
Introduction
Brinjal a among important vegetable crops belongs to
family Solanaceae is grown throughout Asia (Prodhan
et al., 2018). It is grown for its purple edible fruit and
spongy fruit of the plant is considered as vegetable and
it is widely used in cooking in many cuisines. However,
the botanical definition brinjal is a berry. Brinjal is
ubiquitous in distribution especially in Pakistan,
Bangladesh, Sri Lanka, Nepal and India (Biswas et al.,
2018) consumed it in their daily meals.

Brinjal is cultivated in Pakistan in 9,000 ha areas and
production is 87,000 tons annually. (FAO, 2014). Among
vegetables Brinjal is of significant importance with
essential nutrients and it is a rich composition of dietary
fiber, potassium and sugar and has low in protein,
carbohydrate and fats (Kumar and Chopra, 2016).
Moreover, extract of brinjal plant helps in reduction of
cholesterol levels. (Kumar and Chopra, 2016; Kumar,
2015) Minor alteration in composition of nutrients
occurs with change in seasons and environment of
cultivation. Besides, brinjal has also been extensively
used in traditional medicine (Kudlu and Stone, 2013;
Kashyap et al., 2003).

Brinjal cultivation is severely affected due to root
diseases which caused by root rotting fungi like
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Fusarium spp., R. solani etc. These pathogens are very
damaging, especially in hot and humid conditions
(Altinok and Can, 2010). Moreover, market value of
such crops reduces because of shortens shelf life. Present
methods for control of this infection involve application
of various chemicals (Bashar and Chakma, 2014)
However, application of chemicals is not recommended
because of potential toxicity for life (Akter et al., 2009).
Some of the surveys as in Kuwait report that farm
workers are very much aware of the exposure of
pesticides and other related chemicals (Jallow et al.,
2017). Conversely, Dinham report that most farmers
have limited awareness about pesticides (Dinham, 2003),
which is risky for both human and environmental.

In this scenario, methods like plant extracts as well as
microbial biological compounds, can control infection
diseases to greater extent (Mishra and Arora, 2012;
Wolf et al., 2008). Hence, research in this area is required
inhibit pathogenic diseases (Forsberg et al., 2002).
Various studies showed that extracts of some plant can
be very effective chemo therapeutants (Cabral, 2013;
Pawar, 2011) which have an additional advantage of
biodegradable nature (Tayel et al., 2015; Szopinska et
al., 2010). One of such plants is lemongrass
(Cymbopogon citratus) which possesses strong
antimicrobial activity comparable to antibiotic of
neomycin (Mandiriza et al., 2018). In present study
antifungal activity of lemongrass extracts towards brinjal
was investigated in detail.
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Lemongrass is C4 aromatic plant of Family Gramineae
having 140 species (Kumari et al., 2007). It is native
to Pakistan, India, Vietnam, Thailand, Cambodia,
Indonesian Islands (Balakrishnan et al., 2015; Chagonda
and Makanda, 2000), Africa, Australia, Europe, south
America and north America (Joy et al., 2006) and
cultivated in subtropical and tropical countries
(Figueirinha et al., 2008). C. citratus is widely used as
herbal tea, insect repellent and carminative (Beemnet
et al., 2010; Kumari et al., 2009; Joy et al., 2006). Its
chemical composition changes with change in habitat,
genetic diversity and treatment of the culture
agronomically (Carlson et al., 2001).

Essential oil obtained from lemongrass contains 75%
(w/w) citral which is biologically more active (Huynh
et al., 2008). Natural combination of citral is of 2
isomeric aldehydes, neral (b-citral) and isomer geranial
(a-citral) (Pengelly, 2004). Lemongrass is used to cure
blood circulation problem, oily skin, acne, headaches
flatulence scabies (Pearson, 2010) and cancer chemo
preventive (Puatanachokchai et al., 2002) and many
more. C. citratus is usually used in traditional medicine
for the treatment of gastro-intestinal disorders, anti-
pyretic, diuretic, antispasmodic, neurological disorder,
analgesic and as an antibacterial (Santin et al., 2009).
Lemongrass shows antimicrobial activity because of
the high content of citral and other essential oil
constituents (Calo et al., 2015).

In this study, the efficacy of lemongrass leaves powder
and its extracts against fungal diseases on brinjal were
evaluated. Plant growth, in vivo and in vitro test showed
that the extract effectively prevented the fungal diseases
and enhanced the plant growth to greater extent.

Material and Method

Plant material, antagonists and pathogen. Brinjal
(F1 Eggplant Advanta 305) ICI certified seeds were
purchased from the market of Swabi (local) and used
as test plant, while the lemongrass used in the present
study as an antagonistic agent and collected from the
local market of Yar Hussain (Swabi). Leaves of the
plant of lemongrass were used in this study. Pathogens
were isolated by soil dilution technique used for
Fusarium species (Nash and Snyder, 1962). For the
isolation of Rhizoctonia solani Baiting method was
used (Wilhelm, 1995). Macrophomina phaseolina was
isolated by the method prescribed by Sheikh and Ghaffar
(1975).

Preparation of the plant crude extracts. Lemongrass
were dried in air on bench and then powdered by using
an electric grinder machine. Lemongrass powder was
taken 500 g and stepwise, extractions were performed
with 1 L for 500 g plant material of hexane followed
by 1 L chloroform and finally by 1 L methanol (Okogun,
2000). These extracts were put on a shaker at rate of
100 rpm for 48 h and filtered. Afterwards, the solvents
(hexane, chloroform and methanol) were removed by
evaporation by using Rotary shaker and crude extracts
of the solvents were obtained, weight was measured
and kept in glass vials at temperature of 4 °C for further
process.

Use of crude extract as antifungal agent. Stock
solution (50 mg/mL) was prepared from solvent extract
of lemongrass by dissolving it in the respective solvents.
The control included respective solvents and fungicide
benlate. All extracts including hexane, chloroform and
methanol were used against all test fungi to find out the
antifungal activity of lemongrass. Thick sterilized disc
(5 mm) of Whatsman filter paper was loaded with each
solvent at 10 µL, 20 µL, 30µL and 50 µL/disc and then
dried. The one si de of petri dishes were inoculated with
5 mm disc of fresh and activity growing culture of test
fungi like R. solani, F. solani, F. oxysporum and M.
phaseolina and other sides treatments loaded discs were
placed at one side of the Czapek’s Dox agar (pH 7.2)
petri dishes. Each treatment was replicates three times
and petri plates were keep for seven days at 28 °C. The
distance between disc and fungal colony was measured
in milli meter and noted as zone of inhibition. Disc
loaded with only was solvent considered as control.

Field experiment. A field trial was piloted in the
Botanical Garden of Women University Swabi, Pakistan
in randomized block pattern. The soil was invaded
naturally of 0 to 5% colonization of R. solani, 1 to 6
sclerotia/g of soil of M. phaseolina and 3500 cfu/g soil
of F. solani. Different solutions (1% w/v, 3% w/v and
5% w/v) of the leaves of lemongrass were put in sandy
loam soil at 1000 mL per row and watered for two
weeks after 2 to 3 days interval for the decomposition
of organic matters. Afterwards, three weeks old equal
sized Brinjal seedlings were planted at the edges of
treated field. Each treatment was done in triplicate with
12 seedlings per row. It was watered two times in a
week depending upon the conditions i.e. soil moisture
and weather. Seedling planted in the untreated rows of
experimental field was taken as control.  After 45 days
of plantation, five plants from each replicate were
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uprooted and examined for the infection caused by
pathogens and were subjected to further process.

Isolation of root rotting fungi. Five plants rooted out
from each treatment were rinsed under tap water and
sterilized with 1% bleach. Five equal root pieces size
(1 cm length) were placed on potato dextrose agar
(PDA) plats which were already treated with
streptomycin (0.2 g/L) and penicillin (100,000 units/L).
Fungi appeared after incubation period of five days at
28 °C, identified, infection and colonization percentage
was calculated and weight (in g) of both root and shoot
of Brinjal plant was also measured.

Statistical analysis. The data of fresh root and shoot
weight, root and shoot length, infection and colonization
percentages were subjected to one-way analysis of
variance (ANOVA) and compared using LSD test. All
analysis was performed using IBM SPSS statistical
package reported by (Sokal and Rohlf, 1995).

Results and Discussion
In-vitro antifungal activity. Result of antifungal activity
of plant extract at different solvents (hexane, chloroform
and methanol) at different concentration (10, 20, 30
and 50 mL) against test fungi i.e. F. oxysporum, M.
phaseolina, F. solani and R. solani indicated that the
best activity was shown by n-hexane solvent at 50 mL
concentration against all four test fungi and produced
maximum inhibition zone (Table 1).

Field experiment. The field experiment was performed
to observe the efficacy of lemongrass, highly significant
(P<0.0.5) root (10.38 cm) and shoot (13.2 cm) length
were observed to increase at 5% w/v. Shoot weight was
also increased significantly (P<0.05) as 21.244 g at 5%
w/v (Fig. 1 and Table 2). Infection percent of F. solani
was significantly (P<0.05) controlled (46.66% and 20%)
at 1% and 5% w/v respectively. Infection percent of all
four test fungi included. R. solani, M. phaseolina, F.
solani and F. oxysporum were significantly (P<0.05)
reduced with lemongrass extract when applied with

Table 1. Effect of ethanoic extract of lemongrass and produced zone of inhibition root infecting fungi M. phaseolina,
Rhizoctonia solani, F. solani and F. oxysporum

Treatment Concentration M. phaseolina F. solani F. oxysporum R. solani
(mm) (mm) (mm) (mm)

n-Hexane Control 0 0 0 0
10 mL 4 2 2 4
20 mL 6 5 4 6
30 mL 7 6 5 8
50 mL 10 9 10 10

Chloroform 10 mL 0 2 1 0
20 mL 3 2 2 5
30 mL 5 4 2 4
50 mL 5 4 4 7

Methanol 10 mL 0 1 1 0
20 mL 3 1 2 4
30 mL 3 4 4 6
50 mL 5 6 6 7

LSD 0.765 0.745 0.798 0.915

Fig. 1. Comparison of 1%, 3% & 5% w/v treatent
of lemongrass with control plants of brinjal
under field condition.



different concentrations, while maximum reduction in
infection and colonization percent of all test fungi was
observed at 5% w/v shown in (Fig. 2 and Fig. 3).

Use of inorganic chemicals to control root rotting fungi
and plant parasitic nematodes cause soil pollution and
is also very expensive method (Bhardwaj et al., 2014).

Application of biocontrol agent is very effective and
can be used as an alternate method in the replacement
of pesticides to control the root rotting fungi (Parveen
et al., 2019). In this work, use of organic amendment
such lemongrass (C. citratus) reduced F. solani, R.
solani, F. oxysporum and M. phaseolina infection of
brinjal plant and increased growth parameters. Plant
extracts are potential sources of original antimicrobial
compounds (Mostafa et al., 2018). Similarly our study
reveals that solvent fraction of n-hexane represented
highly significant zone of inhibition against all test
fungi (Bajpai and Kang, 2012; Al-Reza et al., 2010;
Bajpai et al., 2008). The plant extracts of lemongrass
inhibited fungal growth but their effectiveness varied
with the concentration.

It was reported earlier that eggplant is prone to several
pest and insects particularly Fusarium oxysporum F.
melongenae) and root knot nematodes Meloidogyne
spp. resulting in lower yield (Phap et al., 2010). During
the field experiment it was seen that soil modification
with C. citratus presented suppressive effect to
appreciable extent on the pathogens and hence enhanced
growth of Brinjal (S. melongena). Parveen et al. (2019)
reported that organic amendments showed better results
and create a friendly environment without any pollution,
not only enhancing the growth but also reducing the
infection of root rotting fungi.

Conclusion
In the present study, extracts of fresh leaf C. citratus
was found as an efficient biological extract for controlling
different fungi like, F. solani, F. oxysporum, M.
phaseolina and R. solani. The application of these
biological extracts is cheap, environmental friendly and
is potentially useful for small scale farmers as it is
locally available. Moreover, when lemongrass was used
as organic amendment for the growth enhancement of
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Table 2. Effect of lemongrass on different physiological
parameters of brinjal plants under field condition

Treatment Root Shoot Root Shoot
length length weight weight
(cm) (cm) (cm) (cm)

Control 1.44 5.3 0.271 0.370
1% w/v 5.56 11.4 0.704 3.835
3% w/v 3.92 9.7 0.560 4.474
5% w/v 10.38 13.2 1.703 21.244

LSD=0.05 1.353 2.796 1.3013 13.143

Fig. 2. Effect of lemongrass on infection percent
of root infecting fungi under field condition.
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Fig. 3. Effect of lemongrass on colonization
percent of root infecting fungi under field
condition.
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brinjal plant, it also showed positive affect on growth
enhancement of brinjal plant.
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