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ABSTRACT

The sclerotia wilt in cowpea caused by the fungus Sclerotium rolfsii has in chemical control an
inefficient option. Essential oils have antifungal properties, constituting an alternative to
agrochemicals. Here, we evaluated the efficiency of essential oils in the control of S. rolfsii, from
seed treatment, as well as their effect on seed germination. Based on the diameter of the colonies
of the fungus S. rolfssi submitted to a concentration of 8.0 ml/kg of seed™, the oils of L. sidoides,
L. origanoides and C. zehntneri reduced mycelial growth by 61.5, 67.2 and 40% respectively.
The reduction in the percentage of germination occurred at the highest concentrations. The
fungus was sensitive to all evaluated oils, being more sensitive to Lippia oils. Seed treatment
with essential oils is effective at a concentration of 4.0 ml/kg™.

Keywords: alternative control, mycelial growth, plant diseases, natural, pesticides.

RESUMO

A murcha de esclerddios do feijdo-caupi causada pelo fungo Sclerotium rolfsii tem no controle
quimico uma opcdo ineficiente. Os Oleos essenciais possuem propriedades antifungicas,
constituindo uma alternativa aos agroquimicos. Aqui avaliamos a eficiéncia dos 6leos essenciais
no controle de S. rolfsii, a partir do tratamento de sementes, bem como seu efeito na germinagéo
das sementes. Com base no didmetro das coldnias do fungo S. rolfssi submetidas a concentragdo
de 8,0 ml/kg de semente, os 6leos de L. sidoides, L. origanoides e C. zehntneri reduziram o
crescimento micelial em 61,5, 67,2 e 40 % respectivamente. A redugdo na porcentagem de
germinagao ocorreu nas maiores concentracdes. O fungo foi sensivel a todos os dleos avaliados,
sendo mais sensivel aos 6leos de Lippia. O tratamento de sementes com 6leos essenciais é eficaz
na concentragdo de 4,0 ml/kg™.

Palavras-chave: controle alternativo, crescimento micelial, doencas de plantas, natural,
pesticidas.

RESUMEN

La marchitez escler6tica del caupi causada por el hongo Sclerotium rolfsii tiene en el control
quimico una opcién ineficaz. Los aceites esenciales tienen propiedades antiflngicas,
constituyendo una alternativa a los agroquimicos. Aqui, evaluamos la eficiencia de los aceites
esenciales en el control de S. rolfsii, a partir del tratamiento de semillas, asi como su efecto sobre
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la germinacion de las mismas. En base al diametro de las colonias del hongo S. rolfssi sometidas
a una concentracion de 8,0 ml/kg de semilla-1, los aceites de L. sidoides, L. origanoides y C.
zehntneri redujeron el crecimiento micelial en un 61,5, 67,2 y 40% respectivamente. La
reduccion del porcentaje de germinacion se produjo en las concentraciones mas altas. EI hongo
fue sensible a todos los aceites evaluados, siendo mas sensible a los aceites de Lippia. El
tratamiento de las semillas con aceites esenciales es eficaz a una concentracion de 4,0 ml/kg-1.

Palabras clave: control alternativo, crecimiento micelial, enfermedades de las plantas, natural,
plaguicidas.

1 INTRODUCTION

Cowpea (Vigna unguiculata (L.) Walp.) deserves to be highlighted among the various
legumes consumed in the world, as it is an important source of protein, energy, fiber and minerals
in human food, in addition to being used as a raw material for fertilization green (Manaf & Zayed,
2015).

Despite its hardiness, some diseases can affect the cowpea crop, among them, sclerotia
wilt, characterized by a tangle of white mycelium and, under this, there is an intense disruption
of the parasitized plant tissue (Athayde Sobrinho et al., 2005), leading to to the reduction of the
stand and, consequently, in the grain yield.

The scarcity of resistant varieties for the pathosystem has required the search for
integrated management measures that promote plant development to the detriment of the
pathogen, such as the use of crop rotation, avoidance of high planting densities, biological and
chemical treatment (Bedendo, 2018), and the chemical treatment is currently the most adopted
in the world. However, its use unfortunately brings several inconveniences, among which the
following stand out: the risk of environmental contamination, intoxication of workers and the
rural population, in addition to the occurrence of residues in food (Pignati et al., 2017). To
minimize these risks, the seed treatment strategy has been used, whose application is quite
simple, low cost and highly efficient (Pereira et al., 2016a).

Among the alternatives to the use of synthetic chemicals, the use of essential oils from
plants has shown high potential in controlling pests and diseases (Raveau et al., 2020; Chang et
al., 2022). This thesis is supported by the fact that plants naturally synthesize several secondary

compounds that represent natural means of defense against predators and pathogens, even

DELOS: Desarrollo Local Sostenible, Curitiba, v.17, n.55, p. 01-17, 2024 3



showing herbicidal action (Alves et al., 2018).

However, studies demonstrating the control of soil pathogens using essential oils are
scarce. And those that bring information about its use in seed treatment targeting pathogens such
as S. rolfsii practically do not exist. Assuming that essential oils have proven fungitoxic action,
there is strong confidence that essential oils will establish themselves as a viable alternative to
the replacement of synthetic chemicals (Dias et al., 2019).

The present work aimed to evaluate the treatment of seeds with essential oils of Lippia
sidoides, Lippia origanoides and Croton zehntneri in the control of S. rolfsii, the causal agent of

sclerotia wilt in cowpea, as well as its effect on seed germination treated.

2 MATERIALS AND METHODS

2.1 LOCATION

The experiments were carried out in a greenhouse and in the Phytopathology Laboratory
of Embrapa Meio-Norte, in Teresina, Piaui, Brazil, with all tests performed in triplicate. In vitro

and in vivo assays were performed sequentially.

2.2 ORIGIN OF FUNGAL ISOLATE AND ESSENTIAL OILS

The tests were carried out using the fungus S. rolfsii collected in Teresina, P1 (-5.036410,
-42.797898), isolated from the stem of cowpea plants with symptoms of the disease whose
specimen was deposited in the Soil Fungi Collection of Federal Rural University of Pernambuco
under number CFS 614. Essential oils extracted from the species Lippia sidoides Cham, Lippia
origanoides Cham and Croton zehntneri Pax et Hoffm were used. They are all spontaneously
occurring shrubs or subshrubs, none of them are yet cultivated, their propagation being typically
vegetative. (Table 1).
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Table 1 - Species, origin, registration number and part of the plant used to obtain the tested essential oils.

Species Origin Register Part of the plant
Lippia sidoides Teresina — Pl CEN 92438 Leaf
Lippia origanoides Jatobd do Piaui - Pl CESJ 70120 Leaf
Croton zehntneri Valenca - Pl TEPB 30944 Leaf

Source: Elaborated by the authors.

The extraction of essential oils was performed using the hydrodistillation method, in a
Clevenger apparatus, coupled to a heating blanket, as a heat source for the system (Gomes et al.,
2014). In each extraction, 200g of dehydrated leaves, previously crushed at room temperature,

were used.

2.3 IN VITRO EFFECT OF SEED TREATMENT WITH ESSENTIAL OILS

This test, considered a pilot and submitted to strict laboratory control, used cowpea seeds,
cultivar BRS Tumucumaque, donated by the Improvement Program of Embrapa Meio-Norte.
Petri dishes of 90 mm in diameter were used with PDA medium (Potato-Dextrose-Agar) in the
center of which discs of S. rolfsii mycelium were placed surrounded by four seeds treated with
essential oil, according to concentrations 0.5; 1.0; 2.0; 4.0 and; 8.0 ml/kg of seed™* and placed
equidistant from the center, 4 mm from the edges of the plates (Figure 1). The control treatment
followed the same scheme and, replacing the oils, the seeds received sterile distilled water. The
treatments were applied by placing the oils on the seeds in test tubes (15 x 100 mm), agitated for
three minutes in a vortex mixer, in order to guarantee the uniform distribution of the oil on the

seeds. The tubes with the treated seeds were sealed with plastic film, remaining overnight.

Figure 1 - Detail of the experimental unit showing the radial distribution of the seeds of cowpea BRS
Tumucumaque in relation to the inoculum.

Source: Elaborated by the authors.
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The test was carried out in a completely randomized design in a 3 x 5 factorial

arrangement (oil x concentrations) with three replications. The evaluation of the mycelial growth
was carried out five days after the installation of the experiment, when it reached the seeds in at
least one of the plates and was obtained by measuring the diameter of the fungus colony in two
diametrically opposite directions.

Mycelial growth data were submitted to analysis of variance, with the effect of
concentrations evaluated by linear regression analysis, while the effect of oils among themselves
was compared by Tukey's test at 5% probability. For that, the statistical program Variance

Analysis System for Balanced Data — SISVAR was used, according to Ferreira (2011).

2.4 INVIVO EFFECT OF SEED TREATMENT WITH ESSENTIAL OILS ON SCLEROTIUM
ROLFSII

Four seeds were sown per pot, in plastic pots of 1.5 liters, containing vegetable sand and
carbonized rice husk (3:1) previously sterilized in an autoclave. Soil infestation was carried out
by depositing a colonized autoclaved rice grain with husk in the center of the vase and around
which the seeds treated with the essential oils in the respective concentrations were arranged.

The test, similarly to the in vitro effect, was organized in a completely randomized design
in a 3 x 5 factorial arrangement (oils and concentrations) with five replications. The following
concentrations were evaluated: 0.5; 1.0; 2.0; 4.0 and; 8.0 ml/kg of seed™ and a control (without
oil). The pots were irrigated daily and the incidence evaluations, carried out daily for 15 days,
consisted of counting the plants with symptoms of necrosis, stem constriction and seedling death

due to fungus attack (Figure 2).
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Figure 2 - Reference symptom pattern used in the evaluation of the incidence of sclerotia wilt in cowpea.

Source: Elaborated by the authors.

The results were submitted to analysis of variance, with the effect of the concentrations
evaluated by linear regression analysis and the means of the data obtained for the oils were
compared among themselves using the Tukey test at 5% probability. For that, the statistical
program Variance Analysis System for Balanced Data — SISVAR was used, according to Ferreira
(2011).

2.5 EFFECT OF OIL ON SEED GERMINATION

Once the effective concentration in controlling the pathogen was defined, the seeds were
treated and then the germination test was carried out in order to evaluate a possible phytotoxic
or allelopathic effect caused by the oils tested at two concentrations (4 and 8 mL/Kg of seed™)
and a control (without oil), using the methodology as previously described.

To evaluate the influence of oil on the seed, the standard Germination Test (Brasil, 2014)
was used, with the effect of treatments being compared by analysis of variance and the means of
germination percentages by Tukey's test at 5% probability, in a completely randomized design,
with four treatments (oil from L.cidoides, L. origanoides and C. zehntneri and the control without
oil) and eight replications. In all evaluations, the statistical program Analysis of Variance for
Balanced Data — SISVAR was used, according to Ferreira (2011).
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3 RESULTS AND DISCUSSION

Sclerotia wilt is a disease that causes significant damage to cowpea crops. Its severity is
such that, in addition to killing the affected plants, it produces resistance structures, the sclerotia
(Figure 3), which can remain viable in the soil for several months (Marcuzzo, 2014), decreasing
the plant population and reducing production of grains, with the consequent economic loss to the
rural producer (Antwi-Boasiako et al., 2022). This results in a great effort to identify a natural

and efficient way to control it.

Figure 3 - Aspects of sclerotia wilt in cowpea.

N\
Source: Elaborated by the authors.

3.1 IN VITRO EFFECT OF SEED TREATMENT WITH ESSENTIAL OILS ON S. ROLFSII

Seed treatment with the three oils studied proved to be highly effective in controlling the
fungus S. rolfsii by demonstrating significant inhibition (P < 0.05) of mycelial growth. Treatment
response followed a decreasing linear model, as shown in Figure 4. This bioassay model is a
pioneer, since no work was found in the literature that used the same model, whose structure has
been used to carry out screening of other seed treatment products, in a controlled environment
and under low risk of environmental exposure.

The results obtained are indicative of the real chance that the oils will become viable as
natural agents for controlling the fungus. In principle, these results confirm the observations of
some authors when they highlight that the incidence of diseases tends to decrease in the presence
of essential oils (Dias et al., 2018; Peixinho et al., 2019). On the other hand, there are works that

DELOS: Desarrollo Local Sostenible, Curitiba, v.17, n.55, p. 01-17, 2024 8



REVISTA

DESARROLLO
LOCAL SOSTENIBLE

prove the reduction of the incidence of different pathogens in seeds (Baiotto et al.; 2023; Lozada
et al.; 2019), however, there are still few that present the seed as an efficient vehicle for the
application of natural “protectors” similar to essential oils and C. zehntneri. This, in turn, was

significantly lower (P<0.05) than the oil of L.cidoides

Figure 4 - In vitro effect on mycelial growth of Sclerotium rolfsii in PDA medium containing seeds treated with
essential oil of Lippia sidoides (Ls), Lippia origanoides (Lo), and Croton zehntneri (Cz) in five concentrations
(ml/kg of seeds).

y=-0,7433x +7.8211
R?*=0.92

7.0

Lo0 Lol Lo2 Lo3 Lod LoS

y=-06262x+8,1389
R?=0.8827

* On the right, Petri dishes, showing the behavior of the fungus when subjected to essential oils at different
concentrations. Mycelial growth in cm (y-axis), concentration (x-axis). Source: Elaborated by the authors.

The result of the qualitative effect demonstrated by the three evaluated oils is shown in
Figure 5. Based on the measurement of the diameter of the colonies of the fungus S. rolfssi
submitted to a concentration of 8.0 ml/kg of seed, the oils of L. sidoides, L. origanoides and C.
zehntneri reduced mycelial growth by 61.5, 67.2 and 40% respectively. When compared to each
other, it was possible to verify that the oil of L. origanoides was similar to the oils of L. sidoides
and C. zehntneri. This, in turn, was significantly lower (P<0.05) than the oil of L.cidoides.
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Figure 5 - In vitro mycelial growth of Sclerotium rolfsii after seed treatment with essential oil.
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* Mycelial growth in cm (y-axis), evaluated oil (x-axis).
Source: Elaborated by the authors.

3.2INVIVO EFFECT OF SEED TREATMENT WITH ESSENTIAL OILS ON SCLEROTIUM
ROLFSII

The results of the in vivo assays indicate that all the oils had a significant effect (P < 0.05)
on the control of the fungus with a significant difference for doses, whose behavior obeys a
decreasing linear model as the concentration of the oils studied increases (Figure 5). On the other
hand, no differences were observed regarding the effect of the oil variable, nor for the oil x
concentration interaction. The comparative analysis of the general behavior of the results,
generated in triplicate in the two studied systems, in vitro and in vivo, reveals the tendency of
close similarity between them, which consolidates the coherence of the obtained data. Despite
this observation, there was a slight difference between the systems, as, in the in vitro assays, the
essential oil of L. sidoides was superior to that of C. zehntneri (Figure 5), which was not observed
in the in vivo treatment (Figure 6). Probably this subtle difference is explained because in the in
vivo condition, with the work being conducted in the soil, where there are interacting

multifactors, it may have inhibited the differentiation of the effects between the oils.
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Figure 6 - In vivo effect of seed treatment with essential oils on the incidence of Sclerotium rolfsii.

80

70 ¢  L.S->y=-46448x+48.366
h R2 = 0.5881

60 L.o->y=-41316x + 49.84

50 R2=0.6738
C.z->y=-4.2876x +43.843

40 R2=0.5813

30

20
10
0

¢ L. sidoides (L.s) L. origanoides (L.o) AC. zehntneri (C.z)

* Incidence (y axis), concentration (x axis).
Source: Elaborated by the authors.

As mentioned, studies that relate seed treatment with essential oils, as a strategy for
managing soil fungi, are scarce, which reinforces the innovative character of this research. The
works that deal with this subject are restricted to the treatment of seeds, targeting pathogens that
are associated with the seeds themselves, without, however, intending to have them as a vehicle
for the transport of natural substances to control preexisting pathogens in the soil, regardless of
whether they are present in the soil. or not infected.

In this perspective, several works are found that, although not directly targeting targets
external to seeds, validate, in a broad sense, the strategy of using essential oils in the management
of plant diseases (Lozada et al.; 2019; Moumni et al., 2021; Grzanka et al., 2021) and support the
present study.

From a practical point of view, the use of essential oils from L. sidoides, L. origanoides
and C. zehntneri in seed treatment becomes perfectly viable. The information from Santos et al.
(2020) related to oil yield rates of these species, 1.38; 0.4 and 1.2%, respectively, partially enable
the technology. The authors also point out that none of them is cultivated rationally. Another
favorable aspect is that these species, being native, occur spontaneously in fragile ecosystems
(caatinga and cerrado). Thus, the possibility of its use as a raw material for “natural fungicides”
constitutes a strong ecological appeal, in the sense of preserving these species and their biomes,

insofar as it can inhibit the pressure of deforestation in these environments.
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There are few works that associate the use of essential oils in the treatment of cowpea

seeds. Farias et al. (2016a) evaluated the effect of andiroba (Carapa guianensis Aubl.) and
copaiba (Copaifera langsdorffi Desf) essential oils on the health quality of macassar bean
cultivars and found a reduction in the occurrence of Aspergillus flavus and Fusarium sp. in the
BRS Gurgueia cultivar and in Cladosporium sp. and Fusarium sp. in Marataod. On the other
hand, in the consulted literature, no works were found related to the action of essential oils,
applied in seed treatment, in the control of soil pathogens, notably on the fungus S. rolfsii. This
is, therefore, the first report in this sense, and, as discussed, it revealed very promising results.

As there is no parallel in the literature that allows comparisons, the effect of oils on this
pathosystem can probably be explained by the protective capacity that essential oils lent to seeds,
conditioning, in their surroundings, an unfavorable environment for the establishment of
pathogen-host relationships, by interposition of an effective barrier between the host tissues and
the inoculum of the pathogen present in the cultivation area (Machado, 2000). Similar to what
happens with conventional treatment based on synthetic fungicides, seed treatment is the most
used and efficient technology, which makes it a strategic tool within the context of integrated
disease management (Mesquita et al., 2017), also ensuring, according to Oliveira et al. (2019),
adequate plant populations, when soil and climate conditions, during sowing, are unfavorable to
germination and rapid emergence.

Studies of the centesimal composition of the studied essential oils were carried out by
Santos et al. (2020) and revealed the presence of the major compounds thymol (33.2%) and p-
cymene (13.1%) in L. sidoides, carvacrol and p-cymene in L. origanoides, representing 67.5% of
the constituents and, trazol in C. zehntneri, representing 90.1% of the identified compounds.
Similar studies related to essential oils of the genus Lippia have been extensively carried out.
Dias et al. (2019) analyzing essential oil of Lippia sidoides found thymol and p-cymene,
corroborating the results found in this work.

3.3 EFFECT OF OIL ON SEED GERMINATION
The fundamental requirement for a substance to be suitable for use as a fungicide in seed

treatment is that it does not have phytotoxic effects (Machado, 2000). The same should occur in

relation to essential oils. Therefore, after demonstrating promising data of the oils controlling the
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target fungus S. rolfsii, we sought to evaluate the possible interference in the germination and

vigor of the seeds/seedlings.

As shown in Table 2, it is possible to verify a significant phytotoxic action (P < 0.01) of
the three essential oils tested on seed germination. In general, the reduction in the percentage of
germination occurred at the highest concentrations, with the lowest values being verified at the
concentration of 8 mL/kg* for the oils of L. origanoides and L.cidoides, respectively.

These results are in agreement with those of Nagao et al. (2002) who observed the
inhibition of the germination process of lettuce seeds, proportionally to the increase in the
concentrations of the essential oil of L.cidoides. This effect may be related to the high
concentration of the oil, or to some compound or substance present in it capable of preventing
the germination process, since among the constituents of the essential oils studied, it is possible
to observe the presence of proven allelopathic compounds, such as terpenoids geraniol, limonene,

B-ocimene, linalool, geraniol acetate and (-caryophyllene (Marco et al., 2015).

Table 2 - Percentagem de germinagdo de sementes de feijdo-caupi cv. BRS Tumucumagque tratadas com 6leo
essencial de Lippia sidoides, Lippia origanoides e Croton zehntneri em diferentes concentracdes em rolo de papel.

Treatment % of germination*

Witness (sem 6leo) 90.50 a
Croton zehntneri (4 mL Kg?) 91.00 a
Lippia sidoides (4 mL Kg?) 87.5a

Lippia origanoides (4 mL Kg?) 77.00 ab
Croton zehntneri (8 mL Kg?) 57.00 b
Lippia origanoides (8 mL Kg?) 35.00c
Lippia sidoides (8 mL Kg™?) 23.00¢c

CV%=1130
* The media followed by the same letter does not differ statistically from each other by the Tukey test to 1%
probability.

Source: Elaborated by the authors.

The observation made by Hillen et al. (2012), about the probable toxic action of essential
oils applied directly to seeds, provoked the need to study this phenomenon in the present work.
This is because for a substance to be used in seed treatment, it is not enough that it has effective
action against biological targets, but also that it does not exert any deleterious action on plant
development (Almeida et al., 2019).

In this regard, there are studies aimed at using essential oil to control phytopathogens
existing in the seed itself, even verifying its possible phytotoxic effect (Freddo et al., 2016; Farias
et al., 2020b). Aiming to evaluate the influence of treating cowpea seeds with citronella essential
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oil (Cymbopogon winterianus), Xavier et al. (2012) observed that the seeds treated with the

essential oil had a lower percentage of germination, therefore being contraindicated for seed
treatment.

Research with essential oils aims, among other things, to develop products that can be
effective and safe for treating seeds and that can reduce the environmental impact resulting from
the use of fungicides, alone or in combination with other methods (Machado, 2000). However,
as studies related to the treatment of seeds with essential oils are relatively recent and not much
information is available on the effect caused by essential oils, works like this bring a new
perspective, and should stimulate further studies in this area. With this, it is hoped that in the near
future, all doubts regarding the feasibility of practical application of essential oils in different
agricultural systems will be resolved.

4 CONCLUSION

To the best of our knowledge, no study has been carried out so far showing the control of
the fungus S. rolfsii by using essential oils from L. sidoides, L. origanoides and C. zehntneri
through seed treatment.

The best control is obtained with essential oils of the genus Lippia at a concentration of
4.0 ml kg-1. Although higher doses provide better rates of pathogen control, they cause an
adverse effect on the seeds, leading them to present unfavorable rates of germination and vigor.

The bioassay model used in studies conducted in vitro proved to be effective and has been
used in preliminary evaluations for screening new alternative products with potential indication

for use in seed treatment.
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