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Abstract 

Dischidia imbricata (Blume) Steud. is a herbaceous plant belonging to the Apocynaceae family. This plant has been 
reported to possess various pharmacological properties, however, there has been no report related to its allelopathic properties. 

Therefore, the aqueous methanol extracts of D. imbricata were examined for possible allelopathic activity against the seedling 
growth of dicotyledonous plants; lettuce (Lactuca sativa L.), cress (Lepidium sativum L.), and alfalfa (Medicago sativa L.), and 
monocotyledonous plants; barnyard grass (Echinochloa crus-galli (L.) P. Beauv.), Italian ryegrass (Lolium multiflorum Lam.), 
and timothy (Phleum pratense L.). D. imbricata extracts exhibited a significant inhibition on the seedling growth of all the test 
plant species at the concentration ≥ 0.01 g dry weight equivalent extract mL-1. The seedling growth of lettuce showed the 

highest inhibition with D. imbricata extracts followed by alfalfa and cress, whereas the least inhibition was found on the 
seedling growth of timothy. Concentrations required for 50% inhibition (I50 values) of all the test plant species were in the 
range of 0.003 to 0.067 g D.W. equivalent extract mL-1 for shoot growth, and 0.018 to 0.026 g D.W. equivalent extract mL-1 

for root growth. In addition considering the I50 values, the root growth of the test plant species was more sensitive to D. 
imbricata extracts than their shoot growth, except cress seedling. These results indicated that D. imbricata may possess 
allelopathic activity and may contain allelopathic substances.  
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Introduction 

Weeds are one of the major causes of yield loss and low 
crop quality. Synthetic herbicides are commonly used to 
control weeds in agricultural systems. However, excessive 
use of herbicides causes negative impacts on humans, 
animals, and the contamination of environment, as well as 
leads to an increase of herbicide resistance in many weed 
species (Bhadoria, 2011; Awan et al., 2015). Therefore, 
researchers are searching for sustainable and 
environmentally friendly methods to control weeds (Bajwa 
et al., 2015; Amb and Ahluwalia, 2016). The utilization of 
allelopathic compounds is widely considered as an
alternative strategy for weed control. Allelopathy is a natural 
phenomenon in which plants release secondary metabolites 

or allelochemicals into the environment in various ways 
including volatilization or leaching from plant parts, release 
through root exudation, and decomposition of plant 
residues (Rice, 1984; Koocheki et al., 2013). Allelochemicals 
inhibit plant growth and also affect physiological and 
biochemical processes such as disturbing respiration 
(Abrahim et al., 2003), stomatal closure (Rai et al., 2003), 
cell division (Teerarak et al., 2012), nutrient uptake 
(Abenavoli et al., 2010), cell membrane permeability 
(Poonpaiboonpipat et al., 2013), plant growth regulator 
(Yang et al., 2008), photosynthesis (Ye et al., 2013), and 
gene expression (Fang et al., 2015). In recent years, some 
plants have been reported to possess the allelopathic 
potential and those plants have also been applied as a natural 
herbicide in crop production such as Houttuynia cordata
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filtered. The two filtrates were combined and removed the 
solvent at 40 °C using a vacuum rotary evaporator (Büchi®

rotary evaporator Model R-200) to give the crude methanol 
extract. 
 
Bioassay  
The growth bioassay experiment was conducted using 

the method described by Boonmee et al. (2018) with slight 
modifications. Crude extract of D. imbricata was dissolved 
and diluted with methanol to give final of six concentrations 
(0.001, 0.003, 0.01, 0.03, 0.1 and 0.3 g dry weight equivalent 
extract mL-1). An aliquot of the extract was added to the 
filter paper (No. 2) in a Petri dish (28 mm). All treatments 
were placed in a fume hood at room temperature (25 ± 2 
°C) until methanol evaporated to dryness. Then, the filter 
paper was moistened with 0.6 mL of 0.05% (v/v) aqueous 
solution of polyoxyethylene sorbitan monolaurate (Tween 
20; Nacalai Tesque, Inc., Kyoto, Japan). Tween 20 was used 
for as surfactant and so that all the seeds can uptake the 
extracts homogeneously. Ten seeds of lettuce, cress, and 
alfalfa and 10 germinated seeds of barnyard grass, Italian 
ryegrass, and timothy were placed in each prepared Petri 
dishes. Monocotyledonous seeds were allowed to germinate 
by soaking with distilled water and then incubated at 25 °C 
until each root of seedling emerged to 1 mm in length. 
Control treatments were maintained using Tween 20 
without the extract. All the Petri dishes were incubated in 
darkness at 25 °C. The shoot and root length of all the test 
plant seedling were measured after 48 h incubation. All the 
growth length data were calculated to a percentage of 
seedling length using the following formula:  
The percentage of seedling length (%) = length of 

treatment/length of control × 100 
The concentration required for 50% inhibition (I50

values) of each test plant species was calculated using a 
logistic regression analysis of the concentration-response 
curves.  
 
Statistical analysis 
All bioassay experiments were conducted using a 

completely randomized design (CRD) with three 
replications. The data in each experiment were analyzed 
using Tukey’s test by software SPSS version 16.0. GraphPad 
Prism 6.0 was used to analyze the concentration required 
for 50% inhibition of each test plant. 
  

Results and Discussion 

The aqueous methanol extracts from D. imbricata were 
applied to the test plant species with different extract 
concentrations. The results showed that the extracts 
significantly inhibited the seedling growth of all test plant 
(Fig. 1 and Fig. 2).  At all concentrations, the extracts 
exhibited the most inhibition on the shoot and root length 
of lettuce. At a low concentration of 0.003 g D.W. 
equivalent extract mL-1, the seedling length of lettuce was 
inhibited more than 50% of control length. At the same 
concentration of the extracts, the seedling length of other 
test plant species were slightly inhibited. At a concentration 
of 0.03 g D.W. equivalent extract mL-1, the extract 
completely inhibited the shoot length of lettuce and 

Thunb. (Lin et al., 2006), Stylosanthes guianensis Sw. 
(Khanh et al., 2006), and Peganum harmala L. 
(Sodaeizadeh et al., 2010).  
Medicinal plants are one of the richest sources of organic 

compounds. Some of secondary metabolites exist in 
medicinal plants exhibit a wide range of pharmacological 
and toxicological properties. Therefore, greater attention 
has been focused on the study of the allelopathic effects of 
medicinal plants and its potential application for weed 
control. More recently, some medicinal plants have been 
reported to possess allelopathic activity such as Ocimum 
tenuiflorum (Islam and Kato-Noguchi, 2013), Acacia 
concinna (Boonmee and Kato-Noguchi, 2017), Aspergus 
racemosus, Picrobiza kurroa, Valeriana wallichii, Ocimum 
sanctum (Rawat et al., 2016), and Melia azedarach
(Shinwari et al., 2017). Therefore, these results suggested 
that medicinal plants with inhibitory activity may contain 
allelopathic compounds.  

Dischidia imbricata (Blume) Steud. is belongs to the 
Apocynaceae family and distributed in Southeast Asia. This 
plant is a succulent creeper, an herbaceous epiphytic vine, a 
root climber, and a twiner. All parts of the plant contain 
white latex and lacking wax chimneys on the stems and 
leaves (Livshultz, 2003). The leaves of D. imbricata have 
been reported to possess different pharmacological 
properties and have been used as anti-cancer and 
cardiovascular agents (Silalahi et al., 2015). However, the 
allelopathic potential has   not been investigated. Therefore, 
the objective of this study was to evaluate the allelopathic 
effects of the aqueous methanol extracts from D. imbricata
on the seedling growth of test plant species. 
 

Materials and Methods  

Plant material  
Leaves of Dischidia imbricata (Blume) Steud. were 

collected from Phitsanulok Province, Thailand in 
September 2017. The material was dried under shade until 
constant weight, cut into 1 × 1 cm squares, and ground into 
powder using an electric grinder (Retsch, D-42781 Haan, 
Germany). The six plant species were selected for the 
bioassay including dicotyledonous; lettuce (Lactuca sativa
L.), cress (Lepidium sativum L.), and alfalfa (Medicago sativa
L.), and monocotyledonous; barnyard grass (Echinochloa 
crus-galli (L.) P. Beauv.), Italian ryegrass (Lolium
multiflorum Lam.), and timothy (Phleum pratense L.).
These test plants were chosen for the experiment due to 
their known seedling growth behaviors (lettuce, cress, 
alfalfa, and timothy) and common worldwide distribution 
in crop fields (barnyard grass and Italian ryegrass) (Islam et 
al., 2017).  
 
Extraction 
An aqueous methanol extract was prepared by soaking 

20 g of leaf powder in 500 mL of 70% (v/v) aqueous 
methanol for 48 h, at room temperature (25 ± 2 °C). The 
extract was filtered through a sheet of filter paper (No. 2; 
Toyo Roshi Kaisha Ltd., Japan). The residue was re-
extracted with 500 mL of cold methanol for 24 h and 
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inhibited that of cress, alfalfa, Italian ryegrass, barnyard grass 
and timothy by 1.7, 14.0, 37.8, 84.5 and 91.6% of control 
length, respectively. At the same concentration, the root 
length of lettuce was also completely inhibited and the 
extract inhibited that of cress, alfalfa, timothy, Italian 
ryegrass, and barnyard grass by 6.3, 14.6, 35.3, 45.6 and 
53.1% of control length, respectively.  
These results indicate that the aqueous methanol 

extracts of D. imbricata may possess allelopathic potential. 
Similar results have been reported by El-Khatib et al. (2016) 
and Gulzar and Siddiqui (2017). Additionally, at increased 
the extract concentrations, greater decreases in the growth 
seedling of test plant species occurred. The concentration-
dependent inhibition on tested plants was also found in 
Rumex maritimus (Islam et al., 2017) and Cerbera manghas
(Bari and Kato-Noguchi, 2017).  These results may be due 
to the variable amount of the potential inhibitory activity 
depending on the intensity of phytochemicals and may be 
responsible for the inhibition of the seedling growth of test 
plants (Travlos and Paspatis, 2008; Gomaa et al., 2014). 
The inhibitory activity observed in the dicotyledonous 
plants was greater than the monocotyledonous plants. 
These results suggest that the inhibitory activity is also 
species dependent. Similar results are in accordance with 
previous studies by Yuan et al., (2018) and Zaman et al., 
(2018). In addition, the differences of the seedling growth 
could be attributed to differences in morphological and 
physiological characteristics of each species (Kobayashi, 
2004). For example, the differences in seed size, shape, and 
the selective permeability of seed coat many influence the 
absorption of allelopathic compounds (Zakaria and Razak, 
1990; Hassan et al., 2012). The genetic of each plant is also 
another possible reason for unequal susceptibility of 
different species. El-Khawas and Shehata (2005) found that 
Eucalyptus rostrate extracts induced a number of de novo 
synthesized proteins (chaperones) in maize (Zea mays L.) 

more than in kidney-bean (Phaseolus vulgaris L.) caused the 
formation of stress proteins, which showed different DNA 
fingerprints. This may be the underlying mechanism of high 
tolerance in the monocotyledonous plant as compared to 
the dicotyledonous plant. 
Considering the concentration required for 50% 

inhibition (I50 values), the sensitivity of the shoot and root 
length showed differences between the test plant species, 
where the values on the shoot length ranged at 0.003 to 
0.067 and the root length ranged at 0.018 to 0.026 g D.W. 
equivalent extract mL-1 (Fig. 3). The root length of all the 
test plant species were inhibited by the extracts more than 
their shoot length, except cress seedlings. In addition, the I50
values also showed that the root length of lettuce was most 
sensitive to the extracts with 1.5-fold greater than their 
shoot length. On the other hand, the root length of Italian 
ryegrass was least sensitive to the extracts by the I50 value was 
1.1-fold greater than their shoot length. This inhibition 
might be because the root is the first organ directly contact 
to the active compounds of the extract. In addition, Nishida 
et al. (2005), Rial et al. (2014) found that the cell expansion 
and proliferation in the roots of seedling are more sensitive 
to allelochemicals than the shoots which have only cell 
expansion. Accordingly, Cai and Mu (2012) reported that 
Datura stramonium extracts inhibited the primary root 
elongation and lateral root development, decreased root hair 
length and density, and inhibited cell division in root tips 
which lead to chromosomal aberration and micronucleus 
decreased on soybean (Glycine max L.). Teerarak et al. 
(2012) also found that Aglaia odorata Lour. leaves inhibited 
mitosis and induced mitotic abnormalities in Alliumcepa
roots by damaging chromatin organization and the mitotic 
spindle in roots exposed. These results imply that the 
aqueous methanol extract of D. imbricata has allelopathic 
properties and may possess allelochemicals, which are 
responsible for the inhibitory activity. 

Fig. 1. Effect of aqueous methanol extracts of Dischidia imbricata on the (A) shoot and (B) root length of six test plant species 
treated at concentrations of 0.001, 0.003, 0.01, 0.03, 0.1, and 0.3 g D.W. equivalent extract mL-1. The bars on each experiment are 
shown ± SE with three replications (n=30). Difference letters indicate significant differences by Tukey’s test (P<0.05) 
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Fig. 2. Effect of aqueous methanol extracts of Dischidia imbricata on the seedling growth of six test plant species at different 
extract concentrations (after 48 h) 
 

 

Fig. 3. The concentration required for 50% inhibition (I50 values) of aqueous methanol extracts of Dischidia imbricata on the 
shoot and root length of six test plant species. Difference letters indicate significant differences by Tukey’s test (P<0.05) 
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Conclusions 

The aqueous methanol extracts from D. imbricata
showed inhibitory effects on the seedling growth of all test 
plant species. The inhibition was concentration and species 
dependent on the seedling growth of the test plant species. 
These results suggest that the leaf extracts of D. imbricata
may possess allelopathic properties and hence may contain 
allelopathic substances. Further research is required for 
isolation and characterization of allelopathic compounds 
from D. imbricata, for utilization as a source of natural 
herbicide and natural weed control in agricultural systems. 
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