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ABSTRACT: The Dimorphandra gardneriana Tul. species is widely distributed in the Brazilian territory
presenting an economic and environmental importance. The aim of this study was to determine the fungi associated with
Dimorphandra gardneriana seeds, assessing the influence of nystatin, the castor oil plant and Captan® fungicide in the
control of these fungi in the seed germination and seedlings growth. The experiment was carried out at the Laboratério de
Fitopatologia and Andlise de Sementes of the Departamento de Fitotecnia e Ci€ncias Ambientais of Centro de Ciéncias
Agrarias of the Universidade Federal da Paraiba, Areia-PB, Brazil. Ten treatments were applied for mycoflora control: T1
- control (untreated seeds); T2 - nystatin (0.1%); T3 - nystatin (0.2%); T4 - nystatin (0.3%); TS - nystatin (0.4%); T6 -
castor bean oil (0.25%); T7 - castor bean oil (0.5%); T8 - castor bean oil (0.75%); T9 - castor bean oil (1%); T10 -
fungicide Captan®. For the evaluation of the effect of the treatments on the Dimorphandra gardneriana seeds the
following variables were evaluated: germination, first counting of germination and germination speed index, percentage of
abnormal seedlings, length and dry matter of shoots and roots of seedlings. Nystatin (0.1%) reduced the incidence of
Aspergillus sp. The Captan® fungicide reduced the incidence of fungi in the seeds and provided the best results for

germination and vigor.
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INTRODUCTION

The fava-d'anta or faveira, as it is known the
Dimorphandra gardneriana Tul., (FILIZOLA,
2013) belongs to the Fabaceae family and occurs in
the Brazilian states of Maranhdo, Piaui, Ceara,
Pernambuco, Bahia, Para, Goias, Mato Grosso and
Minas Gerais (MONTANO et al.,, 2007). The
species is mainly used for medicinal purposes, the
fruits contains a large quantity of secondary
compounds, among them rutin (quercetin-3-
rutinosidium), which is a glycoside flavonoid used
in popular medicine and generally indicated as a
vasoprotectant, and causes an increase in the
resistance of blood capillaries (FERES et al., 2010).
This compound is widely explored by the
pharmaceutical and cosmetic industry and is
considered one of the most promising substances for
the production of drugs that helps to combat aging
and degenerative diseases (GONCALVES et al,
2010).

The fava-d’anta (Dimorphandra
gardneriana), besides having a great potential for
exploitation due to the presence of compounds
valued by the pharmaceutical industry, has also a

great environmental importance, being indicated for
the recovery of degraded areas, especially those
where this species populations has been increasingly
reduced (LANDIM; COSTA, 2012). In Brazil,
because of the absence of cultivated areas of this
species, it is exploited by disorganized extraction
and, in the long term, in a depredating way, since it
has no genetic basis for its conservation, which
directly reflects on the reproductive success and
natural regeneration of the species (FILIZOLA,
2013). In addition, there is a lack of concern with
the propagation, as well as absence of knowledge in
good practices for the conservation of this resource,
since the procedure used during the collection
damage severely the parent plants (PAULA et al.,
2007; NUNES et al., 2012).

Seeds of forest species are the basic input in
the production of seedlings that will be used in
reforestation programs, recovery of degraded areas,
urban afforestation and preservation of endangered
species. Seed manipulation requires a specific care,
since its quality is influenced by a number of factors
(MEDEIROS et al., 2012), such as plant pathogenic
microorganisms like fungi. These microorganisms
are responsible for the formation of seedlings with
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abnormalities and lesions, as well as the
deterioration of structures essential for the formation
of seedlings and, consequently, healthy trees
(VECHIATO; PARISI, 2013).

The control of fungi through treatment of
chemical products is a subject well explored in the
researches of seed sanity. However, it is important
to note that the use of these fungicides may
contribute to the contamination of the environment
with toxic residues and increase the resistance of
microorganisms (OLIVEIRA et al., 2011). Thus,
there is a need to investigate other methods of
controlling pathogens in seeds and, in this sense,
some techniques based on the use of plant extracts
appear as a good alternative to synthetic fungicides.
The use of plants in the form of extract or essential
oils is gaining space in the protection of grain and
seeds against pathogens. These products consist of
an environmentally friendly alternative, less
pollutant, easy to be acquired and at a lower cost
(BOFF and ALMEIDA, 2005); however, their
fungitoxic activity should not cause germination
damage. Good results of the use of essential oils on
mycoflora reduction were obtained with the use of
copaiba oil (Copaifera multijuga Hayne) (DEUS et
al., 2011), castor bean oil (Ricinus communis L.)
(SORATO et al., 2016), among others.

In this context, the present study aimed to
verify ~ which fungi are associated with
Dimorphandra gardneriana seeds, evaluating the
influence of nystatin, castor bean oil and the
fungicide Captan® on the sanitary quality, seed
germination and seedling growth of the previous
mentioned species.

MATERIAL AND METHODS

Location of collection and conduction of the
experiment

The experiment was carried out at the
Laboratérios de Fitopatologia e Andlise de
Sementes of the Departamento de Fitotecnia e
Ciéncias Ambientais of the Centro de Ciéncias
Agriérias, Universidade Federal da Paraiba, Areia -
PB. The seeds of Dimorphandra gardneriana were
obtained from fruits of fifteen parent trees located in
the municipalities of Crato and Jardim, state of
Ceard, in September of 2013. After the fruit
processing to obtain the seeds, they were sent to the
Laboratério de Andlise de Sementes where they
were stored in plastic bags and placed in a cold
room with average temperature and humidity of 17
°C and 60%, respectively, until the start of the
experiment in May 2014.
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Treatment of the seeds

Before the composition of the treatments,
the seeds were homogenized and had their tegument
ruptured on the opposite side of the hilum
(URSULINO et al., 2016), using a nail clipper, in
order to overcome integument dormancy and were
then disinfested with a solution of 1% sodium
hypochlorite for three minutes. Subsequently, the
seeds were submitted to the following treatments:
T1 - control (untreated seeds); T2 - nystatin (0.1%);
T3 - nystatin (0.2%); T4 - nystatin (0.3%); TS -
nystatin (0.4%); T6 castor bean oil (0.25%); T7
castor bean oil (0.5%); T8 castor bean oil (0.75%);
T9 castor bean oil (1.0%); T10 - Captan® fungicide
at a concentration of 240 g of the product for 100 kg
of seeds. Pure (100%) castor bean oil of the brand
Farmax was used and, for the preparation of the
solutions, quantities of this oil were emulsified with
Tween 80 and then sterile distilled water (SDW)
was added to obtain the previous mentioned
concentrations. Pre-established concentrations with
nystatin were obtained from the dilution of the
product with SDW. After the seeds were immersed
in the treatments for three minutes, they were
incubated in Petri dishes on a double layer of filter
paper sterilized and moistened with SDW.

Sanitary test

One hundred seeds were used for each
treatment, distributed in 10 replications. The petri
dishes were kept for 7 days at a temperature of 25 +
2 °C and after this period the fungi were identified
by using optical and stereoscopic microscopes, and
specialized literature (MENEZES and OLIVEIRA,
1993). The results were expressed as percentage of
incidence.

Physiological quality test - For this test were
evaluated:

Germination test - One hundred seeds were
divided in four replications of 25 and distributed
over a doubled layer of germination paper, covered
with a third sheet and arranged in the form of
rollers. The paper was moistened with an amount of
SDW equivalent to 2.5 times its dry weight and then
distributed in a germinating chamber of the
Biochemical Oxygen Demand (B.O.D) type
regulated at the alternating temperature of 20-30 °C
and photoperiod of eight hours (unpublished data).
After seeding, the rolls were packed in transparent
plastic bags in order to keep the humidity. The
counts were performed daily from the fifith to the
fourteenth day, considering the normal seedlings,
those with characteristics prescribed by the Rules
for Seed Analysis (RSA) (BRASIL, 2009). The
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percentage of abnormal seedlings was determined at
the end of the test (BRASIL, 2009).

First counting of germination - Concurrently
carried out with the germination test, being counted
the germinated seeds after the fifth day after
seeding. The obtained data were expressed as
percentage.

Germination speed index - Concurrently
carried out with the germination test where were
daily counted the germinated seeds until
stabilization (Fourteenth day). The index was
determined according to the formula proposed by
Maguire (1962).

Length and dry matter of the seedlings - The
aerial part and the primary root of all normal
seedlings were measured with a graduated ruler in
centimeters and the results were expressed in
centimeters, at the end of the germination test. After
the measurement, the shoots and roots of the
seedlings from the previous evaluations were placed
separately in paper Kraft bags and taken to the stove
at 65 °C for 48 hours. After this period, they were
weighed in an analytical scale at an accuracy of
0.001g, the results were expressed in grams.

For both, the sanitary and the physiological
quality test evaluations, a completely randomized
design (DIC) was used. The data were submitted to
analysis of variance by the F test (p < 0.05) and the
means were compared by the Scott-Knott test at 5%
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of probability using the software SISVAR®
(FERREIRA, 2007).

RESULTS AND DISCUSSION

The following values for the percentage of
fungi incidence were observed on the not treated
seeds of Dimorphandra gardneriana: Aspergillus
niger van Tieghem (47%), Aspergillus sp. (20%),
Penicillium sp. (12%), Rhizopus sp. (4%) Botrytis
sp. (3%), Periconia sp. (2%) and Fusarium sp.
(3%). There are few citations of Cladosporium sp.
incidence on seeds of forest species (ARAUJO et
al., 2009), with records of their occurrence in seeds
of species such as amendoim bravo (Pterogyne
nitens Tul.) (NASCIMENTO et al., 2006), acacia-
negra (Acacia mearnsii De Wild.) (SANTOS et al.,
2001) and pata-de-vaca (Bauhinia variegata L.)
(MARTINELLI-SENEME et al., 2006).

After the application of the treatments on
Dimorphandra gardneriana seeds, the presence of
Cladosporium sp. and Curvularia sp. was observed,
which did not occur in the untreated (control) seeds,
both with incidence lower than 7%. There was no
significant effect of the treatments on the incidence
of these fungi, as well as on the occurrence of
Botrytis sp. Periconia sp. and Fusarium sp., which
justifies their absence in Figure 1.

cChd

T6 T7 T8 T9 T10
Rigzapus sp.

Figure 1. Fungi incidence in Dimorphandra gardneriana seeds under the treatments: T1 - control; T2 - nystatin
(0.1%); T3 - nystatin (0.2%); T4 - nystatin (0.3%); TS - nystatin (0.4%); T6 - castor bean oil (0.25%);
T7 - castor bean oil (0.5%); T8 - castor bean oil (0.75%); T9 - castor bean oil (1%); T10 - fungicide
Captan®. Means with the same letter do not differ by the Scott-Knott test at 5% of probability.

For the genus Cladosporium, its presence
was observed in all of the treatments with nystatin
and castor bean oil, except for the treatments T5 -
nystatin (0.4%) and T9 - castor bean oil (1%). The
Curvularia sp. was observed only in the treatment

T6 - castor bean oil (0.25%). The fungi Aspergillus
niger and Rhizopus sp. had their incidence increased
compared to the control when the seeds of
Dimorphandra gardneriana were treated with
nystatin and castor bean oil. This probably occurred
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because these treatments  potentiated  the
proliferation of these fungi. According to the
concentration of the compounds, synergism
relationships may occur in the essential oils,
promoting the induction of growth of the
microorganisms (MAIRESSE, 2005).

Some of the previously mentioned fungi,
such as Aspergillus niger, Fusarium sp. Penicillium
sp. and Rhizopus sp. were also observed by
Medeiros et al. (2013b) on sombreiro seeds (Clitoria
fairchildiana R.A.Howard). Seven species of fungi
were detected in amendoim bravo (Pterogyne
nitens) seeds, among them Aspergillus sp. and
Penicillium sp. had the highest percentage of
occurrence compared to the others (NASCIMENTO
et al., 2006). Giuliano et al. (2005) found that fava-
d'anta seeds (Dimorphandra mollis Benth.) have
microorganisms that can negatively influence their
germination and even cause their death. The same
authors verified the occurrence of Absidia
corymbifera (Cohn) Sacc & Trotter (1.0%),
Curvularia pallescens Boedjin (3,0%), Aspergillus
niger (1,8%) and Aspergillus sp. (2.0%).

No significant effect were found for the
treatments on the fungi Botrytis sp., Periconia sp.
and Fusarium sp. The treatments T2 - nystatin
(0.1%) and T3 - nystatin (0.2%) decreased the
incidence of Aspergillus sp. The action of nystatin is
due to its binding and alteration of the fungal cells
wall sensitive to it, causing its destruction (Figure
1). All treatments, with the exception of T10 -
Captan® fungicide, significantly increased the
incidence of Penicillium sp. compared to the
control, the treatments T6 - castor bean oil (0.25%)
and T7 - castor bean oil (0.5%) caused a reduction,
although not significant.

The antifungal action of the essential oils is
related to their interaction with the lipids of the cell
wall, cell membrane and fungi mitochondria,
interfering on the permeability, causing disturbances
in their structures (COSTA et al., 2011). The use of
essential oils extracted from plants to inhibit plant
pathogenic fungi is one of the alternatives to
minimize the negative effects of the use of
agrochemicals on seeds. This solution has been well
seen due to the current worldwide interest in the use
of products that are less aggressive to the
environment (ZANANDREA et al., 2004; SOUSA
et al., 2012). Mata et al. (2009) evaluated the action
of citronella oil (Cymbopogon winterianus Jowitt.)
and anise plant (Pimpinella anisum L.) on the
control of fungi on mandacaru (Cereus jamacaru
DC.) seeds, and observed the efficiency of the anise
plant essential oil in the control of the fungi
Cladosporium sp., Curvularia sp. Nigrospora sp.
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and citronella oil on Cladosporium sp. and
Nigrospora sp.

The fungicide Captan® inhibited the
occurrence of all fungi observed in the control and
the other treatments, except for Aspergillus sp.,
which incidence was only 1%. Good results were
also obtained by Medeiros et al. (2013a), where they
found that the fungicide Captan® eradicated the
fungi detected in the seeds of amendoim bravo
(Pterogyne nitens). Silva et al. (2011) evaluating the
effect of chemical treatments on the sanitary quality
of seeds of forest species, verified that the
fungicides Captan® and Tiram® reduced the
incidence of the fungi genus observed in
comparison to the control. There was a significant
increase of Aspergillus niger in the treatments T2 -
nystatin (0.1%) and in all treatments with the castor
bean oil. The incidence of Rhizopus sp. increased
significantly in all treatments with the use of
nystatin and castor bean oil, except for the
treatments T6 - castor bean oil (0.25%) and T10 -
fungicide Captan®. The total elimination of certain
fungi detected in the seeds may depend on factors
such as: their location in the seed, the physiological
conditions of the seeds, as well as the concentration
and the period of immersion in the chemicals used
in the asepsis (SOUSA et al., 2012).

The  germination of  Dimorphandra
gardneriana seeds was negatively affected by the
presence of fungi associated to them. In Figure 2A it
is possible to observe that the fungicide Captan®
promoted the highest percentage of seed
germination of the species, reflecting its efficiency
in the control of fungi. In the T8 treatment, castor
bean oil favored the increase of abnormal seedlings
and non-germinated seeds, which culminated in the
absence of seedlings at the end of the test. For the
first counting of germination, differences between
the means were observed, with the highest values
obtained in the treatments T4 - nystatin (0.3%), TS -
nystatin (0.4%) and T10 - fungicide Captan® (Figure
2A). There was no significant effect observed by the
F test for the germination speed index of the treated
and untreated (control) seeds of Dimorphandra
gardneriana. Nascimento et al. (2006) verified that
the fungi associated with amendoim bravo seeds
(Pterogyne nitens) did not affect the germination
due to the low incidence in the evaluated lots.
Lazarotto et al. (2013) when evaluating the quality
of cedar tree (Cedrela fissilis Vell.) from different
places, found that the garlic extract (Allium sativum
L.) was as efficient as the physical treatment (dry
heat at 70 = 3 °C per 48 hours) and the chemical
(fungicide ~ Captan®) in  the control of
microorganisms, favoring the germination of their
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seeds. Leite et al. (2012) verified that the alamanda
extract (Allamanda blanchetti A.DC.), used as a

phytosanitary treatment in seeds of Mimosa
A
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caesalpiniifolia  Benth. did not inhibit the

germination, observing the highest value in the first
counting.

._~
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Figure 2. Percentage of germination (A) and first counting of germination (B) of Dimorphandra gardneriana
seeds under the treatments: T1 - control; T2 - nystatin (0.1%); T3 - nystatin (0.2%); T4 - nystatin
(0.3%); T5 - nystatin (0.4%); T6 - castor bean oil (0.25%); T7 - castor bean oil (0.5%); T8 - castor
bean oil (0.75%); T9 - castor bean oil (1%); T10 - fungicide Captan®. * No plants to evaluate. Means
with the same letter do not differ by the Scott Knott test at 5% of probability.

The highest percentages of abnormal
seedlings were observed in the treatments T2 -
nystatin (0.1%), T3 - nystatin (0.2%), TS5 - nystatin
(0.4%), T8 - castor oil (0,75%) and T9 - castor bean
oil (1%), where the mean values did not differ
statistically from each other (Figure 3). Although
the TS treatment did not influence negatively the
first counting of germination, at the end of the test a
high percentage of abnormal seedlings were
verified. There is lack of information regarding the
use of nystatin in treatment against plant pathogens,
however, it has been used in water for substrate
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watering in the control of fungi of forest species, as
such in yellow api (Tabebuia serratifolia (Vahl)
G.Nichols.) (SOUZA et al., 2005), trapia (Crataeva
tapia L.) (GALINDO et al., 2012) and quixabeira
(Sideroxylon obtusifolium (Roem. &  Schult.)
T.D.Penn. both at the concentration of 0,2%
(REBOUCAS et al., 2012). Netto and Faiad (1995)
emphasized that the sanitary quality of the seeds are
very important, because the microorganisms present
in the seeds can cause their deterioration, as well as
abnormalities and lesions in the seedlings.

Tt T2 T3 T4 T3
Treatments

Te T7 T&§ T9 TI10

Figure 3. Percentage of abnormal seedlings of Dimorphandra gardneriana under the treatments: T1 - control;
T2 - nystatin (0.1%); T3 - nystatin (0.2%); T4 - nystatin (0.3%); TS5 - nystatin (0.4%); T6 - castor
bean oil (0.25%); T7 - castor bean oil (0.5%); T8 - castor bean oil (0.75%); T9 - castor bean oil (1%);
T10 - fungicide Captan®. Means with the same letter do not differ by the Scott-Knott test at 5% of

probability.
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It is possible to observe in the Figure 4 that Maiden) were found where it provided a greater
the highest values for root and shoot length were seed germination and development of roots and
verified in the treatment T10 - Captan® fungicide shoots of eucalyptus seedlings (STEFFEN et al.,
compared to the other treatments evaluated. 2010). Studies with citronella (Cymbopogon nardus
Differently from some experiments with essential (L.) Rendle), eucalyptus (Eucalyptus citriodora
oils, the treatment with castor bean oil was not Hook.) and citronellal compounds proved that they
efficient in most of the used concentrations. Some strongly inhibited the fungi associated with maize
essential oils did not worked as direct inhibitors of (Zea mays L.) seeds (BRITO et al. Al., 2012).
fungi, which means that they do not have fungitoxic Lobato et al. (2007) obtained, trough assays,
effect for some species (RODRIGUES; positive responses of the activity of the pimento-de-
CHILDERS, 2002). In addition, it should be noted macaco (Piper aduncum L.) at 0,5; 1.0; 4.0; 8.0%,
that the essential oils have active principles which, reducing the incidence of fungi from 86% to 16% in
although are natural, they are chemical substances cowpea bean seeds [Vigna unguiculata (L.) Walp .].
and must be used with discretion, especially in seeds Takano et al. (2007) concluded that castor bean oil
(DARONCO, 2013). (Ricinus communis L.) suppressed the mycelial

Different results on treatment with essential growth of Pyricularia grisea (Cooke) Sacc in 100%
oil of eucalyptus (Eucalyptus grandis Hill ex at the concentration of 200 ml 1"
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Figure 4. Length of root (A) and shoot (B) of Dimorphandra gardneriana seedlings from seeds under the
treatments: T1 - control; T2 - nystatin (0.1%); T3 - nystatin (0.2%); T4 - nystatin (0.3%); TS -
nystatin (0.4%); T6 - castor bean oil (0.25%); T7 - castor bean oil (0.5%); T8 - castor bean oil
(0.75%); T9 - castor bean oil (1%); T10 - fungicide Captan®. * No plants to evaluate. Means with
the same letter do not differ by the Scott-Knott test at 5% of probability.

The results obtained in the evaluation of the Captan® fungicide was inferior to the essential oil of
root and shoot dry matter also reinforced the copaiba at 1% in the two analyzed variables,
superiority of the fungicide Captan® in the control different from the result observed in Dimorphandra
of fungi associated with the seeds of Dimorphandra gardneriana seedlings. The chemical treatment,
gardneriana (Figure 5). Similar to what was although presenting higher cost and environmental
observed in the shoot length , the castor bean oil damage, has been widely used because of its
was not adequate to control fungi in the seeds of this efficiency in the control of seed pathogens
species, which was verified in the low values for (CAMPANHOLA; BETTIOL, 2003). The control
shoot dry matter in all concentrations evaluated. of plant pathogens using natural treatments,

For Mondego et al. (2014) embiratanha especially with essential oils, in seeds of forest
seeds [Pseudobombax marginatum (A.St.-Hil., Juss. species 1s still not well studied. Natural products
& Cambess.) A.Robyns] treated with essential oil of offer a low-cost alternative to producers, besides the
copaiba (Copaifera sp.) at 1% of concentration reduction of environmental impacts generated by
presented the highest means for the variables dry commercial agrochemicals (COUTINHO et al,
matter of roots (0.0063g) and shoots (0.035g). 1999).

According to these authors, the treatment with
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Figure 5. Dry matter of roots (A) and shoots (B) of Dimorphandra gardneriana seedlings from seeds under the
treatments: T1 - control; T2 - nystatin (0.1%); T3 - nystatin (0.2%); T4 - nystatin (0.3%); TS5 -
nystatin (0.4%); T6 - castor bean oil (0.25%); T7 - castor bean oil (0.5%); T8 - castor bean oil
(0.75%); T9 - castor bean oil (1%); T10 - fungicide Captan®. * No plants to evaluate. Means with the
same letter do not differ by the Scott-Knott test at 5% of probability.

CONCLUSIONS The nystatin is more efficient on the
preservation of the physiological quality of the
The Fungicide Captan® can be used in the seeds of this species compared to the castor bean
control of fungi on Dimorphandra gardneriana essential oil.
seeds;

RESUMO: A espécie Dimorphandra gardneriana Tul. tem ampla distribui¢do no territério brasileiro,
apresentando importancia econdmica e ambiental. O objetivo desse trabalho foi verificar quais fungos estdo associados a
sementes de Dimorphandra gardneriana, avaliando a influéncia da nistatina, do 6leo de ricino e do fungicida Captan®, no
controle desses fungos, na germinacdo de sementes e no crescimento de plintulas. O experimento foi realizado nos
Laboratérios de Fitopatologia e de Andlise de Sementes do Departamento de Fitotecnia e Ciéncias Ambientais do Centro
de Ciéncias Agrérias da Universidade Federal da Paraiba, Areia-PB, Brasil. No controle da micoflora foram aplicados 10
tratamentos, a saber: T1 - testemunha (sementes ndo tratadas); T2 - nistatina (0,1%); T3 - nistatina (0,2%); T4 - nistatina
(0,3%); TS5 - nistatina (0,4%); T6 - 6leo de ricino (0,25%); T7 - dleo de ricino (0,5%); T8 - dleo de ricino (0,75%); T9 -
6leo de ricino (1%); T10 - fungicida Captan®. Para avaliar o efeito dos tratamentos sobre as sementes de Dimorphandra
gardneriana foram avaliadas as varidveis: germinag@o, primeira contagem de germinacdo e indice de velocidade de
germinagdo, porcentagem de plantulas anormais, comprimento e massa seca da parte aérea e de raizes de plantulas. A
nistatina (0,1%) diminuiu a incidéncia de Aspergillus sp. O fungicida Captan® reduziu a incidéncia de fungos nas sementes
da espécie e proporcionou os melhores resultados para germinagdo e vigor.

PALAVRAS-CHAVE: Germinagdo. Espécies florestais. Patologia de sementes. Controle alternativo.
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