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HIGHLIGHTS

e Baccharis trimera aqueous extracts can inhibit Colletotrichum lindemuthianun 89 race growth.
¢ C. lindemuthianum filtrate can be used as a phaseolin inductor on common bean.
e There is no evidence of phaseolin induction through application of aqueous extracts of B. trimera

in common bean hypocotyls.

Abstract: The objective of this work was to evaluate the fungitoxic effect of the aqueous extracts of Baccharis
trimera on the mycelial growth of Colletotrichum lindemuthianum 89 race, as well as its effect on the
accumulation of phaseolin in hypocotyls of different cultivars and common bean varieties. It was obtained
20% aqueous extract from plants collected in municipalities of the Western Region of Parana. Blocks
containing C. lindemuthianum mycelium were transferred to Petri dishes containing medium with the different
extracts and incubated at 25 °C. The colonies diameter was measured until the 12th day. Effects of aqueous
extracts on phaseolin production was evaluated in hypocotyls of Carioca, Cnpf 8104, Soberana, Tibata,
Uirapuru cultivars, as well as Rosinha and Vermelho varieties. Each one cultivar and variety hypocotyl was
transferred separately to test tubes containing 500 uL of 20% aqueous extracts. Sterile water, Bion®, and
UV was used as controls. The phaseolin production was measured in spectrophotometer [280 nm]. Results
of the evaluation of the antifungal activity of aqueous extracts of Baccharis sp. specimens collected indicate
that approximately 50% of the samples presented capacity to reduce between 74 and 92% of C.
lindemuthianum growth. Cultivar Tibatd and Vermelho variety showed greater sensitivity over the applied
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treatments. Results of fungal filtrates and vegetal aqueous extracts presented a low capacity to induce the
production of phaseolin in hypocotyls.

Keywords: Phytoalexins; Biocontrol; Resistance Induction; Anthracnose.
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INTRODUCTION

The genus Phaseolus comprises approximately 55 species, but only five are cultivated, among which
the common bean Phaseolus vulgaris L. [1]. In Brazil, the common bean mean about 85,5% of all bean crop
production [2]. Brazil is the world's largest producer and consumer of common bean, representing one of the
most economically and socially important crops (3). In 2019/2020 the harvest Brazilian country was 3.02
million tons of bean covered a 3 million ha area (4). By the other hand, common bean crops also means the
basic economy of many small farms with less than 10 ha [5]. Moreover, being an excellent source of protein,
it is one of the most important constituents of the Brazilian diet [6].

Genetic breeding programs has been promoting the development of several cultivars resistant to biotic
and abiotic factors [7]. Improve new resistant cultivars represent an effective process to control diseases in
the crop fields when compared to other methods like application of pesticides [8]. Although, great genetic
variability of the pathogens has challenged genetic improvement projects [9].

Anthracnose is one of the most significant diseases in bean culture promoting total or partial loss of
production [10]. The Colletotrichum lindemuthianum fungus is the causal agent of this disease and presents
a great pathogenic variability throught 247 different races with 35 occurring particularly in Brazil [11]. In this
context, one alternative way to solve the anthracnose problem is the induction of resistance in cultivars by
the activation of latent defense mechanisms existing in plants, in response to treatment with biotic or abiotic
agents [12]. Several chemical compounds provides by molecules of fungi, bacteria or also virus, can be
applied on resistance induction once extracted from cells of microorganisms, filtered from cultures or living
microorganisms [13,14].

The synthesis of phytoalexins [phyton = plant / alexin = repellent] is best studied defensive response to
pathogens in plants, these compounds are formally known since 40s decade in Germany [15]and consists in
a group of secondary metabolites produced by plants in response to infections by pathogens[16,17]. These
natural products presents low molecular weight and are synthesized by plants in cells as a response to
microbial infections (18), with the ability to interfere in the development of the pathogen [19].[Nowadays the
importance of phytoalexins in a host-pathogen defense interaction also is recognized like an ecochemical
natural products related to mediation of organisms interactions [20].

Phytoalexins belong to different chemical classes that include flavonoids, polyacetylenes and isoprenes,
including terpenoids and steroids [21]. In addition, studies with crude extract and essential oil of medicinal
plants have indicated their potential in the induction of phytoalexins, besides showing fungitoxic action [22].
The effects of phytoalexins also are known in human health, where some chemical classes can promote
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important effects in organism like antioxidant, antiaging, antitumor activities, or cardio and neuro protection
[23].

Phaseolin is the main phytoalexin found in beans, this substance is produced when mature plants are
attacked by fungi [24]. However in common bean seed case, the presence of phaseolin represents about
50% of total amount of protein [25]. So, in germinative stage this storage glycoproteins have the function of
provide amino acids to seed [26]. The phaseolin protein show low enzymatic proteolysis and digestibility, but
under certain conditions can be hydrolyzed, becoming small peptides with antioxidant and iron chelating
potential [27,28].

The medicinal plant Baccharis trimera (Less.) Dc., popularly known as “Carqueja”, is one of the best-
studied species in botanical, chemical and pharmacological terms [29]. In agriculture, the specie is explored
by their allelopathic properties slowing the speed of seed germination [30] and for his fungitoxic action,
inhibiting the mycelial growth of fungi [15]. In medicine B. trimera has proven action in the treatment of liver
problems, due to the high antioxidant activity present in the crude extract of this species [20]. Furthermore,
the specie present a high potential and importance to pharmacological researches [1,31,32], due to several
chemical classes found in your metabolism, like some categories of natural compounds, such as diterpenoids
[17,33], flavonoids, [34,35], saponins [35-37], and essential oils [38].

In this sense, the objective of this work was to evaluate the phaseolin accumulation in common bean
hypocotyls under influence of biotic and abiotic inductors, as well as the fungitoxic effect of applied aqueous
extracts of B. trimera on the mycelial growth of C. lindemuthianum.

MATERIAL AND METHODS

Obtaining aqueous extract of Baccharis trimera [AE]

In order to obtain aqueous extracts (AEs) of B. trimera we collected 16 samples of fresh vegetative
material in municipalities of western Parana state: Jesuitas, Santa Helena, Sdo Pedro do Iguacu, Terra Roxa,
Toledo and Vera Cruz do Oeste.

After being properly identified for the species, the samples were washed in running water and 50g of the
vegetative material was ground in 200 mL of Potato-Dextrose medium, without addition of Agar, for one
minute in the blender. The filtration of the homogenates material was carried out in gauze, resulting in different
AEs (20%). Each one of AE received 12g of L of agar and then autoclaved.

Antifungal activity of AEs

To evaluate a possible antifungal effect of AEs, we disposed micelial plugs of Colletotrichum
lindemuthianum 89 Race [@ 5 mm] in the center of Petri dishes containing Potato Dextrose Agar (KASVI®)
culture media (Potato Dextrose Agar) with AEs. The plates were sealed with plastic film and incubated at 25
+ 2 °C in the dark. The evaluations were performed by measuring the diameter of the colonies (mean of two
diametrically opposed measurements) for 12 days with a digital caliper. For each treatment with AE, it was
used a total of five replicates and the negative control applied to assay was the culture media not containing
AE. To calculate the percentage inhibition of mycelial growth, we applied the formula proposed by Menten et
al. [39].

Obtaining the filtrate of C. lindemuthianum

To obtain the filtrate of C. lindemuthianum disks from the culture medium containing fungal mycelium
were transferred to erlenmeyers, in 150 mL of Potato Dextrose Broth (KASVI®), and subsequently kept for
nine days under orbital shaker at 120 rpm in the dark at 25+2 °C.

The mycelium was collected, washed in distilled water, and carefully separated from the culture medium
residues. The pure mycelium obtained was macerated in a porcelain mortar, resulting in a powder after
diluted in distilled water (1:4 m/v) and autoclaved. The resulting suspension was filtered on Whatman paper,
with the aid of a vacuum pump and the obtained filtrate was frozen at -70 °C.

Effect of AEs on phaseolin production

To evaluate the effect of AEs on phaseolin production, we adapted the methodology proposed by Dixon
and coauthors [40]. Bean seeds of the cultivars Carioca, Cnpf 8104, Soberana, Tibata, Uirapurt and Rosinha
and Vermelho varieties were surfaccially disinfected in sodium hypochlorite [1%)] for five minutes and washed
in sterilized distilled water. The seeds were then transferred to trays containing autoclaved sand and kept at
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25 + 2 °C in the dark. After seven days of growth we detached hypocotyls segments of 5 cm long from the
seedlings, washed them in sterile water and dried at room temperature on sterile filter paper. The hypocotyls
of each cultivar were transferred separately to test tubes, containing 500 pL of AEs (20%) and the filtrate of
C. lindemuthianum as treatments. We selected Acibenzolar-S-methyl (Bion®) plant defense inducer (160
ppm) as positive control and mili-Q water as negative control according to Brand and coauthors [41].

The test tubes were maintained at 25 + 2 ° C in the dark for 48 hours. After, the hypocotyls were removed
and dried at room temperature on sterile filter paper. The hypocotyl base in contact with the solution of the
treatments was excised and discarded, reducing possible interference in reading the results. The hypocotyls
were transferred to test tubes containing 10 mL of ethanol (P.A.), kept at 4 °C for 48 h and shaken for one
hour to extract phaseolin, which was measured indirectly at 280 nm [42].

All the phytoalexins induction experiment was realized in triplicates per treatment was used in a first trial,
with all cultivars and bean varieties. For a second assay, the cultivars and varieties that had the highest
values of phaseolin production were used. In addition to the other treatments, the hypocotyls were exposed
to ultraviolet light for two hours.

Statistical analysis

The experimental design was completely randomized for mycelial growth and phaseolin induction
assays. The data were submitted to analysis of variance, using the Sisvar Program for Windows version 4.0.
[43].

RESULTS AND DISCUSSION

Antifungal activity of AEs

Antifungal activity assays with Baccharis trimera AEs (20%) from specimens collected in the Western
Region of Parana indicate that about 50% of all materials presented capacity to reduce the growth of C.
lindemuthianum in 74 and 92% (Table 1).

Table 1. Effect of different Baccharis trimera AEs (B.c.) in the culture medium, on mycelial growth of Colletotrichum
lindemuthianum, in millimeters and percentage, after 12 days of incubation. Averages indicated by the same letter do
not differ by Tukey test, at 5% probability.

Treatment Site Diameter (mm) Grouping Growth (%)
B.c.-4 Maripa 5.00 a 8
B.c.-5 Maripa 5.00 a 8
B.c.-9 Toledo 5.00 a 8
B.c.-16 Toledo 5.00 a 8
B.c.-8 Toledo 6.00 ab 10
B.c.-10 Toledo 8.90 ab 14
B.c.-12 Toledo 8.90 ab 14
B.c.-15 Toledo 15.40 c 24
B.c.-17 Toledo 15.50 c 25
B.c.-3 Maripa 16.13 c* 26
B.c.-1 Formosa do Oeste 42.50 d 67
B.c.-6 Santa Helena 42.83 d 68
B.c.-2 Jesuitas 43.63 d 69
B.c.-14 Toledo 48.20 e 77
B.c.-11 Toledo 48.33 e 77
B.c.-18 Vera Cruz do Oeste 57.88 f 92
B.c.-7 Séao Pedro 58.17 * 92
B.c.-13 Toledo 59.50 fg 94
Control — 63.00 g 100
Avareges 31.38 46.37
CV [%] 5.48

*Baccharis sp.
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In this sense, we observed that B.c.-4, B.c.-5, B.c.-9 and B.c.-16 treatments had a higher inhibition rate
over mycelial growth of Colletotrichum lindemuthianum, decreasing 92% in relation to the control. The other
collected materials showed values between 0 and 33% in fungus growth reduction, indicating a low antifungal
potential. The B.c.-7 and B.c.-13 treatments presented low antifungal action, inhibiting the fungal growth only
in 8 and 6% respectively, not differing statistically from the control.

According to Milanesi and coauthors [21] and Delazer and coauthors [44], the concentration of 20%
presented better antifungal effect against Colletotrichum sp. Stangarlin and coauthors [45] found that the
plant partially inhibited the mycelial growth of Colletotrichum graminicola.

Moura and coauthors [46] related an antifungal potencial os B. trimera aquous extracts against
Pseudocercospora vitis, Cercospora kaki, and Hemileia vastatrix, had been most effective when applied
directely on the spores, damaging the germination of them. The same work still demonstrates the inefficiency
of B. trimera to induce the production of phytoalexins in sorghum crop.

Pedrotti and coauthors [47] working with pure essential oils of B trimera, found statistical differences
among four concentrations when applied against Colletotrichum acutatum, where 0,07% (700 ppm) could
reduce 100% of the mycelial growth until the 14th day.

The variation of the fungitoxic effect of B. trimera extracts, found in the present work, demonstrates the
possibility of genotypic and / or phenotypic variability of the materials collected in the cities sampled, as well
as the importance of a more careful selection of the materials with purpose of use in the control of
phytopathogens. Auler and coauthors [48], carrying out work with the reproductive and genetic aspects of B.
trimera, verified that it presents genetic variability among and within the species.

The antifungal effect of Baccharis trimera and other medicinal plants was also confirmed by Bonaldo and
coauthors [9] that obtained anthracnose reduction of about 50% in cotton affected by Colletotrichum gossypii
var. cephalosporioides. Carreira [29], evaluated the essential oil biological activity of Baccharis trimera
samples against Cladosporium sphaerospermum Penz, verifying variation in composition and antimicrobial
activity of the volatile oil. This process was associated with the influence of environmental factors, include
temperature variation and pluviometric indices, influencing the occurrence of terpenes [constituents of the
volatile oils]. We believe that the terpenes could be volatilized to the atmosphere or leached to the soil,
justifying a lower yield of the volatile oil of Baccharis trimera collected in the region where there was a higher
temperature and a higher rainfall index.

It is important and necessary to proceed with the fractionation of the crude extracts in order to obtain the
bioactive compounds, and also to establish the minimum concentration necessary for inhibiting C.
lindemuthianun.

Effect of AEs on phaseolin production

The results of the average phaseolin production in hypocotyls of different bean cultivars and varieties
treated with B. trimera AEs (Bc-13 and autoclaved and non-autoclaved Bc-9) filtered from C. lindemuthianum,
MiliQ and Bion® water are shown in Figure 1.
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Cultivars and Varieties of Phaseolus vulgaris L.
Figure 1. Average of the phaseolin production in hypocotyls of different cultivars and varieties of bean (Phaseolus
vulgaris L.) treated with inducers of biotic origin (AEs of B. trimera and C. lindemuthianum filtrates) and abiotic (Bion®
and water mili —Q), measured by absorbance (280nm) gram fresh weight! (gpf). Averages indicated by the same letter
do not differ by Tukey test, at 5% probability.
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Although the results there was no significant difference between the values in the phaseolin production,
among the cultivars and varieties submitted to the treatments, there was a greater variation in the production
in cultivars Tibatd and Cnpf 8104 and in the Vermelho variety. Based on these data, the cultivar Tibata and
the Vermelho variety were selected and submitted to a new test with the same treatments, plus UV-light
treatment (Figure 2).
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Figure 2. Average of the phaseolin production in hypocotyls of the cultivar Tibatd and of the Red variety treated with
different inducers of biotic and abiotic origin, measured by the absorbance (280nm) gram of fresh weight-1 (g.p.f.). (1)
autoclaved Bc-9, (2) non-autoclaved Bc-9, (3) autoclaved Bc-9, (5) non-autoclaved Bc-9, (6) filtrate of C.
lindemuthianum, (7) Bion®, (8) UV light. Averages indicated by the same letter are not significant by Scott-Knott test at
5% probability.

The phaseolin production average in hypocotyls of Tibatd cultivar indicated a significant difference
between autoclaved and non-autoclaved B.c.-13 treatments. This result suggests that autoclavation process
reduce the ability of these AEs to induce the production of this phytoalexin. On the other hand, the autoclaved
B.c.-13 treatment acted apparently as an antioxidant reducing phaseolin production at lower levels of those
induced with water treatment. The autoclaved and non-autoclaved B.c.-9 treatments did not present a
reduction action on phaseolin production.

The filtrate of C. lindemuthianum and the treatment with UV light presented the highest averages for
phaseolin production, being superior to the Bion® plant defense inducer and the other treatments. Wulff and
Pascholati [49] testing the autoclaved filtrate of Saccharomyces cerevisiae, verified that there was a greater
accumulation of phytoalexins in sorghum mesocotils.

Stangarlin and coauthors [45] testing the accumulation of deoxyanthiocyanidins in sorghum mesocotyls,
observed that the treatment with the pathogen Colletotrichum graminicola obtained a greater accumulation
of metabolites related to plant defense. Bonaldo and coauthors [50] found that the highest production of
phytoalexins deoxyanthyanidins in sorghum were promoted by the pathogen Colletotrichum sublineolum.

Solino and coauthors [22] evaluating the induction of phaseolin, gliceonin and deoxyanthocyanidins by
filtrates of saprophytic fungi species Curvularia inaequalis, Pseudobitritis terrestris, Memnomiella echinata e
Curvularia eragrostidis, obtained a phaseolin increment of 9, 8, 9 and 7% when compared to control.

When Baldin and coauthors [51] tested propolis ethalnolic extracts provide from three different places
from west of Parand state, at six concentrations between 0,05 at 5%, the team obtained a three linear results
about pheseolin production at Carioca bean (P. vulgaris L. IPR-Colibri variety), increasing the production of
phaseolin on every treatments applied. The use of propolis like phytoalexin inductor also was verified by
Jaski and coauthors [52] where these treatment presented a direct correlation between propolis concentration
and phaseolin production on common bean with high levels of induction.

Tibat& cultivar and the Vermelho variety presented the highest values for its induction when submitted
to the treatment with inductors of biotic and abiotic origin and compared to the other materials evaluated,
being necessary to know the genetic characteristics of the plant used to obtain extracts with greater possibility
to induce the production of phytoalexins. In order to know major datas about chemical characteristics of the
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high diversity of these compounds, molecular methods must be applied, thus allowed elucidate the
mechanisms involved on biosynthesis and regulation of phytoalexins in front of these inductors.

CONCLUSION

Results from the evaluation of the antifungal activity of AEs from Baccharis sp. specimens collected in
the Western Region of Parana indicate the specie have the capacity to reduce C. lindemuthianum growth.

The Tibaté cultivar and Vermelho variety stand out above the others cultivars about phaseolin production
independent of inductor applied. However, the obtained results on the production of phaseolin in hypocotyls
of these two selected cultivar and variety indicate the biological treatments B. trimera AEs and C.
lindemuthianun filtrate such as a lower phytoalexin inductors to common bean.
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