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Abstract Sisal—Agave sisalana Perrine ex. Engelm—is a
key economical and social crop in the semi-arid region of
Brazil, especially in the Bahia state. Sisal is severely affected
by Aspergillus niger Thieg, the causal agent of sisal red rot.
Currently, existing control strategies are fruitless. Here, we
tested different homeopathic drugs Carbo vegetabilis, Ferrum
metallicum, Natrum muriaticum, phosphorus and sulphur at
centesimal Hahnemannian (CH) dynamizations, of 3CH,
5CH, 7CH, 9CH and 12CH, on Aspergillus niger. We mea-
sured in vitro growth inhibition, sporulation and germination
of Aspergillus niger during 12 days. We assessed in planta
Aspergillus niger incidence and disease severity. Our results
show that homeopathic drugs inhibited Aspergillus niger
growth in vitro, in a dynamization-dependent way. Natrum
muriaticum 5CH revealed the higher inhibition of 66 %,
whereas sulphur 5CH yielded the lowest inhibition of 6.4 %.
Spore production was stimulated using all homeopathic drugs
at all dynamization levels, whereas spore germination was
reduced. In planta assays revealed different results from
in vitro assays, corroborating that in planta and in vitro effec-
tiveness is different according to the homeopathic drugs ap-
plied. Here, disease incidence was not reduced significantly,
but disease severity was lower in treated plants, of 27.8 %
using Ferrum metallicum 9CH than in control trials, of
73.6 %. Overall, our findings suggest that homeopathic drugs

could be a good strategy to control Aspergillus niger incidence
in sisal plants.
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1 Introduction

Sisal (Agave sisalana Perrine ex. Engelm), from the
Agavaceae family, is a plant originated from Northern and
Central America, being cultivated in tropical countries. This
herbaceous monocotyledonous plant is widely cultivated in
Brazil and Tanzania, two of the most important producing
countries. Worldwide and according to the most recent statis-
tics from Food and Agriculture Organization (FAO)
428,104 ha of sisal are cultivated, with a production of
40,965 t of vegetable hard fibre (FAO STAT 2014), its main
product. In Brazil, sisal is an important crop in diversified
aspects, being cultivated in Paraíba, Rio Grande do Norte, and
Bahia states, concentrating Bahia 95.53 % of Brazilian sisal
cultivation (IBGE SIDRA 2014) totalizing 248,683 ha of
cultivated area (FAO STAT 2014), more than 50 % of world-
wide area, producing about 89,128 t of sisal plant (FAO STAT
2014). Socially and economically, sisal crop has a tremendous
impact in Brazilian states. More than 0.5 million workers
depend on sisal, from cultivation to processing industry.
Economically, fibres from nonwood plants are more valuable
than fibres from wood plants for paper making (Gutiérrez
et al. 2008), representing a high added value to sisal plant.
Sisal fibres are also applied in craftsmanship and for textile
industry, while unprocessed leaves are used for animal feed.

Meanwhile, sisal plant is affected by pests and diseases,
Scyphophorus acupunctatus Gyllenhal (Coleoptera:
Curculionidae) is the main insect pest, while sisal plant can
be infected by Korogwe leaf spot, zebra disease (caused by
Phytophthora nicotianae), dieback disease, and the most
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destructive of all in Brazilian plantations the bole rot or red rot,
caused by Aspergillus niger Thieg. This pathogenic agent is
contributing to the continuous decrease in sisal plantation in
semi-arid region of Bahia in Brazil, and in many areas, it
already witnessed the crop abandonment due to high disease
incidence. Once infected by Aspergillus niger, bole from sisal
plant starts to rot (Fig. 1). Plant internal tissues become brown,
being surrounded by a reddish border (Fig. 1e). After some
months, the plant meristem is completely affected,
interrupting the communication between the bole and leaves,
becoming leaves yellow (Fig. 1b, c) collapsing when bole is
completely rotten, causing plant death. According to Coutinho
et al. (2006) disease incidence can vary between 5 and 40% in
the producing areas, a data that can keep growing without
proper strategies of control.

The application and introduction of homeopathic drugs in
the control of plants phytopathogenic agents, viruses, bacteria,
nematodes, and even insect pests are already a reality with
plausible results in vitro and in planta trials as well (Betti et al.
2009; Toledo et al. 2011; Wyss et al. 2010), even with a high
level of scepticism by academic scientific sector (Betti et al.
2013). Homeopathic drugs revealed to be effective among
diversified phytopathogenic fungus in several crops of eco-
nomic importance: Botryodiplodia in guava fruit (Kehri and
Chandra 1986), control of Aspergillus niger in coriander and
cumin Mishra (1983), blight of cotton caused by
Xanthomonas campestris pv. malvacearum (Javed et al.
2013), betelvine disease caused by Phytophthora parasitica
var. piperina (Chaurasia and Vyas 1997) and Arabidopsis
thaliana infected with Pseudomonas syringae (Shah-Rossi
et al. 2009). In this sense, homeopathic drugs could be
exploited as a possible way to control the incidence of
Aspergillus niger in sisal plants.

Based on the previous aspects, the present work intends to
study the potentialities of five different homeopathic drugs

(Carbo vegetabilis, Ferrum metallicum, Natrum muriaticum,
phosphorus and sulphur) at different centesimal
Hahnemannian (CH) dynamizations applied (3CH, 5CH,
7CH, 9CH and 12CH) in vitro and in planta, for the control
of Aspergillus niger, the causal agent of red rot of sisal plant.
The type of homeopathic drug and their effect according to the
centesimal dynamization applied are optimized to a better
strategy to control Aspergillus niger incidence in sisal plants.

2 Material and methods

2.1 Homeopathic drugs tested and Aspergillus niger source

The homeopathic drugs selected for the present study were
Carbo vegetabilis, Ferrum metallicum, Natrum muriaticum,
phosphorus and sulphur. The homeopathic drugs were select-
ed based on their efficacy on controlling species of fungus,
especially Aspergillus sp., as well as for other aspects consid-
ered by Casali et al. (2009). The isolates of Aspergillus niger
used in the present study were obtained from the culture
collection of the Federal University of Recôncavo da Bahia
(UFRB) with the voucher number NA 131.

2.2 Preparation of homeopathic dynamizations

Homeopathic drugs were purchased in a specialized homeo-
pathic pharmacy at a dynamization of 2CH (centesimal
Hahnemannian). Dynamizations of 3, 5, 7, 9 and 12CH were
prepared in the Phytochemistry and Agroecology Laboratory
of the UFRB, according to the guidelines of the Brazilian
Homeopathic Pharmacopeia (FHB 2011). Dynamizations
were prepared in a “mechanical-arm” device model (Denise
50, Autic) with ethanol (70 %). All dynamizations of all
homeopathic drugs were prepared immediately after use.

Fig. 1 Sisal (Agave sisalana) and
Aspergillus niger incidence:
healthy plant (a), sisal plants with
initial (b), intermediate (c) and
advanced symptoms (d); sisal
bole rot and red rot (e); death sisal
plant with bole rot (f); and
Aspergillus niger in PDA (potato
dextrose agar) medium (g). Bole
from sisal plants start to rot when
infected by A. niger. Bole
becomes brown, being
surrounded by a reddish border.
When completely rot, leaves turn
yellow, collapse and plant dies
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2.3 In vitro assays

The experimental outline was completely randomized with six
different treatments (the five homeopathic drugs at different
dynamizations, plus the control treatment). The control treat-
ment was carried out simultaneously using distilled water
instead of homeopathic drug. Each treatment was carried out
in quadruplicate.

Each homeopathic drug at the different dynamizations was
added to potato dextrose agar (PDA) medium at a concentra-
tion of 0.005 % accordingly to the methodology described by
Bonato et al. (2006). After solidification, Aspergillus niger
was inoculated in the medium and maintained at 28±2 °C
until a complete growth of Aspergillus niger in the petri dish
of one of the treatments applied (control treatment after
12 days at the considered conditions).

2.4 Evaluated parameters

2.4.1 Mycelia growth and sporulation

Mycelia growth was taken each two days until the end of the
assay (12 days), being measured the colony diameter at two
perpendicular positions.

Aspergillus niger sporulation was determined from the
count of spores produced in petri dish containing the different
homeopathic drugs at different dynamizations and control
treatment. Conidia from each plate were harvested at 12 days
post-inoculation by suspending spores in 20 mL of distilled
water with Tween 20. Conidial concentration (conidia per
cm2 mycelia−1) was counted using a Neubauer haemocytometer
under a CTR 5000 light microscope (Leica).

2.4.2 Conidium germination

The percentage of germinated conidia was determined for
each homeopathic drug at different dynamizations and respec-
tive control treatment. For conidia germination of Aspergillus
niger, the homeopathic drugs were added to PDAmedium in a
concentration of 0.005 %. Afterwards in microplates, 150 μL
of medium containing the homeopathic drugs at different
dynamizations and 150 μL of Aspergillus niger conidia sus-
pension at 1×107 conidia mL−1) were incubated at 37 °C for
17 h. Passed the incubation period, lactophenol was added to
each well to stop conidia germination, and germinated conidia
were counted from a total of 200 spores. Only the conidia with
germ tubes twice longer than their width were considered to
have germinated.

2.5 In planta assays

In planta assays were selected the best dynamizations of each
homeopathic drug tested in vitro based on mycelia growth,

germination and sporulation of Aspergillus niger. In planta
assays were carried out in greenhouses at UFRB in
randomized experimental blocks with six treatments
(each homeopathic drug at best dynamization and con-
trol treatment) each with four replicates (each replicate
with six sisal plants).

Sisal plants were reproduced by vegetative means with
bulbils collected from the semi-arid region of Bahia (Brazil)
and maintained in greenhouses. Eight months after cultiva-
tion, homeopathic drugs at best dynamization were applied
over sisal plants: 50 mL of homeopathic drug diluted in water
(six drops per litre of irrigation water). The application of the
homeopathic drugs was carried out during 15 continuous
days. The control treatment was applied by irrigation water
during the same period and at the same quantity.

After the application period of homeopathic drugs,
Aspergillus niger from the same isolate used for in vitro assays
was inoculated in sisal plants. Two incisions (2 cm deep and
1 mm of diameter) were made in the plant bole, and the
pathogen was introduced in the plant: 2 mL of Aspergillus
niger suspension adjusted to 1×107 conidia mL−1.

2.5.1 Disease incidence and severity

One month after Aspergillus niger inoculation, red rot inci-
dence and disease severity were assessed. Disease incidence
was calculated according to the number of plants with and
without symptoms of red rot.

To evaluate disease severity, sisal plants were removed
from the plantation site, and cross-sectional cuts were made
to evaluate the disease severity according to a scale proposed
by Sá (2009): 0—no disease symptoms; 1—initial symptoms,
rot at the base of the external leave; 2—advanced symptoms,
rot inside the plant still alive; and 3—dead plant, bole
completely rot.

Data from severity was transformed in a disease severity
index (DSI) according to McKinney (1925):

DSI ¼
X

scale grade � nð Þ � 100
X

plants �maximum scale grade

2.6 Statistical treatment

2.6.1 Analysis of variance

An analysis of variance (ANOVA) with type III sums of
squares was performed using the general linear model
(GLM) procedure of the SPSS software, version 21.0 (IBM
Corporation, NY, USA). The fulfilment of the ANOVA re-
quirements, namely the normal distribution of the residuals
and the homogeneity of variance, was evaluated by means of
the Kolmogorov-Smirnov with Lilliefors correction (if n>50)
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or the Shapiro-Wilk’s test (if n<50) and the Levene’s tests,
respectively. All dependent variables were analyzed using a
one-way ANOVAwith or without Welch correction, depend-
ing if the requirement of the homogeneity of variances was
fulfilled or not. The main parameters studied were the effect of
homeopathic drugs at different dynamizations in growth inhi-
bition, spores formation and germination of Aspergillus niger
in vitro comparatively to control treatment. In planta, the
application of each homeopathic drug at best dynamization
was compared by disease incidence and disease severity in-
dex. If a statistical significant effect was found, means were
compared using Tukey’s honestly significant difference mul-
tiple comparison test or Dunnett’s T3 test also depending if
equal variances could be assumed or not. All statistical tests
were performed at a 5 % significance level.

3 Results and discussion

3.1 Aspergillus niger growth, sporulation and germination
in vitro

Five homeopathic drugs were selected to test their capability
to inhibit Aspergillus niger growth in vitro, the phytopatho-
genic agent responsible for sisal red rot. Each homeopathic
drug exhibited different response on Aspergillus niger growth,
sporulation, germination, and viable spores in vitro and ac-
cordingly to the dynamizations tested (3CH, 5CH, 7CH, 9CH
and 12CH). Figure 2 represents the growth inhibition caused
by the five homeopathic drugs tested at different
dynamizations. Positive values represent those dynamizations
that did not inhibit Aspergillus niger in vitro growth compar-
atively to control treatment. Negative values represent
dynamizations which were effective against Aspergillus niger,
inhibiting its growth. The following presented the
dynamizations which inhibited significantly Aspergillus niger
growth in vitro by increasing order: sulphur 5CH (6.4 %)<
phosphorus 9CH and 3CH (14 and 21 %, respectively)<
Carbo vegetabilis 12CH and 7CH (27 and 34 %, respective-
ly)<sulphur 9CH (36 %)<Ferrum metallicum 9CH (44 %)<
Natrum muriaticum 5CH (66 %) (Fig. 2). The responses
obtained for each homeopathic drug, among the different
dynamizations tested, were in “V” shape, according to the
previously achieved by Kolisko and Kolisko (1978), where
the dynamizations tested inside a same homeopathic drug
sometimes stimulate or inhibit the mycelial growth, sporula-
tion and germination. The obtained results also respect the
homeopathic principles of similitude, pathogenesis and exper-
iments in healthy specimens (Hahnemann 1842).

Concerning Carbo vegetabilis dynamizations, 5CH and
9CH reported no significant effects on Aspergillus niger,
stimulating its growth at 7.8 % comparatively to control

treatments. The lowest dynamization, 3CH, did not cause
any impact in Aspergillus niger growth. Carbo vegetabilis
was reported as an inhibiting homeopathic drug for other
Aspergillus species, namely Aspergillus parasiticus (Bee and
Atri 2013), with inhibiting rates of 63 and 70% respectively at
6CH and 12CH. Another important fact is that this homeo-
pathic drug was able to reduce the production of aflatoxin B1,
toxic when ingested in contaminated food by humans
(Williams et al. 2004). For Ferrummetallicum dynamizations,
7CH and 12CH reported no effect onAspergillus niger growth
comparatively to control, while 3CH and 5CH stimulated
Aspergillus niger growth by 17 and 20 %, respectively. In
the remaining homeopathic drugs tested, it was observed that
those dynamizations that did not inhibit Aspergillus niger
reported a neutral activity, so they did not improve
Aspergillus niger growth as well. In all the homeopathic
drugs, in the dynamizations where it was observed, a stimu-
lation in Aspergillus niger growth observed an increase in the
first 2 days after inoculation, being observed a considerable
drawback afterwards comparatively to Aspergillus niger
growth in control treatments (Fig. 2). Such observation high-
lights the possible long-term effect of the potentialities of
homeopathic drugs.

Some of the homeopathic drugs tested in the resent study
were also effective against other fungus. For instance, sulphur
was effectively applied in the inhibition growth of Aspergillus
parasiticus at 200CH (Sinha and Singh 1983), on the same
way as Carbo vegetabilis (Bee and Atri 2013), reducing
aflatoxin production in about 100 % in stored products. sul-
phur was also able to inhibit mycelial growth of Silicea and
Dulcamara fungus in 50 %, reducing toxin production in
about 90 % (Sinha and Singh 1983).

Regarding sporulation, it was not inhibited by any homeo-
pathic drug tested at the dynamizations assayed in this work,
being spore production stimulated relatively to control treat-
ments (Table 1). Regarding average values, spore production
was stimulated about 30 % in Carbo vegetabilis application,
64 % in phosphorus, 97 % in sulphur, 136 % in Natrum
muriaticum and 140 % in Ferrum metallicum. From these
results presented in Table 1, the main observation can be
inferred that each homeopathic drug dynamizations caused a
high growth inhibition activity result, generally, in lower spore
production.

Contrary to sporulation, all homeopathic drugs reduced the
percentage of germinated spores comparatively to control
treatment, as reported in Table 1. Carbo vegetabilis was able
to reduce significantly (P<0.001) spore germination at 3CH
and 5CH, with 49 and 36 % inhibition, respectively. Ferrum
metallicum also inhibited significantly the spore germination
at all dynamizations (P<0.001) being those at 3CH and 9CH
that reported higher conidia germination inhibition (47 and
23 %, respectively, comparatively to control treatment).
Natrum muriaticum dynamization of 5CH did not differ
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significantly from control treatments, while the remaining
dynamizations inhibited significantly spore germination in
about 30 % (Table 1). In phosphorus and Ferrum metallicum,
all dynamizations tested inhibited spore germination varying
between 28% in 5CH and 7CH and 58% in 12CH. In sulphur,
four dynamizations also inhibited spore germination compar-
atively to control treatments, being 5CH, 7CH and 12CH the
dynamizations that reported higher spore germination, ap-
proximately 50 %.

The number of viable spores was also obtained.
Considerable lower number of viable spores was observed in
sulphur 5CH. The number of spores produced was very low at
that dynamization comparatively to control and other
dynamizations tested. On the other hand, the germination rate
was also low; therefore, only 1.1×10−7 million spores were
able to germinate (Table 1), lower than control. Carbo
vegetabilis was more effective in reducing the viable number
of spores at 3CH, being also the most effective dynamization
in Ferrum metallicum. With phosphorus application, lower
numbers of viable spores were counted at 12CH (Table 1).

It is clear that the application of homeopathic drugs in
Aspergillus niger causes significant effects on their dissemi-
nation, playing as biocide agents. Two important aspects were
observed in in vitro assays: (i) growth inhibition and (ii)
increase in sporulation. This fact could be the response of
Aspergillus niger to aggression in order to achieve stress
adaptation (Russell 2003) that could imply cell wall reinforce-
ment to reduce or inhibit the entrance of hazardous agents.
These defence mechanisms trigger the expression of several
genes responsible for the activation of important enzymes for
the solidification of cell wall (Damveld et al. 2005; Ram et al.
2004) and deposition of chitin.

During the contact with the homeopathic drugs,
Aspergillus niger induced the production of spores as a sur-
vival mechanism. Nevertheless, in many dynamizations test-
ed, the number of viable spores was considerably reduced
comparatively to control (Table 1). In the case of sulphur
5CH despite the great number of spores produced, the
number of viable spores comparatively to control was
reduced by half.
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Fig. 2 Growth inhibition (%) of
Aspergillus niger in vitro by
different homeopathic drugs at
different dynamizations. Growth
of A. niger was considerably
reduced at 7CH and 12CH in
Carbo vegetabilis, at 9CH in
Ferrum metallicum and sulphur,
at 5CH in Natrum muriaticum
and at 3CH and 9CH in
phosphorus. Higher growth
inhibition was observed with
application of Natrum
muriaticum
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Khanna and Chandra (1978) evaluated the effects of homeo-
pathic treatments over the mycelial growth, sporulation and
spore germination of Alternaria alternata isolated from apple
and tomato, Gibberella zeae isolated from banana and tomato,
Glomerella cingulata and Pestalotiopsis mangiferae isolated
from mango, and Pestalotiopsis psidii and Colletotrichum
coccodes isolated from guava. These authors checked that the
homeopathic drugs were effective over the fungus spore
germination and founded a positive correlation between spore
germination and mycelial growth, mainly in centesimal
dynamizations. Khanna et al. (1989) by studying wheat seeds,
verified that Fusarium oxysporum population was inhibited at
30CH and 200CH and Alternaria alternata at 3CH, 6CH,
30CH and 200CH of Blatla orientalis homeopathic drug,
however, without influencing seed germination. In other
study, Khanna (1993) verified that the dynamizations 3CH,
6CH, 30CH and 200CH of homeopathic drugs Lycopodium
clavatum and Thuya occidentalis inhibited the populations of

Fusarium oxysporum from wheat seeds microflora and from
roots surface.

Table 1 In vitro sporulation
(millions of spores), germination
(%) and viable spores (millions of
spores) of Aspergillus niger
according to the different
homeopathic drugs applied at
different dynamizations

Mean values with different letters,
in each parameter evaluated, for
each homeopatic drug tested at
different dynamizations, differ
significantly (P <0.05)

Treatment applied Sporulation Germination Viable spores

Carbo vegetabilis 3CH 36.15±2.4 b 39.75±3.10 b 1.4×10−7±1.6×10−6 a

5CH 61.28±9.36 c 50.00±10.2 a 3.1×10−7±9.3×10−6 b

7CH 32.12±4.74 b 76.00±3.92 a 2.4×10−7±3.7×10−6 a,b

9CH 30.63±4.46 a,b 75.00±12.11 b 2.3×10−7±5.4×10−6 a,b

12CH 19.11±2,93 a 79.25±16.64 b 1.5×10−7±5.0×10−6 a

Control – 27.40±3.99 a,b 78.60±1.74 b 2.2×10−7±3.1×10−6 a

Ferrum metallicum 3CH 42.68±4.86 a 41.31±4.89 a 1.7×10−7±1.3×10−6 a

5CH 60.23±2.27 b 49.08±5.19 a,b 3.0×10−7±3.5×10−6 b,c

7CH 87.63±9.06 c 53.46±9.13 a,b 4.6×10−7±4.8×10−6 d

9CH 59.88±9.97 b 59.87±9.30 b 3.6×10−7±6.4×10−6 c,d

12CH 79.54±10.63 c 53.50±9.33 a,b 4.2×10−7±8.5×10−6 d

Control – 27.40±3.99 a 78.60±1.74 c 2.2×10−7±3.1×10−6 a,b

Natrum muriaticum 3CH 86.64±7.72 d 58.00±11.31 a 5.0×10−7±1.2×10−7 b

5CH 34.62±5.07 a,b 63.00±9.93 a,b 2.2×10−7±6.8×10−6 a

7CH 48.65±6.70 b,c 57.75±6.18 a 2.8×10−7±5.8×10−6 a

9CH 93.54±8.23 d 51.43±9.92 a 4.8×10−7±6.3×10−6 b

12CH 60.23±9.75 c 52.00±4.97 a 3.1×10−7±5.3×10−6 a

Control – 27.40±3.99 a 78.60±1.74 b 2.2×10−7±3.1×10−6 a

Phosphorus 3CH 39.79±0.43 a,b 46.50±9.75 a,b 1.9×10−7±3.9×10−6 a

5CH 48.81±7.14 b 56.25±7.85 b 2.7×10−7±4.1×10−6 a

7CH 45.35±6.82 b 56.50±13.48 b 2.6×10−7±9.2×10−6 a

9CH 38.65±7.06 a,b 49.00±9.06 a,b 1.9×10−7±2.9×10−6 a

12CH 62.66±8.42 b 33.00±6.78 a 1.8×10−7±6.0×10−6 a

Control – 27.40±3.99 a 78.60±1.74 c 2.2×10−7±3.1×10−6 a

Sulphur 3CH 74.16±10.74 c 61.25±14.06 b,c 4.5×10−7±1.1×10−7 b

5CH 31.56±4.85 a 34.50±4.65 a 1.1×10−7±2.4×10−6 a

7CH 56.59±9.28 c 41.00±5.94 a 2.3×10−7±6.4×10−6 a

9CH 53.72±8.47 b 47.00±10.74 a,b 2.5×10−7±3.1×10−6 a

12CH 54.78±7.72b 41.75±7.41 a 2.3×10−7±6.0×10−6 a

Control – 27.40±3.99 a 78.60±1.74 c 2.2×10−7±3.1×10−6 a

Table 2 Incidence (%) of Aspergillus niger in planta sisal plants and
disease severity index (DSI %)

Treatment applied Incidence DSI

Control 91.67±9.62 73.61±13.13 b

Carbo vegetabilis 12CH 83.33±13.61 72.22±21.28 b

Ferrum metallicum 9CH 66.67±23.57 27.77±7.85 a

Phosphorus 3CH 70.83±20.97 48.61±20.47 a,b

Natrum muriaticum 5CH 62.50±28.46 64.81±22.45 a,b

Sulphur 5CH 87.50±8.33 73.61±19.96 b

P value 0.142 0.016

Mean values with different letters, in each parameter evaluated, for each
homeopatic drug tested at different dynamizations, differ significantly
(P < 0.05)

DSI disease severity index
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According to the results obtained by Mishra (1983), by
testing different homeopathic drugs in the mycelial growth
and spore germination of Aspergillus niger, which cause dam-
ages in stored seeds of Coriandrum sativum and Cuminum
cyminum, it was observed that Arsenicum album, Calcarea
carbonica, Graphites and phosphorus induced fungus inhibi-
tion in more than 90 % comparatively to control treatments.

3.2 In planta assays

Based on the parameters evaluated in vitro (growth inhibition,
spore production and percentage of germinated spores), one
dynamization was elected per homeopathic drug tested to
perform in planta assays in greenhouses. The selected
dynamizations were Carbo vegetabilis—12CH; Ferrum
me ta l l i cum—9CH; phospho ru s—3CH; Nat rum
muriaticum—5CH; and sulphur—5CH. In relation to sisal
red rot disease incidence, no significant effects were observed
in the application of homeopathic drugs comparatively to
control treatments (P=0.142; Table 2). In control treatment,
91.67 % of plants revealed disease symptoms, while in
Ferrum metallicum 9CH and Natrum muriaticum 5CH, only
66.67 and 62.50 % of the plants were infested, revealing the
disease symptoms (Table 2). Sulphur 5CH, among the homeo-
pathic drugs tested, was the one that exhibited higher disease
incidence in greenhouse plants, 87.50 %.

Besides high levels of disease incidence, the disease sever-
ity results were encouraging, since the disease stages were
kept at low instance (Table 2). When treated with Ferrum
metallicum 9CH plants, disease severity was significantly
reduced (P=0.0159) by 62 % comparatively to control treat-
ments. Applications of Natrum muriaticum 5CH and
phosphorus 3CH were not statistically different from Ferrum
metallicum; however, they did not differ also from control
treatments. Natrum muriaticum homeopathic drug at 5CH
revealed in vitro activity against Aspergillus niger mycelial
growth, meanwhile such effect was not representative in
planta. Bee and Atri (2013) reported that homeopathic drugs
at same dynamizations showed different results in vitro and
in vivo with relation to the production of aflatoxins in peanut
seeds. The same authors found that while some homeopathic
drugs at different dynamizations inhibit A. parasiticus in vivo,
evaluated by the production of aflatoxin B1, they were inca-
pable to control the mycelial growth in vitro.

Shah-Rossi et al. (2009) by evaluating the in vivo applica-
tion of homeopathic drugs in Arabidopsis thaliana infected by
Pseudomonas syringae observed that Carbo vegetabilis 30CH,
sulphur 30CH and Magnesium phosphoricum 30CH reduced
the infection rate in Arabidopsis thaliana by P. syringae.

Carneiro et al. (2010) discovered that the application of
biotherapic of Alternaria solani at 27CH and 28 CH controls
the blight of tomato plant in 57 and 62 %, respectively, in

greenhouses, and besides that no studies were conducted over
mycelial growth and spore germination.

4 Conclusions

The use of homeopathic drugs Carbo vegetabilis, Natrum
muriaticum, Ferrum metallicum, sulphur and phosphorus at
different dynamizations inhibited the mycelial growth and
spore germination of Aspergillus niger. From in planta studies,
we concluded that disease incidence is lowly reduced; however,
disease severity is deeply affected, inhibiting the propagation of
the phytopathogenic agent in sisal plants, reducing considerably
the development inside the plant. In order to achieve more deep
and conclusive data, the next step will be to evaluate the current
homeopathic drugs in field conditions to evaluate in real con-
ditions their capability to protect sisal plants from Aspergillus
niger, the causal agent of red rot.

Other important conclusion is that the application of ho-
meopathic drugs may be a good strategy to diminish or even
replace synthetic products in the future, being possible the
practice of a more sustainable and eco-friendly agriculture.
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