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Abstract
Leucas cephalotes displays a wide range of pharmacological activities and thus has been used as a traditional medicine. However,
its allelopathic properties have not yet been studied. In this study, L. cephalotes was extracted with aqueous methanol to assess its
inhibitory effect and the allelopathic properties. The results showed that the L. cephalotes extracts inhibited the shoots and roots
growth of cress (Lepidium sativum L.), lettuce (Lactuca sativa L.), alfalfa (Medicago sativa L.), barnyard grass (Echinochloa crusgalli L.), Italian ryegrass (Lolium multiflorum Lam.) and timothy (Phleum pretense L.) at concentrations >10 mg dry weight (DW)
-1
equivalent extract mL . The growth of the test plants decreased with an increase in concentration of the extracts. The
concentration needed for 50% inhibition (I50 values) of the test plant shoots and roots were in the ranges 4.21 – 49.45 and 4.81 –
-1
21.00 mg DW equivalent extract mL , respectively. In all tested plants, the shoots are more sensitive to the extracts of L.
cephalotes than the roots. The seedling growth of alfalfa displayed the highest inhibition whiles the barnyard grass exhibited the
least inhibition. All the test plant species responded to the L. cephalotes extracts. The findings of the current study indicate that L.
cephalotes exhibits allelopathic activity and may possess allelopathic substances.
Keywords: Leucas cephalotes; allelopathic properties; medicinal plant; inhibitory effect.
Introduction
Weeds are plants that are more harmful than useful, even
after possible beneficial effects have been considered
(Pathipati et al., 2011) and diminish the crop productivity by
their diverse habits of intrusive with crops growth and
culture (Thijs et al., 1994; Kruse et al., 2000). Therefore,
herbicides are widely used and play an important role in
increasing agricultural production. He et al. (2012)
highlighted that herbicide have become the most common
used chemical substances all over the world. Since 2007,
herbicides have ranked in first place among the three main
pesticides of insecticides, fungicides/bactericides and
herbicides (Zhang et al., 2011). However, over-use of
synthetic
herbicides
brings
about
tremendous
environmental hazards (Aktar et al., 2009) and has resulted
in the growth of herbicide-resistant weeds (Heap, 2018).
Excessive use of herbicides induces numerous changes in
plant growth such as inhibition of growth, foliar chlorosis,
albinism and necrosis (Subba-Rao and Madhulety, 2005).
Many herbicides still remain in the environment and cause
bio magnifications. Researchers are now seeking out new
natural plant products to develop biodegradable and costeffective herbicides for supportable weed management
(Islam et al., 2018). Herbicides from plants are safer and
easily biodegradable (Babu et al., 2014). Allelopathy holds
the potential for selective biological weed management. The
phenomenon of allelopathy refers to chemical interactions
between all types of plants. In this process the chemical
exudates or leachates released from all parts of a plant can

inhibit the growth of a neighbouring one (Scrivanti et al.,
2011).
Plant materials possessing phytotoxic potential can be used
in agriculture as natural herbicides (Kato-Noguchi et al.,
2016). Many reports have documented the profitable use of
plants having phytotoxic potential (isolated substances) to
suppress weeds in crop fields in place of using synthetic
herbicides (Mushtaq et al., 2010). Moreover, plant extracts
with phytotoxicity and their phytotoxic substances have no
residual toxic effects on the environment (Amb and
Ahluwalia, 2016). Accordingly, many investigators pay much
attention to potentially finding more allelopathic plants from
a variety of plant species (Kuddus et al., 2011). Medicinal
plants are a valuable source of secondary metabolites that
usually have many biological functions (Hussein and ElAnssary, 2018). Moreover, it has been reported that
medicinal plant species possess strong allelopathic potential
(Wink, 1999; Qasem, 2002). Therefore, investigators
throughout the world are now concentrating on medicinal
plants to seek new natural plant products (Sodaeizadeh et
al., 2009).
Myanmar, a country with a rich cultural heritage, comprises
more than 100 ethnic groups: the Chin people are one major
group. The climate is typically temperate with three seasons
like other regions of Myanmar. In the rainy season,
southwestern monsoon winds bring abundant rainfall to
Chin State, creating a habitat that favors the explosive
growth of countless plants (Thu et al., 2018). In traditional
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medicine, Leucas cephalotes (Roth) Spreng. has been used as
a natural remedy against several afflictions such as jaundice,
inflammation, asthma, fever, cough, malaria and anemia
(DeFilipps and Krupnick, 2018; Thu et al., 2018). L.
cephalotes, from the family Laminaceae, is a yearly rainyseason weed. It grows widely in the cultivated fields of
Myanmar and other Asian countries such as India and China.
The plant is an erect, scabrous or pubescent, stout annual
herb, 30 -100 cm high (Kirtikar and Basu, 1999). Its leaves
are yellowish-green, the stem is light greenish yellow and
the roots are cylindrical, zig-zag, smooth, and long with
numerous wiry. Inflorescence is sessile and white, and the
fruits are nutlets, smooth and brown (Anonymous, 2001).
Biological and pharmacological researchers have shown
that, potentially, L. cephalotes has many valuable biological
properties such as anti-inflammatory (Patel et al., 2015),
antioxidant (Rao et al., 2014), antimicrobial (Kumar et al.,
2016), antifilarial, antifertility (Bhoria et al., 2013),
antiplasmodial, hepatoprotective (Bais and Saiju, 2014), and
antidiabetic (Verma et al., 2017). However, there have not
been any studies about the allelopathic properties of L.
cephalotes. This research was conducted to determine if L.
cephalotes possesses allelopathic substances that could be
used to suppress crop weeds for sustainable agricultural
production.

the lowest concentration to inhibit 50% of the growth and
barnyard grass was the least sensitive, requiring the
highest concentration. The L. cephalotes extracts had a
stronger effect on the dicotyledons than on the
monocotyledons.
Discussion
According to the bioassay results, the L. cephalotes
extracts inhibited the growth of both the
monocotyledonous and dicotyledonous test plants, and
the percent of inhibition increased with an increase in
extract concentration (Fig. 1 and Supplementary Fig. 2).
The extracts from allelopathic plant shows an inhibition of
germination and seedling growth of plant bioassay with
increasing on a concentration (Poonpaiboonpipat and
Jumpathong, 2019). The same concentration-dependent
inhibition results have been reported for the medicinal
plants Dischidia imbricata (Krumsri et al., 2019), Acacia
catechu (Hossen and Kato-Noguchi, 2020) and Acacia
pennata (Kyaw and Kato-Noguchi, 2020). These results also
correlated with many research findings on inhibitory
activity depending on plant extract concentration (Zaman
et al., 2018). Sodaeizadeh et al. (2009) also described those
differences in the biochemical and physiological nature of
test plants may be responsible for the inhibitory effects of
the extracts. The concentration-dependent inhibitory
pattern of these findings indicates that L. cephalotes
extracts may possess allelopathic potential. Boonmee et al.
(2018) and Kato-Noguchi et al. (2019) reported that a
substantial number of phytotoxic substances has been
successfully extracted from medicinal plants using aqueous
methanol.
For I50 values, the barnyard grass requires the highest
concentration and alfalfa need the lowest concentration
(Fig. 2). The results for barnyard grass are similar to the
findings of Krumsri et al., (2019), Hossen and Kato-Noguchi
(2020), and Kyaw and Kato-Noguchi (2020), and the results
for alfalfa are similar to those of Rob and Kato-Noguchi
(2019). These results indicate that growth suppression by
the L. cephalotes extracts was species dependent. Similar
findings on plant extracts have also been reported by KatoNoguchi et al., (2016) and Boonmee et al., (2018). As
shown in Fig. 2, the L. cephalotes extracts had more
inhibition effect on the dicotyledons than on the
monocotyledons. The unequal susceptibility of different
species may be due to differences in seed size and seed
coat permeability, which influence the absorption of
inhibitory substances (Hassan et al., 2012). Kruse et al.
(2000) has been indicated that dicotyledons are more
sensitive to allelopathic substances than monocotyledons.
Additionally, Islam and Kato-Noguchi (2014) described that
inhibition of the growth of tested seedlings by extracts of
L. aspera is mainly due to the allelopathic reaction. In this
study, the aqueous methanol extracts of L. cephalotes
strongly inhibited the seedling growth of the selected test
plants. Thus, we suggest that L. cephalotes extracts could
be used as a natural herbicide with the aim of
environmental safety. Further study is needed to identify
and isolate the allelopathic substances from L. cephalotes
extracts.

Results
The extracts of L. cephalotes were assayed to measure the
shoot and root growth of each test plant species (cress,
lettuce, alfalfa, Italian ryegrass, barnyard grass, and timothy)
at various concentrations. The findings indicated that the
extracts considerably suppressed the seedling growth of
each test plant (Fig. 1 and Supplementary Fig. 2). At 30 mg
-1
DW equivalent extract of L. cephalotes mL , the lettuce
seedlings were completely inhibited and the cress, lettuce,
alfalfa, Italian ryegrass, barnyard grass, and timothy were
significantly inhibited more than 50% to 3.17, 2.70, 1.86,
3.40 and 3.87% of the control shoot length and 3.56, 2.88,
0.90, 2.84 and 3.03% of the control root length. All the
tested seedlings except barnyard grass were completely
inhibited (100%) at the concentration of 300 mg DW
-1
equivalent extract of L. cephalotes mL , whilst the barnyard
grass shoots were inhibited up to 99% and its roots were
completely inhibited. Other concentrations also showed
different levels of growth inhibition against each species.
The correlation coefficients (R) of the concentration of the L.
cephalotes extracts showed a significant negative correlation
with shoot and root length percentage in each test plant
(Table 1). The seedlings of each test plant had a highly
significant negative correlation with the L. cephalotes
extracts at (p < 0.01).
To suppress 50% of seedling growth (I50 values), the
concentration of the L. cephalotes extracts needed for
each species was different (Fig. 2). The most significant
difference between the I50 values for the shoot and root
length was found in barnyard grass followed by cress,
Italian ryegrass, and timothy. No significant difference
shoot and root length was found in lettuce and alfalfa. The
I50 values for shoot and root length were within 4.21 49.45 and 4.81 – 21.00 mg DW equivalent of L. cephalotes
-1
extracts mL , respectively. Of the test plants, alfalfa was
the most sensitive to the L. cephalotes extracts, requiring
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Table 1. Correlation coefficient between the concentration of the Leucas cephalotes extracts and the growth of the six tested
plants.
Test plant species
Correlation coefficient (R)
Shoot
Root
Cress
- 0.802**
- 0.812**
Lettuce
- 0.820**
- 0.852**
Alfalfa
- 0.592**
- 0.574**
Barnyard grass
- 0.789**
- 0.801**
Italian ryegrass
- 0.768**
- 0.823**
Timothy
- 0.719**
- 0.750**
Asterisks indicate significant level: ** p < 0.01 (two-tailed).

Fig 1. Effect of Leucas cephalotes extracts on the (a) shoot (b) root growth of the tested plant species.
Seedling growth was checked after two-days of incubation in the dark at 25 °C. Means ± SE from two
independent experiments with three replications for each treatment (n=60). Asterisks above each bar
indicate significant differences between treatment and control: *p ≤ 0.05, **p ≤ 0.01 and ***p ≤ 0.001
(One-way ANOVA, post hoc by Tukey’s test).
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Fig 2. Concentration of Leucas cephalotes extracts needed to suppress 50% of seedling growth (I50 values) of the tested plants.
Asterisks above each bar indicate significant differences between the shoot and root growth of each species: *p ≤ 0.05, **p ≤ 0.01
and ***p ≤ 0.001 (paired t-test).

Materials and Methods

Seedling bioassay and determination of I50
To assess the inhibitory effect of L. cephalotes, a bioassay
was conducted with six concentrations (1, 3, 10, 30, 100, and
-1
300 mg DW equivalent extract mL ) and controls. To
prepare these concentrations, the L. cephalotes was
dissolved with methanol and an aliquot of the extracts was
added individually to a layer of filter paper (No. 2) in each 28
mm Petri dish. The Petri dishes were dried in a draft
chamber to remove all methanol. After that, 0.6 mL of 0.05%
(v/v) aqueous Tween 20 solution (polyoxyethylene sorbitan
monolaurate; Nacalai, Kyoto, Japan) solution was added to
each Petri dish. Then, 10 seeds of cress, lettuce, and alfalfa,
and 10 germinated seeds of barnyard grass, Italian ryegrass,
and timothy (allowed to germinate for 48 h; incubated in the
dark at 25 °C) were placed on the filter paper in the Petri
dishes. The Petri dishes with only the seeds and Tween 20
solution on the filter paper were the control. The root and
shoot lengths were measured after 48 h incubation in
darkness at 25 °C. The percentage of seedling growth was
recorded by referring to control seedlings’ growth. The
inhibition percentage was calculated using the following
equation:
Inhibition = [1 –
] × 100

Plant materials
Plant materials (L. cephalotes) were gathered from the
villages near Tiddim Township, Chin State, Myanmar in JulyAugust 2020 (Supplementary Fig. 1). The plant parts of L.
cephalotes except the roots were washed with tap water to
remove mud and other particles, and dried in the shade. The
dry samples were then cut into small pieces using scissors,
ground into powder, and then stored at 4 °C in a vacuumsealed plastic package until extraction. For the bioassay,
three dicotyledons [cress (Lepidium sativum L.), lettuce
(Lactuca sativa L.), and alfalfa (Medicago sativa L.)] and
three monocotyledons [barnyard grass (Echinochloa crusgalli
(L.) Beauv.), Italian ryegrass (Lolium multiflorum Lam.), and
timothy (Phleum pratense L.)] were selected. The tested
species of monocots were chosen because of their common
seedling growth patterns and the dicots because of their
distribution as common weeds in the crop fields (Das et al.,
2019).
Preparation of plant extracts
The powder of L. cephalotes (100 g) was extracted with 600
mL of 70% (v/v) aqueous methanol for 48 h at room
temperature in the dark. The extract sample was stirred
with a laboratory spatula and filtrated with a vacuum pump
and a 125 mm sheet of filter paper (No. 2; Toyo Roshi Ltd.,
Japan). The residue from the filtration was soaked for 24 h
with 600 mL of methanol at room temperature in the dark
and filtrated again. Both filtrates were combined and
evaporated to complete dryness using a rotary evaporator
at 40 °C. The crude extracts were dissolved with 25 mL
methanol and kept at 2 °C until the bioassay.

(%)
Statistical analysis
The bioassays were carried out in a completely randomized
design (CRD). The treatments and controls were duplicated
and replicated three times (10 seeds/replication, n = 60). All
experimental data were analyzed using SPSS version 16.0
software. The differences between the I50 values of each test
plant were analyzed using a paired t-test at p ≤ 0.05. Twotailed Pearson Correlation was applied to check the
correlation between the growth of the tested plants and
extract concentration.
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The present study investigated the possible allelopathic
activity of the medicinal plant against several test plants.
The aqueous methanol extracts of L. cephalotes
suppressed the growth of both monocotyledonous and
dicotyledonous species. The growth suppression of the
seedlings increased with increasing concentration of the
extracts. Thus, the inhibitory activity of L. cephalotes
extracts suggests that this plant possesses allelopathic
potential and may contain allelopathic substances. Further
study should be conducted to isolate and characterize any
potential allelopathic substances from this plant.
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