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a b s t r a c t

The efficacy of the essential oil and various organic extracts from flowers of Cestrum nocturnum L. was
evaluated for controlling the growth of some important phytopathogenic fungi. The oil (1000 ppm)
and the organic extracts (1500 lg/disc) revealed antifungal effects against Botrytis cinerea, Colletotrichum
capsici, Fusarium oxysporum, Fusarium solani, Phytophthora capsici, Rhizoctonia solani and Sclerotinia
sclerotiorum in the growth inhibition range of 59.2–80.6% and 46.6–78.9%, respectively, and their MIC val-
ues were ranged from 62.5 to 500 and 125 to 1000 lg/mL. The essential oil had a remarkable effect on
spore germination of all the plant pathogens with concentration and time-dependent kinetic inhibition
of P. capsici. Further, the oil displayed remarkable in vivo antifungal effect up to 82.4–100% disease
suppression efficacy on greenhouse-grown pepper plants. The results obtained from this study may con-
tribute to the development of new antifungal agents to protect the crops from fungal diseases.

� 2009 Elsevier Inc. All rights reserved.
1. Introduction

The pre- and postharvest losses in world crops due to fungal
disease may amount to more than 12% in developing countries
[1]. Many pathogens including Botrytis cinerea (gray mold rot),
Fusarium oxysporum (vascular wilt), Colletotrichum capsici (fruit
rot), Sclerotinia sclerotiorum (water soaked spot) and Fusarium
solani (fruit rot) reduce the shelf life and market values of food
commodities and render them unfit for human consumption and
cause undesirable effects on human health. Besides, the mycotox-
ins produced by fungi cause a serious health problem, and about
4.5 billion people in underdeveloped countries are exposed to the
deleterious effects of these pathogens such as Fusarium and Asper-
gillus spp. [2]. Widespread use of pesticides has significant draw-
backs including cost, handling hazards, pesticide residues, and
threats to human health and environment [3]. For many years, a
variety of different synthetic chemicals (benzimidazoles, aromatic
hydrocarbons, and sterol biosynthesis inhibitors) have been used
as antifungal agents to inhibit the growth of plant pathogenic fun-
gi. However, there is a series of problems against the effective use
of these chemicals in areas where the fungi have developed resis-
tance [4]. In order to overcome this problem, higher concentrations
of these chemicals were used, but this increases the risk of high-le-
ll rights reserved.
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vel toxic residues in the products and increased resistance. There-
fore, public awareness of these factors has increased interest in
finding safer alternative protectants to replace synthetic chemical
pesticides. Some synthetic pesticides can also cause environmental
pollution owing to their slow biodegradation in the environment
[5]. This has also increased the need for the development of new
safe and biodegradable alternatives as natural fungicides. Thus,
there is a growing interest on the research of the possible use of
natural products such as plant-based essential oils and extracts,
which may be less damaging for pest and disease control [6].

Cestrum nocturnum L. is a garden shrub from the family Solana-
ceae, the flowers of which exude a special sweet fragrance at night,
the main reason for its folk names night cestrum, lady of the night,
night-blooming jessamine, and night-blooming jasmine [7]. It is
widely naturalized in tropical and subtropical regions throughout
the world, including Australia, southern China and the southern-
most United States. It is also cultivated in Bangladesh in home
yards and gardens. Several phytochemical studies have demon-
strated the presence of important bioactive compounds in different
parts of the plant: alkaloids, flavonol glycosides, steroidal saponins,
fatty acids, essential oils, phenols, and others [8].

Practitioners use the plant externally for skin disorders, but sev-
eral scientific reports demonstrate that it exhibits a wide spectrum
of pharmacological activity when administered systemically or in
isolated organ preparations. For example, it is used to treat arterial
hypotension and as an analgesic, abortive, diuretic, antispasmodic,
dyspeptic, antiviral, and smooth muscle relaxant; it also has nega-
tive inotropic and chronotropic actions [9].

http://dx.doi.org/10.1016/j.pestbp.2009.09.005
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Most of the species of Cestrum have found several applications
in folk medicine. Cestrum parqui is used in Chilean folk medicine
as antifebrile and for the treatment of fever and inflammation
[10]. Chinese people use leaves of C. nocturnum for their pharmaco-
logical significance in burns and swellings. It is also used for treat-
ing epilepsy and as stupefying charm medicine in West Indian
Islands. The volatile oil of the species is known to be mosquito
repellent and hence C. nocturnum and Cestrum diurnum are used
to prevent malaria in several African Nations [11]. The plants of
the genus have further found use in perfumery, as ornamental
plants, floral scent production, etc. However, there is no report
available in the literature on the analyses of essential oil from flow-
er parts of C. nocturnum and its antifungal property.

Therefore, we have undertaken to investigate the antifungal
activity of the essential oil and organic extracts from flowers of
C. nocturnum growing in Bangladesh and the results are reported
in this communication.

2. Materials and methods

2.1. Plant material

The flowers of C. nocturnum were collected from Islamic Univer-
sity Campus, Kushtia, Bangladesh, in December 2007. The taxo-
nomic identification of plant materials was confirmed by a senior
plant taxonomist Md. Habibur Rahman, Bangladesh National Her-
barium, Dhaka, where a voucher specimen (DACB 32562) has been
deposited.

2.2. Isolation of the essential oil

The air-dried flowers (200 g) of C. nocturnum were subjected to
hydrodistillation for 3 h using a Clevenger type apparatus. The oil
was dried over anhydrous Na2SO4 and preserved in a sealed vial
at 4 �C until further analysis.

2.3. Preparation of crude extracts

The air-dried powdered material (50 g) of flowers from C. noc-
turnum was extracted with hexane, chloroform, ethyl acetate and
methanol separately at room temperature and the solvents were
evaporated by vacuum rotary evaporator. The extraction process
yielded in hexane (7.5 g), chloroform (6.6 g), ethyl acetate (5.4 g)
and methanol (6.3 g) extracts. Solvents (analytical grade) for
extraction were obtained from commercial sources (Sigma–Al-
drich, St. Louis, MO, USA).

2.4. Fungal pathogens

The plant pathogenic fungi were obtained from the Korean Agri-
cultural Culture Collection (KACC), Suwon, Republic of Korea. Cul-
tures of each fungal species were maintained on potato-dextrose
agar (PDA) slants and stored at 4 �C. The fungal species used in
the experiment were F. oxysporum KACC 41083, Phytophthora cap-
sici KACC 40157, C. capsici KACC 410978, F. solani KACC 41092, Rhi-
zoctonia solani KACC 40111, S. sclerotiorum KACC 41065 and B.
cinerea KACC 40573.

2.5. Preparation of spore suspension and test samples

The spore suspensions of B. cinerea, C. capsici, F. oxysporum, F.
solani, P. capsici and S. sclerotiorum in sterile distilled water were
obtained from 10 days old cultures. The spore suspension was col-
lected and then centrifuged. A hemocytometer was used to obtain
a homogenous spore suspension of 1 � 108 spores/mL. To prepare
the stock solutions of essential oil and extracts, the essential oil
was dissolved in dichloromethane separately, whereas the extracts
were dissolved in their respective solvents (hexane, chloroform,
ethyl acetate and methanol). Samples with known weights were
further diluted with 5% of the respective solvents used to prepare
test samples, where the final concentration of the solvent was
0.5% (v/v).

2.6. Antifungal activity of essential oil and organic extracts

Petri dishes (9 cm diameter) containing 20 mL of potato-dex-
trose agar (PDA), containing per liter 4 g potato infusion solids
and 20 g dextrose (Acumedia Manufacturers, Inc., Lansing, MI,
USA) were used for antifungal activity assay, performed on solid
media by the disc diffusion method [12]. Sterile Whatman paper
discs of 6 mm diameter were placed on the agar, equidistant and
near the border, where the essential oil (1000 ppm) and the ex-
tracts of hexane, chloroform, ethyl acetate and methanol
(1500 lg/disc) were added separately. An agar plug of fungal
inoculums (6 mm diameter) was removed from a previous culture
of all the fungal strains tested and placed in the center of the petri
dishes. Petri dishes were sealed with parafilm to prevent the leak
of test oil and extracts. The plates were incubated at 25 �C for 5–
7 days, until the growth in the control plates reaches the edge of
the plates. The plates without the essential oil and extracts were
used as negative control. The plates were prepared in triplicate
for each treatment. The relative growth inhibition of treatment
compared to negative control was calculated by percentage, using
the following formula:

Inhibition ð%Þ ¼ ½ðC � TÞ=C� � 100;

where C and T are the radial growth (mm) of fungus in the control
and treated plates, respectively.

2.7. Minimum inhibitory concentration (MIC)

The minimum inhibitory concentration (MIC) of essential oil
and various organic extracts against fungal pathogens was deter-
mined by agar dilution method as described before [13]. Appropri-
ate quantities of oil and various extracts were diluted in DMSO to
produce the concentration ranging from 62.5 to 2000 lg/mL. The
final concentrations of DMSO in the assay did not exceed 2%. A
10 lL spore suspension (1 � 108 spores/mL) of each test strain
was inoculated in the test tubes in PDB medium and incubated
for 3–7 days at 28 �C. The control tubes containing PDB medium
were inoculated only with fungal spore suspension. The minimum
concentration at which no visible growth was observed was de-
fined as the MIC, which was expressed in lg/mL.

2.8. Spore germination assay

For spore germination assay of B. cinerea, C. capsici, F. oxysporum,
F. solani, P. capsici and S. sclerotiorum, essential oil samples (2 lL) in
5% dichloromethane were dissolved with water to obtain 31.25,
62.5, 125, 250, 500 and 1000 lg/mL concentrations of the oil,
where the final concentration of dichloromethane was 0.5% [14].
The samples were inoculated with spore suspension of each fungal
pathogen containing 1.0 � 108 spores/mL. From this, aliquots of
10 lL spore suspension from each were placed on separate glass
slides in triplicate. Slides containing the spores were incubated in
a moisture chamber at 25 �C for 24 h. Each slide was then fixed
in lactophenol-cotton blue and observed under the microscope
for spore germination. The spores that generated germ tubes were
enumerated and percentage of spore germination was calculated.
The control (0.5% dichloromethane) was tested separately for spore
germination of different fungi.



Table 1
Radial growth of phytopathogenic fungi by the essential oil (1000 ppm) of C.
nocturnum L.

Fungal strains Essential oila MICd (lg/mL)

RGb (mm) Ic (%)

F. oxysporum (KACC 41083) 15.8 ± 0.6 63.6 ± 1.0 500
F. solani (KACC 41092) 12.8 ± 0.3 69.7 ± 0.4 250
C. capsici (KACC 410978) 16.6 ± 0.5 59.2 ± 0.7 500
P. capsici (KACC 40157) 8.1 ± 0.1 80.6 ± 0.1 62.5
R. solani (KACC 40111) 7.7 ± 0.5 80.5 ± 1.0 na
S. sclerotiorum (KACC 41065) 13.9 ± 0.5 66.2 ± 1.1 250
B. cinerea (KACC 40573) 11.9 ± 0.3 70.6 ± 0.4 125

a Values are represented as means ± SD of three experiments.
b Radial growth of fungus pathogens.
c Inhibition percentage.
d Minimum inhibitory concentration; na: not applicable.
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2.9. Growth kinetics assay

P. capsici which appeared to be more resistant compared to other
tested fungi to the essential oil in the spore germination assay was
chosen as test fungus for kinetic study and evaluation of antifungal
activity of essential oil. A 10 lL spore suspension (about
1.0 � 108 spores/mL) of this fungal species was inoculated to differ-
ent concentrations of essential oil (31.25, 62.5 and 125 lg/mL) in a
test tube and a homogenous suspension was made by inverting
the test tubes 3–4 times. After specific intervals of 30, 60, 90, 120
and 150 min, the reaction mixtures were filtered through Whatman
No. 1 filter paper and the retained spores were washed two or three
times with sterile distilled water. The filter was then removed and
spores were washed off into 10 mL of sterile distilled water. From
this, a 100 lL of spore suspension was taken onto the glass slide
and incubated at 24 �C for 24 h. The spores that generated germ
tubes were enumerated and percentage of spore germination was
calculated. All experiments were conducted in triplicate.

2.10. In vivo antifungal activity assay

Based on the in vitro susceptibility, P. capsici (leaf spot/scorch)
was selected as the test fungus for the in vivo study conducted
on greenhouse-grown pepper plants. The in vivo antifungal activity
of test samples was determined by a whole plant method as de-
scribed previously [15].

In brief, for the in vivo study, the tested pepper plants, possess-
ing an average of 8–12 leaves were kept under following green-
house conditions: A day and night temperatures of 70–82 �F and
62–64 �F, optimum for pepper plants were maintained. Because,
during cloudy weather, a temperature closer to the lower end of
these ranges is preferred, while in sunny weather, temperatures
closer to the higher end are better for pepper plants. Below 60 �F,
nutrient deficiencies may occur because plants can not absorb
some elements at cool temperatures, indicating lack of phosphorus
uptake (even though there may be adequate phosphorus in the
nutrient solution). Where day temperatures might exceed 85–
90 �F, cooling equipment is needed to maintain the regular growth
of the plants. Therefore, ideally, the thermostat was located at blos-
som height of the greenhouse for good temperature control. The
optimum relative humidity for greenhouse-grown pepper plants
was maintained at 65–75%. The higher light intensity required
for pepper plants was also maintained. For that greenhouse was
equipped with spectral filters that can alter red and far-red light
balance of sunlight. Further, to prepare the test solutions at the
concentration of 1000 lg/mL, 4 lL of essential oil was dissolved
in 5% dimethylsulfoxide (DMSO) followed by diluting it with water
containing a surfactant Tween 20 (200 lg/mL), where the final
concentrations of dimethylsulfoxide and Tween 20 were 0.5% and
0.1%, respectively. The initial concentration of the test solution
was 1000 lg/mL, in further; test dilutions of 500 and 250 lg/mL
of essential oil were employed. For applying the test samples of
the oil, 4 mL of each test sample solution was sprayed onto each
pot at the same time. Further, 6 mL of fungal spore suspension
(1.0 � 108 spores/mL) of P. capsici was sprayed onto each pot. Con-
trols were sprayed with dimethylsulfoxide and Tween 20 solu-
tions, where the final concentrations of DMSO and Tween 20
were 0.5% and 0.1%, respectively. The area of lesions on treated
plants was measured in millimeter using a vernier caliper. All tests
were conducted in three replicates. The effect of antifungal efficacy
of the test samples on disease was evaluated after 12 days as a per-
centage of inhibition calculated by the formula:

Percent inhibition ð%Þ ¼ ½ðA� BÞ=A� � 100;

where A and B represent the disease area on the untreated and trea-
ted plants, respectively.
2.11. Statistical analysis

The essential oil and various organic extracts were assayed for
antifungal activity. Each experiment was run in triplicate, and
mean values were calculated. A Student’s t-test was computed
for the statistical significance of the results.
3. Results

3.1. Antifungal activity assay

The essential oil of C. nocturnum exhibited a moderate to high
antifungal activity against all the tested fungi. At the concentration
of 1000 ppm, the essential oil showed potent inhibitory effect on
the radial growth of all phytopathogens such as P. capsici (80.6%),
R. solani (80.5%), B. cinerea (70.6%), F. solani (69.7%), S. sclerotiorum
(66.2%), F. oxysporum (63.6%) and C. capsici (59.2%), as shown in Ta-
ble 1. Also, hexane, chloroform, ethyl acetate and methanol ex-
tracts showed radial growth inhibition against some of the
phytopathogens but not for all. According to the results given in
Table 2, methanol extract of C. nocturnum showed a remarkable
antifungal activity against F. solani (78.9%), B. cinerea (76.3%), S.
sclerotiorum (75.2%), R. solani (72.1%), P. capsici (68.4%), C. capsici
(68.4%) and F. oxysporum (67.0%). Ethyl acetate extract showed
inhibition (46.6–60.7%) against R. solani, P. capsici, S. sclerotiorum,
F. oxysporum and C. capsici. Chloroform extract had good antifungal
activity against P. capsici, F. oxysporum, S. sclerotiorum and C. capsici
with radial growth inhibition ranged from 50.8% to 56.8%, while
hexane extract inhibited 50.2% to 53.7% radial growth of P. capsici,
S. sclerotiorum and F. oxysporum.
3.2. Minimum inhibitory concentration (MIC)

According to the results given in Table 1, MIC of essential oil
was found more effective against P. capsici, B. cinerea, F. solani
and S. sclerotiorum (62.5, 125, 250 and 250 lg/mL, respectively)
as compared to those of C. capsici and F. oxysporum (500 lg/mL
for each). On the other hand, the methanol and ethyl acetate ex-
tract were found more susceptible than hexane and chloroform ex-
tract against the tested fungi (Table 3). The MIC values of methanol
extract against P. capsici, F. oxysporum, C. capsici, F. solani, S. sclero-
tiorum and B. cinerea were found in the range between 125 and
500 lg/mL. The ethyl acetate extract displayed antifungal activity
against F. oxysporum, P. capsici, C. capsici, and S. sclerotiorum with
MIC values of 250–1000 lg/mL, whereas chloroform extract
showed activity against F. oxysporum, P. capsici, C. capsici, and S.
sclerotiorum with MIC values of 500–1000 lg/mL. However, hexane
extract did not show desirable results against all the phytopatho-



Table 2
Radial growth of phytopathogenic fungi by the various organic extracts (1500 lg/disc) of Cestrum nocturnum L.

Fungal strains Organic extractsa

HAE CHE EAE ME

RGb (mm) Ic (%) RGb (mm) Ic (%) RGb (mm) Ic (%) RGb (mm) I (%)

F. oxysporum (KACC 41083) 21.7 ± 0.4 50.2 ± 0.6 20.7 ± 0.4 52.3 ± 0.5 20.7 ± 0.4 52.3 ± 0.5 13.9 ± 0.5 67.0 ± 2.4
P. capsici (KACC 40157) 19.6 ± 0.5 53.7 ± 1.4 18.3 ± 0.3 56.8 ± 0.3 17.9 ± 0.3 57.8 ± 0.9 12.7 ± 0.3 68.4 ± 0.9
C. capsici (KACC 410978) nd nd 20.1 ± 0.3 50.8 ± 0.2 21.8 ± 0.4 46.6 ± 0.5 12.9 ± 0.3 68.4 ± 0.3
F. solani (KACC 41092) nd nd nd nd nd nd 8.8 ± 0.3 78.9 ± 0.5
R. solani (KACC 40111) nd nd nd nd 19.5 ± 0.3 50.8 ± 0.3 11.0 ± 0.2 72.1 ± 0.3
S. sclerotiorum (KACC 41065) 20.0 ± 0.2 51.1 ± 0.4 18.9 ± 0.3 53.8 ± 0.6 16.1 ± 0.2 60.7 ± 0.4 10.2 ± 0.2 75.2 ± 0.5
B. cinerea (KACC 40573) nd nd nd nd nd nd 10.0 ± 0.2 76.3 ± 0.4

a Values are represented as means ± SD of three experiments. HAE: hexane extract; CHE: chloroform extract; EAE: ethyl acetate extract; ME: methanol extract.
b Radial growth of fungus pathogens.
c Inhibition percentage; nd: no detection of antifungal activity.

Table 3
Minimum inhibitory concentrations of various organic extracts of C. nocturnum L.
against phytopathogenic fungi.

Fungal strains MIC (lg/mL)

HAE CHE EAE ME

F. oxysporum (KACC 41083) 1000 1000 500 500
P. capsici (KACC 40157) 500 500 250 250
C. capsici (KACC 410978) nd 1000 1000 250
F. solani (KACC 41092) nd nd nd 125
R. solani (KACC 40111) na na na na
S. sclerotiorum (KACC 41065) 1000 500 250 500
B. cinerea (KACC 40573) nd nd nd 125

HAE: hexane extract; CHE: chloroform extract; EAE: ethyl acetate extract; ME:
methanol extract; nd: no detection of antifungal activity; na: not applicable.
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gens tested except S. sclerotiorum, P. capsici and F. oxysporum (MIC:
500–1000 lg/mL).

3.3. Spore germination and growth kinetics assay

The results obtained for essential oil from the spore germina-
tion assay of each of the test fungi are shown in Fig. 1. DMSO
(0.5%, v/v) as a negative control did not inhibit the spore germina-
tion of any of the plant pathogens tested. There was a significant
inhibition of fungal spore germination by different concentrations
of essential oil. A 100% inhibition of fungal spore germination was
Fig. 1. Effect of different concentrations (lg/mL) of the essentia
observed in P. capsici and B. cinerea at 62.5 and 125 lg/mL concen-
trations of essential oil, respectively. Essential oil also exhibited a
potent inhibitory effect on the spore germination of F. oxysporum,
S. sclerotiorum, F. solani and C. capsici in the range of 50–80% at con-
centrations ranging from 125 to 500 lg/mL.

The antifungal kinetics of the essential oil against P. capsici is
shown in Fig. 2. Exposure of P. capsici spores to different concentra-
tions of the essential oil for a period of 30–150 min caused varying
degree of inhibition of spore germination. An increase in fungicidal
activity was observed with increase in exposure time and concen-
tration. The essential oil at 31.25 lg/mL showed antifungal activity
but not rapid killing and about 50% inhibition was observed at
exposure time of 120 min. However, there was a marked increase
in the killing rate at 62.5 and 125 lg/mL after 30 min of exposure,
and 95% and 100% inhibition of spore germination was observed on
150 min exposure, respectively. At low concentration, significant
rate of inhibition was the characteristic feature of the essential oil.
3.4. Inhibition of fungal infection in vivo

The antifungal activity of essential oil of C. nocturnum against P.
capsici was assessed by the presence or absence of disease area on
the tested pepper plants (Fig. 3). According to the results given in
Table 4, the oil exhibited wide range of antifungal activity. The
blind controls such as DMSO (0.5%) and Tween 20 (0.1%) did not in-
hibit the growth of test strain.
l oil of C. nocturnum on spore germination of tested fungi.



Fig. 2. Kinetics of inhibition of P. capsici spores by the essential oil of C. nocturnum.

Fig. 3. In vivo antifungal activity of the essential oil of (Cestrum nocturnum L.) against plant pathogenic fungus of Phytophthora capsici on pepper plants. (a) Treated with
pathogen (P. capsici) in vehicle; (b) no treatment (normal control); (c) treated with vehicle (0.5% DMSO + 0.1% Tween 20 in water); and (d–f) treated with pathogen and
different concentrations of essential oil (250, 500 and 1000 lg/mL, respectively) in vehicle.

90 S.M. Al-Reza et al. / Pesticide Biochemistry and Physiology 96 (2010) 86–92
At the initial concentration of 1000 lg/mL the oil exhibited
100% antifungal effect against leaf spot/scorch of pepper caused
by P. capsici. Further dilutions of the oil applied onto the plants
were 500 and 250 lg/mL. Also at the concentration of 500 lg/mL,
potential antifungal effect of the oil was observed with 100% anti-
fungal effect against P. capsici. However, the oil at the concentra-
tion of 250 lg/mL had a moderate antifungal effect (82.4%)
against P. capsici (Table 4).
4. Discussion

Plant essential oils are potentially useful source of antimicrobial
compounds. It is often quite difficult to compare the results ob-
tained from different studies, because the compositions of the
essential oils can vary greatly depending upon the geographical re-
gion, the variety, age of the plant, the method of drying and the
method of extraction of the oil. Many essential oils and their con-



Table 4
In vivo antifungal activity of the essential oil of Cestrum nocturnum L. against plant
pathogenic fungus of P. capsici on greenhouse-grown pepper plants.

Groups Treatment Essential oil
concentration
(lg/mL)

Disease
suppression
efficacy (%)

Control (normal) – 0 100 ± 0.0
Control (vehicle only) VH 0 100 ± 0.0
Control + pathogen VH 0 0.0 ± 0.0

VH + EO 250 82.4 ± 0.6ab
Treatment VH + EO 500 100 ± 0.0a

VH + EO 1000 100 ± 0.0a

–: control without treatment; EO: essential oil.
VH: Vehicle solution (0.5% DMSO + 0.1% Tween 20 in water).
Values in the same column with different significance (P < 0.05).
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stituents are found to exhibit antifungal properties, but the high
cost of production of essential oils and the low concentration of ac-
tive principles often prevent their direct use in the control of fungal
diseases of plants and animals. In spite of this limitation, currently,
there is much research performed for the development of safer
antifungal agents such as plant-based essential oils and extracts
to control phytopathogens in agriculture [6]. Thus, essential oils
and plant extracts are promising natural antifungal agents with po-
tential applications in agro industries to control phytopathogenic
fungi causing severe destruction to crops.

In brief, the hydrodistillation of the flowers of C. nocturnum gave
dark yellowish oil with the major components of the oil having
phenolic compounds, oxygenated mono- and sesquiterpenes, and
their respective hydrocarbons [16]. In recent years, several
researchers have reported that mono- and sesquiterpene hydrocar-
bons and their oxygenated derivatives are the major components
of essential oils of plant origin, which have enormous potential
to strongly inhibit microbial pathogens [17]. In general, the active
antimicrobial compounds of essential oils are phenolic terpenes. It
would seem reasonable that their antimicrobial or antifungal mode
of action might be related to that of other compounds. Most of the
studies on the mechanism of phenolic compounds have focused on
their effects on cellular membranes. Actually, phenolic compounds
not only attack cell walls and cell membranes, thereby affecting
the permeability and release of intracellular constituents but they
also interfere with membrane function. Thus, active phenolic terp-
enes might have several invasive targets which could lead to the
inhibition of plant pathogenic fungi.

This research work describes the complex effect of essential oil
on fungal spore germination. During the kinetic study of P. capsici,
the essential oil had a little effect on the fungicidal activity at lower
concentration but at the concentration of 125 lg/mL, the fungi-
cidal action was very rapid and showed 100% spore germination
inhibition of P. capsici after a period of 120 min. In the present
study, the essential oil of C. nocturnum showed potential in vitro
and in vivo antifungal effects against the tested plant pathogens.
Earlier in vivo studies on the analysis of antifungal effect of various
oil/extracts showed that they had varying degree of antifungal ef-
fect against different plant pathogenic fungi [18–19].

Some earlier papers on the analysis and antifungal properties of
the essential oil of some species of various genera have shown that
they have a varying degree of growth inhibition effects against some
Fusarium, Botrytis and Rhizoctonia species due to their different
chemical composition [20,21]. The in vitro and in vivo antifungal
activities observed in this study could be attributed to the presence
of phenylethyl alcohol, benzyl alcohol, eicosane, eugenol, n-tetraco-
sane, caryophyllene oxide, 1-hexadecanol, methoxyeugenol and
benzaldehyde have been claimed to contain the antifungal proper-
ties [22–25]. Those claims are further supported by our findings;
indicating high contents of phenylethyl alcohol, benzyl alcohol, eico-
sane, eugenol, n-tetracosane, caryophyllene oxide, 1-hexadecanol,
methoxyeugenol and benzaldehyde; comprising 65.96% of the oil
[16]. Besides, minor components present in our essential oil such
as hexadecanoic acid, 1-nonadecanol, heneicosane, methyl anthra-
nilate, nonadecene, nerolidol, tetradecanal and citronellal also con-
tribute to antifungal activity of the oil involving some type of
synergism with the other active components [26].

In this study, C. nocturnum mediated essential oil and flower ex-
tracts showed varying antifungal activities against plant patho-
genic fungi. It would also be interesting to study the effect of
essential oil and organic extracts of C. nocturnum against other
important fungi for developing new antifungal agents to control
serious fungal diseases in plant, animal and human beings.

Thus, it can be concluded that the use of essential oil and ex-
tracts from flower of C. nocturnum could be an alternative to syn-
thetic fungicides for using in agro industries and also to screen
and develop such novel types of selective and natural fungicides
in the treatment of many microbial phytopathogens causing severe
destruction to crop, vegetable and ornamental plants.
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