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ABSTRACT

The objective of this work was to evaluate asepsis protocols, composition and concentration of culture media in
thein vitro establishment of three physalis species. In experiment |, seeds of 3 species were used x 3 asepsis protocols.
In experiment Il, 3 culture media and explants 3 species were used. In experiment l1l, explants of 2 species x 4 concentrations
of MS culture medium were used. In experimentdxplants of 2 species x 4 sucrose concentrations were used. For
experiments Il, Il and 1V after 30 days were evaluated some phytotechnical parameters. The experimental design was
completely randomized, in a 3 x 3 (experiments | and 1) and 2 x 4 (experiments Il and 1V) factorial scheme. Protocols Il
and Il were appropriate f&. peruvianagermination, and | and Il fd? minima the three protocols werdfiefent for
controlling fungi and bacteria. The MS is the most suitable for the in vitro establishment of three species. The culture
medium at 100% concentration obtained better values in the in vitro development parameters evaluated for the
species. pemuvianaandP. minima Sucrose concentrations close to 50 and 20 fakored the establishment iaf
peruvianaandP. minima
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INTRODUCTION fruits, characteristics thate not interesting for commer-

Physalis is considered an exotic fruit with grea?ial orchards (Oliveirat al, 2013). Tissue culture proposes

economic potential, due to its adaptation to differerfiPtaining large-scale plants, phytosanitary quality and
Brazilian edaphoclimatic conditions. Its presence ifigh genetic fidelity Among the challenges of this
supermarkets and local markets shows a trend Bichnique is mastering the various stages such as
consumption by the population. Because it has higehstablishment and multiplication witro. (Mascarenhas
added value, fruit production is an alternative for smaft al, 2019).
products that constitute the highest income per The success of in vitro multiplication depends on the
production area (Negeit al,, 2016). Due to the potential composition of the culture medium, which consists of
of scientific interest it has increased in order to improvessential elements for the growth of plants such as
the production of culture, these show that the conditioriginerals, vitamins and carbohydrate source. These
for exploration for internal consumption and export (Chesubstances act as an energy source, provide control of
veset al 2005). tissue growth and regulate developmientitro. One of
Asexual propagation is the main form of physalishe ways to control these responses is through the
multiplication, since this fruit has a large amount of seed®ncentration of macro and micronutrients that make up
and a high germination rate, however it provides plantletge culture media. (Oliveiret al, 2013a).
with high genetic variabilityresulting in plants with There are researches carried out by authors such as
different growth, vigarperformance and production of Chavest al (20(®), Mascarenhaat al. (2019) with the
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main commercial specie®.(pemviang, but data are Experiment |1

missing with the other species that have economic Tpjs experiment consisted of three medium cultures
potential and that, because they have different morphWS, Knudson (Knudson, 1946), WPM (Lloyd & McCown,
anatomical characteristics (Sileaal, 2015), genotypes 1981)] and three species of physaysalis peruviana,
may respond differently tm vitro processes (Cos&t  p minimae P, ixocarp. The culture media were added of
al., 2015). These characteristics are complex and may g L of sucrose 6 gtof agar (Himedi&) and pH = 5.8,
indicate differences in nutritional needs, concentration %fdjusted before autoclaving.

growth regulators, site of excision, type of tissue and The experimental outline used completely randomized,
genotype and consequently interfere in the multiplicatiog factorial scheme 3 x 3 [culture media x physalis species],
ratein vitro cultivation (Mascarenhaet al, 2019). containing 5 repetitions, 1 bottle (500 ml capacity) for

Considering the complexity of the micropropagatioRepetition and 5 explants of a species by bottle.
steps that involve several factors, adjustments tanthe

vitro multiplication protocols that already exist for the Experiment 111
different Physalis species are necesssoythis study  After the experiment Il analysis, the culture media that

aimed to evaluate protocols of asepsis, composition apgesented proper characteristics for the establishment of
concentration of culture media in the establishment anfe in vitro physalis species was defined. So, the

multiplication of Physalis speciés vitro. experiment Il was constituted by 4 concentrations of
. 0 . .
MATERIAL AND METHODS medlum.MS (O, SQ, 75 e 100%) and two physalls species
_ (P. peruvianae P. minimg. The culture media were added
Experiment | of 30 g L of sucrose 6 gLof agar (Himedi&) and pH =

ThePhysalis seds used in this experiment were fronk 8, adjusted before autoclaving.
ripe fruits collected in the, Germplasm Bank kept in the  The experimental outline used in this experiment was
West Sate University of Parana (Unioest&§ampus completely randomized, in factorial scheme 4 x 2
Marechal Candido Rondon (PR). The specRsy6alis [concentrations of culture media x physalis species].

peruviana, P ixocarpae P. minimg were properly Containing 5 repetitions, 1 bottle (500 ml capacity) for
identified and are categorized at the Uniosdtigrbarium. repetition and 5 explants of a species by bottle.

(HUNOR CampugCascavel).
After the withdrawal of fruits’ seeds and the identi- Experiment IV
fication according to the species, they were taken to the In this experiment four concentrations of sucrose were
Biotechnology Laboratory of the Pontifical Catholicevaluated, these being 0, 15, 30, 60'gfbr two species
University of Parana (PUCPRJampusToledo (PR). of physalis P. peluvianae P. minimg. The concentration
When received in the laboratotiie seeds of the three of 100% of culture media (MS) was used, plus 6'gt
species Rhysalis peuviana, P ixocarpa e Pminimg  agar (Himedid) and pH = 5.8, adjusted before autoclaving.
were immediately taken to the laminar flow chamber The experimental outline was done entirely by chance,
BIOSEG 09 modelwashed with distilled water and in factorial scheme 4 x 2 [concentrations of sucrose x
displayed in the asepsis protocols by immersion in: | species of physalis], containing 5 repetitions, 1 bottle (500
solutionTween 20 by 5% 70% alcohol (A70) by 30" + ml capacity) for repetition and 5 explants of a species by
Sodium hypochlorite (NaClO) by 3’, Il A70 by 30" + bottle.
NaClO by 3’, lll =A70 by 3'+ NaClO by 10’ After the For all the experiments, the bottles were covered with
procedures, the seeds were washed four times in distilleldiminum paper and autoclaved at 121 °C and 1.2 atm of
water and autoclaved pression, during 20'After the autoclaving, they were
After the sanitization, 5 seeds were allocated by glasgaled with plastic film of PVC, in order to avoid
bottle, with a total capacity of 300 mL volum, containingcontaminations and kept in wooden shelves (45 x 30 cm),
25 mL of media culture MS (Murashige & Skoog, 1962)in a growth room, with photoperiod of 16 h light and
added to 30 gtof sucrose, 6 gLof agar (Himedi& and temperature £ 24°C.
pH = 5,8,adjusted before autoclaving. During 30 days, Inthe experiments I, Il and IV were used explants of
the fungal and bacterian contamination existent at evepye-established planis vitro from seeds were used. The
4 days was evaluated. explants from the third pricking-out were excised with the
The experimental outline used was completelfelp of a scalpel, in laminar flow chamber in petri-dishes.
randomized, in factorial scheme 3 xa3¢psis methods These contained 1.5 cm of lenght, two opposite axillary
Physalis peuviana, Pixocarpae P. minimg. Containing buds and a pair of leaves.
5 repetitions, 1 bottle (500 ml capacity) for repetition and After 30 days of the building of the experiments (11,111
5 seeds of a species by bottle. and 1V), the number of plantlets sprouts, leaves and roots
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were evaluatedith the aid of a rulerthe lenght of the 1ll. For P. minima seeds, the highest germination
bigger root (cm) and the total of the plant (cm) werpercentage occurred when using protocols | and IlI;
evaluated and by weighing on an analytical balance totocol Il showed a lower germination rate, a fact that
fresh and dry plantlets biomass (g) was also evaluateday be related to a lower amount of reagents and
To obtain the dry plantlets biomass, they were put in whitxposure time. FdP. ixocarpg there was no statistical
paper bags properly identified and taken to the to thfference for germination between the protocols used.
forced ventilation oven at 65°C for 48 h. for all species when protocol 1l is used, good results are
The data obtained in all experiments was tabbed antbserved, which makes it possible to standardize the
the test of normality Shapiro-M¥ was applied. procedure with good results for the germination
Afterwards, they were submitted to the analysis gbarameter
variance and regression analysis for quantitative data, at Studies carried out by Chavesal (2005) showed
5% of error probabilitybeing changed into (Y+1.0) 0.5, that the rate of germination Bf petuvianawas reduced,
whenever necessarlyor the results analysis, the Sisvaivhen solutions with calcium hypochlorite in seed asepsis
was used (Ferreira, 2011). were used, probably due to the high fungic contamination.
The diferences in the germination rate of seeds among
RESULTSAND DISCUSSION the distinct works were caused by the combination of
Experiment | several substances of asepsis. When the NaClO for
In Table 1 germination data (%), fungal and bacterig@sepsis was used, Pinheétal (2016) noticed reduction
contamination (%) and total contaminaion (%) in seeds 6t the fungic contamination, increase in the germinative
physalisspecies is presented, where the significant effepptential inCedrela fissilisseeds.
for the first factor and the statistical difference for the The low rate of total contamination (%) and all
speciesPhysalis peuvianae P. minimawas verified. efficiency of protocols for this factor can be explained
Better results in germination (% vitro were by the sequence of products used in seadgpsis
observed foP. pemuviana when using protocols Il and Besides thatit is taken for granted that there is a

Table 1: Germination (%)n vitro seeds of physalis speci€hfsalis peuviana P. ixocarpaandP. minimg, fungal contamination
(%) and bacterial contamination (%) in three asepsis protocols

In vitro seed germination (%) **

Protocolsasepsis Species of Physalis
P. peruviana P. ixocarpa P. minima

I 44.0 bB 52.0™ 88.0 aA
Il 72.0a 36.0™ 40.0b
1 88.0 aA 32.0™ 100.0 aA
CV(%) 22.57

Fungal contamination (%) **
| 5.0m 15.0m 30.2"
Il 15.0m 5.0m 31.0m
i 5.0m 38.0m™ 8.0m
CV(%) 40.48

Bacterial contamination (%) **
I 2.45m 2.88m 2.59m
Il 2.45m 2.45m 2.45"
1 2.45m 2.45m 2.88m
CV(%) 23.54

Total contamination (%)
I 3.32ms 4.63 5.23
Il 4.37" 3.32m 5.41
1 3.32 6.16" 3.93+
CV(%) 38.59

*Lower case letters differ statistically from each other in the column and upper case letters from the line, using the Tukey test, at 5%
probability of error ns = not significant. **Data transformed to square root of x + 1.
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combination between chlorine and the membrane protaiifference and i ixocarpathere was a greater number
of microorganisms which form toxic compounds leadingf regenerated when in MS mediuim P. minima there
to the inhibition of essential enzymes for survival (Mawas the lowest number of seedlings regenerated when
chado & Fernandes, 2018). The 70% alcohol is pointéd medium Knudson.
out as a disinfectant and accordingTmmazziet al When the sprouts are analysed, Rminimathere
(2019) when it is present at this concentration wvas no difference betwagéhe WPM and MS medium.
evaporates slowly potentializing its action of denaturar his variable had the same behaviorRopemuviana e P
tion of proteins in microbial cells when in contact withixocarpg being the MS medium, the one that provided a
microorganisms. greater number of sprouts for the species.
The MS medium is more concentrated in nitrogen in
Experiment [1 relation to other studied mediums, fact that influences in
In Table 2, it is observed that the number ofhe synthesis of endogenous cytokinins, resulting in a
regenerated seedlings, when compared to the culturember of sprous by species nodal segment as verified in
media inPhysalis peruvianahere was no statistical the presente work (Jesesal, 2010).

Table 2: Number of regenerated plantlets (NPR), number of sprouts (NB), number of leaves (NF) and length of plantlets (CP) of
physalis species, in culture media

Culture medium

Physalis species Knudson MS WPM
Number of regenerated plants
Physalis peruviana 4.20 aA* 5.00 aA 5.00 aA
Physalis ixocarpa 0.01 bB 5.00 aA 0.01 bB
Physalis minima 0.80 bB 4.20 aA 4.40 aA
CV(%) 16.71
Number of shoots **
Physalis peruviana 1.17 abAB 1.33 bA 1.04 bB
Physalis ixocarpa 1.00 bB 1.68 aA 1.00 bB
Physalis minima 1.20 aB 1.53 aA 1.41 aA
CV(%) 10.03
Number of sheets **
Physalis peruviana 1.84 aB 2.41 bA 1.76 bB
Physalis ixocarpa 1.00 bB 2.99 aA 1.00 aB
Physalis minima 1.64 aC 3.03 aA 2.19 aB
CV(%) 16.70
Seedling length (cm) **
Physalis peruviana 2.07 aB 3.17 aA 2.01 aB
Physalis ixocarpa 1.00 cB 2.55 bA 1.00 bB
Physalis minima 1.47 bC 2.89 abA 2.13 aB
CV(%) 14.12
Length of the largest root (cm) **
Physalis peruviana 1.29 ns 2.88 aA 1.10 ns
Physalis ixocarpa 1.00 ns 1.43c 1.00 ns
Physalis minima 1.23 ns 2.07 bA 1.22 ns
CV(%) 23.08
Fresh seedling biomass (g)
Physalis peruviana 1.17 aB 1.62 aA 1.13 bB
Physalis ixocarpa 1.00 bB 1.24 bA 1.00 bB
Physalis minima 1.07 abC 1.61 aA 1.34 aB
CV(%) 8.68

*Lower case letters differ statistically from each other in the column and upper case letters from the line, using the Tukey test, at 5%
probability of error ns = not significant. **Data transformed to square root of x + 1.
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When the number of leaves is analysed for the The evaluations that did not present a significant
evaluated species, the MS medium was considered propgeraction are presentedliable 3, being those, a number
when compared to WPM e Knudson culture media. Olbf roots and, dry seedling biomass. It is noticed that he
veiraet al (2013a) obtained an average numbétofsalis number of roots was samller fé& ixocarpg when
angulata in vitroleaves, similar to the one found in thecompared to the other species and the same behavior
present work. occurs to dry shoot biomass.

A greater length of seedlings was verified in MS medium The MS cultivation medium promoted a bigger
for the three species studiéddaujoet al (2016) state that quantity of roots, being superior to the Knudson e WPM,
in addition to being rich in nitrogen, the MS medium alsones that did not differ statistically between them. The
contains calcium four times more concentration than thgresence of the boron, which is in bigger quantity in the
other media, this is a structural component, responsible #S medium, promote synthesis of indolacetic acid (AlA)
the connection between pectins and groups of lipid acidmd acts translocation of natural auxin, promoting the
in addition, it acts as a signal, stimulating the production oboting. The bigger dry biomass values were found in the
auxin and cytokinin, endogenous hormones responsid#S medium that is more concentrated in salts and
for growth (Kerbauy2012). nutrients, being an important attribute of growth

Besides that, in works with fruit speciesvitro, such  (Moschiniet al, 2019).
as blackberrypineapple and casserole, authors observed _

a good development having a greater number of Experiment 111

leaves.sprouts and lenght of these plantlets, when The factor evaluated the number of regenerated
propagated in a MS cultivation medium (Leitziteal, plantlets that did not present interaction and because of
2010; Oliveira-Cauduret al, 2016 Araujoet al, 2016).  that, it was separately evaluatedable 4, where we can

When the fresh biomass was evaluated, the behavimoserve thatP. minima had a greateer number of
was similar to the MS medium that presented better resulegenerated plantlets comparedi@emviana
for the three species, when compared to Knudson and The Figure 2Apresents a number of sproutsRf
WPM. These aspects show that culture media favors theruviana e P.minimain concentrations of the MS
assimilation of nutrients, fact that explains the bettenedium, we notice that both species had greater values
performance of plants in MS medium. of sprouts when in a medium at concentration of 100%,

growing in a linear mannein Figure 2B, we can notice
Table 3: Number of roots and dry biomass of the area (g) fahat the seedling lenght f& minimaobtained a linear

physalis species and culture media growth according to the increase of the medium concen-
Species of Physalis Number ** Seedling tration, reaching its maximum value of approximately 3.0
of roots dry biomass (g) ¢m in 100% of culture media. R peruvianait was noticed
Physalis peruviana 1.99 a* 1.04a that there was no significant difference in the growth
Physalis ixocarpa 1.41b 1.01b according to the variation of the medium culture.
Physalis minima 1.87a 1.04a For the number of leaves (Figura 2C), it is possible to
Culture media verify that the species increased the quantity according to
WPM 1.43b 1.02b the increase of the concentration of the culture medium.
Knudson 1.43Db 1.01b The specie®hysalis minimahad its greater number of
MS 2.41 1.06a leaves in 100% of culture media, with approximately 7 leaves
CV(%) 24.91 and theP. peuvianaobtained at the maximun 3 leaves.

*Lower case letters differ statistically from each other in the column, The phOSphorus presents in the culture medium acts

using theTukey test, at 5% probability of errorData transformed ~ differently in the leaf expansion. The incorporation of this

to square root of x + 1. nutrient depends on the genotype of each species. Costa
et al. (2015) observed that there was a greater number of

Table 4 Number of plantlets regenerated for physalis speciedeaves in the MS medium, however without statistical

differences in MS medium with 50% of nitrate, working

with hybrid basil, indicating that other factors can interfe-

. . Number of plantlets
Species of Physalis

regenemted** ) o
Shvsalis Tinia 530 re in these characteristics.
Phisalis peruviana 1'35 b The length of the Igier root (Figure 2D) d®. petuviana
oV %) 12'91 did not obtain statistical difference when the concentration
(1) .

of the culture medium varied. Howeyéhe P. minima
*Lower case letters differ statistically from each other in the column, . . - P .
using theTukey test, at 5% probability of errorData transformed r\/a“ed.a little its length and had It.S greater value of
to square root of x + 1. approximately 1.5 cm at 100% of medium.
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According to Lemest al (2016), the plantlets presentconcentration of the culture medium x number of roots
the need of low concentrations of nitrogen in the formatiowas evaluated (Figure 2E). It can be seen that the number
of roots and concentration of high levels of salts can affect roots tended to grqwdue to the presence of boron and
negatively the development of roots. Therefore, thether micronutrients that promote the synthesiéléf
rooting can be related to each species’ characteristigsdolacetic acid) and the translocation of natural auxin,
response to thim vitro stimuli. enabling rooting (Pasqual, 2001).

Regarding the number of roots, there was no species x For fresh and dry seedling biomass, it was not
concentration of the culture medium. Therefore, only thebserved any statistical difference between the concentra-
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Figure 1: Number of regenerated plantlets [A], number of sprout [B], seedling length (cm) [C], number of leaves [D], length of largest
root (cm) [E], number of roots [F], fresh seedling biomass (g) [G], dry seedling biomass (g) [H], as a function of sucrose concentration
(0, 15, 30, 45, 60 g 1.
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tions forP. pemviana ForP. minima greater values were sucrose concentrations and peaked at 44 gvith an
found at 100% of culture media, having approximately 1.8verage of 5,05 regenerated seedlings and after this

e 1.2 g, respectively concentration there was a fall in regeneration. IFor
_ minimal the same trend was observed, this species
Experiment 1V reached its maximum point in 31 ¢ bf sucrose with an

In figure 1 the results found when physalis spedtes (average of 4,9 plantlets.
peruvianae P. minimg were submitted to the concentra- When the number of sprouts was evaluated (Figure
tion of sucrose are shown. 1B), P. pevianaincreased up to the concentration of 40
It can be seen that the number of regenerated seedliggs™ of sucrose, when it obtained the average value of
(Figure 1A), inP. peuviang increased with increasing approximately 1.5 sprout®. minimahad its maximum
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Figure 2: Shoot number [A], seedling length (cm) [B], number of leaves [C], length of largest root (cm) [D], number of roots [E], fresh
seedling biomass (g) [F], dry seedling biomass (g) [G], depending on the concentration of MS culture medium (0, 50, 75 and 100%).
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point at 15 g Ewith 1.3 sprouts and decreased with th€€ ONCLUSIONS

increase of sucrose concentration. The protocols Il e 11l were adequated for the

Studies carried out by Poothoetgal (2020) showed oo minatiorP. peruviana and 1 and 11 foiP. minima the

that the reduced sucrose in the concentrations of 1.8¥8a¢ protocols were efficient for the control of fungus
and 3% in the medium MS, increased the number %d bacteria.

sprouts for raspbermpowever the length of sprouts was .
. The sucrose concentrations close to 50 davored
greater when sucrose was not added to the media cultu[]e. . . .
: : the establishment ¢t pevianaof approximately 20 g
The length of the seedling (Figure 1C) presented the . o
. favored the establishment & minima
greater average of explant growth (approximately 10cm

P. minimathe greater average growth was approximatei€in vitro establishment d?. peuviang P. minimaand
5cm at the concentration of 30 gaf sucrose. P. ixocarpa

A concentration of 15 gtfavored a quantity of leaves ~ The cultivation medium at the concentration of 100%
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