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Two experiments were conducted to evaluate Bendazol fungicidal effects in neem
micropropagation. In these experiments, the nodal segment explants from in vitro plants
were used. In the first experiment, the explants remained in DKW culture medium for a
period of 30 days containing different concentrations of Bendazol (M1 -50, M2 - 100, M3 -
200, and M4 - 400 mg.L1). The control treatment (M0) was prepared with DKW medium +
BAP (0.225 mg.L1). In the second experiment, the explants were maintained for only one
week in media supplemented with Bendazol or BAP, and then they were transferred and
kept in free Bendazol/BAP media for three weeks. In each experiment, the design was
completely randomized with five treatments, 10 replicates per treatment, and one
explant/cultivation flask. The variables analyzed included the formation of calluses
and roots, lateral bud development, shoot height, contamination and plant death. There
was no significant difference in tree variables (shoot, callus formation and shoot height)
between treatments in both experiments. There was no death, plant contamination
and rooting during the experiment. The results indicate that Bendazol can be used at low
doses forin wvitro neem cloning thereby replacing BAP and ultimately reducing
production costs.
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The neem, Azadirachta indica A. Juss., is a

woody  tree  species  geographically
distributed in the tropics and subtropical

and in the degraded areas recovery (Paes et
al., 2011).
Commercial varieties of neem do not

world forests. This species belongs to the
Meliaceae family and is naturally occurring
in India, Pakistan, Sri Lanka, Malaysia,
Indonesia, Thailand and Burma (Orwa et
al., 2009; Vidigal, 2007).

This species has been the subject of
research because of its potential use in the
production of bio-insecticides (Rodrigues et
al., 2009), biodiesel (Muthu et al., 2010), the
cosmetics industry (Neves et al., 2005),
disease treatment (Ogbuewu et al., 2011)

yet exist. Therefore, the development of a
more genetically homogeneous material,
using superior genotypes as explant source,
can be obtained through plant tissue culture
techniques (Amaral and Silva, 2003). These
techniques are based on the totipotency of
plant cells followed by in vitro regeneration
(Cabral et al., 2003).

The method of in vitro propagation by
vegetative propagules has had a significant
impact on agribusiness as an efficient
strategy to produce large-scale clones from
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a mother plant in a short time (Souza et al.,
2006). Conventional methods of in vitro
cloning using commercial cytokinins raise

the cost in large-scale production.
Therefore, the development of
methodologies  that  promote  better

performance in the cost / benefit of micro
plants is required. One routine strategy for
economically viable chemical substitution is
the use of agrochemicals, such as fungicides
and herbicides (Tiwari et al., 2006).
According to Giladi et al. (1979),
beneficial effects were observed on the in
vitro and in vivo multiplication of plants
when some fungicides and bactericides
were incorporated into the culture medium
to control contaminants. The effects of some
fungicides, such as Benomyl, are similar to

those of growth regulators and can
stimulate a positive effect in various crops
including, tangerine (Moreira, 1993),

chrysanthemum (Salgado et al., 2001) and
pineapple (Silva et al., 2002). According to
Colombo et al. (2004), an increased number
of new shoots was observed on in vitro
orchid species (Cattleya and Laelia lundii
loddigesii) using medium supplemented
with Chlorothalonil fungicide. Based on
such promising results, the present work
aimed to evaluate the effect of Bendazol on
neem micropropagation.

Materials and Methods

Neem fruits were collected at the
Agronomic Institute of Pernambuco and
taken to the Applied Micropropagation
Research Laboratory - LAPAB, located in
the Strategic Technology Center of the
Northeast - CETENE in Recife / PE, Brazil.
The fruit surface decontamination was
performed by immersion in 70% alcohol for
five minutes and subsequent immersion in
1.5% sodium hypochlorite solution for 10
min.

The fruits were then washed three
times with sterile, distilled water. Embryo
cotyledons were removed in a laminar flow
and inoculated in a test tube containing 10
ml of DKW medium (Driver and Kuniyuki,
1984). The tubes remained in a growth
room with irradiance around 30 pM.m=2.s"
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at 25 £ 1 °C and a photoperiod of 16 hours.
After 30 days, the in vitro plants were used
as donors of explants (nodal segments) in
two experiments.

In both experiments, the DKW
medium contained 30 g L sucrose and was
supplemented with either BAP (benzyl-
aminopurine) or Bendazol fungicide
according to the treatment. In the control
treatment, the standard cultivation medium
for neem micropropagation (M0 - DKW +
0.225 mg L' BAP) was used and there were
four concentrations of Bendazol (M1 - 50
mg L1, M2 - 100 mg .L-1; M3 - 200 mg.L+1
and M4 - 400 mg.L1). The pH of the media
was adjusted to 5.8, and it was solidified
with 6 g L1 agar and distributed in culture
flasks before autoclaving at 121 °C for 20
min.

In both experiments (I and II), the
same Bendazol stock solution was used. It
was made with 8 ml of Bendazol diluted in
200 ml of distilled water, in which the final
concentration was C = 20 mg.L-1.

The nodal neem segments were
inoculated in culture flasks containing 30
ml of medium. In the first experiment, the
explants were maintained for a period of 30
days in media containing hormone or
Bendazol (MO, M1, M2, M3 and M4). In
experiment II, the explants were maintained
in media containing hormone or Bendazol
for 8 days and then were transferred to a
flask containing DKW medium without the
addition of the fungicide or plant regulator,
where they remained for 22 more days. The
experiments were maintained in a growth
chamber, and all explants were examined
after 30 days of culture (development of
lateral bud, callus formation on explant
basis, the shoot height, rooting, plant death
and contamination).

The experimental design was
completely randomized with 10 repetitions
per treatment, the experimental unit was
represented by a bottle containing a nodal
segment. Data were subjected to analysis of
variance. When needed, some data were
transformed into (Vx + 0.5), and the
averages compared by Tukey’s test at 5%
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probability, through ASSISTAT software 7.6
beta (Silva and Azevedo, 2009).

Results

The variable development of lateral
buds present in the nodal segments did not
differ statistically significantly between the
five treatments (Table 1 and 2). The four
different concentrations of Bendazol had no
positive or negative effect when compared
to standard treatments used in the
micropropagation of neem (M0 -
supplemented with BAP). Yet for this
variable, there was no significant difference
between the time of exposure of the
explants to the fungicide concentrations and
growth regulator (30 days - I experiment
and 8 days - experiment II).

Callus formation was observed on the
explant bases in all treatments regardless of
exposure  time to  fungicide or
phytohormone. The calluses maintained in
media containing fungicide (M1, M2, M3
and M4) were oxidized (Fig. 1) and
possessed a light brown colour and firm
consistency. Although there was no

significant ~ difference = between  the
treatments, the highest amount of callus
formation was observed in M3 treatments
with an average of 2.1 in the second
experiment (Tables 1 and 2). The amount of
callus formation was also higher in explants
maintained in the presence or fungicidal
hormone for one week (experiment II).

T

Figure 1. Neem callus with oxidative
damage. Bar = 1,0 cm.

Table 1. Development of lateral buds and callus formation of neem shoot height (cm), from
nodal segments cultured on DKW with a fungicide or BAP in experiment I.

Treatment Shoot tips Callus formation Shoot tip size (cm)
development
MO I,5A 1,3A 3,6 A
M1 1,5A 1,1 A 24 A
M2 1,5A I,1A 2,6 A
M3 I,5A 0,7 A 2,6 A
M4 1,4 A 1,1 A 2,7A

Means followed by the same letter do not differ amongst themselves (P < 0.05)

Table 2. Development of lateral buds and callus formation of neem shoot height (cm), from
nodal segments cultured on DKW with a fungicide or BAP in experiment II.

Treatment Shoot tips development Callus formation Shoot tip size (cm)
MO 1.5A 1.2A 42 A
Ml 1.5A 1.2 A 2.6 A
M2 1.5A 14A 22A
M3 1.4 A 2.1 A 2.8 A
M4 14 A 1.1 A 25A

Means followed by the same letter do not differ amongst themselves (P < 0.05)
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Figure 2. Neem plants grown in vitro on DKW medium supplemented with BAP (MO - 0.225
mg.L™") and the Bendazol fungicide (M1 - 50; M2 - 100; M3 — 200 e M4 - 400 mg.L") in

experiments I (EI) and II (EII). Bars = 1,0 cm.

There was no statistically significant
difference in the height of the aerial part of
the micropropagated neem plant between
the concentrations of Bendazol and between
the two experiments. A higher elongation of
explants was observed in media containing
BAP (MO) for both experiments; the
averages were 35 and 42 com in
experiments I and II, respectively (Tables 1
and 2 and Fig. 2).

There was no rooting and no death of
neem plant micropropagation. These results
indicate that the fungicide used and
phytoregulator act similarly in the explants
with regard to the toxicity and action of the
compound on the induction of the root
system. Bacterial and fungal contamination
were not observed during the 30 days of
culture in any of the experiments.

Discussion

The lack of statistical differences in
the development of the lateral bud, the
formation of calluses and shoot height

82

suggest that the Bendazol fungicidal acts
analogously to the growth regulator BAP
on neem micropropagation, both at lower
and higher applied dosages. Tests are
required to determine the efficacy of
Bendazol use in different clonal neem
lineages because the genotype is one of the
determining factors during in vitro plant
regeneration. The most frequently use of
Bendazol fungicide on micropropagation is
for contamination control (Niedz and
Bausher, 2002; Sem et al 2013). However,
some previous experiments indicates that
fungicides and others compounds can
induce a phytoregulator response (Ruzi¢ et
al 2008).

Experimentation with the growth
regulator BAP, a commercial cytokinin
commonly used in micropropagation, has
demonstrated that it can activates
responsive cells that function in triggering
of several plant metabolic pathways. The
use of BAP for in vitro induction of the buds
formation from nodal neem segments, was
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described by Arora et al. (2010), using 1.11
mM of BAP. The results suggested that the
Bendazol fungicide acts by a similar
mechanism in the same metabolic pathways
as BAP.

The results of this study are similar to
those obtained from surveys carried out
with the fungicide Benomyl. Moreira (1993)
and Silva et al. (2002) have shown the
positive effects of Benomyl on the in vitro
cloning of Citrus sunki and Ananas comosus,
respectively. In studies with soybean and
horseradish (Skene, 1972) in addition to
asparagus (Yang, 1976), Benomyl affected
the plant hormone cytokinin. Thus, it is

likely that Bendazol has chemical
characteristics that allow a similar action as
that of Benomyl.

Baker, cited by Yang (1976) also noted
that Benomyl has a similar effect on
cytokinin. It is believed that this hormonal
effect results either from changes in the
active ingredient during autoclaving of the
medium [due to unknown components that
are part of the manufacture of the fungicide
(Skene, 1972)], or even by having a
structural similarity to the cytokines
(Thomas, 1973, Pulate (2016).

Flores et al. (1999) cultivated in vitro
apple explants and found that Benomyl was
harmful to the multiplication of the apple
tree, to sprouting and also to bud
formation. Carvalho et al. (1996) found that
Benomyl had no effect on the number and
size of Coffea arabica L. sprouts. Dane and
Dalgi¢ (2005) reported that benomyl has
some negative effects on mitotic divisions in
onion root tip cells. These results indicate
that, despite the successful use of Bendazol
during neem micropropagation, it cannot
be generally applied to the micro-
propagation of all plant cultures; each
species may have specific responses to the
compound.

Colombo et al. (2004) using the
fungicide Chlorothalonil in the culture
medium found that the best fungicide
concentrations that influence the in wvitro
propagation of Orchids (Cattleya loddigesii,
Laelia lundii) are in the range of 0.1 to 0.2 g
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L. In the case of in vitro neem cultivation,
no significant differences between Bendazol
doses were observed in the ability to induce
a response. Therefore, it is possible to adopt
the lowest dose (50 mg L71) for the
propagation of this species.

By contrast, Watt, Blakeway and
Gauntlett (1996) found that both Benomyl
(0.5 g L't and 1.0 g L) as Chlorothalonil
(025 g L1 and 0.5 g L) were harmful to
Eucalyptus grandis when added to the
culture medium. These authors observed
that the survival of explants was
significantly = compromised, and the
multiplication and regeneration of the plant
was completely inhibited.

It can be inferred that the formation of
calluses, observed in both experiments and
five treatments, is probably related to
Bendazol's ability to act as a plant regulator,
requiring its presence only to enable
responsive cells that operate in different
physiological processes of the plant. The
callus is characterized by a disorganized
mass of partially undifferentiated cells that
vary in type, size, content and cell wall
thickness (Ikeuchi et al., 2013). Histological
analyses of the calli obtained in this work
are then evaluated to determine whether
Bendazol treatment interferes with the
characteristics of cells present in the callus.

It is possible that oxidation of the
calluses maintained in the M1, M2, M3 and
M4 treatments are related to the toxicity of
the fungicide. However, this oxidation did
not change with respect to Bendazol
exposure times. Both explants exposed to
fungicides for one week or for 30 days
showed the same oxidation levels.
Therefore, it is important to add antioxidant
substances, such as activated charcoal or
citric acid, to the culture medium to
minimize any possible oxidative effects
resulting from the Bendazol action.

Root formation was not observed in
our study in the presence of the Benomyl
fungicide in contrast to the presence of
rooting plants in similar studies of
chrysanthemum (Salgado et al., 2001) and
pineapple (Silva et al., 2002).
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The absence of any evidence of death
in the explants suggested that the selected
Bendazol concentrations did not affect the
survival of the resultant plants. By contrast,
Oda et al. (2003) found that doses of
Benomyl (1.00 g L) and Chlorothalonil
(2.00 g L) were lethal to the orchid
seedlings propagated in vitro. It is necessary
to carry out tests with long duration and
several subcultures to determine whether
there is a cumulative toxic effect on the
neem plants.

Fungal and/or bacterial contamina-
tion was not observed during the course of
the two experiments, which could have
resulted from the use of Bendazol in the
culture medium as this is considered a
systemic fungicide wused to prevent
potential contamination.

Replacement of BAP with Bendazol
can reduce the large-scale production costs
in the micropropagation neem plants.
According to the Institute of Agricultural
Economics (2006), a litre of Bendazol costs
R$ 24.00 (value provided by MFRURAL),
however one BAP gram costs R$ 206.00
(value supplied by Sigma). Therefore, the
production of 1,000 neem seedlings using
Bendazol promotes a cost reduction of
approximately 93% compared to BAP on
the in vitro multiplication step. Thus, the
use of low doses of agrochemicals such as
fungicides in the in vitro culture medium of
some plant species (such as neem) may
satisfactorily = replace  the  synthetic
cytokinin, which is ultimately important in
reducing production costs.
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