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ABSTRACT

Physalis angulaté.. is a plant with great fruit production potential, mainly in family farms, due to its versatility and
valuable products such as jellies and juice concentrates. The aim of the present study is to evaluate the effect of two
cytokines - i.e., plant growth regulators 6- benzylaminopurine (BAP) and kinetin (KIN) -, in association, or not, with auxin
(2,4-dichlorophenoxyacetic acid - 2.4-D),Brangulatamultiplicationin vitro. The experiment followed a completely
randomized design, with eighteen treatments and five repetitions, based on factorial arrangement 2 x 5 x 2. Cytokinin
sources were used at concentrations: 0, 2.5, 5.0, 7.5 and 16, mghe presence (0.05 mgLor absence of 2.4-D.

Explants comprised nodal segments (approximately 1 cm) derivingHhysalisseed germinatiom vitro. Results
indicate that the growth regulator KIN, at 5 m@ ¢oncentration and in the absence of auxin 2.4-D, has potential to
enable longer shoot length andgar number of internodes. Howeytire culture medium (MS) without plant growth
regulators recorded higher biomass (fresh and dry weight) and increased root rate.

Keywords: Physalis auxins;n-vitro culture.

INTRODUCTION crops (Guoet al., 2014). Thus, this technique enables

Physalis angulatd.. (Solanaceae) is an annual plan{mprovmg the production of plaptg with S|m|lar_f§atures;
therefore, it helps homogenizing productivity and

species widely distributed in the United States, Central . .
) . . . _Improving farmers’ income.
and SouthAmericas, as well as in tropical regions i i )
worldwide (Soarest al, 2009). Its fruit is acknowledged '€ @ppropriate selection of source explants is one of
as a morphological aspect of gerRisysalis which is the key processes used to enable the successful
characterized by a balloon-like calyx that fully expandgstablishment of protocols focused on plant multiplication
and wraps the frui. angulatahas arisen global interest in vitro. Based on the use of seeds, it is possible obtaining
for medicinal, nutritional and pharmaceutical purpose§eedlings and, therefore, young contamination-free
since it is rich in antioxidants, polyunsaturated fatty acid§XPlants, whereas the use of young nodal segments
vitaminsA, B, C, E and K1, as well as in essential mineral§€nables generating a large number of plantlets without
(Puenteet al, 2011). callus formation, as well as reducing plants’ potential to
Physaliscan be multiplied in different ways, including Present somaclonal variation (KocaA&asim, 2015). In
the seminal route. Howevethe micropropagation addition, studies conducted with other specisygalis
technique enables the mass production of geneticafgruviang belonging to the same genus have highlighted
uniform seedlings with known sanitary features, a fact ththe use of seeds and nodal segments as a promising way
leads to more homogenous, productive and profitabte obtain explats (Chavest al, 2005).
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Several factors are responsible for the success of cult@sgeriment followed a completely randomized design, with
techniquesn-vitro. Plant growth regulators, mainly the 18 treatments and five repetitions. It was based on the
ones belonging to the auxin and cytokinin groups (Caldéactorial arrangement 2 x 5 x 2, wherein factor “A”
et al, 1998), are essential to develop some species basedompassed two cytokinin sources (6-benzylaminopurine
on tissue cultureAmong the aforementioned growth- BAP- and kinetin KIN), whereas factor “B” comprised
regulators, auxins are associated with cell growth amtifferent cytokinin concentrations (0, 2.5, 5.0, 7.5 and 10
stretching, as well as with callus formation (Noguera mg L?). Factor “C” consisted in the presence (0.05mg L
al., 2007). Cytokinins promote cytokinesis, induce orgaar absence of 2,4-dichlorophenoxyacetic acid (2.4-D). The
formation and mobilize nutrients (Oliveied al, 2007). experimental unit was defined as a 250 ml glass bottle
Chavest al (2005) conducted a study with plant speciesontaining 30 ml of nutrient medium and two explants. The
P. pemuvianal, which belongs to the same genusutrient medium used in the current experiment was MS
investigated in the present research. The best shdat normal salt concentrations), added with agacrose
emission was recorded after 6-benzylaminopurine (BARNd myo-inositol at the same concentrations adopted for
addition to the culture medium. seed germination. Cultivation conditions were the same

Thus, the aim of present study was to evaluate plagfies used for seed germination.
responses to different growth regulator concentrations in Mean number of buds, shoot length (cm), number of

P. angulatamultiplicationin vitro. internodes, incidence of calluses (%) and roots (%), fresh
and dry explant biomass (g) were evaluated at theld
MATERIALS AND METHODS of culturein vitro. Residue normality was assessed based

) ) ) on Bartlett test, whereas homoscedasticity was evaluated
RipePhysalis angulatéruits were collected from plants based on Komogorov-Smirnov test. Data were transformed

grown in greenhouse. Fruits were pulped in the IaboratoBX/ thex + 0.5 function and subjected to analysis of
through manual maceration in wat8eeds used in this variance, whenever necessafjie incidence, or not, of

experiment were collected from a single plant that was kei‘?ﬁeraction in factorial experiments was assessed in case

together with other plants in the greenhouse; twenty fruizﬁ significant “F” value. Quantitative data were subjected
were harvested and seeds were randomreitve was to polynomial regression analysis, whereas qualitative data

use_d to separate the seeds from.the re_mammg pl re subjected to multiple comparison analysis based on
residues and, latgthey were washed in running water fortheTukey’s test, at 5% probability of ergén the SISKR

I'Ve minutes. Next, they were leftto dry at. roolm templeraturs‘?atistical software (Ferreira, 2000). The maximum technical
or seven days. Dry seeds were stored in glass vials seaé iency of each (quantitative) variable was calculated

with foil and kept under refrigeration at 5 °C, for SeveR - cad on the methodology described by Sterek (2000).
days.

Seeds werg |_mmersgd in 70% (v/v) ethanol for 3PQESULTSAND DISCUSSION
seconds, for disinfestation purposes. Next, they were
placed in 1% (v/v) sodium hypochloriteAR (NaOCI) There was no interaction between the tested factors,
solution added with two drops diween 20® for 10 either for different phytoregulator concentrations or for
minutes. Triple seed rinse with sterile distilled water wagariable ‘number of shoots per explant’. Howevhere
carried out in aseptic laminar flow chamb8eeds were was difference in growth regulator type. BAP use recorded
inoculated in 150 ml culture flasks (ten seeds per flaske largest number of shoots per explant (2.14); its
filled with 30 ml of nutrient medium. The culture mediumperformance was superior to that of KIN (Figure 1). These
used in the current experiment was %2 MS; it comprisathta corroborate Rodriguesal (2013), who conducted a
the Murashige & Skoog’(1962) medium salt formulation study with plant specieBhysalis peruvianand found
reduced to half strength, as well as 30gof sucrose, satisfactory results after culture medium supplementation
8 g L* of agar and 100 mg“'Lof myo-inositol. Culture with BAP.Vicenteet al (2009) and Dodet al (2003) also
media pH was adjusted to 5.8 (before the autoclavirigund satisfactory results after BAddition toVernonia
process) and media were sterilized at 121 °C, under 1.5 atondensataulturein vitro and toOcimum basilicunt.
pressure, for 20 minutes. The flasks were kept in cultuoslture, respectively
room at mean temperature 25 + 3 °C and under 16-hour Variables ‘callus’and ‘fresh biomasstecorded
photoperiod based on daylight fluorescent lamps at ligbignificant interaction between cytokinin concentrations
intensity 30 imol mis™. Explants were collected after 20(regardless of BAP or KIN use) and the presence, or
cultivation days to install the multiplication experiment. absence, of 2.4-D auxin gble 1).The highest callus

Nodal segments (8 mm) from 20-day-old seedlings wefermation rate was recorded after 2.4-D addition to the
used as explants fam-vitro propagation purposes. Theculture medium without cytokinins. The lowest callus

Rev CeresVicosa, v 66, n.6, p. 486-492, nov/dec, 2019




488 JoaoAntonio Ramos de Oliveirat al.

formation was observed after the highest cytokinifocused on the production of phenolic compouirds
concentration tested in the current study was added \titro were based on callus production.
the culture medium. This outcome corroborates the Based on statistical analysis, there was interaction
hormone balance thegrgccording to which balanced between different cytokinin types evaluated in the current
auxin and cytokinin indices enable greater callus formatiostudy and their respective concentrations (Figure 2). KIN
whereas higher cytokinin concentrations enable biggase recorded linear callus emission behavior (Figure 2A),
shootsAuxins and cytokines are the core of a cell divisiosince callus formation increased as the growth regulator
and differentiation control mechanism that is essential tmncentrations increased. On the other hand, BAP use
plants. Both growth regulators (auxins and cytokines) plagcorded quadratic behavior; the best callus formation
a key role in cell division and bud formation processe®sult was observed after 10 m§BAP use, if one takes
(Schalleret al, 2015). Howeveit is worth mentioning that into consideration that absence of callus was priority in
the lowest callus formation rate was observed when growtte current study his result was expected, since complete
regulators were not added to the nutrient medium. LikewisBAP absence in the presence of 2.4-D favors callogenesis,
the highest biomass rate was observed in the absenca®fvell as its addition in equilibrium with the tested auxin.
growth regulators. However morphogenic routes linked to shoot formation
Callus formation in the current study was undesirableeduce callus incidence in explants, when BAP
since it could lead to somaclonal variation; howetles concentrations become higher than auxin concentrations.
outcome points towards the possibility of conductingRoot formation also recorded interaction between growth
future studies focused on indirect organogenesis or oagulator concentrations and different cytokinin types
the production of active principlés-vitro, in which calli  tested in the current study (Figure 2B). Both BAP and KIN
play a key roleAccording to Diagt al.(2016), many studies were adjusted to quadratic pattern; the highest BAP and

3]
9]
)

2.14% a

Number of shoots

BAP KIN

Cytokinin source

*Means followed by the same letter did notfeiffrom each other in th@ukey’s test, p < 0.05.

Figure 1. Number of shoots per explant after 6-benzylaminopurine (BAP) and kinetin (KIN) use.

Table 1 Effect of different cytokinin concentrations &mnysalis angulat&. developmenin vitro, based on the presence and absence
of 2.4-D in callus formation (%) and fresh biomass (g)

Concentration (mg L-%) Callus formation (%) Fresh Biomass ()
Presence of 2.4-D Absence of 2.4-D Presence of 2.4-D Absence of 2.4-D
0 100 b B* 20 aA 4.03aB 5.03 aA
25 80 abA 80bA 2.58 aA 2.81 abA
5.0 90 abA 80bA 2.59 aA 1.83bB
7.5 100b A 70b A 2.54 abA 2.64 bA
10.0 50 aA 60 abA 1.38 bA 0.97 bA
CV (%) 17.53 11.85

*Means followed by the same lowercase letter in the column, and by the same uppercase letter on the line, did not differ from each other
in the Tukey’s test, p < 0.05.
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Figure 2: Effect of different BAP and KIN concentrations on the percentage of calluses (A) and rootP(B3alis angulata

Figure 3: Physalis angulaté. multiplicationin vitro based on nodal segments. Letters represent the growth regulator$ (fayL
2.4-D added with KINA (0-0), B (0-2.5), C (0-5), D (0-7.5), E (0-10), F (0.5-0), G (0.5-2.5), H (0.5-5), I (0.5-7.5), and J (0.5-10).
For 2.4-D added with BAP: K (0-2.5), L (0-5), M (0-7.5), N (0-10), O (0.5-2.5), P (0.5-5), Q (0.5-7.5) and R (0.5-10).

Rev CeresVicosa, v 66, n.6, p. 486-492, nov/dec, 2019




490 JodcAnténio Ramos de Oliveirat al.

KIN concentration (10 mg b led to the lowest root at this first stage; thus, based on the principles of material
formation. Ideallynew auxin-induced processes focusetiandling, it is possible inferring, that auxins and
on forming adventitious roots should start after sproutingytokinins should not be added to the nutrient medium.
According to Barrueto Cid (2000), different ways ofOn the other hand, additional studies focused on
balancing growth regulators change the morphogenaptimizingP. angulatamultiplicationin vitro should be
routes of plants growim vitro; consequentlychanges in conducted and, in this case, results would allow inferring
phytoregulator concentrations play a key role at differetihat auxin 2.4-D should not be added to the nutrient
micropropagation stages. Based on Sihal (2003), callus medium and that higher cytokinin BAP level should not
induction is caused by tissue competence and/or chemibal evaluated.
induction, and genotypes can respond to both Variable ‘shoot lengti{Figure 4B) recorded significant
phytoregulator classes - cytokinin and auxin - and to theinteraction between cytokinin types and tested
different combinations. concentrations. The longest sprout length (7.5 cm) was
Figure 3 shows different visual results observed irecorded after 7.5 mgiof KIN was added to the culture
plant development. Results referring to the lowest overatiedium. Higher BAP concentrations did not enable
plant development are the ones representing the higheatisfactory results, since shoot length per explant
growth regulator concentrations. Howeydittle decreased as BAP concentrations in the culture medium
difference was observed between growth regulators usiedreased.

¢BAP=0.0178x2 - 0.249x +2.5146 2= 0.80 A
4 A BKIN =-0.0235x2 + 0.2273x + 2.5694 12 = 0.65
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Figure 4: Effect of different BAP and KIN concentrations on the number of internodes (A) and shoot lengtiP{Bsalis
angulatal.
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Rodriguest al (2013) observed the same BAP effecHigher BAP concentrations led to internode shortening, a
on P. pemviana shoots grown in 50% of MS medium fact that can affect the internode elongation and become a
supplemented with 1.3 mg'lof BAP. The highest mean limiting factor in the rooting stage. Howeytte excessive
shoot length was recorded in the absence of cytokiniase of this regulator leads to toxic effects, which are mainly
this outcome may be associated with cytokmability to  characterized by lack of crop stretching, reduced leaf size,
break apical dominance and to favor the emission of nemternode shortening, excessive stem thickening and
shoots. The aforementioned study is corroborated lmeneralized vitrification. These effects led to serious issues
Floreset al (2009) who conducted a study whffiaffia  in the rooting stage (Chavesal, 2005).
glomerata(Spreng.) Pedersen and found that the length Based on the results, it is possible inferring that higher
of most shoots was lower than the one recorded for matetdN concentrations - i.e., 7.5 mg'land 5.0 mg L - are
cultivated in the absence of BA&Rcording to Chavest efficient in increasing shoot length and the number of
al. (2005),P. pemvianabuds subjected to dérent BAP internodes, respectivelyOn the other hand, these
concentrations reached maximum length (7.3 cm) in tle®ncentrations can affect elongation and the number of
absence of the regulatarhereas its minimum length (6.06 shoots in the explant. Howeveit is important
cm) was recorded at BAP concentration of 0.3 gL emphasizing that when the goal is to optimize

Variable ‘number of internode@igure 4A) was more multiplication, it is normal to have a reduced number of
responsive to KIN than to BARiInce more than 3.0 internodes and shorter shoot length. It happens because
internodes were observed at KIN concentration 5.0 tfng Lmetabolic routes must be activated to enable
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Figure 5: Effect of different BAP and KIN (kinetin) concentrationsPimysalis angulatd. fresh (A) and dry biomass (B).
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multiplication and for the stretching and rooting stageSuo L, Xue FGuo J & Na R (2014) Plant tissue culture: a recent
. progress and potential applicationsgricultural Science &
to take place (Gratt_a_paglla_l & Mac_hado, 1998). Technology 15:2088-2099.
There was significant interaction between BAP and _ _ .

. . iable ‘fresh and drv bi Koca A & Aasim M (2015) Establishment of eficiente
KI!\I concentrations in \./a_nab e fres _an ry 'Omass_ micropropagation system in bishepiweed Trachyspermum
(Figure 5A e 5B). Cytokinin concentrations had quadratic ammiL.) usind seed as explant. JournalAfimal & Plant
effect on explant biomass. Higher BAP and KIN Sciences, 25:478-484.
concentrations led to reduced biomass; 10 rhgias the MurashigeT & Skoog F (19624 revised medium for rapid growth

; ; ; and bio assays with tobacco tissue cultures. Physiologia
most damaging concentr_atlon. The stgdy by Rodrigties Plantarum, 15-473-497.
al. (2013) corroborate this outcome, since they found the

bestP. . fresh ltin the ab fBA ogueira RC, Paiva R, Oliveira LM, Soares GA, SoaresdaBtro
est. peiuvianairesh mass result In the absence o AHF & Paiva PDO (2007) Inducéo de calos em explantes foliares

de Murici-pequenoByrsonima intermedid. Juss.). Ciéncia e

CONCLUSION Agrotecnologia, 31:366-370.

It ded usina MS di ithout thOIiveira LM, Paiva R, Santana JRRogueira RC, Soares R®
IS recommended using medium without growtn ;5 | ¢ (2007) Efeito de citocininas na senescéncia e abscisdo

regulator addition foP. angulataculturein vitro. Based foliar durante o cultivo in vitro dé\nnona glabraL. Revista

on the herein evaluated conditions, it is possible optimizingBrasileira de Fruticultura, 29:25-30.

plant multiplicatiorin vitro by using 6-benzylaminopurine, Puente LA, Pinto-Mufioz CA, Castro ES & Cortés M (2011)

which is more dicient than kinetin. Howeverfurther Physalis peruviand.innaeus, the multiple properties of a highly
. . . functional fruit: a reviewFood Research International, 44:1733-

studies should be carried out based on higher;;,q

concentrations. Rodrigues R (2013) Diferentes concentracdes de sais do meio MS

e BAP na multiplicag¢ao in vitro d@hysalis peruviana..
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