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ABSTRACT

Fungi of the genus Fusarium are well known plant
pathogens, cause several vascular diseases and are
producers of toxins. In vitro assays evaluated the ef-
fects of Neem (Azadirachta indica) oil on the diameter
of colonies, dry weight, spore production, spore vi-
ability and production of Fusaric Acid toxin on Fusa-
rium oxysporum f. sp. medicagenis and Fusarium
subglutinans isolates. Effects of Neem oil were ana-
lyzed at concentrations 0.25%, 0.5% and 1% in
Czapek Yeast Agar medium. The production of Fu-
saric acid was determined by Thin Layer Chroma-
tography and quantified by UV spectrophotometry.
Neem oil showed inhibitory effects on the isolates
tested, although they varied according to type of iso-
late and oil concentration. Neem oil was efficient in
reducing the colonies’ diameter and dry weight in
concentration-dependent manner. Neem oil was effi-
cacious at higher concentration in the decrease of
sporulation. Spore germination was affected by Neem
oil when the spore was grown in Neem-contained
medium as when the spore emerged from a culture in
a Neem medium. Neem oil decreased and even inhib-
ited the production of Fusaric acid by the assayed
isolates. Since these isolates are plant pathogens and
producers of Fusaric acid, Neem oil may be intro-
duced as an integral item in the management of host
plants.

Keywords: Fusarium; Azadirachta Indica; Fusaric Acid;
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1. INTRODUCTION

Fungi of the genus Fusarium, known to be plant patho-
gens causing several vascular diseases, are largely dis-
tributed in soils, especially cultivated ones, and are ac-
tive during the decomposition of cellulose material [1].
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Fusarium spp. is the main colonizer of pre-harvest cereal
grains, even though it may also occur in grain storage,
especially under high humidity conditions [2]. Fusarium
oxysporum f. sp. medicagenis is a important pathogen
for alfafa (Medicago sativa L.), whereas Fusarium
moniliforme f. sp. subglutinans = Fusarium subgluti-
nans [3,4] is a pathogen for maize, sugarcane and other
grasses.The above mentioned fungi are producers of
mycotoxins with special reference to fusaric acid (5-
butylpicolinic acid), which has a hypotension effect in
several animals due to an increase in dopamine in the
brain and to other peripheral effects in the tryptophan
metabolism [5,6]. It not only interferes with animal food
consumption, but also increases the toxicity of other
mycotoxins [7]. Expectedly, the mycotoxin is rarely
found alone in Fusarium-contaminated grains. This fact
increases its importance in mycotoxicoses since this
condition heightens the Fusaric acid’s interactivity with
other toxins, such as fumonisins and moniliformin [8,9].
Fusaric acid was one of the first fungus metabolites iso-
lated from plants with Fusarium wilt and subsequently
shown to be involved in the symptoms [9]. It is currently
known to cause phytotoxic symptoms in several plants
that develop Fusarium wilt. There are positive correla-
tions between the production of the compound and the
fungus virulence in the host [10]. Studies with several
Fusaric acid-treated plants revealed that it inhibited res-
piratory activities [11-13]; decreased levels of adenosine
triphosphate, increased the release of electrolytes [13],
caused changes in the difference of transmembrane elec-
trical potential [14]; disturbed nitrogen metabolism, de-
creased cell viability and induced apoptosis [12]; inhib-
ited enzyme activities of plant defense [15-17]; induced
plant’s symptoms such as chlorosis, necrosis, inhibition
and lengthening of roots [18,19]; and caused loss of
weight in the plant [20].

Inhibiting chemical agents, mainly low molecular
weight organic acids used in the preservation of stored
grains [21], have exhibited several problems related to
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the development of fungus resistance and the emergence

of secondary pests owing to their indiscriminate use [22].

This fact has increased risks of high toxic residue levels,
which damage the environment and put human and ani-
mal health at risk. Plants’ natural extracts may be an
alternative for the employment of these synthetic anti-
fungal chemical agents since they may be easily ac-
quired and employed, they are low cost and lack the
problems inherent to synthetic chemical products [23].

The Neem (Azadirachta indica A. Juss) is a dense-
leaved tree of the Meliaceae family whose biologically
active extracts are obtained from its leaves, seeds, fruits
and trunk, with acknowledged multiple therapeutic, in-
secticide, nematicide, anti-microbial and fungicide qua-
lities [24-26]. Several studies show that Neem water and
oil extracts are toxic to fungi [27-31] and may result in
the reduction or inhibition of mycotoxin production
[32-36]. Great interest exists in verifying the effects of
the plant’s extract on the fungi Fusarium oxysporum f.
sp. medicagenis and Fusarium subglutinans, due to the
fact that if there is an inhibitory activity, the extract may
be tested in host plants for the control of this pathogen.
This is the main purpose of the present study.

2. MATERIAL AND METHODS

2.1. Neem Oil

Neem Oil (NO) was commercial product (BioNeem®)
extracted from the seeds of the neem plant.

2.2. Fungal Isolates

Isolates of Fusarium oxysporum f. sp. medicagenis UnB
201 and Fusarium subglutinans UnB 335 and UnB 327
were the test organisms used. They were stored in Potato
Dextrose Agar (PDA) of the fungus collection at the
Laboratory of Chemistry and Physiology of Microor-
ganisms of the Biochemistry Department, State Univer-
sity of Maringa. Maringa. PR Brazil.

2.3. Effects of NO on the Colony Diameter, Dry
Weight, Sporulation and Spore Viability

Assays were carried out according to technique describ-
ed by Marques ef al. [37]. Culture media employed were
Malt Extract Agar (MEA) and Czapek Yeast Agar (CYA)
[38]. CYA was prepared by adding NO to the medium to
obtain concentrations of 0.25%, 0.5% and 1%, which
were the test media. CYA without NO was the control
medium. Isolates were pre-incubated in MEA during
four days, at 25°C. Plugs were retrieved from these
colonies by a 5 mme-sterilized metallic ring and inocu-
lated in 95 mm-Petri dishes with media control CYA
(without NO) and with CYA tests (with NO at concen-
trations 0.25%, 0.5% and 1.0%).

Isolates were inoculated in media CYA control and
tests at 25°C, during seven days, to verify colonies’ di-
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ameter. Colony’s diameter was determined by measuring
two diameters, in mm, of each colony on the seventh day
of incubation.

Dry weight was determined after seven days of incu-
bation of isolates, at 25°C, in media CYA control and
tests. Media were liquefied and mycelium was retrieved
by a pincer and placed on a weighted filter paper. Papers
with mycelia were dried at 70°C. After 72 h, they were
weighted daily until completely dried.

Spores production was evaluated by placing 10 mL of
a 1:1 mixture consisting of a sterilized solution NaCl
(0.89%, w/v) and Tween 80® (0.1%, v/v), on the incu-
bated mycelium, after 7 days, at 25°C, in media CYA
control and tests. After spores were removed by scraping
all the mycelia, they were transferred to a test tube and
counted under a microscope in a Neubauer chamber.
Dilution of suspension was employed when required.
Results were given in spores/mm’ of colony. Spores vi-
ability (germination) was evaluated by their cultivation
in cellophane membranes, previously cut 2 cm X 2 cm
size, dipped in distilled water in an Erlenmeyer flask and
sterilized. Two situations were employed to verify spore
viability: Experiment 1 - membranes were placed in
CYA plates; each plate had one of the Neem oil concen-
trations mentioned above; they were then inoculated
with spore suspensions from grown colonies in CYA
without Neem oil, after incubation for four days, at 25
°C; Experiment 2 - membranes were placed in plates
with medium CYA without Neem oil. Inoculation was
undertaken with spore suspensions from colonies grown
in CYA with one of the different Neem oil concentration
mentioned above, after incubation during four days, at
25°C. Assays were undertaken by inoculating 0.1 mL of
fungus suspension with 10° spores mL™ on each mem-
brane. Plates with incubated membranes were then in-
cubated at 25°C, in the dark, during 15 h. Drops of lac-
tophenol cotton blue staining were then placed on grown
membranes to impair germination and facilitate visuali-
zation of spores. By 400x microscope, 150 spores in
each area of the lamina were counted. Germinated and
non-germinated spores were counted and germination
percentage established.

2.4. Effects of Neem Oil on the Production of
Fusaric Acid (FA)

Assay was undertaken according to technique described
by Eged [39]. Isolates were previously cultivated in
MEA at 25°C. After a four-day incubation, 5 mm diame-
ter plugs of the culture were transferred to Petri plates
with CYA control (without Neem oil extract) and tests
(with 0.25%, 0.5%, 1.0% of Neem oil) and cultivated,
during 7 days, within the same conditions. Media were
liquefied after incubation and mycelia removed with a
pincer. Liquefied medium was employed to extract FA
since the mycotoxin is deposited in the extracellular me-
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dium by the fungus.
2.5. Extraction and Quantification of FA

Hydrochloric acid at 2N was added to the medium to
readjust pH to 3.9 - 4.0. Further, FA was extracted thrice
with 30 mL of ethyl acetate in a separation funnel. The
three extracts were put together and evaporated in a ro-
tating evaporator at 50°C, until complete dried. Residue
was re-suspended in a 3 mL ethanol 80% water solution.

2.6. Detection and Quantification of FA by Thin
Layer Chromatography (TLC), and UV
Spectrophotometry

Basically the procedure described by Eged [39] was fol-
lowed. In the case of TLC, 20 x 20 cm aluminium plates
(Alugram®, Macherey-Nagel), coated with silica gel 60
(fluorescence indicator UV,s4) were employed. Plates
were first dipped in a chromatography development so-
lution (n-butanol : acetic acid : ethyl acetate : water
3:2:2:2 v/v), dried and activated at 80°C during 5-7 mi-
nutes. Further, 5-10 pL of the standard solution of
Fusaric acid 0.2% (Acros Organics ®) and 30 pL of the
fungus residue extract solution were spotted on the acti-
vated TLC plate. After development (Rf = 0.58 - 0.60),
the plates were dried and observed under a 254 nm UV
light. Sites with FA were cut from the plate and eluded
with 3 mL ethanol liquid solution 80% (UV grade) dur-
ing one hour. The contents of the FA in each sample
were then determined by spectrophotometry (A 270 nm
absorbance - UV-VIS spectrophotometer Shimadzu mini
1240, Japan).

Quantification of FA was undertaken according to
standard calibration of FA (1 g Fusaric acid / 10 mL dis-
tilled water). Resulting quantity of FA was calculated
according to the quantity of sample applied in the TLC
plate in pg FA per gram of mycelial dry weight. All de-
scribed experiments were carried out four times. Treat-
ment results were evaluated statistically by one-way
variance analysis (ANOVA), probability 1% (p < 0.01);
in the case of significant difference, means were ana-
lyzed by Tukey’s test (p < 0.05), with the statistical pro-
gram SAS (Statistical Analysis System. Sas Institute Inc.,
Cary, NC, USA, 2001).

3. RESULTS AND DISCUSSION

The effects of Neem Oil (NO) on the tested Fusarium
isolates varied according to the isolate and NO concen-
trations (Table 1).

Neem oil was efficacious in reducing the diameter and
dry weight in a concentration-dependent manner. Reduc-
tion of colonies’ diameter occurred in all isolates: reduc-
tion was highest according to increase in oil concentra-
tion. In isolates 335a and 327, NO reduced the dry
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weight at the lowest concentration (0.25%). As NO con
centration increased, the reduction of dry weight in-
creased. Dry weight reduction in isolate 201 was effec-
tive in concentrations 0.5% and 1% of NO (Table 1).

NO at higher concentrations was efficient in sporula-
tion decrease. The number of spores in isolates 201 and
335a were lower only in an oil concentration of 1%, but
only statistically significant only for the isolate 327. An
increase in sporulation occurred at lower concentrations.
Sporulation of isolate 327 was reduced as from oil con-
centrations at 0.5% (Table 1).

When spores were collected in colonies grown in a
NO-less medium and germinated in a medium with dif-
ferent oil concentrations (Table 1-VS 1), germination of
spores was significantly influenced only in concentration
1%. Isolate 335a had its germination affected as from oil
concentration 0.5%. On the other hand, when spores
obtained from media with different Neem concentrations
and germinated in NO-less medium (Table 1-VS 2),
spore viability was not affected in isolate 327, which did
not differ significantly from control. There was a de-
crease in spore viability in isolate 335a at all concentra-
tions. This fact shows that spore germination is iso-
late-dependent and may be affected by NO either when
the spore is grown in a medium with Neem or when the
spore emerges in a medium with Neem. However, in the
context of isolates tested in current assay (Table 1), the
isolate 201 had the highest germination susceptibly to
NO.

The production of Fusaric acid (FA) by the isolates
(Table 1) was affected by NO Neem oil significantly
reduced the production of FA, in proportion to oil con-
centration increase at all concentrations tested in isolate
327. Fusaric acid failed to be detected either in concen-
tration 1% for isolate 327 or in all concentrations for
isolate 335a. The latter, however, produced the lowest
quantity of FA when compared to the other two isolates.
Results show that NO may significantly reduce or even
inhibit the production of FA by the isolates under analy-
sis. Several assays with other fungi and toxins have
shown similar results. Fungitoxic effects indicate that
Neem extracts block the biosynthesis pathway of afla-
toxin in Aspergillus parasiticus [31]; citrinin in Penicil-
lium citrinum [35]; penicillic acid in Penicillium cy-
cplopium [33]; patulin in Penicillium expansum in vitro
[34] and in contaminated apples [32].

Although sporulation is typically followed by toxin
production, its occurrence does not happen at all times.
In fact, mycotoxins may be produced at high levels in
growth conditions which inhibit sporulation [40]. In cer-
tain concentrations, as the current research showed, a
sporulation stimulus occurred and, at the same time, a
reduction in toxin production. Nevertheless, there was
no relationship between sporulation and toxin inhibition
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Table 1. Effects of Neem oil (NO) in Fusarium oxysporum f. sp. medicagenis (201) and Fusarium subglutinans (327 and 335a) iso-

lates.
Isolates Control NO 0.25% NO 0.5% NO 1%
Diameter 82.5%(+0.58) 65° (£1.15) 57° (+1.15) 49.5% (£0.58)
Dry weight 0.063* (£0.01) 0.038"(£0.02) 0.035° (£0.01) 0.018°(£0.01)
201 S (x10*/mm?) 0.08374°(x0.01) 0.114525% (£0.01) 0.128925%(x0.02) 0.07735° (£0.02)
VS 1 (%) 93.77°(+0.38) 87.11%(+3.44) 86" (+3.06) 70.22° (+3.95)
VS 2 (%) 84.89° (+4.44) 48.88" (+3.05) 40° (+2.40) 37.33°(+6.22)
FA 24761.9* (+35.24) 225000 (+44.74) 21857.1°(+41.43) 8333.3° (£33.33)
Diameter 76.25% (+0.96) 60° (£1.41) 57.5°(£2.38) 49.75° (£1.26)
Dry weight 0.087*(x0.01) 0.05° (+0.03) 0.02° (£0.0001) 0.013°(£0.0002)
327 S (x10*/mm?) 0.52145%(£0.01) 0.475925%(£0.07) 0.094405° (+ 0.01) 0.0463° (£0.003)
VS 1 (%) 89.55"(+3.91) 86™ (+3.46) 85.55% (42.04) 75.78° (+3.03)
VS 2 (%) 88.44%(+3.01) 87.55"(+0.38) 86.66" (+0.67) 85.33%(+0.67)
FA 25689.6" (£34.48) 15537.2°(£37.47) 11363.6° (+39.09) Nd
Diameter 83.25" (+2.99) 54.5° (£2.38) 45° (£0.82) 40.25¢(£1.71)
Dry weight 0.15%(20.02) 0.062° (£0.06) 0.047" (+0.03) 0.012°(x0.001)
S (x10*/mm?) 5.478°(£0.89) 8.2495"(+0.29) 7.572°(+0.75) 4.49675° (£0.64)
335 VS 1 (%) 97.77°(+1.54) 94.66" (+1.33) 81.11°(#3.01) 18.89°(+1.02)
VS 2 (%) 90.66" (+0.38) 84.44° (+2.14) 80.22°(+1.02) 79.55°(+3.42
FA 1900 (£20) Nd Nd Nd)

Details of experiment described in the section ‘Materials and Methods’. Diameter of colony (mm); Dry Weight (g); S: Number of spores x10*/mm?
colony; FA: Fusaric Acid (ug/g dry weight); VS 1: Viability of spores (Experiment 1): germination percentage; VS 2: Viability of spores (Experiment
2): germination percentage; Nd: not detected. Means followed by the same small letter, on the line, do not differ among themselves by Tukey’s test (p
> 0.05). All above described experiments were carried out four times. Values between parentheses: standard deviaton.

when the fungus grows in media with Neem. Strain 335a
in the control medium had the highest number of spores
and the lowest FA production. Initially it showed a
sporulation stimulus in media with Neem but FA pro-
duction was inhibited.

Neem extract’s capacity in inhibiting growth and
sporulation was variable among isolates. Inhibition in
mycelial growth is generally associated with sporulation
inhibition [35,36]. However, Neem extracts decreased or
increased sporulation according to extract concentration
without showing the same effect when associated with
mycelial growth.

Significant reduction of the colonies’ diameter, dry
weight, number of spores, viability of spores and the
production of FA depended on NO concentration, as
current research showed. For the inhibition of FA syn-
thesis, however, the experiments cannot rule out that this
inhibition of FA synthesis is merely a result from the
growth inhibitory effects. Neem extracts have fungitoxic
activity, although their mode of action is not understood
very well. It is quit possible that the different chemical
or different ratios of chemicals found in the Neem trees
have varied effects on fungi. Several studies have shown
that NO produced high negative effects on Beauveria
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bassiana, with inhibition in germination, colony dia-
meter and conidiogenesis [28]. Also some sort of inhibi-
tion with Neem extracts was reported on Phytophthora
nicotianae, Aspergillus flavus and Aspergillus niger
[27,29,41].

Other researches reported antimicrobial activities
from plant extract oils and showed inhibitory effects in
the fungi tested, or rather; an increase in oil concentra-
tion produces an increase in inhibitory effects. Assays
with essential oils confirm in vitro antifungal activity
against Fusarium species [2,42].

Neem oil activities on the tested isolates show that the
effects are concentration dependent and may vary ac-
cording to the Fusarium species, fungal metabolisms, oil
concentrations and anti-fungal activities.

Studies with oil from Neem seeds did not have any
inhibitory effect on F. verticillioides [43], although it
accelerated growth. On the other hand, complete inhibi-
tion of mycelial growth of Fusarium oxysporum f. sp.
lycopersici was reported in a study with the dry extract
of Neem seed in concentrations ranging from 5 to 30%.
There were no spores in Neem incorporated media [44].

The different effects of NO on mycelial diameter,
sporulation, spore viability and toxin production should
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be attributed to Neem’s active components and fungus
metabolism. Although Azadiractin, known for its anti-
fungus activities in in vivo and in vitro studies, may be
isolated in small quantities from any part of the plant,
mature seeds have the highest concentration of the
compound [45].

The results of current research show that NO in the
concentrations under analysis are effective on isolates of
Fusarium oxysporum f. sp. medicagenis and Fusarium
subglutinans. Since these isolates are plant pathogenic
and producers of FA, further studies in vivo should be
carried out with the same isolates and with host plants
for the establishment of NO as an integral part of plant
management.

4. CONCLUSIONS

The effects of Neem Oil extracts on growth, sporulation,
morphology, and Fusaric acid production by Fusarum
isolates were investigated. According to concentration,
NO was efficacious in reducing the colonies’ diameter,
dry weight and sporulation. UV spectrophotometry ana-
lysis showed a reduction and even a complete inhibition
of Fusaric acid production by using NO. The assays
showed that NO has antifungal and anti toxin activity,
even though their mode of action is not yet known. Evi-
dence from the present and from other studies shows that
fungal species react differently to compounds form the
Neem oil. Additional research is needed to determine the
potential usefulness of neem products in fungal control
programs.
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