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Abstract

Over the years, management of plant pathogenic fungi has primarily relied on the use of synthetic
chemical fungicides. However, in the recent past, exploration for biologically active compounds from
plants with the aim of discovery and development of novel and eco-friendly biopesticides to combat
current and emerging plant pathogenic fungi has received increased interest. This study aimed at
extraction and characterization of Tagetes minuta essential oils (EOs) as well as evaluation of their
antifungal activity against selected phytopathogenic fungi namely: Fusarium oxysporum, F. solani,
Aspergillus flavus, A. parasiticus and A. niger. Essential oils were extracted using the steam distillation
method in a modified Clevenger-type apparatus. The antifungal activity of the EOs was assessed by disc
diffusion method while gas chromatography - mass spectrometry (GC/MS) was used for characterization
of the chemical components of the EOs. Twenty compounds corresponding to 96% of the total essential
oils and constituting a mixture of monoterpenes (70%) and sesquiterpenes (30%) were identified in the
Eos. They included elixene and silphiperfol-6-ene, which are being reported for the first time in essential
oils of Tagetes minuta. The EOs of T. minuta exhibited potent antifungal activity against the studied
fungi with the highest growth inhibition observed in F. oxysporum and A. niger with mean inhibition
zones of 28.7mm after five days of incubation. Four out of the five test fungi fell within the category of
extremely sensitive (inhibition zone diameters > 20mm) when subjected to the crude EOs. The minimum
inhibitory concentrations (MICs) and minimum fungicidal concentrations (MFCs) of the EOs against the
fungi were in the ranges of 24 - 95mg/mL and 24 - 190mg/mL, respectively. This study thus lays down
significant groundwork for a more comprehensive study on the practical feasibility of using T. minuta
EOs as possible alternative to synthetic fungicides in the management of economically important
phytopathogenic fungi.
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1. Introduction
Global agricultural crop losses due to biotic and abiotic factors have been estimated at more
than 35% of annual production ['l. In the United States alone, insects, pathogens and weeds
destroy about 37% of all potential crops with losses due to insects being 13%, plant pathogens
12% and weeds 12% 2. Among the biotic factors, plant pathogenic microorganisms such as
fungi, bacteria and viruses are the major infectious agents of plants that cause enormous
economic losses worldwide by destroying millions of tons of crop yield annually ®. Among
plant pathogens, fungi are responsible for the greatest destruction of plants both in agricultural
and natural ecosystems [ 31, It is estimated that phytopathogenic fungi are responsible for 40-
60% of the total plant pathogenic losses, with losses due to both pre- and post-harvest fungal
diseases estimated to be more than 200 billion Euros annually in the United States of America
[6]
Among the estimated 1.5 million fungal species on earth, only around 15,000 of them are plant
pathogens, majority of which belong to the ascomycetes and basidiomycetes groups [,
Despite the fact that fewer than 10% of all known fungi can colonize living plants,
phytopathogenic fungi are collectively responsible for 70% of all known plant diseases [ 9.
The position of fungi as a key group of plant pathogens is attributed to a number of factors;
many phytopathogenic fungi are capable of infecting any plant tissue during any stage of
growth; most have complex life/infection cycles involving multiple (up to five) phases each of
Which, may occur on a different plant host and may be characterized by different reproductive
strategies .
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Furthermore, the presence of both sexual and asexual
reproductive stages allow many phytopathogenic fungi to infect
plants in different climatic zones from the hot and dry arid zones
to the wet zones in the tropic and equatorial regions ['%,

Several physical, chemical and biological methods of managing
phytopathogenic fungi exist [''l. However, the modern
agricultural system of crop protection and management against
phytopathogenic fungi has primarily over relied on synthetic
chemical fungicides [. The use of synthetic pesticides has
greatly boosted crop yields and thus increased global food
security. However, it has over the years become apparent that
over reliance on these chemicals in agriculture is not without
serious environmental and health concerns 2. Some of the
drawbacks associated with synthetic pesticides include:
development of resistance among targeted pathogens as a result
of overuse and persistence of the pesticides in the environment
hence higher likelihood of killing beneficial organisms. Besides,
several synthetic fungicides remain in plant tissues and products
such as fruits and vegetables long after the application thus
posing a health risk to humans, animals and the environment ['3],
Furthermore, synthetic agricultural chemicals are expensive thus
reducing their availability to smallholder farmers especially in
developing countries ['* 5], There is therefore need to focus
more on sustainable and cost-effective methods of reducing
plant losses occasioned by fungal phytopathogens during
production and post-harvest stages. One of the possible
approaches is through development of novel plant-derived
biopesticides that are both environmentally biocompatible and
effective against current and emerging phytopathogens.
Exploration for biologically active compounds from plants
aimed at discovery and development of novel antimicrobial
agents has received increased interest in the recent past.
Essential oils are natural aromatic complexes, formed by certain
plants as secondary metabolites '), They are isolated from
various parts of the plant such as leaves (basil, patchouli, cedar),
fruits (citrus), bark (cinnamon), root (ginger), grass (citronella),
gum (myrrh and balsam oils), berries (pimenta), fruits
(bergamot, orange, lemon, juniper), seed (caraway), flowers
(rose and jasmine), twigs (clove stem), wood (amyris),
heartwood (cedar), rhizomes (ginger, calamus, curcuma) and
saw dust (cedar oil) 1719,

Essential oils containing mixtures of volatile constituents such
as monoterpenes, sesquiterpenes and/or phenylpropanoids,
esters, alcohols, and terpenoids among other classes of
compounds have been shown to have antifungal, antibacterial,
antiviral, nematicidal and insecticidal properties among other
biological activities [2-22], The objective of this study was to: (i)
characterize the chemical composition of essential oils of
Tagetes minuta and (ii) evaluate the antifungal activity of the
essential oils against selected phytopathogenic fungi.

2. Materials and Methods

2.1 Collection of plant materials

Aerial parts (leaves, flowers and stems) of Tagetes minuta were
sampled from four sites within Maseno area (0°0°21.43”S,
34°36°6.23”E, 1524 MASL), Kisumu County, Kenya. The
samples were packaged in Kraft bags and transported to the
Chemistry laboratory, Maseno University, Kenya. A sub-sample
of the plant materials was prepared, packaged and stored
according to the herbarium rules and regulations. This sample
was later taken to the herbarium at the School of Biological
Sciences, University of Nairobi, Kenya for further identification
and authentication by a Plant Taxonomist. A voucher specimen
(MMG2015/01) was deposited at the University of Nairobi
herbarium.

2.2 Extraction of essential oils and determination of yield
Tagetes minuta essential oils were extracted using the steam
distillation method in a modified Clevenger-type apparatus 1231,
The plant materials were cut into small pieces (=10cm long),
weighed and 4 kg loaded into the still of the tank that was part
of the distillation setup. The rid of the distillation tank was
tightly secured and the plant material subjected to steam
distillation. The collection of EOs started after a heating time of
about 40 minutes and continued until no more essential oil was
obtained (5-8 hours). After the distillation process was
completed, the volatile essential oils were removed from the top
of the hydrosol and dried over anhydrous sodium sulphate
(Na,S0s4) 4. The essential oils were filtered using Whatman
filter paper (No. 1), weighed and mean percent yield
determined. The oils were then collected into airtight glass vials
and stored at -20 °C until when they were required for chemical
analysis and antifungal bioassays.

2.3 Fungal test pathogens

Five economically important fungal plant pathogens namely:
Fusarium oxysporum, Fusarium solani, Aspergillus flavus,
Aspergillus parasiticus and Aspergillus niger were used as test
pathogens. The test pathogens were retrieved from the culture
collection center at the Plant Pathology Laboratory, Department
of Plant Science and Crop Protection, University of Nairobi.
Confirmation of the identity of the pathogens was done based on

cultural and morphological characteristics using taxonomic keys
[25-27)

2.4 Retrieval of test pathogens and preparation of fungal
inocula

Stock culture for each of the test fungal pathogens maintained at
-20 °C was retrieved by sub-culturing on Potato Dextrose Agar
(PDA). A pure colony was selected from an agar plate culture; a
sterile loop was used to pick the top mycelia of a colony which
was transferred into a test tube containing 10mL of Potato
Dextrose Broth (PDB). The culture tubes were incubated for 5
days at 28 °C to obtain fresh cultures. McFarland standard was
used as a reference to adjust the turbidity of fungal suspensions
to be within the required range. Exactly 0.5 McFarland
equivalent turbidity standards was prepared by mixing 0.05mL
of 1% barium chloride dehydrate with 9.95mL of 1% sulfuric
acid. Fungal suspensions were prepared in sterile saline solution
which was prepared by dissolving 0.85g of NaCl in 100mL of
distilled water and autoclaving for 15 minutes at 121 °C and 15
psi pressure. The turbidity of the fungal suspensions was
adjusted to 0.5 McFarland, an equivalent of 1 x 10° spore/mL.

2.5 Determination of the antifungal activity of Tagetes
minuta essential oils

Antifungal activity of T. minuta essential oils against the test
fungi was carried out using the disc diffusion method also
known as Kirby-Bauer antimicrobial susceptibility test as
described by Souza et al. (2], The basic concept in this method
is that, the size of the zone of inhibition can be correlated with
the susceptibility of a microorganism to a particular
antimicrobial agent. Thus, a larger area of microorganism-free
media surrounding the disc implies that the microorganisms are
more sensitive to the antimicrobial agent contained in the disc.
One drop of Tween 20 per mL (= 0.5 to 1%) was added to a
standardized spore suspension to enhance the dispersion of
spores 2. Two hundred microliters of the spore suspension was
uniformly spread using a sterile L-shaped glass rod on 9cm Petri
plates containing PDA. Sterile Whatman filter paper discs (No.
1, 6mm in diameter) were impregnated with 10ul of undiluted
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crude essential oil by holding the discs using a pair of sterile
forceps and pipetting the EOs to the paper discs using a
micropipette. The discs were then aseptically placed at the
center of the inoculated culture plates using a pair of forceps.
Dimethyl sulphoxide (DMSO) was used as a negative control
while Apron Star® (Thiamethoxam 200g/kg, Mefenoxam
200g/kg and Difenoconazole 20g/kg), a broad-spectrum seed
treatment fungicide prepared according to the manufacturer’s
instruction was used as a positive control. The Petri dishes were
then kept in a refrigerator at 4 °C for 2 hours to allow essential
oils to diffuse into the agar medium. The plates were finally
incubated at room temperature (23 + 2 °C) and growth of the
fungi monitored starting from the 3" to 14" day. The reading of
the diameters of the inhibition zones was done on the 5" and
10" day. This was based on preliminary studies which had
shown that on the 3™ day, the fungi were still growing and
between the 5" - 7" day, the essential oil activity was at its
highest. The tests were conducted in triplicates.

The sensitivity of individual fungi to the essential oil was
ranked based on the mean inhibition zone values expressed in
millimeters (mm) as follows: not sensitive (-) for total zone
diameters of <8mmy; sensitive (+) for diameters between 8 and
14mm; very sensitive (++) for zone diameters between 15 and

19mm and extremely sensitive (+++) for zone diameters >20mm
[30, 31]

2.6 Evaluation of antifungal activity of different
concentrations of Tagetes minuta essential oils

The activity of T. minuta essential oils at seven concentration
levels was assessed using the disc diffusion method following
the procedure described by Clara et al. P2 with some
modifications. Two hundred microliters of microbial suspension
(approximately 1 x 10 CFU/ml) was uniformly spread on PDA
Petri plates. Serial dilutions of T. minuta essential oil were
prepared with DMSO. The essential oils were diluted to the
following serial geometric dilutions: 50%, 25%, 12.5%, 6.25%,
3.13%, 1.56% and 0.78%. Sterile Whatman filter paper discs
(No. 1, 6mm in diameter) were impregnated with 10ul of
different essential oil concentrations and aseptically placed at
the center of the inoculated culture plates. The plates were then
placed in a refrigerator at 4 °C for 2 hours to allow the essential
oils to diffuse into the agar. The plates were then incubated at
room temperature (23 =+ 2 °C) and the diameters of the inhibition
zones measured after 5 days. The tests were conducted in
triplicates.

2.7 Assessment of the minimum inhibitory concentrations
and minimum fungicidal concentrations of the essential oils
on the test fungi

Tube dilution method as described by Caburian and Osi 33 with
some modifications was employed in the assessment of
minimum inhibitory concentrations (MICs) and minimum
fungicidal concentrations (MFCs) of the essential oils against
the test fungi. Twelve sterile screw-capped falcon tubes (15mL)
were numbered #1 to #11 and the last one as #13. One milliliter
of potato dextrose broth was introduced into tubes #2 to #11.
One milliliter of T. minuta essential oil was pipetted into tube #1
and #2, the two tubes were capped and vortexed for 5 seconds;
one milliliter was withdrawn from the contents of tube #2 and
transferred to tube #3, after capping the tube and mixing by
vortexing the contents, one milliliter from the contents of tube
#3 was withdrawn and transferred to tube #4 and the process
repeated until 1.0mL from tube #9 was added to tube #10. Fifty
microliters of standardized fungal inocula (approximately 10°
spores/mL) was then introduced into tubes #1 to #11 and to tube

#13. To tube #13, 0.5mL of the standard fungicide Apron Star®
prepared according to the manufacturer’s instructions was
added. Tween 20 (0.05%) was added to the essential oil prior to
its application into the tubes to improve the oil solubility and
also for better spore dispersion B4 The tubes were then
incubated at 28 °C for 72 hours.

After incubation, the tubes were examined for growth by
observing for any turbidity. The interest was not on the dilutions
that had failed to prevent microbial growth but rather, those that
prevented any visible growth. The tube with the lowest
concentration (highest dilution) of essential oil at which no
visible growth or turbidity was observed was reported as the
minimum inhibitory concentration of the oil on the test fungi
35 The tubes were shaken to homogenize the contents and
0.01mL of the contents of each tube sub-cultured using the
spread plate method on PDA plates. The plates were then
incubated at room temperature for 72 hours and then observed
for any growth of colonies. Minimum fungicidal concentration
was determined as the highest dilution (lowest concentration) of
essential oil at which no growth occurred following the
subculturing onto PDA fungi B3],

All the bioassays were conducted in a biological safety cabinet
and in accordance with the protocols of Clinical and Laboratory
Standards Institute (CLSI) formerly National Committee for
Clinical Laboratory Standards (NCCLS).

2.8 Characterization of chemical composition of essential
oils of Tagetes minuta

Gas chromatography coupled to mass spectrometry (GC-MS)
was used to establish the chemical composition of the EOs.
Three replicates (each taken from a different extraction batch) of
Img of T. minuta essential oils were separately weighed and
diluted in 1mL of dichloromethane to make a stock solution.
From the stock solution, further dilution was made as follows:
100ul of stock topped to ImL with dichloromethane after which
the essential oil was analyzed on an HP-7890A (Agilent
Technologies, Wilmington, USA) GC connected to an HP 5975
C (Agilent Technologies, Wilmington, USA) MS. The gas
chromatography equipment was fitted with HP-5MS capillary
column; 30m x 0.25mm internal diameter; 0.25um film
thickness with 5%-phenyl methyl silicone as the stationary
phase (J & W Scientific, Folsom, USA). The operating
conditions were as follows: Carrier gas was helium with a flow
rate of 1.2 ml/min, constant flow mode; injection mode splitless;
oven temperature (35 °C for 5 min to 280 °C at 10 °C/min for
10.5min with a run time of 50 min); injection volume (1ul). The
components of the essential oil were identified on the basis of
their retention indices (RI) (determined with reference to a
homologous series of normal alkanes Cs-Csi) and calculated
based on a quasi-linear equation for temperature-programmed
retention index [°). Identification of essential oil components
was further verified by comparison of their MS fragmentation
patterns with those reported in the mass spectra library database
(NIST0O5a and Adams MS HP, USA). Quantitative
determination of the constituents was made using the calibration
curve of the dose-peak area of a pure compound (1,8-cineole;
99%, Gillingham, Dorset, England), with the relative amount of
each individual component expressed as percentage of the peak
area relative to the total peak area.

2.9 Data analyses

Data were analyzed using the PROC ANOVA procedure of
GENSTAT version 15 and significant differences among means
compared using Fisher’s Protected LSD at 5% probability level.
The inhibitory effects of the essential oils against the test fungi
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were expressed as mean + standard error of the mean inhibition
zones diameter (mm). Linear regression analysis was performed
to determine correlations between different concentrations of
essential oil and their overall antifungal activity assessed as
diameters of the inhibition zone. Standard dose-response curves
were obtained by plotting essential oil concentrations (mg/mL)
against the mean inhibition zone diameters (mm).

3. Results and Discussion

3.1 Percentage yield of Tagetes minuta essential oils

The mean percent yield of essential oils from four distillation
batches of fresh aerial parts (leaves, stems and flowers) of T.
minuta was 0.059% w/w (Table 1). The steam distillation
method had a relative standard deviation (RSD) of 1.01%. Such
a RSD value (specification: precision = maximum of 2% RSD)
indicated that the steam distillation method was precise and with
minimal wastages 33, The percent yield of EOs obtained in the
current study was higher than that obtained in previous studies
from the same plant species sampled from other parts of Kenya
but using different extraction methods. For example, essential
oil yields of 0.00029% w/w were obtained from fresh aerial
parts of T. minuta sampled from Bungoma County, western
Kenya 7 31 In another study, T. minuta plant materials
obtained from three regions in different agro-ecological zones in
Kenya namely: Kasarani (Nairobi County), Bungoma (Bungoma
County) and Bondo (Siaya County), produced EO yields of
0.045, 0.039, and 0.035% w/w, respectively P, However,
higher yields of T. minuta EOs than those obtained in the
current study have been reported in literature. For instance, EO
yields of 1% w/w were reported from leaves of T. minuta plants
grown in greenhouse conditions in Iran ™% while in another
study, essential oil yields of 1.2% w/w were obtained from T.

minuta plants grown on experimental farms in the same country
11 The reported variations in the yields of essential oils of T.
minuta could be attributed to various interactions between the
genetics, ontogenesis and physiological state of the plant with
the environment in addition to numerous abiotic factors present
in the external environment of the growing plants [38: 42 431,

Table 1: Percentage yield (% w/w) of Tagetes minuta essential oils

Batch | Weight of plant Weight of Percentage yield
No. material (kg) essential oil (g) (% wiw)
1 4.38 2.588 0.059
2 4.23 2.542 0.060
3 4.60 2.738 0.059
4 4.10 2.412 0.058
Mean = 0.059 +
0.0003

3.2 Activity of Tagetes minuta essential oils on selected
fungal pathogens

Tagetes minuta essential oils had potent antifungal activity
against all the test fungal species namely: F. oxysporum, F.
solani, A. flavus, A. parasiticus, and A. niger (Figure 1). There
was variation in antifungal activity of crude essential oils among
the fungal species with four of the tested species - F.
oxysporum, A. flavus, A. parasiticus and A. niger - falling within
the category of extremely sensitive (diameters of the inhibition
zone larger than 20mm) while F. solani was ranked as very
sensitive (diameters of the inhibition zone between 15 and
19mm) after five days of incubation. These findings concurred
with the reported antifungal activity of essential oils, aqueous
and organic extracts of T. minuta against a wide range of
economically important phytopathogens #4461,

Inhibition zones

Essential oil

Apron Star®

DMSO

Fig 1: Growth inhibition of A. flavus (A), A. parasiticus (B), F. solani (C), A. niger (D) and F. oxysporum (E) by essential oils of Tagetes minuta,
Apron Star® (+ Control) and DMSO (- Control) after 10 days.
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In addition to the observed growth inhibition, the essential oils
caused a delay in the growth of A. niger, A. parasiticus and A.
flavus. The growth rate of the three fungi after treatment with
the EOs was slower when compared to their negative controls.
These observations may be attributed to the ability of the
essential oils to change the general growth and morphogenesis
of fungi as previously reported 7 “81. In the two studies,
microscopic analysis revealed that the essential oils of
Cymbopogon nardus (L.) Rendle and Citrus sinensis (L.)
Osbeck produced deleterious ultrastructural modifications in A.
niger including loss of cytoplasm in fungal hyphae, progressive
thinning of hyphal diameter and walls, budding and flattening of
hyphal tip, plasma membrane disruption and mitochondrial
structure disorganization 47481, The modifications in cytological
structures were attributed to the interference of the essential oils
with the enzymes responsible for wall synthesis [,
Considerable changes in mycelial growth and sporulation were
also reported in a study that investigated the effects of essential
oils of Foeniculum vulgare Mill, Zingiber officinale Roscoe,
Mentha piperita L., and Thymus vulgaris L. on A. flavus and A.
parasiticus. The authors noted significant inhibitory effects on
mycelial growth of A. parasiticus by the four EOs with T.
vulgaris showing the best inhibitory effect on mycelial growth
and sporulation of A. parasiticus and A. flavus 2!,

Inhibition of growth of A. flavus and A. parasiticus by the EOs
occurred even in regions of the cultures that were not in direct
contact with the oil-impregnated paper discs. This was an
indication that the T. minuta EOs were able to inhibit the growth

of the two fungi in regions far removed from the primary
application sites. The ability of essential oils to cause growth
inhibition in fungi without any direct contact has been attributed
to the vapour-phase antifungal activities of the essential oil
components. There is evidence in literature on the fungistatic
and fungicidal activity of volatile vapours of essential oils
through inhibition of mycelial growth and sporulation %39, In
one such study, volatile vapours of clove essential oils exhibited
potent fungistatic activity whereas direct application of essential
oils showed fungicidal activity against dermatophytic fungi
Epidermophyton floccosum, Microsporum audouinii,
Trichophyton mentagrophytes and Trichophyton rubrum B,
The activity of the EOs against the aforementioned
dermatophytes occurred through inhibition of mycelial growth
and spore germination.

The results obtained in the current study revealed that on the 5"
day, the highest antifungal activity of the EOs was against F.
oxysporum and A. niger, both of which had mean inhibition
zone diameters of 28.67mm (Table 2). The activity of the oils
against these two fungal species was significantly greater (p <
0.05) than from the standard fungicide Apron Star® within the
same period. In general, the activity of the oils against the five
test fungal species on the 10" day was significantly lower (p <
0.05) compared to the activity observed on the 5" day. The
percentage decrease in the inhibition zones within the two
periods was 29%, 21%, 18%, 41% and 14% for F. solani, F.
oxysporum, A. flavus, A. niger and A. parasiticus, respectively.

Table 2: Inhibition zones (mm) of Tagetes minuta essential oils and Apron star® on five fungi after five and ten days of incubation

Fungi Tagetes minuta essential oil Apron Star (+Control) Mean

5t day 10" day 5t day 10" day
F. solani 19.83+0.60¢" 14.17+0.83" 21.83+0.44¢¢ 19.17+0.44'¢ 18.75
F. oxysporum 28.67+0.88* 22.67+0.88P4 20.33+1.20%f 19.00+0.58f 22.67
A. flavus 23.17+0.44% 19.00+1.15% 22.17+1.30%¢ 23.33+0.88" 21.92
A. niger 28.67+1.202 16.83+0.73f 24.50+0.76° 24.00+0.58b¢ 23.50
A. parasiticus 28.23+0.39¢ 24.17+0.60b° 28.33+0.88* 30.50+1.04* 27.81

Values are mean + standard error of the mean for bioassay conducted in triplicates. Means followed by the same letter(s)
are not significantly different (Multivariate analysis, Fisher’s protected LSD at p < 0.05).

While F. oxysporum was the most susceptible to the growth
inhibition effects of the essential oils among the test fungi, F.
solani was the least sensitive with mean inhibition zones of
19.83 and 14.17mm after 5 and 10 days of incubation,

respectively. A comparison of the antifungal activity of the
essential oils and the standard fungicide on the five test fungi
after 5 and 10 days of incubation are shown in Figure 2A and
Figure 2B, respectively.

35
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Fig 2: Growth inhibition of the test fungi by Tagetes minuta essential oils and Apron Star® after 5 days (A) and 10 days of incubation (B). Error
bars represent standard error of mean.

3.3 Activity of different concentrations of Tagetes minuta
essential oils on the test fungi

There was a concentration-dependent inhibitory activity of T.
minuta essential oils against the test fungi. In general, increase
in concentration of EOs resulted in an increase in the diameters
of the inhibition zones and thus, dose-dependent response was
clear in most of the test fungi (Table 3). It has previously been
reported that antifungal activity and indeed most biological
activities of essential oils are dependent on their concentrations
(21, 301 For instance, concentration-dependent antifungal activity
of T. minuta EOs against Aspergillus niger and Candidas
albicans have been reported ™+ 41, In another study, essential
oils of Azadirachta indica A. Juss., were found to be efficient in
reducing the colony diameter and dry weight in Fusarium
oxysporum f. sp. medicagenis and F. subglutinans isolates in a
concentration-dependent manner 2. The concentration-
dependent antifungal activities of EOs observed were attributed
to changes in concentration of the active principles as the overall
EOs concentration changed. Several studies have reported dose-
dependent biological activities of various pure compounds
isolated from essential oils [**. Thus, as the concentration of the
EOs increases, so does the active component present in the oil

and hence an increase in the activity of the EOs in this case
represented by larger inhibition zones.

The study nevertheless, found some exceptional instances where
essential oils that were more concentrated produced smaller
inhibition zones in comparison to the less concentrated/more
diluted EOs. Instances where more concentrated EOs produce
smaller inhibition zones have been reported in literature and are
attributed to the fact that dilute EOs diffused more easily in the
agar medium (i.e. aqueous environment) than the undiluted or
less dilute EOs ¥, Moreover, polymerization of the undiluted
essential oils may also lead to reduced antimicrobial activity and
hence smaller inhibition zones [“41. It can therefore be concluded
that antifungal activity of essential oils is a function of
concentration, solubility, diffusion and evaporation rates of the
essential oils in the media among other factors [2-°3, Commonly
used solvents and solubilizing agents such as dimethyl
sulphoxide, ethanol and Tween 20/80 also have significant
effects on antimicrobial susceptibility testing results 2% 5¢1. The
estimated minimum inhibition concentrations (MICs) based on
the activity of different concentrations of T. minuta essential oils
on the test fungi using the disc diffusion methods were in the
range of 6.0 — 24.0 mg/mL.

Table 3: Inhibition zones (mm) on test fungi by different concentrations of Tagetes minuta essential oils after five days of incubation

Fungi Essential oil concentration (mg/mL)*10? DMSO (-Control)
3.8 1.9 0.95 0.48 0.24 0.12 0.06
F. solani 13.50+0.76 | 14.83£2.49 | 9.50+10.76 | 8.50+0.50 <8.00 <8.00 <8.00 0.00
F. oxysporum | 20.83+0.93 | 18.174£0.60 | 19.33+0.17 | 19.33+0.44 | 12.50+0.87 | 10.17+0.44 | <8.00 0.00
A. flavus 18.83+0.44 | 19.50+0.76 | 13.83+1.09 | 8.67+0.44 <8.00 <8.00 <8.00 0.00
A. niger 19.33+0.40 | 19.17£0.60 | 21.33+0.60 | 13.83+1.09 | 12.83+0.73 | 9.17+0.43 | <8.00 0.00
A. parasiticus | 22.83+0.44 | 20.17+0.93 | 14.67+0.93 | 10.33+0.60 <8.00 <8.00 <8.00 0.00

Values are means + standard error of the mean for bioassays conducted in triplicates.

3.4 Dose-response effects of the essential oils on the growth
of fungi

A linear regression model based on essential oils concentration
(mg/mL) as the input independent variable is shown in Figure 4.
There was a significant correlation (p < 0.05) between the tested
concentrations of the EOs and mean inhibition zones in A.
parasiticus (R?> = 0.87; p = 0.002), A. flavus (R?= 0.72; p =
0.009) and F. solani (R?> = 0.73; p = 0.014). An exception to this
pattern was however observed in A. niger (R?> = 0.36; p = 0.092)

and F. oxysporum (R? = 0.35; p = 0.096) where no significant
correlation (p > 0.05) was found between the tested essential oil
concentrations and the mean inhibition zones. Lack of a linear
correlation between the essential oil concentrations and growth
inhibition in A. niger and F. oxysporum could be attributed to
the aforementioned factors that result in instances where
essential oil that is more concentrated produce smaller inhibition
zones in comparison to the less concentrated/more diluted
essential oil.
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Fig 3: A dose-response curve of inhibition zone diameters (mm) against the concentration of T. minuta essential oil (mg/mL) for the five test fungi.

3.5 Minimum inhibitory concentrations and minimum
fungicidal concentrations

The results of the minimum inhibitory concentrations (MICs)
and minimum fungicidal concentrations (MFCs) of T. minuta
essential oils on the test fungi are shown in Table 4. The MICs
of the essential oils of T. minuta on the studied fungi ranged
between 24 to 95 mg/mL. The MICs values obtained through
the tube dilution method were different from those estimated
using the disc diffusion method i.e. 6 — 24 mg/mL. The variation
in the results from the two methods is indicative of the difficulty
of comparing antimicrobial susceptibility testing results that
have been conducted using different methodologies, especially
in regard to the assessment of minimal inhibition concentrations

7. 381 In the current study, differences in the solubility,

diffusion and evaporation rates of the essential oils in agar and
broth media could be among the paramount factors that
contributed to the observed differences between the two
methods !, The minimum fungicidal concentrations (MFCs)
were in the range of 24 -190 mg/mL. Aspergillus niger and A.
parasiticus had MICs values of 24 and 48 mg/mL, respectively.
The MFCs values for the two fungi were similarly 24 and 48
mg/mL, respectively. For these two fungi therefore, the lowest
concentrations of EO at which no visible growth were observed
(judged by the naked eye) in the broth tubes were also the
lowest concentrations at which the EOs produced biocidal
effects on the fungi.

Table 4: Minimum inhibitory concentrations and minimum fungicidal concentrations of the essential oils of Tagetes minuta on five fungal species

. “1n2 Growth of fungi in PDB tubes Growth of fungi on PDA plates
Tube/Plate No. | EOs concentration (mg/ml)*10 S TFO TAF T AN | AP T Es T Fo | AE T AN | AP
1 Crude EOs - - B - - B B : B .
2 3.8 - - - - - - - - -
3 1.9 - - - - - B B
4 0.95 - - - - - n N - - .
5 0.48 + - B - - T B _ ; .
6 0.24 + - - - + + + + - +
7 0.12 + + + + + + + + + +
8 0.06 + + + + + + + + + +
9 0.03 + + + + + + + + + +
10 0.015 + + + + + + + + + +
11 - ve control + + + + + + + + + +
13 +ve control - - - - _ _ _ _ B -

[+] Growth and [-] No growth of the fungi; FS - F. solani, FS - F. oxysporum, AF - A. flavus, AN - A. niger and AP - A. parasiticus

PDA - Potato dextrose agar; PDB - Potato dextrose broth; Tube
1- Fungal inoculum and undiluted crude essential oils; Tube 2 to
10 - PDB, fungal inocula and essential oils of different
concentrations ; Tube 11 - Fungal inoculum and PDB (-ve
Control); Tube 13 - Fungal inoculum, PDB and the standard
fungicide (+ve Control).

3.6 Chemical composition of the essential oils of Tagetes
minuta

Gas chromatograph - mass spectrometry analyses of T. minuta
essential oils identified 20 compounds corresponding to 96% of
the total oil. Table 5 shows the compounds identified from the
essential oil along with the retention indices and concentration

percentage. The essential oils comprised of hydrocarbons
mainly terpenes; a mixture of monoterpenes (70%) and
sesquiterpenes (30%). The most abundant compounds identified
in the EOs all of which were monoterpenes were: (E)-tagetone
(11.8%), dihydrotagetone (10.7%), allo-ocimene (8.8%), (Z)-B-
ocimene (7.0%), limonene (5.3%) and (Z)-tagetone (5.0%). The
least abundant monoterpenes were a-phellandrene and (Z)-f-
ocimene each representing 3.6% of the total essential oil
composition. Sesquiterpenes concentration on the other hand
ranged from 3.4 - 3.5% and comprised of (E)-caryophyllene
(3.5%), elixene (3.5%), bicyclogermacrene (3.5%), a-humulene
(3.5%), silphiperfol-6-ene  (3.4%) and one unknown
sesquiterpene compound (3.5%). One of the most significant
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findings of this study was the identification of two compounds -
elixene and silphiperfol-6-ene - two sesquiterpenes that had not
been previously reported in essential oils of T. minuta. This is
therefore the first reported occurrence of the two components in
the essential oils of T. minuta, representing an important
addition to the database of the chemical profile of T. minuta
essential oils.

The findings of the study were in agreement with numerous
earlier studies that have cited monoterpenes and sesquiterpenes
as the major subclasses of terpenes that are commonly found in
essential oils of T. minuta. For example, EOs from T. minuta
sampled in three regions in Kenya namely; Kasarani (Nairobi
County), Bungoma (Bungoma County) and Bondo (Siaya
County) were found to contain mostly monoterpenes and
sesquiterpenes hydrocarbons in the ratios of 3:7, 2:8 and 4:6,
respectively %L In another study, 119 compounds were
identified in T. minuta EOs constituting monoterpenes (47.9%),
sesquiterpenes (30.3%), hemiterpenes (15.1%), diterpenes
(1.7%) and unknown compounds (5.0%) %l Similarly, the two
subclasses of terpenes i.e. monoterpenes and sesquiterpenes
were reported to constitute the biggest percentage of T. minuta

EOs extracted from plants sampled in Zambia, Namibia and
Yemen [60-621,

Great variations have been reported in literature on the chemical
profiles of essential oils of T. minuta sampled from a wide range
of geographical locations. Some studies have reported as few as
six compounds [°"> %31 while others have reported over a hundred
compounds in T. minuta essential oils B¥l. Variations in the
chemical composition of T. minuta essential oils with respect to
harvesting location > %41, growth stage [ ¢, plant parts [6 6],
climatic conditions under which the plant is grown [¢71 and the
different chemotypes [**1 have all been reported. Despite the
reported differences in the actual number of compounds
identified in T. minuta EOs in different studies, majority of the
compounds that have been cited as common constituents of T.
minuta EOs are terpenes belonging to any of the four subclasses
namely; monoterpenes, sesquiterpenes, hemiterpenes and
diterpenes 1% 3% This suggests that the chemical profiles of T.
minuta EOs from different regions are chemically comparable
despite the great variation in the actual number of components
present.

Table 5: GC-MS identified constituents in the essential oils of Tagetes minuta

No? | Rt (min) | Compound Name '\]/(Ig:ifﬁ::r M+g/mol | RIP E::E Major peaks Cor(]f;z )n;gaélon
1 10.6 Sabinene CioHise 136.2 956 93 136,121,91,79, 77, 69 3.840.12
2 11.2 a-Phellandrene CioHie 136.2 983 93 136, 121, 94, 91, 80, 77 3.6£0.06
3 11.7 Limonene CioHis 136.2 1005 68 136,121, 107,93, 79, 53 5.3+0.02
4 11.8 (Z2)-B- Ocimene CioHie 136.2 1015 93 121, 105, 79, 67, 53, 41 7.0£0.03
5 12.0 (E)-B- Ocimene CioHis 136.2 1027 93 136,121, 105, 79, 67, 53 3.6+0.01
6 12.1 Dihydrotagetone C1oH150 154.2 1033 85 154, 139, 119, 97, 69, 57, 41 10.7+0.25
7 12.8 Unknown - - 1073 71 136, 121, 105, 93, 79, 67 5.4+0.01
8 13.4 Allo-Ocimene CioHie 136.2 1110 121 136, 121, 105, 93, 79, 67 8.8+0.01
9 13.5 Unknown - - 1116 91 134,119, 105, 91, 67, 55 3.9+0.01
10 13.6 Unknown - - 1122 43 139,121, 111, 93, 81, 69 3.7+0.01
11 13.7 (Z)-Tagetone CioH160 152.2 1126 95 152,134, 109, 93, 67, 43 5.0+0.06
12 13.8 (E)-Tagetone CioH160 152.2 1134 95 152,134, 109, 93, 67, 43 11.84+0.02
13 15.0 (Z)- Ocimenone Ci0H140 150.2 1205 93 135,121, 79, 69, 41 3.8+0.01
14 15.1 (E)- Ocimenone CioH140 150.2 1213 69 137,119, 109, 91, 41 3.9+0.01
15 15.6 unknown - - 1247 97 126, 83, 70, 55, 43 3.5+0.04
16 16.6 Elixene CisHos 204.35 1310 121 204, 189, 162, 136, 107, 93 3.540.02
17 16.7 Silphiperfol-6-ene CisHos 204.35 1319 133 107,93, 79, 55, 41 3.4+0.01
18 17.7 (E)-Caryophyllene CisHo4 204.35 1393 93 133,107, 105,91, 79, 77 3.5+0.01
19 18.2 a-Humulene CisHos 204.35 1400 93 147,121, 107, 80, 67 3.5+0.03
20 18.7 Bicyclogermacrene CisHos 204.35 1401 93 204, 189, 161, 121, 107, 79 3.5+¢0.03

PRI = Retention Index; SE = Standard error of the mean; M+g/mol = Molecular weight

4. Conclusion

Increasing environmental and health concerns arising from the
continued use of synthetic antifungal compounds has generated
a strong interest in the development of alternative natural
fungicides that are effective and environment-friendly.
Phytochemicals are recognized as some of the most promising
compounds in the development of new biopesticides for the
management of plant pathogens. This study revealed promising
antifungal activity of the essential oils of Tagetes minuta against
the test fungi. Four out of five studied fungi were categorized as
extremely sensitive with one being ranked very sensitive when
subjected to crude essential oil. The study demonstrated in vitro
antifungal activity of T. minuta essential oils against the test
fungi and thus shows the potential use of these oils as an
alternative to synthetic fungicides. To achieve this however,
further studies are required to evaluate the applicability of these
oils in the management of plant pathogenic fungi under field
conditions.
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