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ABSTRACT
In this study the antibacterial activity of the ethanol, ethyl acetate and chloroform extracts from the seeds, roots and shoots
of Lotus aegaeus, Lotus angustissimus, Lotus corniculatus, Lotus gebelia, Lotus palustris populations grown naturally in
Turkey were investigated by using the disc diffusion and agar dilution method, against main plant pathogenic bacteria
(Clavibacter michiganensis, Agrobacterium tumefaciens, Erwinia caratovora, Pseudomonas phaseolicola). According to
results, the shoot ethyl acetate extract of L. aegaeus and shoot extracts of L. corniculatus against C. michiganensis and
shoot extracts of all solvents of L. angustissimus against P. phaseolicola showed high antibacterial activity. This is the first
report of antibacterial activity of the Lotus species against plant pathogens. In the study these stated effective extracts
showed higher antibacterial effects by comparison with used chemical preservatives against sensitive bacteria. This study
offers that active compounds present in Lotus species could play a big role in naturally plant preservation against plant
diseases.
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INTRODUCTION
Plant pathogens are considered economically

important agricultural microorganisms in the world. They
cause the destruction to a large number of crops during the
season. So, mostly the chemical pesticides provide the
controlling of the plant pathogens (Badawy and Rabea, 2011).

Even though pharmacological industries have
provided a number of new drugs and herbicides in the last
decades, resistance to these has increased by microorganisms.
Chemical preservatives have been used in agriculture for
years. However, an increasing perception by consumers that
synthetic compounds may lead to health problems has led to
a reduced acceptance for their use in crops. This situation
improves the research on natural antimicrobial agents from
plants (Mulaudzi et al., 2011). These plants having
compounds with potentially significant therapeutic application
against plant pathogens including bacteria, fungi, and virus, are
known by their activity substances such as phenolics, alkaloids
and terpenoids (Hemphill and Cobiac, 2006).

In direction of these strategies, some convincing
results have been reported using natural products such as
chitosan which is known safety alternative to hazardous
pesticides with negligible risk to human health and the
environment (Muzzarelli, 1983, Badawy, 2009, Badawy and
Rabea, 2011).

The activity of an antimicrobial compound depends
on the type, genus, species and strain of the target
microorganism, besides the environmental factors such as

pH, water activity, temperature, atmospheric composition
and initial microbial load of the substrate (Negi, 2012). In
studies, these should be taken into account.

Legumes are among the main protein sources for
human beings and animals (Patil et al., 2015; Armand et al.,
2016) Lotus is a perennial legume crop and grown in nature.
It is an important forage for ruminant nutrition with a wide
ecological and latitudinal range and is particularly well suited
to relatively infertile soils (Frame, 2005).

Lotus plants can accumulate condensed tannins, and
this has been reported to have beneficial effects on wool
growth in weaned lambs (Merkouropoulos et al., 2017), in
essential amino acid absorption (Dalmarco et al., 2010), on
the ovulation rate (Rochon et al., 2004), milk yield and
protein and lactose production (Wang et al., 1996).

There are many reports showing many constituents
including flavonoids, anthocyanins, sterols, tannins and
alkaloids in Lotus corniculatus (Robbins et al., 2003;
Reynaud and Lussignol, 2005).

Studies show that Lotus corniculatus has
antibacterial activity against some human pathogen
microorganisms (Dalmarco et al., 2010; Girardi et al., 2014).
Nevertheless, there is no report concerning the investigation
of antibacterial activity of different Lotus species against
plant pathogens.

The main objective of this study is to determine
the in vitro antibacterial activity of different parts of Lotus
populations.
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MATERIALS AND METHODS
Plant materials: Lotus populations were collected in 2016
and 2017 from nature flora inTurkey during flowering period.
The second year populations were collected from same areas
from where it was educated in the previous year. The
identification of these specimens was carried out using the
Flora of Turkey (Davis, 1966-1988). The information of the
populations is given in Table 1.
Preparation of extracts: Fresh shoots, roots and seeds were
dried. The dried samples were obtained by maceration of
2.5 g dry powder in 25 mL of chloroform, ethyl acetate and
ethanol for 24 h. Extracts were filtered through a Whatman
filter paper and evaporated under reduced pressure at 35°C
using rotary vacuum evaporator (Boulaaba et al., 2015).
Test strains and culture media:  Pseudomonas
phaseolicola , Clavibacter michiganensis, Erwinia
caratovora and Agrobacterium tumefaciens were selected
as a plant pathogen materials. Because they are the most
serious pathogens of a wide range of crops in Turkey and
also worldwide. The losses due to development of these
pathogens were very high. In the study, bacteria strains were
obtained from ATCC (American Type Culture Collection,
Rockville, MD). The antibacterial activity of the Lotus
species dissolved in different solvents were assayed against
Pseudomonas phaseolicola (11355), Clavibacter
michiganensis (4450), Erwinia caratovora (15390) and
Agrobacterium tumefaciens (33970) as plant pathogens.
Bacterial suspension concentrations were set at 108 cells/mL.
Antibacterial assay: The antibacterial activity of the
samples were screened by the agar disc diffusion assay
(Hajlaoui et al., 2008). Bacterial strains were first grown on
Mueller Hinton medium at 37°C for 24 h (Haritha and
Maheswari, 2007) prior to seeding on to the nutrient agar.
Overnight cultures were diluted with broth and the final
bacterial cell concentrations were adjusted to 108 cells/mL
by measuring spectrophotometrically at A600 nm, respectively.
One hundred microliters of each suspension with 108
bacteria/mL was added to agar-plated petri dishes. Sterile
paper discs (6 mm diameter) were placed on agar to include
a 15 L sample. These plates, after standing at 4°C for 2 h,
were incubated at 37°C for 24 h for bacteria.

Cefotaxime, Rifampicin and Agrigent Plus were
assessed as positive control reference antibiotics (Villa-
Ruano et al., 2015). The diameters of the inhibition zones
were measured in millimetres.

Table  1: Information about collected populations.

Species Province District Altitude (m)

L. aegaeus Manisa Turgutlu 784
L. angustissimus Sinop Gerze 511
L. corniculatus Rize Çamlıhemşin 639
L. gebelia Kahramanmara’s Göksun 1220
L. palustris Antalya Serik 923

MIC assay: Minimal inhibition concentration values were
determined using the agar dilution method defined by Vander
Berghe and Vietinck (1991) with minor modifications.
Samples were dissolved in chloroform, ethyl acetate and
ethanol with physiological tris buffer 1:4 and mixed with an
equal amount of 3% agar solution (Mueller Hinton agar).
Samples were tested at concentrations of 0.313, 0.625, 1.250,
2.500, 5.000, 10.000 mg/mL. Four hundred milliliters from
each solution were added to the tissue culture plate wells.
Once solidified, each well was inoculated with 10 L of
freshly prepared suspension of 108 bacteria per 1 mL and
incubated. Bacterial growths were assessed after incubation
using a stereomicroscope.
Statistical analysis: The experiment were designed in
randomized plots with three replications. The assumptions
of data normality and homogeneity of variance, which are
prerequisite for ANOVA, were tested with the Kolmogorov-
Smirnov test and the Bartlett’s test, respectively. The data
of microorganisms obtained from different species, part and
solvent were analysed by the three-way ANOVA with main
effect and interactions effect, after means compared with
LSD test. The results of the Tukey’s test were presented in
the form of letters displayed in the form of letters and
numbers. The means were displayed as mean±standard error
of the mean. The alpha level was set at 5%. All calculations
were performed with Minitab 17 statistical software.
RESULTS AND DISCUSSION

Antibacterial activity of Lotus has been reviewed
during last years in multiple studies (Dalmarco et al., 2010;
Girardi et al., 2014) especially in Lotus corniculatus. In this
study, we attempted to assess the value of different parts of
five Lotus species using different solvents as an antibacterial
therapeutic agent.

The values given here were the means of the two
study years, as no significant differences observed among
antibacterial activities of Lotus populations grown in 2016
and 2017 years. The extracts from Lotus populations
exhibited different degree of growth inhibition against tested
bacterial strains (Fig 1-4). The minimal inhibition
concentration values are shown in Table 2. In the study,
chloroform, ethyl acetate and ethanol solvents without
extracts did not show any inhibitory effect as a control.

The results against C. michiganensis showed
difference statistically (p=0.007**). As depicted in Fig 1,
all the seed and shoot extracts showed antibacterial activity
against C. michiganensis. These extracts could play a big
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Table 2:  Results of MIC values (mg/mL) of the extracts.

Species Parts Solvents C.m. A.t. E.c. P.p.
L. aegaeus Root Chloroform 10.00 NT NT NT

Ethanol 5.00 NT NT NT
Ethyl acetate 5.00 NT NT NT

Seed Chloroform 2.50 NT NT 10.00
Ethanol 2.50 NT NT 10.00

Ethyl acetate 2.50 NT NT 10.00
Shoot Chloroform 1.25 NT NT 10.00

Ethanol 1.25 NT NT 5.00
Ethyl acetate 0.31 10.00 NT 5.00

L. angustissimus Root Chloroform NT NT NT NT
Ethanol NT NT NT NT

Ethyl acetate NT NT NT NT
Seed Chloroform 5.00 NT NT 10.00

Ethanol 5.00 NT NT 2.50
Ethyl acetate 2.50 NT NT 5.00

Shoot Chloroform 2.50 NT NT 2.50
Ethanol 1.25 NT NT 5.00

Ethyl acetate 1.25 10.00 NT 0.63
L. corniculatus Root Chloroform NT NT NT NT

Ethanol NT NT NT NT
Ethyl acetate NT NT NT NT

Seed Chloroform 5.00 NT NT 10.00
Ethanol 5.00 NT NT 10.00

Ethyl acetate 2.50 NT NT 5.00
Shoot Chloroform 0.63 NT NT 5.00

Ethanol 1.25 NT NT 5.00
Ethyl acetate 0.63 NT NT 1.25

L. gebelia Root Chloroform NT NT NT NT
Ethanol NT NT NT NT

Ethyl acetate NT NT NT NT
Seed Chloroform 5.00 NT NT 5.00

Ethanol 10.00 NT NT 5.00
Ethyl acetate 10.00 NT NT 5.00

Shoot Chloroform 2.50 NT NT 5.00
Ethanol 10.00 NT NT 5.00

Ethyl acetate 1.25 NT NT 5.00
L. palustris Root Chloroform NT NT NT NT

Ethanol NT NT NT NT
Ethyl acetate NT NT NT 10.00

Seed Chloroform 10.00 NT NT 10.00
Ethanol 10.00 NT NT 10.00

Ethyl acetate 10.00 NT NT 10.00
Shoot Chloroform 2.50 NT NT 5.00

Ethanol 5.00 NT NT 5.00
Ethyl acetate 2.50 NT NT 2.50

NT: Not Tested, C.m: Clavibacter michiganensis, A.t: Agrobacterium tumefaciens, E.c: Erwinia caratovora, P.p: Pseudomonas
phaseolicola

role to prevent the disease of many crops like corn, potatoes
and alfalfa infected by C. michiganensis. This is the first
report for Lotus extracts against C. michiganensis. In the
study, the shoot ethyl acetate extract of L. aegaeus and shoot
extracts of L. corniculatus showed the highest antibacterial
activity. Here, the more impressive result is these values
(26.00 and 24.17 mm respectively) are higher than
Rifampicin (22.33 mm) as a positive control. This result is

very important because the use of herbicide and drugs for
C. michiganensis may lead to health and environment
problems. According to results, ethyl acetate solvents showed
higher values in L. aegaeus and L. angustissimus. On the
other hand, chloroform extracts showed higher values in L.
gebelia and L. palustris. In the study root extracts did not
show any activity except the ethyl acetate and ethanolic root
extracts of L. aegaeus.
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The results against A. tumefaciens did not show
difference statistically. As shown in Fig 2, no extract showed
antibacterial activity against A. tumefaciens except the ethyl
acetate shoot extracts of L. aegeus and L. angustissimus,
however there is no statistical difference. It showed the value
of 12.34, 13.50 mm respectively against A. tumefaciens.
Although the value was lower than Cefotaxime (21.66 mm)
as a positive control, this may be a meaningful result for
future.

As seen in Fig 3 all the extracts did not show any
antibacterial activity against E. caratovora. Rifampicin as a
positive control showed antibacterial activity with the value
of 15.33 mm against E. caratovora in the study.

As seen in Fig 4, many of the extracts showed
antibacterial activity against P. phaseolicola. In addition to
this, the interaction was determined between species and
parts (p=0.017*). In the study the shoot extracts of L.
angustissimus were the most tolerant extracts (19.44 mm,
as a mean of solvents). On the other hand, all the seed and
shoot extracts showed higher antibacterial activity than

Agrigent Plus as a positive control (11.66 mm). In the study
the ethyl acetate extracts showed higher antibacterial activity
than the other extracts statistically (p=0.000***). The study
showed that, in all species the activity situation is like
shoot>seed>root against P. phaseolicola. This result was very
important in terms of the prevention of herbicides and drugs
against P. phaseolicola.

In Table 2, the extracts having antibacterial activity
were tested in terms of minimal inhibition concentration. As
seen, many of the extracts inhibited the bacterial growth even
at low doses. The most effective result was determined in
ethyl acetate shoot extract of L. aegaeus against C.
michiganensis in parallel with the disc diffusion results with
the value of 0.31 mg/mL. And then followed by the
chloroform and ethyl acetate shoot extracts of L. corniculatus
against C. michiganensis and ethyl acetate shoot extract of
L. angustissimus against P. phaseolicola with the value of
0.63 mg/mL. These results are very important, because it
gives information about the usage doses of the extracts having
antibacterial activity.

Fig 1: Inhibition zones (mm) of the extracts against Clavibacter michiganensis.
solvent means that do not share a common upper case letter are significantly different (Tukey, p<0.05)
in the same species, part means that do not share a common lower case letter are significantly different (Tukey, p<0.05)
in the same part, species means that do not share a common number are significantly different (Tukey, p<0.05)
p-value: 0.007

Fig 2: Inhibition zones (mm) of the extracts against Agrobacterium tumefaciens.
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Today, reports demonstrate that many plants have
antimicrobial activity against pathogens. However not many
reports determined the antimicrobial activity against plant
pathogens for plant protection.

Although studies have been conducted about
antibacterial activity in Lotus corniculatus, no study was
conducted to determine the effect of different Lotus species
against plant pathogens, so this study will be beneficial in
observing the antibacterial activity of Lotus plants with
several factors.
CONCLUSION

This two years replicate study emphasizes
antibacterial properties of the parts of Lotus species with

different solvents. The results of present study clearly
indicate that the antibacterial activity vary with the species,
parts and solvents in Lotus.

In the study, the value of the results were higher
than chemical preservatives in the shoot ethyl acetate extract
of L. aegaeus and shoot extracts of L. corniculatus against
C. michiganensis and shoot extracts of all solvents of L.
angustissimus against P. phaseolicola. This is the first report
having antibacterial activity against plant pathogens in Lotus
species. In the study, it is suggested that active compounds
present in Lotus species could play a big role in plant
protection.
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