ISSN 2166-0379

\\ Macrothi“k Journal of Agricultural Studies
A Ins'titu'te " 2021, \Vol. 9, No. 2

Bioproducts and Homeopathy in Lasiodiplodia Rot
(Lasiodiplodia sp.) Control and Development of
Passion Fruit Seedlings

Rogelho Alexandre Trento, Solange Maria Bonaldo

UFMT/PPGA, Brazil

Carmen Wobeto

UFMT/PPGCAM, Brazil

Marcio Roggia Zanuzo

UFMT/PPGA, Brazil

Juliana da Silva Agostini

UFMT, Brazil

Daniela Ribeiro

UEM, Brazil

Received: December 2, 2020  Accepted: February 21,2021  Published: March 14, 2021
doi:10.5296/jas.v9i2.18018 URL.: https://doi.org/10.5296/jas.v9i2.18018

Abstract

The aim of this study was to evaluate the effects of homeopathic medicine Calcarea
carbonica 12CH and bioproducts: filtrates of saprobic fungi from Amazon, green propolis
nosode 06CH, filtrate of Pichia sp., green propolis extract, Bacillus subtilis; to control
Lasiodiplodia (Lasiodiplodia sp.) and development of passion fruit seedlings (Passiflora
edulis Sims f. flavicarpa Degener). The experiment was carried out in a completely
randomized design with 10 treatments in a parcel divided in time. Each plot consisted of 5
plants for analysis. Data were subjected to analysis of variance and when significant
compared by Scott-Knott test (p> 0.05). Variables related to plant growth and the area under
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the disease progress curve (AUDPC) were evaluated. Assessments were performed at 67, 74
and 82 days after transplantation. There was no reduction in AUDPC for treatments compared
to control. As for plant height (cm), the best treatments were Pichia sp. and Gonytrichum sp.
with an increase in relation to control of 29.70% and 18.24%, respectively, and increased leaf
area (cm?) by 27.42% and 19.85%, respectively. B. subtilis, Pichia sp. and Gonytrichum sp.,
increased total biomass by 42.31%, 32.82% and 21.44%, respectively. The filtrates
application from Pichia sp., Filtrate from Gonytrichum sp., C. carbonica 12CH and B.
subtilis provided better performance in the development of passion fruit plants with an
increase in the main morphological attributes. The results show that the use of bio products
improves the development of seedlings, especially the use of yeast and saprophytic fungi by
controlling the biochemical and physiological processes of plants during development.

Keywords: Passiflora edulis, Calcarea carbonica, Pichia sp., Gonytrichum sp
1. Introduction

Brazil is the largest producer of passion fruit, and the most cultivated species is Passiflora
edulis Sims f. flavicarpa Degener. Planting is encouraged and widespread in family farming
where planting areas range from 3 to 5 hectares. However, there is large-scale production
with the use of technology to increase yield (IBGE, 2019).

Passion fruit crop is widely distributed in the tropical and subtropical regions of Brazil,
totaling an area of 41,584 hectares, in which 593,429 tons of fruits were harvested in 2019. In
Mato Grosso, the planted area covers 282 hectares, yielding 4,625 tons, with a production
value of R$14,454,000.00 (IBGE, 2019).

Production could be increased with the use of robust seedlings in the orchard establishment,
that are more resistant to diseases and pests attacks because most of the production losses are
related to the two factors, favored by environmental conditions, such as temperatures between
20<C and 30<C and 60%—-80% humidity during the rainy months. In some regions, clay soils
with difficult drainage also favor phytopathogens (Costa et al. 2008).

Environmental conditions favor the occurrence of diseases such as anthracnose
(Colletotrichum  spp.), bacteriosis (Xanthomonas axonopodis pv. passiflorae),
Lasiodiplodiablack rot (Lasiodiplodia theobromae), and Fusarium wilt (Fusarium oxysporum
f. sp. passiflorae). These are aggressive diseases that may cause plant death in the absence of
control (Manicom et al. 2003).

Biological control of diseases, which involves reducing the inoculum density or activities of
diseases caused by phytopathogens by the action of one or more organisms other than man
(Cook; Baker, 1983), stands out among the methods of alternative disease control in plants.
Thus, in recent years, new sources of microorganisms with the potential for bioproducts
control have been investigated.

Bioproducts are defined as any product generated in three ways: traditional (Plant extracts, essential
oils, botanical products, nutraceuticals, oleochemicals and polyunsaturated fatty acids), by
fermentation and enzymatic processes produced by microorganisms (Coutinho, Bomtempo, 2011).
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In this context, saprobic conidial fungi, which can obtain food from dead organic matter,
acting on the decomposition, are prominent. These fungi have a characteristic rusticity,
allowing them to adapt to the conditions of the environment, and there are no reports that
they cause diseases in plants; however, they induce defense mechanisms such as phytoalexins
(Solino et al. 2017).

Oliveira et al. (2019) reported the production of volatile compounds by saprobic conidial
fungi from the southern Amazon that reduce spore germination, mycelial growth rate, and
production of survival structures and inhibit mycelial growth of phytopathogens, indicating
their potential for biological control of diseases and promoting plant growth.

The potential of saprobic fungi, such as Phialomyces macrosporus, in disease control has
been reported against coffee bacterial blight (Pseudomonas syringae pv. garcae), with a 42%
reduction in disease severity and a 40% increase in seedling height (Botrel et al. 2018).

Propolis is a substance produced by bees, with antimicrobial, anti-inflammatory, therapeutic,
anesthetic, and healing properties (Ghisalberti et al. 1977). Pereira et al. (2008) tested the
effects of the propolis extract on the incidence of cercosporiosis and rust in coffee, observed
that the incidence of the disease decreased 46% and 66%, respectively, with the application of
the extract in the concentration 16%.

In addition, homeopathy is an alternative to disease and pest control in agriculture.
Developed by the German doctor Samuel Hahnemann (1755-1843), homeopathy involves
the principle of using dynamic solutions based on animals, plants, mineral substances, and ill
tissues (Bonato; Silva, 2003).

In homeopathy, disease or imbalance is not caused by the fungus, bacterium, or virus but by
the energy imbalance of the plant in relation to the microorganism (Bonato, 2002). Therefore,
the use of homeopathy aims to increase the natural defenses of plants to control plant diseases
(Bonato; Silva, 2003), reduce the activities of phytopathogens such as spore germination
(Oliveira et al. 2017), and increase plant growth, as observed in tomato plants (Toledo et al.
2015).

The use of homeopathic preparations in agricultural production including organic production
is supported by the law (Brasil, 2008). Homeopathy in plants has been applied by producers
who are unable to purchase agrochemicals and especially by producers who want alternatives
for decision making when planting and caring for their crops (Bonato, 2010).

Thus, this study aimed to evaluate the effects of filtrates of saprobic fungi and Pichia sp.
from the Amazon region, homeopathy Calcarea carbonica 12CH, Bacillus subtilis, and green
propolis extract on seedling development and control of Lasiodiplodia black rot on passion
fruit culture.

2. Method
2.1 Preparation of Seedlings

Commercial seeds of passion fruit cv. BRS Rubi do Cerrado (P. edulis f. flavicarpa) were
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sown in 200-cell Styrofoam trays containing autoclaved substrate, which were submitted
twice at 121 <C and 1.1atm for 1 hour, at a 24-hour interval. Transplantation was performed in
polyurethane bags with a capacity of 1 liter when the seedlings showed four true leaves 37
days after planting.

2.2 Preparation of Treatments

The saprobic fungi isolates Brachysporiella sp., Ellisembia sp., and Gonytrichum sp. and the
yeast Pichia sp. used in this work belong to the fungal collection of the
Microbiology/Phytopathology Laboratory of the Federal University of Mato Grosso (UFMT),
campus Sinop. These isolates were grown in a potato, dextrose, and agar (PDA) medium and
incubated in a growth chamber at 25 +2<C in the dark for 7 days. Subsequently, two disks (7
mm) containing the microorganisms were removed and transferred to Erlenmeyer flasks with
1,000 mL of potato and dextrose (PD) liquid culture medium sterilized at 121<C and 1.1 atm
for 20 minutes and then incubated in B.O.D at 25 £2<C in the dark for 20 days. After this
period, gauze filtration was performed to separate the mycelium and obtain the filtrates.

Treatments also comprised the commercial product Rizos® Bacillus subtilis isolated
UFPEDA 764, distilled water and potato dextrose (PD) culture medium.

2.3 Preparation of Homeopathies

Every homeopathic medicine has a potency that is represented according to the scale in which
it was produced, can be Hahnemann's centesimal (CH) prepared according to the
Hahnemannian method, Hering's decimal (DH) prepared according to the Hahnemannian
method, and fifty millesimal (LM) prepared in a continuous flow. The potency is determined
by the dynamization process that consists in diluting and suctioning part of the active input
into an inert input.

The preparation of homeopathic medicines was carried out in accordance with Brazilian
Homeopathic Pharmacopeia, 3rd edition (2011), it is the one that rules how medicines are
prepared based on raw materials, inert material used, scale, and preparation methods. For the
experiment, the matrix of the drug Calcarea carbonica 05CH was purchased in a
homeopathic pharmacy.

To increase the potency of the homeopathic medicine Calcarea carbonica from 05 to 12CH,
dynamization was performed, which consists of a 1: 100 dilution (1 part of the drug to 99
parts of 30% v / v alcohol) and suction 100 times on a mechanical shaker, with this there is an
increase in the potency 05CH to 06CH, this process was carried out until reaching the
potency that was used 12CH. It was used one glass flask of 30 mL sterile amber was used for
each dynamization.

The rosemary green propolis used to prepare the nosode was obtained at the Food
Technology Laboratory at UFMT campus Sinop. According to Brazilian homeopathic
pharmacopoeia (2011), as green propolis is an insoluble substance, crushing in lactose was
carried out until it reached 03CH and from 04CH, 70% alcohol was used to dynamise it up to
06CH potency.
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Following the centesimal scale, 1 part of the drug to 99 parts of inert input, 0.06 g of green
propolis was weighed to 17.82 g of lactose, the total amount of lactose was divided into three
equal parts, in gral it was tritured one part of green propolis in a part of lactose, scraping, the
second part of lactose was added, tritured, scraping, adding the last part of lactose, tritured
and scraping, thus obtaining the tritured 01CH. This process is repeated using the tritured 01
CH material as a drug to obtain the tritured 02CH, up to tritured 03CH.

2.4 Preparation of Green Propolis Extract

Crude green propolis originated from rosemary resin (Baccharis dracunculifolia DC)
obtained from beekeepers in Minas Gerais state was crushed and kept in amber packaging a
freezer at the Food Technology Laboratory of the Federal University of Mato Grosso
(UFMT), campus Sinop.

The extract was prepared with 20% green propolis in 70% ethanol and agitation in shaking
table for 24 hours at 28<C. Subsequently, the extract was subjected to a water bath at 70C
for 30 minutes and then again to stirring for another 24 hours (Park et al. 1998; Cavalcante et
al. 2011). Finally, it was filtered and stored in an amber glass under refrigeration. The extract
was diluted to 0.8% with distilled water.

2.5 Isolation of the Fungus Lasiodiplodia sp. and Inoculation

The pathogen was directly isolated from an infected stem sample collected in the field and
cultivated in Petri dishes containing PDA for 7 days in a growth chamber at 25°%2<C in the
dark. After the identification of the reproductive structures with an optical microscope, a pure
culture was obtained in a PDA medium.

At inoculation, performed 60 days after transplantation (DAT) with the aid of a culture
medium perforator (7 mm of &), the seedling stem was punctured at 2 cm from the base. In
the perforated site, a mycelium disc of the pathogen (5 mm of &) was placed and fixed with
adhesive tape. The inoculated plants were kept in a greenhouse at a controlled temperature of
26 £2<C and about 60% constant humidity and irrigation.

2.6 Treatments and Applications

The treatments were as follows: T1-distilled water; T2-20% PD culture medium;
T3-homeopathy Calcarea carbonica 12CH at 20%; T4-homeopathy green propolis nosode
6CH at 20%; T5-filtrate of Brachysporiella sp. at 20%; T6-filtrate of Ellisembia sp. at 20%;
T7-filtrate of Gonytrichum sp. at 20%; T8-Bacillus subtilis at 20%; T9-filtrate of Pichia sp.
yeast at 20%; and T10-extract of propolis to 0.8%.

Four applications of the treatments were performed prior to inoculation of the pathogen at
intervals of 15 days; three applications were performed after inoculation, at an interval of 07
days. The application of the treatments was performed to the leaves runoff point, with a 200
mL solution volume.

The evaluations recorded at 67, 74, and 82 DAT included plant height (cm plant™), root
length (cm plant™), leaf area (cm? plant™), leaf dry mass (g plant™), stem dry mass (g
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plant™), root dry mass (g plant™), and total biomass (g plant™).

The plant height was measured from the base of the plant to the apical meristem. The root
length was obtained by destroying the seedlings, removing the substrate with water and
measuring the length of the main root. The measurements were performed using a ruler.

The leaf area was obtained using L1-3100C Area Meter® apparatus. To evaluate the dry mass
of leaves, stems, and roots, they were stored in paper bags and transferred to a drying oven
with forced air circulation at 65 <C for 72 hours. After drying, the dry weight of the samples
was measured.

The evolution of disease was measured every 07 days after inoculation, it was assessed using
a measure tape, taking measurements from the inoculation point in the horizontal and vertical
plane but discounting the wound diameter (7 mm of @). The data obtained were used to
calculate the area under the disease progress curve (AUDPC) (Campbell; Madden, 1990).

2.7 Experimental design and Statistical Analysis

The statistical design was completely randomized (CRD) arranged in split plot design 10x3
(ten treatments and 3 periods of evaluation) with 15 replications. Each experimental unit
comprised one plant. The first factor corresponded to treatments (distilled water; PD culture
medium; Calcarea carbonica homeopathy; green propolis nosode homeopathy; filtrate of
Brachysporiella sp.; filtrate of Ellisembia sp.; filtrate of Gonytrichum sp.; B. subtilis; filtrate
of yeast Pichia sp.; and green propolis extract), and the second factor was the three
evaluation periods at 67, 74, and 82 DAT. Three plants were used to evaluate developmental
attributes.

The data obtained were analyzed using analysis of variance, and significant results were
compared using Scott—Knott test (p<0.05) using statistical program SISVAR 5.7 (Ferreira,
2019).

3. Results
3.1 Plant Height

There were significant differences in plant height among treatments and periods of evaluation
as well as their interactions (Figure 1). Plant heights under treatment using Pichia sp. and C.
carbonica 12CH were higher than those under other treatments but were not significantly
different from each other, with mean heights of 43 and 40 cm plant?, respectively.

The three periods analyzed, treatments with Pichia sp. (increase plant height of 28.59%
compared with control), C. carbonica 12CH (22.28%), B. subtilis (21.25%), Gonytrichum sp.
(17.61%), and green propolis nosodium 06CH (14.62%) were superior to the other treatments.
In first evaluation at 67 DAT, treatments that showed increments in plant height compared
with control were B. subtilis (36.89%), green propolis nosodium 06CH (35.71%), and Pichia
sp. (22.61%).
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Figure 1. Plant heights(cm) of passion fruit at 67, 74, and 82 (DAT), depending on the
application of bioproducts. Distinct capital letter indicate difference (p<0,05) among the
treatments in each time period. Distinct lower letters indicate difference (p<0,05) between
period for each treatment. CVireatment*period: 8.17%. CVperiod*treatment: 10.71%

At 74 DAT, Pichia sp. was superior to other treatments with a 20.18% increase in plant height
compared to control. The plant heights under treatments C. carbonica 12CH, Ellisembia sp.,
and green propolis nosodium 06CH were lower than Pichia sp. treatment; however,
compared with the control, they showed an increase in plant height of 19.36%, 19.36%, and
15.34%, respectively.

At 82 DAT, treatments with Pichia sp., C. carbonica 12CH, Gonytrichum sp., and B. subtilis
were superior to the other treatments but did not differ significantly from each other, and
increases in plant heights were 45.16%, 40.87%, 39.77%, and 36.55%, respectively,
compared with the control. However, plant heights under treatments with green propolis
extract, Ellisembia sp., Brachysporiella sp., green propolis nosodium 06CH, and PD medium
and the control did not differ from each other.

Regarding plant height, there is a growth stimulus from the influence of the microorganisms
Gonytrichum sp., B. subtilis, and Pichia sp., possibly owing to the production of
phytohormones, such as auxin, gibberellins, and/or cytokinins that assist in the development
of aerial plant parts and in improving the absorption and translocation of nutrients in the plant.
Other studies have found that B. subtilis and Gonytrichum sp. help plant growth and
development (Zaidi et al. 2006; Gomezjurado et al. 2015).
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Regarding leaf area, there were significant differences among treatments, evaluations, and
interaction between both, treatments behaving differently according to the time of assessment
(Figure 2). Treatments with Pichia sp., B. subtilis, Gonytrichum sp. and C. carbonica 12CH
were superior to the other treatments with average leaf areas of 518.56, 488.67, 487.56, and
467.22 cm=3plant 1, respectively.
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Figure 2. Leaf area (cm? plant™) of passion fruit plants at 67, 74, and 82 (DAT), depending on
the application of bioproducts. Distinct capital letter indicate difference (p<0,05) among the
treatments in each time period. Distinct lower letters indicate difference (p<0,05) between
period for each treatment. CVireatment*period: 11.59%.CV period*treatment: 11.04%

In first evaluation at 67 DAT, leaf areas were greater under treatment with propolis nosodium
and B. subtilis than with others, with average leaf areas of 493.66 and 518.00 cm?plant™,
respectively, providing an increase in leaf area of 41.66% and 35.01%, respectively,
compared to control. Leaf areas under treatment with Gonytrichum sp., Pichia sp., and
propolis extract did not differ from each other at 67 DAT, and compared to control, there was
an increase in leaf area of 16.04%, 23.16%, and 15.68%, respectively.

At 74 DAT, a different behavior was observed compared with the previous period. The
highest leaf area means were observed under treatments with C. carbonica 12CH, Ellisembia
sp., Gonytrichum sp., and Pichia sp. (634.00, 582.00, 531.33 and 567.66 cm=2plant?,
respectively), and compared to control, there was an increase of 46.76%, 34.72%, 23.00%,
and 31.40%, respectively.
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At this DAT, treatments with green propolis nosodium 06CH, Brachysporiella sp., B. subtilis,
and green propolis extract showed leaf area means of 496.66, 478.00, 479.66 and 486.00 cm=
plant™ and an increase of 14.97%, 10.65%, 11.03%, and 12.50%, respectively, compared
with the control.

In third evaluation period at 82 DAT, treatments with Pichia sp. and Gonytrichum sp. were
superior to the other treatments with leaf area means of 537.66 and 507.33 cm=plant™,
respectively, and the increase of leaf area shown by these treatments compared with the
control was 27.71% and 20.51%, respectively. Leaf area under treatments with C. carbonica
12CH and B. subtilis did not differ from the control.

Analyzing the results of the leaf area, it appears that Pichia sp., B. subtilis, Gonytrichum sp.
and C. carbonica 12CH are promising for this variable, which may result in better use of the
light and improve the performance of the biochemical and physiological mechanisms of the
plant. The observed increase may be related to the production of phytohormones. In case of
Gonytrichum sp., its effect on growth may be related to the solubilization of phosphates, as
observed in the study by Gomezjurado et al. (2015), who reported that G. macrocladum had
the potential to solubilize calcium phosphate and stimulate plant growth and development.

3.3 Dry Leaf Mass

Regarding dry leaf mass variable, there were significant differences among treatments,
among periods of evaluation, and interaction between both (Figure 3). Of the three periods
analyzed, only in the second period there was a difference in dry leaf mass compared with the
control, but when overall evaluation was performed for the three periods, the treatments that
produced the best results were Pichia sp., B. subtilis, Gonytrichum sp., C. carbonica 12CH,
and green propolis nosodium 06CH, with mean increments of 27.79%, 24.60%, 22.29%,
13.90%, and 13.60%, respectively.

At the 67 DAT, dry leaf mass under treatment with B. subtilis, green propolis nosodium 06CH,
Pichia sp., and green propolis extract did not differ from the control. However, at 74 DAT,
treatments C. carbonica 12CH, Ellisembia sp., Pichia sp. and Gonytrichum sp. were superior
to the other treatments, and compared with the control, they resulted in an increase

of dry leaf mass of 75.19%, 75.19%, 50.38%, and 50.38%, respectively (Figure 3). There
were no differences among treatments with B. subtilis, green propolis extract, green propolis
nosodium 06CH, and the control.
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Figure 3. Dry mass (g) of passion fruit leaves at 67, 74, and 82 (DAT), depending on the
application of bioproducts. Distinct capital letter indicate difference (p<0,05) among the
treatments in each time period. Distinct lower letters indicate difference (p<0,05) between
period for each treatment. CVtreatment*period: 28.97%. CV period*treatment: 28.97%

At 82 DAT, treatment with Gonytrichum sp. and Pichia sp. did not differ from the control,
and it was observed that only in the second evaluation period there was a difference when
compared with the control.

The increments of dry leaf mass (Figure 3) agree with those of leaf areas (Figure 2), with the
same treatments presenting better results in both variables when the overall mean was
analyzed.

3.3.1 Stem Dry Mass

Significant differences regarding stem dry mass were observed among treatments, evaluation
periods, and their interaction (Figure 4).
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Figure 4. Dry mass (g) of passion fruit stems at 67, 74, and 82 (DAT), depending on the
application of bioproducts. Distinct capital letter indicate difference (p<0,05) among the
treatments in each time period. Distinct lower letters indicate difference (p<0,05) between
period for each treatment. CVueatment*period: 29.28%. CV period*treatment: 34.16%

At 67 DAT, treatments with B. subtilis, green propolis nosodium 06CH, Pichia sp.,
Gonytrichum sp., PD culture medium, green propolis extract, and control did not differ from
each other. At 74 DAT, treatments with C. carbonica. 12CH, B. subtilis, and Pichia sp. were
significantly superior to the other treatments, with an increase of dry stem mass of 100.00%,
100.00%, and 66.00%, respectively, compared with the control; however, other treatments did
not differ from each other.

At 82 DAT, there were no significant differences compared with the control. In general, the
mean increments in dry stem mass according to the evaluations were 72.51%, 50.17%,
28.17%, 17.17%, and 16.67% for Pichia sp., B. subtilis, Gonytrichum sp., green propolis
nosodium 06CH, and C. carbonica 12CH, respectively. The highest means of dry stem mass
among treatments were found in treatments with Pichia sp. and B. subtilis (1.56 and 1.33 g
plant™, respectively).

3.3.2 Dry Root Mass

There were significant differences among treatments, evaluation periods,and their interaction
for the variable dry root mass, the behavior of the treatments varying according to the time of
evaluation (Figure 5). The highest mean dry root mass was observed for treatment with B.
subtilis, green propolis nosodium 06CH, Gonytrichum sp., Pichia sp., and C. carbonica
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12CH (1.44; 1.33; 1.33; 1.33 and 1.22 g plant™2, respectively).
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Figure 5. Dry mass (g) of passion fruit root at 67, 74, and 82 (DAT), depending on the
application of bioproducts. Distinct capital letter indicate difference (p<0,05) among the
treatments in each time period. Distinct lower letters indicate difference (p<0,05) between
period for each treatment. CVireatment*period: 37.84%. CVperiod*treatment: 38.56%

At 67 DAT, treatments with B. subtilis, green propolis nosodium 06CH, and Gonytrichum sp.
resulted in a dry root mass increment of 100.00%, 100.00%, and 66.00%, respectively,
compared with the control; the other treatments did not differ from the control at 67 DAT. At
74 and 82 DAT, there were no significant differences among treatments.

3.3.3 Total Biomass

Regarding the total biomass, there were significant differences among treatments, evaluation
times, and interaction between both. Data from treatments are presented within evaluation
periods (Figure 6). In general, the highest means, regardless of the evaluations, were found
for B. subtilis, Pichia sp., and Gonytrichum sp. with the values of 4.78, 4.78 and 4.33 g
plant™®, respectively, showing increases of 42.31%, 32.82%, and 21.44%, respectively,
compared with the control.
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Figure 6. Total biomass (g) of passion fruit plants at 67, 74, and 82 (DAT), depending on the
application of bioproducts. Distinct capital letter indicate difference (p<0,05) among the
treatments in each time period. Distinct lower letters indicate difference (p<0,05) between
period for each treatment. CVireatment*period: 20.14%. CV period*treatment: 26.70%

At 67 DAT, B. subtilis and propolis nosodium treatments stood out with an increase of
100.38% and 75.19%, respectively, compared with the control, followed by Gonytrichum sp.,
Pichia sp., and green propolis extract, with significant increments of 37.59%, 25.19%, and
25.19%, respectively, compared with the control.

At 74 DAT, treatments with C. carbonica 12CH, Pichia sp., B. subtilis, and Ellisembia sp.
were significantly superior to the others, with an increase of 80.18%, 60.06%, 39.94%, and
39.94%, respectively, compared with the control. The treatments green propolis nosodium
06CH and green propolis extract did not differ from the control.

At 82 DAT, treatments with Pichia sp., Gonytrichum sp., and the control differed
significantly from the other treatments but did not differ from each other.

3.4 Area Under the Disease Progress Curve (AUDPC)

There were no significant differences among treatments in the AUDPC of Lasiodiplodia
black rot (Lasiodiplodia theobromae) (Table 1). Cardoso et al. (2009) working with
Lasiodiplodia sp. in a greenhouse reported that the infection process was not efficient and
that factors generating stresses such as water deficit and/or thermal amplitude could
contribute to the disease progress.
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Table 1. Area under the Lasiodiplodia black rot (Lasiodiplodia theobromae) progress curve in
passion fruit plants, depending on the application of bioproducts

Treatments AUDPC
T1-Distilled water 47.95"
T2-PD culture medium at 20% 58.10
T3-Homeopathy Calcarea carbonica 12CHat 20% 55.30
T4-Homeopathy Green Propolis nosodium 06CH at 20% 37.10
T5-Filtrate of Brachysporiella sp. at 20% 42.70
T6-Filtrate of Ellisembia sp. at 20% 35.35
T7-Filtrate of Gonytrichum sp. at 20% 50.05
T8-Bacillus subtilis at 20% 49.00
TO-Filtrate of yeast Pichia sp. at 20% 56.00
T10-Green Propolis extract at 0.8% 57.40
' 24.77%

": not significant.
4. Discussion

Of the growth components evaluated, such as dry leaf mass, dry root mass, dry stem mass,
and total biomass, the treatments with Pichia sp., Gonytrichum sp., C. carbonica 12CH, and
B. subtilis presented more satisfactory results compared with other treatments. This was
possibly owing to the production of organic compounds, including hormones, amino acids,
and enzymes, that regulate respiratory and photosynthetic activity in plants (Hossain, Sultana,
2020). In case of homeopathy treatments, these may be triggering and/or being the precursor
of reactions of catabolism and anabolism that may contribute to the development of the plant
(Mazn-Sudtegui et al. 2019).

Regarding treatment with Pichia sp., the increases in plant growth (Figure 1), leaf area
(Figure 2), and total biomass (Figure 6) are related to the adaptability of yeasts to different
environments.

Some species of Pichia sp. with stand adverse conditions, growing in stressful environments,
and metabolize a large number of carbon and nitrogen sources (Kurtzman; Fell, 1998). In
addition to this adaptability, yeasts of the Pichia sp. genus act in the solubilization of
nutrients for plants even under stress conditions. When evaluating the efficiency of
phosphorus solubilization, Zhu et al. (2012) using P. farinosis under conditions of stress in
the environment, such as temperature variation, pH, and salt concentration, showed that this
yeast can solubilize increasing amounts of unavailable phosphorus. When these authors tested
a biofertilizer enriched with the yeast, a large amount of assimilable phosphorus was made
available to soybean plants, thus increasing the total dry mass of plants.

The seedlings subjected to treatment with Gonytrichum sp. showed good performance in
terms of plant height (Figure 1), leaf area (Figure 2), and total biomass (Figure 6). This
performance may have occurred owing to the interaction of the fungus with the substrate,
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thus providing nutrients and water to the roots of the plants. Microorganisms that can
solubilize phosphorus such as Gonytrichum sp. improve plant development because
phosphorus in tropical soils is usually in a form not available for plants to absorb
(Gomezjurado et al. 2015).

Gomezjurado et al. (2015) evaluated phosphate solubilization capacity of fungi from the
Amazon forest and found 21 strains of Ascomycota fungi capable of solubilizing phosphorus,
and G. macrocladum was among the strains identified. Laboratory evaluation showed that
this same fungus influenced the growth of roots of corn seedling (Zea mays L.) and cowpeas
(Vigna unguiculata [L]. Walp), although it does not differ from the control.

Homeopathy can be applied in agriculture to control pests and diseases and increase plant
development, for example, by improving and stimulating nutrient absorption. Homeopathy
treatment with C. carbonica 12CH included in the experiment acts on the plant by improving
calcium absorption, an important nutrient of the cellular constitution. The results of plant
height (Figure 1), leaf area (Figure 2), dry leaf mass (Figure 3), dry stem mass (Figure 4), dry
root mass (Figure 5), and total biomass (Figure 6) exhibited the best effect on development
by applying C. carbonica 12CH homeopathy, with an effect most prominent at 74 DAT for all
variables analyzed.

Using the homeopathic drug Sulphur in radish (Raphanus sativus L.) in different
formulations, Bonato & Silva (2003) observed an increase in plant growth variables, as well
as an increase in dry mass, possibly owing to the production of phytohormones that play a
role in growth.

In a study with beans, using homeopathic medicines including C. carbonica, the authors
observed an increase in the activity of peroxidase, catalase, chitinase, glucanase, and
phytoalexin phaseolin, proving that the homeopathies used in the study have the potential to
act as plant defense promoters (Oliveira et al. 2014).

Another factor that interferes with the effect of homeopathy is the formulation used. In the
current study, C. carbonica was used at 12CH, and the increase in dynamization increases the
energy information of homeopathy and can improve the observed performance.

In a study of different dynamizations for homeopathies, Arsenicum album and Sulphur,
Bonato et al. (2009) evaluated growth attributes in plants and increase in the concentration of
essential mint oil (Mentha arvensis L.). The authors observed an increase in plant height and
dry mass of plants and root, however, when using Sulphur in 12CH, 24CH, and 30CH
formulations, the increase in dry mass of the plant was inhibited, differing negatively from
6CH and the control. For the homeopathy Arsenicum album, the dynamizations of 24CH and
30CH provided an increase compared with other dynamizations and the control. In the
assessment of essential oil concentration, the 24CH dynamization, in both homeopathies, was
responsible for the highest concentrations of essential mint oil.

The treatment with B. subtilis improved plant development, and like other treatments, it
mainly improved plant height (Figure 1), leaf area (Figure 2), and total biomass (Figure 6).
This performance is related to the ability of this bacteria to associate with plant roots because
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it is classified as a rhizobacteria. It improves nutrient absorption and increases hormone
production such as abscisic acid (ABA), indoleacetic acid (IAA), cytokinins, gibberellins,
among other phytohormones related to the growth of plant tissues acting on cell division
(Arshad; Frankenberger, 1991).

According to Arkhipova et al. (2005), increases of cytokinin, ABA, and IAA in roots and
young lettuce plants are linked to the application of B. subtilis, which increases the dry
weight by 30%.

The production of a biofilm around the plant roots by the bacteria helps protect the roots
against phytopathogens present in the soil. Beauregard et al. (2013) verified the interaction of
B. subtilis and biofilm production in the roots of Arabidopsis thaliana. The results showed
that the plant releases polysaccharides to stimulate the bacteria to produce the biofilm and the
polysaccharides act as a glue to adhere to the biofilm.

On data analysis, it is possible to verify that 74 DAT is the most suitable time for
transplantation of passion fruit seedlings into the field, being more economical for the
producer, owing to the quality of the seedlings as well as a greater probability of resisting
adverse environmental conditions and preventing possible diseases and attacks by pests.

The results of AUDPC indicate that the fungus was not able to produce symptoms of the
disease, as in a study by Cardoso (2009), on the transmission of L. theobromae via cashew
propagule, asymptomatic infection was observed owing to latent action of the fungus; only
after the seedlings went to the field under temperature stress, it was possible to observe the
symptoms of the disease. This characteristic is important for seedling production because it is
necessary to have adequate control of the pathogen so that it is not disseminated to the field.

In a study conducted by Kikuchi et al. (2012) on natural compounds produced by
microorganisms, the compound gonytolides isolated from Gonytrichum sp. revealed
antiproliferative effects in S2 cells of Drosophila sp., which may contribute to the
development of pest control products.

In addition to the latency characteristic of the phytopathogen in the plant, the bioproducts
used in this study may have induced the plant’s defense system and the production of defense
mechanisms, contributing to the development of passion fruit plants, and adding value to the
biodiversity of the southern Amazon.

5. Conclusion

The application of filtrates of Pichia sp. and Gonytrichum sp., Calcarea carbonica 12CH,
and Bacillus. subtilis resulted in better growth and development performance of passion fruit
plants, with an improvement of the main morphological attributes over time. Under the
experimental conditions of the study, Lasiodiplodia sp. did not express disease symptoms.
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