 2X2 and 3X2, respectively. On 
the other hand, Moura et al. [15] observed values between 10,91 
and 5,97 t ha-1 in the espalier system on the two thickness values 
evaluated in Minas Gerais, Brazil. These authors reported the in-
fluence of radiation on the vegetative growth of the plant, leading 
to a higher productivity. The espalier training system had greater 
production due to the higher number of fruits per plant, where 
this variable was significant. The harvest period of the 2016/2017 

crop lasted approximately seven months, which was the same 
length observed by Muniz et al. [4], while in the producer regions 
of Colombia, the harvest was made over the course of two con-
secutive years. This high productivity may be explained due to 
the favorable conditions during the cycle, where there were high 
temperatures (Figure 1) and solar radiation in an atypical winter, 
extending the development of the crop. 

As shown on Table 1, there was no significant difference on the 
level of soluble solids (SS) (ºBrix), titratable acidity (TA) (% citric 
acid), pH and SS/TA ratio according to the free, X, V and espalier 
training systems. About the total soluble solids, Codex Stan [16] 
states that the fruit must present at least 14 ºBrix to be commer-
cialized. In this experiment, the treatments did not differ statisti-
cally between each other, with average of 14,33 ºBrix, exceeding 
the values obtained in Lages, SC, with average of 13,34 ºBrix [4], 
however they were similar to the ones obtained in Lavras, MG, 
with 14,21 ºBrix [10], just as with Lima et al. [18], García et al. [3] 
and Melo et al. [9]. 

Table 1: Average values of soluble solids, acidity, pH, ratio SS/TA, luminosity, coordinates a*, b* and angle hue (hº) of the fruit epidermis of Physalis 
peruviana L. during the 2016/2017 cycle related to the four types of training systems.

Training system SS Acidity pH SS/TA L a* b* hue

FREE 14,67 0,93 2,77 16,04 50,5 13,99 33,52 67,16

X 14,67 0,93 2,43 16,44 53,42 15,93 35,61 66,04

V 14,00 0,86 2,63 16,38 53,69 15,92 35,65 65,87

ESPALIER 14,00 0,84 2,80 16,88 49,43 14,01 32,92 66,99

Averages followed by the same letter do not differ between each other on the Turkey test (p≤0,05). Vertical lines show the standard deviation (n = 4).

Table 1 Average values of soluble solids, acidity, pH, ratio SS/
TA, luminosity, coordinates a*, b* and angle hue (hº) of the fruit 
epidermis of Physalis peruviana L. during the 2016/2017 cycle re-
lated to the four types of training systems.

Total titratable acidity was an important quality characteris-
tic, it tended to vary due to environmental and genetic factor. The 
organic acids present in food influence the taste, smell, color, sta-
bility and quality management. The titratable acidity ranged from 
0,84 to 0,93 between the training systems. According to Fischer 
et al. [17], the type of training does not have direct influence on 
the percentage of citric acid. The pH was variable according to en-
vironmental factors and factors of the same plant, but it was an 
important tool for the evaluation of the fruit acidity. With the pH 
values, acidity criteria may be set in a comparative manner be-
tween the fruits. On this experience, the average values were 2,43 
to 2,80. These values were lower to the ones found by Melo et al. 
[9], in which the average ranged from 3,94 to 3,89 for training sys-
tems for two and three stems, respectively. In the relation of total 
soluble solids/titratable acidity (TSS/TA, which represents the 
balance between sugars and acids), all treatments were similar 
between each other. According to a rule of Instituto Colombiano 
de Normas Técnicas e Certificação [7], in order to commercialize 
cape gooseberry, this relation must be 6,0 or higher. In the current 
paper, in all studied treatments the value was above 16,0, which 
demonstrates a determinant factor in the physical-chemical qual-

ity of the fruit. Lima et al. [5] found average values of 18,73 and 
16,26 to the inverted V training system and the triangular one, 
respectively.

Figure 4: C vitamim level (mg of ascorbid acid/100g pulp) of 
Physalis peruviana L.

For the luminosity (L*), a* (variation between red and green), 
b* (variation between blue and yellow) and hº (hue angle), signif-
icant differences were not found according to the training system 
used. For the C vitamin level (Figure 4), it was possible to observe 
the free system obtained better results when compared to the oth-
ers (20,5mg 100g-1), but did not differ from the X system (16,1mg 
100g-1). Melo et al. [9] found significant difference for the training 
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system with two stems, with average between 18,42mg and 100g-
1 a 24,04mg 100g-1. 

Conclusion
The training systems influence on the growth and develop-

ment of the cape gooseberry under the Latosol soil and climate 
conditions in South Region of Brazil, and the espalier system 
showed higher productivity and number of fruits. Cape goose-
berry plants trained on the V system have bigger diameter and 
height of the main branches and bigger mass in the diameter of 
the fruit under the Latosol soil and climate conditions in South Re-
gion of Brazil. The chemical analysis and color attributes in cape 
gooseberry crop did not differ statistically among the four training 
systems, except for the free system that had higher values for C 
vitamin.
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