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Abstract

Aim: The purpose of the present study was to evaluate the effects of Beauveria bassiana (Hypocreales) inoculum on plant
growth, volatile constituents, and tick repellency of the extracts of Tulbaghia violacea (Amaryllidaceae).

Materials and Methods: Eight-week-old potted seedlings of 7. violacea were each inoculated with conidia of B. bassiana
(strain SM3) suspended at a concentration of 1x10¢ conidia mL™. Tissue colonization by fungal conidia was assessed after
3 weeks. Plant growth, volatile constituents, and tick repellency were assessed after 12 weeks post-treatment.

Results: B. bassiana conidia successfully colonized leaf and root tissues of 7. violacea. The growth of fungal hyphae out
of the leaf and root sections occurred in 75% and 91.6% of plants, respectively. Inoculation of the plants with B. bassiana
significantly (p<0.05) influenced root length and plant height but did not have substantial effects on weights and leaf number
of T violacea. While the fungus did not have significant effects on overall number of the volatile chemical constituents,
significant variations in the quantity (area ratio) were observed in at least four compounds that were detected. In the tick
repellency bioassay, high concentration (20 w/v%) of acetone extract from fungus-exposed plants produced the least
repellent effect on Rhipicephalus appendiculatus larvae (Ixodidae), while at lower concentrations (5 w/v% and 10 w/v%) of
acetone extracts of 7. violacea, tick repellent activity of the extract of the fungus treatment was significantly improved and
was comparable to commercial N,N-Diethyl-m-toluamide and the other treatments.

Conclusion: Experimental fungal inoculation positively influenced plant growth in height and root length and tick
(R. appendiculatus) repellency of acetone extracts of 7. violacea at a concentration of 10 w/v% compared to the control
treatment.

Keywords: Beauveria bassiana, fungal endophyte, secondary metabolites, tick repellency, tick toxicity, Tulbaghia violacea.

Introduction of approximately $160 million annually [S]. The
hard-bodied ticks are important vectors of patho-
gens; they are capable of transmitting a wide range
of pathogens including bacteria, viruses, and para-

sites [6]. One of the most important tick species in the

Ticks are associated with many diseases of
humans, livestock, and wildlife. Developing coun-
tries, especially those in Africa, are heavily burdened
by tick infestations and record huge annual economic

losses [1]. Ticks and tick-borne diseases (TBDs)
have adverse impacts on livestock and human health,
hence, placing a huge burden on the livelihoods of
resource-poor farming communities in developing
countries [2,3]. TBDs are among the most import-
ant diseases of livestock [4]. It is estimated that a
TBD such as East Coast Fever (ECF) kills 1.1 mil-
lion cattle in Africa resulting in economic losses
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African continent is Rhipicephalus appendiculatus,
the main vector of the protozoan pathogen Theileria
parva, a causative agent of ECF in East Africa, cor-
ridor disease in Eastern and Southern Africa, and
January disease in Central Africa [7]. ECF is asso-
ciated with high cattle mortality [8]. There are fears
that climate, land use, and vegetation changes will
extend the distribution of R. appendiculatus in South
Africa, resulting in increased incidences of 7. parva
outbreaks among cattle [9]. Synthetic chemical acar-
icides are widely used for controlling ticks, but there
are worries over acaricide resistance and environmen-
tal contamination [10]. These concerns have favored
the search for plant-based anti-tick agents, which are
thought to be more sustainable and environmentally
friendly than synthetic acaricides [11]. Traditional
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remedies including the use of ethnoveterinary plants
are still the main approaches for the treatment of
animal health problems, such as wounds, tick infes-
tations, and TBDs in Africa, especially in resource-
poor regions [12-14]. Ethnomedicinal knowledge has
played a crucial role in the drug discovery and develop-
ment processes [15,16]. Some herbal-based acaricides
are available commercially [17,18]. It is worth men-
tioning that plant secondary metabolites are respon-
sible for the bioactivities and medicinal properties of
plants; hence, many studies are investigating ways to
improve the medicinal constituents in plants [19,20].
Production of secondary metabolites in plants can be
influenced by manipulating biotic and abiotic envi-
ronmental factors [20,21]. Inoculation of plants with
an endophytic fungus is a biotic approach that can be
used to enhance the production of secondary metabo-
lite in host plant species [22,23]. Fungal endophytes
can colonize plant tissues and form symbiotic and
mutual beneficial association with host plants [24].
Interestingly, some endophytic fungi may have det-
rimental effects on arthropod herbivores [25]. A fun-
gal endophyte may protect plants from herbivory and
disease [26], which is often mediated by changes in
volatile and alkaloid constituents of host plants [27].
When a fungal endophyte colonizes plant tissues, it
influences plant growth and secondary metabolite
production [28-30].

The use of ethnoveterinary plants for tick control
is widespread in Africa. Thus far, however, few plant
species that are used traditionally for control of ticks
have been scientifically validated [31]. Some spe-
cies belonging to the Amaryllidaceae family, such as
Allium cepa and Allium sativum, have acaricidal and
tick repellent properties [32,33]. The genus Allium
is well-recognized for their anti-tick activities and
their bioactive secondary metabolites, including alli-
cin (diallyl thiosulfinate) [34]. The genus Tulbaghia
(Amaryllidaceae), which is closely related to the genus
Allium, could be a potential source of tick control
agents or extracts [35]. Crushed leaves of Tulbaghia
violacea are used to repel ticks and mosquitoes [36];
however, currently, scientific reports on the efficacy
of Tulbaghia on ticks are rare. In South Africa, 7. vio-
lacea is also used traditionally for the treatment of
many diseases, including pulmonary tuberculosis,
intestinal worms, and sinus headaches [36]. T. vio-
lacea is frequently harvested from the wild by tra-
ditional healers, putting intense pressure on the wild
populations [37,38]. Despite its medicinal uses, very
few studies have focused on the optimization of the
cultivation with the view of improving yield and qual-
ity of the medicinal materials, and bioactivity derived
from this species [39].

In the current study, 7. violacea was inoculated
with an endophytic arthropod-pathogenic fungus
with the purpose of increasing the secondary metab-
olite contents and anti-tick repellent activity of its
extracts. Specifically, the effects of amending plant

growth medium with the inoculum of Beauveria bas-
siana (Hypocreales) on plant growth, plant secondary
metabolite, and R. appendiculatus repellent activity of
extracts of 7. violacea were evaluated.

Materials and Methods

Ethical approval

The Research Ethics Committee of the Faculty
of Applied Sciences, Cape Peninsula University of
Technology approved this study.

Fungus

An indigenous strain (SM3) of B. bassiana was
used in the present study. Cultures of the fungal strain
were obtained from the Department of Horticultural
Sciences, Cape Peninsula University of Technology
(CPUT). Before its use, a conidial germination test to
determine conidial viability was carried out according
to the method described by Inglis et al. [40] with mod-
ifications. The viability of conidia was determined by
spread plating 0.1 ml of conidia suspension, titrated at
1x10° conidia ml™! on half-strength Potato Dextrose
Agar (PDA) plates amended with 0.02 g/L of ampicil-
lin (Sigma-Aldrich, South Africa) and 0.04 g/L strep-
tomycin (Sigma-Aldrich), and incubated at 26+2°C.
Plates were then examined after 24 h by placing two
sterile microscope cover slips on each plate and the
percentage germination determined from 100-spore
counts under each cover slip. The germination per-
centage was over 90%.

The fungus was cultured on half-strength PDA
amended with 0.02 g/L of ampicillin (Sigma-Aldrich,
Johannesburg, South Africa) and 0.04 g/L strepto-
mycin (Sigma-Aldrich, Johannesburg, South Africa).
Clean fungal subcultures on agar were prepared in
9 cm diameter Petri dishes and incubated at 25°C.
B. bassiana conidia were harvested by scrapping
3-4-week-old cultures using sterile spatula and sus-
pended into 100 ml bottles of sterile distilled water
containing sterile 0.01% Tween 80. The suspension
was mix using a vortex shaker for 5 min to ensure
separation of spores. Conidial concentrations were
determined using an improved Neubauer hemocy-
tometer and the suspensions were adjusted to 1x10°
conidia mL™" in sterile distilled water.

Tick colonies

Nine-day-old adults of R. appendiculatus colony
used in this study were obtained from the Division
of Livestock and Human Diseases Vector Control of
the Tropical Pesticides Research Institute (TPRI) in
Arusha, Tanzania. The ticks were reared in a room
that had relative humidity of 70% and a temperature
range of 26-28°C. Ticks were kept in small tubes with
gauze stopper. These small tubes are kept in small
cylindrical containers that are half-filled with moist
sand. Nymphs and larvae were fed on New Zealand
white rabbit and adult ticks were fed on sheep. The
mammals were handled humanely in accordance with
ethical guidelines of the TPRI.
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Greenhouse experiment

The experiment was conducted in a greenhouse
of the Department of Horticultural Sciences, CPUT,
Bellville campus, Western Cape, Province, South
Africa. Seedling trays of 7. violacea were obtained
from a wholesale nursery, Western Cape Seedlings,
Cape Town. Eight-week-old seedlings were trans-
planted into 14 cm diameter pots containing substrate
mix made of peat, silica sand, perlite, and vermiculite
in equal volume and were placed in a controlled green-
house. There were two treatments: Plants that were
inoculated with the fungus B. bassiana (test group)
and those that were not exposed to the fungus (control
group) (Figure-1). Two hundred plants were randomly
allocated to each block with 100 replicates per treat-
ment. The potted plants were placed on flat surface
steel tables (2.5%1 m). Plants were fed with Nutrifeed
fertilizer obtained from Stodels Garden Centre in Cape
Town and the fertilizer contained the following ingre-
dients: 65 g/kg N, 27 g/kg P, 130 g/kg K, 70 mg/kg
Ca, 20 mg/kg Cu, 1500 mg/kg Fe, 10 mg/kg Mo,
22 mg/kgMg, 240 mg/kg Mn, 75 mg/kg S,240mg/kg B,
and 240 mg/kg Zn. The nutrient solution was prepared
by dissolving 60 g of the fertilizer in 60 L reservoir
with tap water. Plants were irrigated once a week,
each plant was watered with 100 mL distilled water
containing Nutrifeed. B. bassiana conidial suspension
(50 ml of 1x10° conidia mL™") was added each potted
plant in the test treatments by drenching. Control treat-
ment was not exposed to fungal spores, only 50 ml
of sterile 0.01% Tween 80 was added to each control
replicate. After 3 weeks, this treatment procedure was
repeated. The experimental conditions in the green-
house were 25+5°C, 65+5 RH, and natural day-night
cycle. The experiment continued for 12 weeks. Plant
growth measurements were taken at the end of the
experiment. Plant height (aerial part) (cm), root length
(cm), number of leaves per plant, and plant dry and
fresh weights (g plant) of root and aerial parts were
recorded. Plant height was taken by setting a ruler
from the center of growing medium level to the tip of
the long leaf of the plant and leaves were counted for
each plant.

Reisolation of fungus

Reisolation of B. bassiana in tissue of 7. viola-
cea was determined at 3 weeks following the inocu-
lation with B. bassiana. Randomly selected seedlings
were carefully removed from pots and the leaves sep-
arated from the roots. The leaves and roots were then
softly washed with tap water and then placed on ster-
ile tissue paper in a laminar flow cabinet. From these,
four leaf (1-2 mm?) and root (1 cm long) sections were
excised. These parts were sterilized with 70% ethanol
for 1 min, 1% sodium hypochlorite for 1 min, rinsed
twice with sterilized distilled water, and placed sep-
arately on the surface of the selective medium; half-
strength PDA (19.5 g/L) amended with 0.02 g/L of
ampicillin (Sigma-Aldrich) and 0.04 g/L streptomycin

(Sigma-Aldrich), maintained at 25°C. The presence
and absence of B. bassiana growth on the section
were recorded after 10 days. A total of 60 plants were
examined in test and control treatments. The presence
of B. bassiana in at least one of the leaf sections was
considered as an indication of successful colonization
of a plant (Figure-2). The data were expressed as per-
centage colonization ([number of plant replicates col-
onized/ number of plant replicates excised]x100).

Plant material and extract preparation

Extracts of 7. violacea were prepared by man-
ually crushing 10 g of fresh leaves and roots sepa-
rately using a porcelain mortar for 15 min followed by
extraction with 25 ml of acetone. The extraction pro-
cess lasted 5 h followed by filtration with Whatman
filter paper no. 1 into clean centrifuge tube. Thereafter,
a two-fold serial dilution was carried out; 5 ml of the
filtrate yielded was mixed with 5 ml of pure acetone
to obtain the 20 w/v% extract solution and 10 w/v%
was obtained by taking out 5 ml from the 20 w/v% and
mixed with 5 ml of clean acetone. Finally, 5 ml was
taken from the 10 w/v% of extract and mixed with 5
ml of pure acetone to obtain the 5 w/v% of extract.

Headspace gas chromatography-mass spectrometry
(GC-MS) analysis

Sample preparation

Roots and leaves were cut off fresh 7. viola-
cea plants and frozen at —80°C (overnight). The leaf

Figure-1: Fungus-treated potted Tulbaghia violacea group
(T) and control-treated potted T. violacea (C).

Figure-2: Endophytic colonization of Tulbaghia violacea by
Beauveria bassiana; C: Leaf sections from control-treated
plants showing no fungal outgrowth, while fungal hyphae
outgrowth occurred on root (TR) and leaf (TL) sections of
fungus-treated plants.
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and root samples were freeze-dried and liquid nitro-
gen (N,) was added. The samples were immediately
crushed and 1 g was weighed into a solid-phase micro-
extraction (SPME) vial. Two milliliters of 12% alco-
hol solution (v/v) at pH 3.5 were added into the vial
followed by 3 ml of 20% NaCl solution. The samples
were vortexed and analyzed by SPME-GC-MS (with
a gray fiber (divinylbenzene/carboxen/polydimethyl-
siloxane [DVB/CAR/PDMS]). About 5 ml of Milli-Q
(ultra-pure) water was added to 5 ml of the sample
into a SPME vial followed by addition of 3 ml of 20%
sodium chloride (NaCl) solution and vortexed. The
headspace of the sample was analyzed using a DVB/
CAR/PDMS SPME fiber (gray).

Chromatographic separation

Chromatographic separation was carried out on
a GC (6890N, Agilent Technologies Network) cou-
pled to an Agilent Technologies Inert XL electron
ionization/chemical ionization mass selective detector
(5975B, Agilent Technologies Inc., Palo Alto, CA).
The carrier gas was helium, and it was used at a flow
rate of 1 ml/min. The following conditions were main-
tained: injector temperature 250°C; the split ratio 5:1;
the oven temperature was set to 35°C for 6 min, at a
rate of 3°C/min to 70°C for 5 min, then at 4°C/min
to 120°C for 1 min, and finally increased to 240°C at
a rate of 20°C/min for 2.9 min. The electron impact
mode of the mass spectrometer was maintained at ion-
ization energy of 70 eV, scanning from 35 to 500 m/z.
The identification of the volatile compounds was
achieved through mass spectrum and retention time
comparison at 90% matching with internal standards
and reference library.

Repellency bioassay

A disk bioassay was used in the repellency bio-
assay. A 12.5 cm diameter Whatman filter paper was
divided into six sections of similar dimension by
drawing diametric lines passing through the center of
the filter paper with a pencil and a small circle in the
middle, which served as a neutral tick release zone.
Each of the six sections represented a treatment: TR
(extracts of roots from plants treated with B. bassiana),
TL (extracts of leaves from plants treated with B. bas-
siana), CR (extracts of roots from plants not exposed
to the fungus), CL (extracts of leaves from plants not
exposed to the fungus), N,N-Diethyl-m-toluamide, and
acetone (Figure-3). A small circular area (2 cm diame-
ter) was drawn at the center of the filter paper (neutral)
for the release of ticks. This test was made-up of three
concentrations of plant extracts (20, 10, and 5% w/v).
Each concentration had five replicates. One hundred
14-day-old larvae of R. appendiculatus were released
on the neutral section of the treated filter papers using
a fine painter’s brush (no. 3). The positions of ticks on
each section were recorded 3 min after their release.
Sections with the lowest number of ticks were consid-
ered to be repellent.

Figure-3: Disk repellency bioassay of Tulbaghia violacea
on Rhipicephalus appendiculatus larvae. The Whatman
No.1 filter paper was divided into six sections, representing
treatments (TR [extracts of roots from plants treated with
B. bassiana], TL [extracts of leaves from plants treated
with B. bassiana], CR [extracts of roots from plants not
exposed to the fungus], CL [extracts of leaves from plants
not exposed to the fungus], DEET, and acetone).

Statistical analysis

The experimental data collected, mean differ-
ence in plant growth parameters, mean percentage,
mean percentage of repellent bioassay, and mean area
ratios of volatile compounds were analyzed using
one-way analysis of variance and Tukey’s honest sig-
nificant difference test was used to separate the means
at a level of significance, p<0.05. These computations
were performed using PAST, version 3.21 [41].

Results

Reisolation of fungus from leaf and root materials

B. bassiana successfully colonized leaf and
root tissues of 7. violacea and was reisolated from
the leaf and root samples of fungus-exposed plants.
The growth of fungal hyphae out of the leaf and
root sections occurred in 75% and 91.6% of plants,
respectively.

Growth parameters

Plant height (aerial plant) of 7. violacea var-
ied significantly (df=1, 98; f=8.5; p<0.05) between
the fungus and control treatments. A higher mean
plant height (34.1£0.4 cm) was obtained in the fun-
gus-exposed plants (Table-1) compared to the control
(32.1£0.6 cm). Correspondingly, a longer root length
(25.3+£0.5 cm) was also obtained in fungus-treated
plants (df=1, 98; =4.4; p<0.05). However, the mean
number of leaves per plant was not statistical differ-
ent between fungus-treated plants and those in con-
trol treatment (df=1, 98; f=1.86; p>0.05); it is worth
noting that a higher leaf number was obtained in the
control (22.7£1.0 cm). Other growth parameters,
such as dry aerial and root weights of 7. violacea, did
not significantly vary between treatments, 12 weeks
post-treatment (df=1, 48; p>0.05) (Table-1). There
was no significant difference in fresh shoot weight of
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Table-1: The effects of Beauveria bassiana inoculation
on different growth parameters (mean=SE) of Tulbaghia
violacea at 12 weeks post-treatment.

Parameters Treatment Period Mean+SE
Plant height (cm) Fungus Week 12 34.1+£0.37a

Control Week 12 32.1+0.56b
Root length (cm) Fungus Week 12 25.3+0.54a

Control Week 12 23.5+0.63b
Number of leaves Fungus Week 12 20.7+1.06a
per plant Control Week 12 22.7+1.00a
Leaf fresh weight Fungus Week 12 17.2+0.64b
(g plant?) Control Week 12 20.4+0.54a
Root fresh weight Fungus Week 12 24.2+0.84a
(g plant?) Control Week 12 23.0+0.97a
Leaf dry weight = Fungus Week 12 3.1+0.28a
(g plant?) Control Week 12 3.3+0.23a
Root dry weight  Fungus Week 12 3.1+ 0.17a
(g plant?) Control Week 12 2.9+ 0.24a

Means followed by lowercase letters in the same column
are significantly different (p<0.05) for each parameter
following comparison using Tukey’s test. Gray and white
colors are used to differentiate/separate the growth
parameters

T. violacea between the two treatments at 12 weeks
post-treatment (df=1, 98; F=0.01; p>0.05). As well,
the fresh root weight showed no significant difference
(df=1, 98; £=0.86; p>0.05) (Table-1) between the two
treatments.

Volatile compounds

In the present study, a variety of compounds was
detected following GC-MS analysis (Table-2). Some
well-known anti-tick/insect compounds, such as
dimethyl disulfide (DMDS), alpha-pinene, limonene,
4-methyl-2-pentanol, cumene, gamma-terpinene, and
naphthalene, were detected from plants in both treat-
ments. In general, the diversity of the compounds
obtained in the fungus-exposed and unexposed plants
was statistically similar (p>0.05). However, five sig-
nificant variations (df=1, 4; p<0.05) in quantity of the
detected compounds (ratio of area of chromatogram
of a compound in relation to its corresponding inter-
nal standard) between fungus-inoculated and -control
plants were observed (Table-2).

Repellency bioassay

When repellent activities between test and
control extracts of 7. violacea were compared at
the highest concentration, significantly (df=5, 24,
f=8.7; p<0.01) more larvae (20.4+4.3-21.4+2.0) of
R. appendiculatus were found in the section treated
with extracts from the plants exposed to the fungal
inoculum compared to the control (Table-3). In gen-
eral, significantly (df=5, 24; p<0.01) increased tick
repellency was observed at the lower concentrations
(10 and 5 w/v%) compared to the highest concentra-
tion. The results further indicated that the root extracts
of plants exposed to extracts from fungus-exposed
plants performed better than the corresponding con-
trol extracts in the repellency bioassay at the lower
concentrations (10 and 5 w/v%) (Table-3).

Discussion

The fungal strain of B. bassiana used in this
study was successfully reisolated from the leaf and
root tissues, suggesting that the fungus colonized the
tissues of 7. violacea. Successful colonization of many
plant species following inoculation with B. bassiana
has been reported previously [42-44]. Furthermore,
this study demonstrated that soil drench inoculation
with conidia of entomopathogenic fungi B. bassiana
had variable effects on the different growth parame-
ters — B. bassiana did not significantly influence the
number of leaves, and dry and fresh weights of 7. vio-
lacea when compared with the control plants, but it
did influence plant height and root length significantly
(p<0.05). A recent review by Akello et al. [28] and
Dara et al. [45] indicated that B. bassiana showed
positive influence on the survival, growth, length, and
dry weight of cabbage. However, Jaber and Enkerli
[46] argued that there is an absence of consistency in
the plant growth promotion obtained by inoculating
plants with entomopathogenic fungi.

In this study, phytochemical analysis revealed
that the volatile constituents in the extract of
T. violacea varied between control and fungus
treatments. Some of the compounds contained in
the leaf and root extracts of 7. violacea evaluated
in this study were also reported by Olorunnisola
et al. [47]. Interestingly, sulfur-based compounds,
such as DMDS, are among compounds that were
also detected in the current study even though it
was not significantly different between treatments.
These compounds are released by quite a number
of plants to the environment, and they are toxic to
some insects; Dugravot ef al. [48] demonstrated that
Dimethyl disulfide (DMDS) can induce an uncom-
mon complex neurotoxic activity. Geraniol is com-
monly used as an insecticide and it exhibits various
biochemical and pharmacological properties [49]. A
prominent anti-insect compound that was detected
in this study is naphthalene [49]; it is the main
anti-insect active ingredient in mothballs.

Even though arthropod-pathogenic fungi and
plant extracts have been evaluated with promising
results against tick species, this is the first study that
evaluated the effects of inoculating plants with fun-
gal inoculum and its subsequent effects on anti-tick
activity of plant extracts. The use of EPF is one of
the approaches being considered as an alternative to
chemical acaricides [50]. In the present study, the ace-
tone extracts of 7. violacea that were inoculated with
B. bassiana inoculum were assessed against larvae
of R. appendiculatus. There was a significant differ-
ence in tick repellency among extracts of 7. violacea
that were inoculated with fungi when compared with
the control treatment. At a higher concentration of
20 w/v% concentration, extracts from fungus-inocu-
lated plants performed poorly, even showing a rela-
tive net positive attraction. However, root extracts of
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Table-2: Mean area ratio (in relation to internal standard) of volatile compound (mean=SE) of aerial (leaf) and root
parts of Tulbaghia violacea following exposure to control and fungus treatments.

Volatile compounds Leaves Roots

Beauveria bassiana Control Beauveria bassiana Control

treatment treatment treatment treatment

Dimethyl disulfide 0.5+0.24a 0.2+0.09a 1.5+£0.18a 0.6+0.30a
Alpha-pinene 0.1+ 0.02a 0.1+ 0.03a 0.1£0.02 a -
Limonene 2.4+0.53a 2.5+0.65a 1.9+0.65a 2.3+0.53a
Cumene 0.1+0.00a 0.1+0.0a 0.1+0.0a 0.1+0.15a
Gamma-terpinene 0.5+0.02a 0.4£0.10a 0.6 £0.01a 0.3+0.11a
Styrene 1.9+0.33a 1.2+0.37a 4.6+0.58b 26+0.77a
Octenone 0.1+0.0a 0.1+0.00a 0.4+0.33a 0.1+0.00a
Dimethyl trisulfide 0.3£0.07a 0.4£0.26a 1.3 £0.3a 0.9+0.63a
Nonanal 0.29+0.03a 3.8%£1.72b - 4.0+1.5a
Sec-butyl sultany 0.2+0.00a 0.1+0.03b 0.2+0.01a 1+£0.04a
Isodurene 0.3+0.17a 0.6+0.39a 0.2+0.05a 0.3+0.23a
(1,1-dimethylpropyl) benzene 0.08+0.00a 0.08+0.03a 0.1+0.02a 0.09+0.01a
Isodurene (trans) 1.2+0.09b 0.8+0.02a 0.2+0.04b 0.8+1.62a
4-methyl-indene 0.3+0.02a 0.2+0.08a 0.5+0.01a 0.3+0.10a
2-2-Sulfanyl ethyl 0.3£0.04a 0.2£0.09a 1.5+0.18a 0.7£0.30a
Alpha-cyclocitral 0.12+0.03a - - -
Methyl (methylthio) methyl 4.4+1.2a 1.8+0.90a 25.1+4.58a 9.9+6.7 b
Trans(+)-carveol - 0.3+0.32a 4.0+1.37a 1.3+0.70a
Naphthalene 0.9%£0.09a 0.6+ 0.1b 1.7+0.2a 1.2+0.40b
1,2,4-trithiolane 0.1+0.02a 0.2+0.13a 0.1+0.06a 0.1+ 0.10a
Cis-genenaineol 0.3+0.01a 0.1+0.03a 0.2+0.00a 0.1+0.01a
Dimethyl trithiocarbonate 0.1+0.03a 0.1+0.03a - 0.1+0.03a
4-Propylbenzamide 0.2+0.16a 0.1+0.03a 0.7£0.13a 0.2+0.05a
Tris(methylthio met) 0.2+0.05a 0.1+0.03a 0.7£0.01a 0.5+0.01a
9,12-octadecadienoic-acid-ethyl-ester - - 0.05 £0.00a -

Means followed by same lowercase letters in the same row are not significantly different (p>0.05) following comparison
of fungus and control treatments using Tukey test; roots and leaves were analyzed separately

Table-3: The meanxSE number of Rhipicephalus appendiculatus larvae that were found on the fungus and control
treated sections after 3 min after exposure to varying concentrations of acetone extracts in a disk repellency bioassay.

Mean number of ticks
present+SE 5% w/v

Mean number of ticks
present+SE 10% w/v

Treatments Mean number of ticks
present+SE 20% w/v
Test (fungus) leaves (TL) 21.4+£2.0bA
Test (fungus) roots (TR) 20.4+4.3bA
Control leaves (CL) 5.0+1.2aA
Control roots (CR) 9.6%+2.0aB
DEET 6.0+£1.9aA
Acetone 9.4+2.1aA

8.4+2.8abB 7.8+2.1aB
5.6+1.9aB 6.8+2.7aB
9.0+2.6abA 8.2+2.5aA
17.2+4.1bA 14.2+1.4aB
2.8+1.0 aB 3.8+1.3 aB
11.0+2.0 abA 10.8+2.8 aA

Means followed with the same lowercase letters on the same column are not significantly different, following Tukey's test
at p>0.05 level of significance. Means followed with the same uppercase letters on the same row are not significantly

different, following Tukey’s test at p>0.05 level of significance

fungus-treated 7. violacea repelled more ticks at lower
concentrations (5 w/v% and 10 w/v%) than the cor-
responding control. Variations in the concentrations
of specific bioactive compounds might have influ-
enced the results observed in this study. Previously,
Nchu et al. [51] reported that dichloromethane extract
of garlic showed positive repellent effects on ticks at
a lower range of concentrations in repellency bioas-
says. In a review paper, Wanzala et al. [52] presented
tick repellent activities of essential oils from different
plant species.

The development of efficient and sustainable
agro-technologies for the production of high-qual-
ity medicinal materials with enhanced therapeu-
tic properties is needed to meet the demands of the
pharmaceutical industry, traditional healers, and the

cosmetics industry [31,53]. Medicinal plant cultiva-
tion would help farmers to generate important mon-
etary returns, help conserve medicinal plants in the
wild and help preserve traditional ethnomedicinal
knowledge [54].

Conclusion

Broadly, the inoculation of 7. violacea with an
endophytic arthropod-pathogenic fungus influenced
the secondary metabolite contents as well as the tick
repellency of the plant extracts of 7. violacea. These
findings contribute toward a better understanding of
the role of fungal endophytes in influencing secondary
metabolite production and bioactivity of plant extracts
and open up the possibility of developing innovative
cultivation approaches for medicinal plants.
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