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ABSTRACT

In forestry systems, many types of forest trees possess allelopathic properties and release a wide variety of allelochemicals that influence
the growth and development of surrounding species. Dalbergia cochinchinensis, a forest tree distributed in Southeast Asia, is reputed to
possess several biological properties and contain several secondary compounds. However, there have been no studies on the allelopathy
of D. cochinchinensis. Therefore, D. cochinchinensis leaf extracts were examined for allelopathic potential. The present study showed that
D. cochinchinensis extracts significantly inhibited the seedling growth of six test plant species: timothy, Italian ryegrass, barnyard grass,
cress, alfalfa, and lettuce. Concentrations of the D. cochinchinensis extracts negatively correlated with the shoot length (r = —0.50 to
—0.89) and root length (r = —0.65 to —0.89) of all the test plant species. The extracts were then purified using several chromatographic
steps and the growth inhibitory substance was isolated. The chemical structure of the substance was identified through spectroscopic
analysis as 3,4-dihydroxybenzoic acid (protocatechuic acid). Protocatechuic acid at a concentration higher than 3 mM significantly
inhibited the growth of cress seedlings, whereas barnyard grass seedlings were inhibited at concentrations higher than 0.3 mM. As the
protocatechuic acid concentration increased, the seedling growth of cress and barnyard grass was significantly reduced. I, values showed
the effectiveness of protocatechuic acid against both test plant species was apparently greater on root growth than shoot growth. Results

of this study suggest that protocatechuic acid isolated from D. cochinchinensis might be responsible for its inhibitory effects.
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INTRODUCTION

In agriculture, different kinds of synthetic herbicide have
been widely used for their easy availability and efficacy in
controlling weeds. However, excessive and repeated use of
synthetic herbicides has had negative effects such as soil
sickness, environmental pollution, and an increase in the
number of herbicide-resistant biotypes in weed species
(Duary, 2008; Awan et al., 2015; Hasanuzzaman et al., 2020).
These findings indicated that synthetic herbicides are not
sustainable for agricultural production over long periods
of time. Thus, many researchers have focused on searching
for environmentally safer and unique compounds that are
more effective for weed management (Amb and Ahluwalia,
2016; Bari and Kato-Noguchi, 2017; Poonpaiboonpipat
and Poolkum, 2019; Sakamoto et al., 2019).

In this regard, allelopathy is considered to be practicable and
ecologically balanced for weed management in sustainable
agriculture (Bhowmik and Inderjit, 2003; Jabran et al.,
2015; Dafaallah et al., 2019). The forest systems have a
diverse range of natural forest species. Some of forest
species have been possessed the allelopathic activity against
other organisms that make remarkable impacts on the
components of ecosystem including plant community
(Nishimura and Mizutani, 1995; Watdle et al., 1998; Bertin
et al. 2003). Allelopathy is a phenomenon in which plants
release secondary metabolites or allelochemicals into the
environment in several ways such as volatilization, root
exudation, leaching, and decomposition of plant residues
(Rice, 1984; Koocheki et al., 2013). Those allelochemicals
interfere with the establishment and growth of neighboring
plants (Souto et al., 1994; Souto et al.,, 2001; Latif et al.,
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2017). For example, the foliage leachate of Eucalyptus
species containing a large number of allelopathic substances
markedly decreased the growth and abundance of understory
and other nearby species (Ziaebrahimi et al., 2007, Ruwanza
et al., 2015). Melia dubia Cav. has also been reported to
decrease in the growth, biomass and fruit yield of chilli
(Capsicnm frutescens 1..) and eggplant (Solanum melongena 1..)
and its allelopathic substances were identified as phenolic
acids and their derivatives, alkaloids, methyl ketones (volatile
allelochemical) (Parmar et al., 2019). Therefore, forest
species are considered as one of the attractive candidates to
search the allelopathic substances for the development of
bioherbicide for sustainable weed management in the future.

Dalbergia cochinchinensis Pierre (Thailand rosewood) is a
forest tree belonging to the Fabaceae family and is widely
distributed in Southeast Asia. This plant is an important
deciduous tree in agroforestry systems of the tropics with
much ecological and economic importance. The cores
of this plant are used in traditional folk medicine to treat
blood-stasis and tumor (Palasuwan et al., 2005). Additionally,
different biological properties of D. cochinchinensis have been
documented such as anti-androgen activities, anti-ageing,
antimicrobial, and antioxidants (KKuroyanagi et al., 1996;
Pathak et al., 1997; Peterson and Dwyer, 1998; Palasuwan
et al,, 2005). It has also been reported to contain several
compounds such as flavonoids, terpenes, benzoic acids,
and volatile components (Shirota et al., 2003; Zhong et al.,
2013; Liu et al., 2016; Xiang et al., 2018). Several researchers
have been suggested that some plants that have medicinal
values may possess phytotoxic properties with phytotoxic
substances (Boonmee et al., 2018; Bari et al., 2019; Rob
et al,, 2020). In addition, some Dalbergia species have been
shown to possess allelopathic activity that suppressed
the growth and yield of target species (Singh et al., 1999;
Singh et al., 2006). Based on medicinal properties and
phytotoxic potential of Dalbergia species, it is possible that
D cochinchinensis may also contain inhibitory substances with
allelopathic activity. Therefore, this present study aimed to
determine the allelopathic activity of D. cochinchinensis on the
seedling growth of six test plant species and to isolate and
identify its inhibitory substances under laboratory condition.

MATERIALS AND METHODS

Plant material

Dalbergia cochinchinensis leaves were freshly collected from
Phitsanulok Province, Thailand. All collected leaves were
washed thoroughly using distilled water. The leaves were
immediately dried under shade and then pulverized using
an electric grinder. The ground powder was subsequently
stored in a tightly closed plastic container and kept in the
refrigerator at 2°C for further experiments.
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Test plant species

Six plant species were used as the receptor plants to
determine the allelopathic activity: timothy (Phleum
pratense L.), Italian ryegrass (Lolium moltiflorum Lam.), and
barnyard grass (Echinochloa crus-galli (L.) P. Beauv.) were
selected as monocotyledonous plants, and cress (Lepidinm
sativum L..), alfalfa (Medicago sativa L.), and lettuce (Lactuca
satival..) were selected as dicotyledonous plants. Those plant
species were selected on the basis of their known growth
behavior, higher sensitivity to allelopathic substances and
common weed characteristics (Kato-Noguchi et al., 2016;
Islam et al., 2017). The seeds of the monocotyledonous
plants were allowed to germinate in distilled water and
then transferred to dark condition at 25°C until the root
of each seedling emerged 1 mm in length prior to starting
the bioassay experiments.

Extract preparation

The leat powder (100 @) of D. cochinchinensis was soaked
in 70% (v/v) aqueous methanol (500 mL) and kept in the
dark at room temperature (25 = 2°C). After soaking for
two days, the liquid was poured through a Buchner funnel
with filter paper (No. 2; Toyo Roshi Kaisha, Tokyo, Japan).
The residue was immediately re-soaked in cold methanol
(500 mL) and kept in the same condition as described
above for one day, and then filtered. The organic solvents
of the combined filtrate were removed under reduced
pressure until dryness. The crude residue was diluted with
methanol to obtain concentrations from 0.001 to 0.3 g
D.W. equivalent extract/mL.

Treatment of the test plant species with the

D. cochinchinensis extracts

The growth bioassay of the extracts was determined using
the method described by Islam et al. (2019). An aliquot
of the D. cochinchinensis extracts at assay concentrations
was added to a Petri dish each containing a sheet of filter
paper (No. 2) and dried in a laminar flow cabinet. Then,
the filter paper was moistened with Tween 20 solution.
Seeds (n=10) of the dicotyledonous plants or sprouted
seeds (n=10) of the monocotyledonous plants were
placed in a Petri dish and then incubated in darkness
at 25°C. The treatments were designed in a completely
randomized manner, each with six replications. After two
days incubation, the growth parameters (shoot and root
length) were measured for each seedling. The percentage
of seedling growth was calculated using the following
formula:

growth length of

% of seedling treated seedling

x100

length growth length

of control seedling
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Isolation and identification of the inhibitory compound
Dalbergia cochinchinensis extracts were prepared using the same
process as described above. The crude residue was suspended
in distilled water and then adjusted to a pH of 7.0 using 1
M phosphate buffer. The aqueous residue was transferred
to a separating funnel for liquid-liquid partition with ethyl
acetate (equal volume, v/v), and divided into ethyl acetate and
aqueous fractions. The biological activity of both fractions
was determined using cress and barnyard grass bioassay.
The ethyl acetate fraction was then evaporated to dryness
after overnight soaking in anhydrous sodium sulfate as a
further purification step. After every purification step, all
fractions obtained from each step were tested for their growth
inhibitory activity against cress seedlings as desctibed above.
The residue was then chromatographed through a column
of silica gel (60 g, silica gel 60, 70-230 mesh; Nacalai Tesque,
Kyoto, Japan), and eluted with stepwise gradient mixtures of
n-hexane: ethyl acetate (9:1 to 2:8 (v/v), and methanol for final
elution. The active fraction was further subjected to a column
of Sephadex LH-20 (50g; GE Healthcare, Uppsala, Sweden).

The mobile phase was used as stepwise water: methanol
mixtures (8:2 to 2:8 (v/v), and methanol. The active fraction
(60% aqueous methanol) obtained by Sephadex LH-20 was
then transferred to reversed-phase C , cartridges (1.2X6.5
cm; YMC Co. Litd., Kyoto, Japan). The cartridge was eluted
step by step with water: methanol mixtures (9:1 to 2:8 (v/v),
and methanol. The active fraction (10% aqueous methanol)
obtained by reversed-phase C ; cartridge was then dried for
final purification by HPLC. The column (250 X 4.6 mm
LD, particle size 5 um, ODS-3; Inertsil, Tokyo, Japan) was
eluted with 10% aqueous methanol, 0.5 mL per min flow
rate. Peaks eluted were detected by absorbance at 220 nm.
The diagram of the isolation procedure is shown in Fig.1.
Finally, the chemical structure of the active substance was
identified using HRESIMS, '"H NMR (400 MHz, CD,OD),
and "C NMR (100 MHz, CD,OD) spectra.

Determination of the phytotoxic activity of the
identified inhibitory substance

Five concentrations (0.3 to 30 mM) were prepared by
dissolving and diluting the identified inhibitory substance

Leafpowder (100 g dry weight)

- Estract with 500mL of 70% (v/v) aqueous methanol for 48 h

- Filtrated through using filter paperNo.2

- The residue was extract again with 500 mL of cold methanol for 24
- Filtrated through using filter paperNo.2

- Two filtrated was combined

Aqueous methanol leaf extract

- Evaporated until dryness witha rotary evaporator
- Dissolved with water
- Adjusted to pH 7.0 with INNaOH

Partition against ethyl acetate

|
Ethyl acetate fraction

Aqueous fraction

- **Active fraction _ Seph LH-20 **Active fraction -
Silica gel column " column Cys cartridges
- Eluted with eﬂ‘l};{age!ateimhme - Eluted with waterin methanol - Eluted with waterin methanol
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|
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Fig 1. Procedure for the isolation and purification of protocatechuic acid from D. cochinchinensis leaf extracts.
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with methanol. Each concentration was determined by
cress and barnyard grass bioassay as described above. The
treatments were designed in a completely randomized
manner, each with three replications. The growth
parameters (shoot and root length) were measured for each
seedling. The percentage of seedling growth was calculated
using the formula as described above.

Statistical analysis

Significant differences of the shoot and root growth between
treatment and control were analyzed using Tukey’s test with
SPSS version 16.0 (Figs. 2-4). The Student’s t-test was used
to analyze significant differences between the shoot and root
growth (Fig. 5 and 6). The concentration required for 50%
inhibition of each test plants was calculated using GraphPad

Prism 6.0 (Fig. 5 and 6). The relationship between seedling
growth of the test plants and the extract concentrations was
analyzed using two-tailed Pearson correlation test (Fig. 2).

RESULTS

Allelopathic potential of the D. cochinchinensis
extracts

The seedling growth of all the target plant species was
affected by the D. cochinchinensis extracts and varied with
the amount of the extracts applied as shown in Fig. 2. At
0.03 ¢ D.W. equivalent extract/mL, the shoot length of
cress and lettuce was completely inhibited (100%), whereas
Italian ryegrass, alfalfa, timothy, and barnyard grass were
inhibited to 13.8, 16.8, 53.7, and 84.8% of control length,

Cress Barnyard grass
LN *Shoot(r = —0.89+++) . @Shoot (r=—0.84**)
100 B DU
s '\ #Root (r=-0.84***)[100 | ~ #Root (r=-0.88***)
= *%
§ *k .‘
T \\
g \
g 50 50 | \
- ‘\
£ 5
= \
-3 N HRE ‘\
'*;\ k% Rk e ““~ Exk
0 O o nagx giiH ) gy
0.001 0.003 001 003 01 03 0.001 0.003 001 003 0.1 0.3
Alfalfa Italian ryegrass
®Shoot (r = —0.85%**) ‘ *Shoot (r=—0.80%**)
= 100 #Root (r=-0.87%**) 100 | N #Root (r=-0.81***)
=
; *.**
S [ R
) [
£ 50 |
Q:’ kkk 50
Ed
3
o kk%k
0 ‘ : 0
0.001 0.003 0.01 0.03 0.1 0.3 0.001 0.003 001 003 0.1 0.3
Lettuce Timothy
. k #Shoot (r=-0.50**) #Shoot (r=—0.73*#*)
= *Root (r=-05 100 | #Root (r=—0.76*)
2
=
S
3
e\e 50 30
-
0
=
'3 Kk% %k k
0 % ¥ % % 0 = n
0.1 03 0.001 0.003 001 003 0.1 0.3

Concentration
(g D.W. equivalent extract/mL)

Fig 2. Effect of Dalbergia cochinchinensis leaf extracts on the seedling growth of six test plant species with different concentrations. The bars
on each experiment show mean + SE with six replications (n=60). The asterisks represent a statistically significant comparison between extract
concentration and control according to Tukey’s test: *p<0.05, **p<0.01, and ***p<0.001. Correlation coefficient (r); asterisks represent statistical
significance: **p<0.01 and ***p<0.001 by the two-tailed Pearson correlation test.
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Concentration: 0.3 g D.W. equivalent extract/mL
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Fig 3. Effect of fractions obtained from silica gel column eluted with ethyl acetate in n-hexane (v/v) on the seedling growth of cress. The bars
on each experiment show mean + SE with three replications (n=30). The asterisks represent a statistically significant between treatment and

control according to Tukey’s test: ***p<0.001.
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Fig 4. Effect of protocatechuic acid isolated from the Dalbergia cochinchinensis leaf extracts on the seedling growth of A. cress and B. barnyard
grass. The bars on each experiment show mean + SE with three replications (n=30). The asterisks represent a statistically significant between
treatment and control according to Tukey’s test: *p<0.05, **p<0.01, and ***p<0.001.

respectively. At the same concentration, the root length of
timothy roots was completely inhibited (100%), whereas
lettuce, Italian ryegrass, cress, barnyard grass, and alfalfa
roots were inhibited to 0.8, 3.3, 10.2, 12.6, and 16.3% of
control length, respectively. At the highest concentration
(0.3 g D.W. equivalent extract/mlL), the shoot and root
length of all the test plant species were completely inhibited
(100%). In addition, the results showed a strong negative
correlation between extract concentration and shoot length
(r = —0.50 to —0.85) and root length (r = —0.60 to —0.89)
of the test plant species (Fig. 2). That means the degree

Emir. J. Food Agric @ Vol 32 e Issue 7 e 2020

of inhibitory effect on all the test plant species increased
as the concentration increased.

The difference in I, values between each test plant
species is shown in Fig. 5, with the lettuce seedlings
being the most susceptible to the D. cochinchinensis
extracts compared with the other plant seedlings. The
barnyard grass seedlings were the least susceptible to the
D. cochinchinensis extracts. Furthermore, the effectiveness
of the D. cochinchinensis extracts against all the test plant
species was apparently greater on the roots than their
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Concentration (mM)

Fig 6. The concentration required for 50% inhibition (I, values) of
the seedling growth of cress and barnyard grass by protocatechuic
acid isolated from the Dalbergia cochinchinensis leaf extracts. The
asterisks represent a statistically significant comparison between the
shoot and root length of each test plant species according to Student’s
t-test: ***p<0.001.

corresponding shoots, except for the cress and Italian
ryegrass seedlings.

Isolation and identification of the inhibitory substance
The bioassay results of the separated fractions obtained
from the silica gel column showed significant inhibition on
the cress seedlings (Fig. 3). Fraction 6 (70% ethyl acetate
in #-hexane) showed the highest inhibition on the shoot
and root length of cress with 6.4 and 8.8% of control
length, respectively. Therefore, fraction 6 obtained from
the silica gel column was repeatedly purified though a
series of chromatography and HPLC steps. Finally, the
chemical structure of the inhibitory substance was identified
by spectroscopic analysis. The molecular formula was
determined as C_.H O,, which was identified by HRESIMS at
m/%153.0167 [M-H] (caled for CH,O,,153.0188, A= 2.1
mmuy). The proton NMR spectrum (400 MHz, CD,OD)
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showed§,7.32(d,]=2.6 Hz,1 H,H2),7.42 (dd, ] = 8.6,2.6
Hz,1H, H0),6.79 (d, ] = 8.6 Hz, 1 H, H5). The carbon NMR
spectrum (100 MHz, CD,OD as internal standard) showed
dc 170.3 (C-7), 151.5 (C-4), 146.1 (C-3), 123.9 (C-6), 123.2
(C-1), 117.7 (C-5), 115.7 (C-2). Based on the spectroscopic
data and comparing with published data, the substance was
identified as 3,4-dihydroxy benzoic acid, which is known as
protocatechuic acid (Fig, 7) (Chang et al., 2009).

Biological activity of the identified inhibitory substance
The inhibitory activity of protocatechuic acid isolated from
D. cochinchinensis was tested against cress and barnyard grass
seedlings (Fig. 4 and 6), and showed significant inhibitory
activity against both test plant species. The level of inhibition
depended on the concentration and plant species. At 10 mM
protocatechuic acid, the shoot and root length of cress was
inhibited to 35.9 and 26.5% of control length, respectively
(Fig. 4A), whereas the barnyard grass seedlings were inhibited
to 28.3 and 6.3% of control length, respectively (Fig. 4B).
At the highest concentration (30 mM), the seedling growth
of both test plant species was completely inhibited, except
for barnyard grass shoots, which were inhibited to 11.1% of
control length. The I values for the shoot and root length
of cress were 7.56 and 5.28 mM, respectively, and those of
barnyard grass were 5.52 and 2.57 mM, respectively (Fig; 0).
Comparing the I, values, the root length of both test plant
species was more inhibited by protocatechuic acid compared
with their shoot length.

DISCUSSION

The present study showed that D. cochinchinensis significantly
inhibited the seedling growth of all the test plant species
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Protocatechuic acid

(3,4-dihydroxybenzoic acid)
OH
OH

Fig 7. The chemical structure of protocatechuic acid isolated from the
Dalbergia cochinchinensis leaf extracts.

in both a species- and concentration-dependent manner
(Fig. 2 and 5). Therefore, our results indicated that the
D. cochinchinensis extracts have allelopathic potential, which
led to the isolation and identification of the inhibitory
substance in D. cochinchinensis.

The inhibitory substance was isolated from
D. cochinchinensis and identified by spectroscopic analysis
as 3,4-dihydroxybenzoic acid, commonly known as
protocatechuic acid (Fig. 3). Protocatechuic acid has
been detected in many plant spices, such as Euwterpe
oleracea (Pacheco-Palencia et al., 2008), 1 zburnum foetidum,
Houttuynia cordata, Perilla ocimoides (Seal et al., 2010),
Hibiscus sabdariffa (Hassan and Svajdlenka, 2017), and
Veronia peregrina (Polechoniska et al., 2019). In addition,
it is well known that protocatechuic acid is one of the
biologically active components in medicinal plants (Ellnain-
Woijtaszek, 1997; Herrmann and Nagel, 1989; Ali et al.,
2005). Different biological and biological activities of
protocatechuic acid have been extensively studied including
its antioxidant, antibacterial, anticancer, anti-inflammatory,
antihyperglycemic, and antiapoptotic activities (Kakkar and
Bais, 2014; Semaming et al., 2015; El-Sonbaty et al., 2019).
However, although protocatechuic acid has been found
in many other plants, this study is the first to report on
protocatechuic acid isolated from D. cochinchinensis.

Based on the results of the molecular bioassay, the seedling
growth of cress and barnyard grass was significantly
inhibited by protocatechuic acid (Fig. 4 and 6). Our
results are in agreement with Beninger et al. (2004), Wu
et al. (2007), Shang et al. (2017), and Fu et al. (2019), who
reported that protocatechuic acid has phytotoxic effects
and can influence the growth of plants at various stages.
However, the relationship between chemical structure
and mechanism of allelopathy of protocatechuic acid is
not well understood. Accordingly, the -OH group at the
meta position in protocatechuic acid may be responsible
for its inhibitory activity. Gao et al. (2011) reported that
protocatechuic acid (-OH group at the meta position)
exhibited high inhibitory activity (4-fold higher activity)
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compared with vanillic acid (-OCH, group at the meta
position). On the other hand, the -COOH group may be
another reason for the decreased activity of protocatechuic
acid because of the electron-withdrawing properties of
the -COOH group in protocatechuic acid influencing the
biological activity of the hydroxybenzoic acid derivatives
(Rice-Evans et al., 1996; Velika and Kron, 2012).

These findings are in accordance with those of Chou and
Leu (1992), Wu et al. (2007), and Fu et al. (2019), who
reported that the level of activity depends on the target
species and the concentration of protocatechuic acid.
In view of the results described above, D. cochinchinensis
has allelopathic properties, which might be due to
protocatechuic acid contributing to its inhibitory activity.

CONCLUSION

This study is the first to report on the allelopathic activity
of protocatechuic acid identified from D. cochinchinensis.
Protocatechuic acid displayed different inhibitory
activity on the tested plants proportional to the extract
concentrations. These results suggest that protocatechuic
acid may contribute to the growth inhibitory activity of
D. cochinchinensis.

ACKNOWLEDGEMENTS

We thank the Government of Japan for providing a
scholarship (MEXT) to Ramida Krumsri. We also thank
Professor Dennis Murphy for editing the English of our
manuscript.

Authors’ contributions

Ramida Krumsti carried out the experiments, analyzed
the data and wrote the manuscript. Arthiro Iwasaki and
Kiyotake Suenaga contributed to the determination of
chemical structures of the compounds. Hisashi Kato-
Noguchi designed the experiments, supervised the data
analysis and contributed greatly to the writing of the
manuscript.

REFERENCES

Ali, B. H, N. A. Wabel and G. Blunden. 2005. Phytochemical,
pharmacological and toxicological aspects of Hibiscus sabdariffa
L.: Areview. Phytother. Res. 19: 369375.

Amb, M. K. and A. S. Ahluwalia. 2016. Allelopathy: Potential role to
achieve new milestones in rice cultivation. Rice Sci. 23: 165-183.

Awan, T. H., P. C. S. Cruz and B. S. Chauhan. 2015. Agronomic
indices, growth, yield-contributing traits, and yield of dry-seeded
rice under varying herbicides. Field Crops Res. 177: 15-25.

Bari, I. N. and H. Kato-Noguchi. 2017. Phytotoxic effects of Cerbera
manghas L. leaf extracts on seedling elongation of four monocot

519



Krumsri, et al.

and four dicot test species. Acta. Agrobot. 70: 1720.

Bari, 1. N., H. Kato-Noguchi, A. lwasaki and K. Suenaga. 2019.
Allelopathic potency and an active substance from Anredera
cordifolia (Tenore) Steenis. Plants. 8: 134.

Beninger, C. W., M. M. Abou-Zaid, A. L. Kistner, R. H. Hallett, M. J. Igbal,
B. Grodzinski and J. C. Hall. 2004. A flavanone and two phenolic
acids from Chrysanthemum morifolium with phytotoxic and insect
growth regulating activity. J. Chem. Ecol. 30: 589-606.

Bertin, C., X. Yang and L. A. Weston. 2003. The role of root exudates
and allelochemicals in the rhizosphere. Plant Soil. 256: 67-83.

Bhowmik, P. C., Inderjit. 2003. Challenges and opportunities in
implementing allelopathy for natural weed management. Crop
Prot. 22: 661-671.

Boonmee, S., A. Ilwasaki, K. Suenaga and H. Kato-Noguchi. 2018.
Evaluation of phytotoxic activity of leaf and stem extracts and
identification of a phytotoxic substance from Caesalpinia
mimosoides Lamk. Theor. Exp. Plant. Physiol. 30: 129-139.

Chang, S. W,, K. H. Kim, I. K. Lee, S. U. Choi, S. Y. Ryu and
K. R. Lee. 2009. Articles: Phytochemical constituents of Bistorta
manshuriensis. Nat. Prod. Sci. 15: 234-240.

Chou, C. H. and L. L. Leu. 1992. Allelopathic substances and
interactions of Delonix regia (Boj) Raf. J. Chem. Ecol. 18: 2285-
2303.

Dafaallah, A. B., W. N. Mustafa and Y. H. Hussein. 2019. Allelopathic
effects of jimsonweed (Datura Stramonium L.) seed on seed
germination and seedling growth of some leguminous crops. Int.
J. Agric. Innov. Res. 3: 321-331.

Duary, B. 2008. Recent advances in herbicide resistance in weeds
and its management. Indian J. Weed Sci. 40: 124-135.

Elinain-Wojtaszek, M. 1997. Phenolic acids from Ginkgo biloba L.
Part Il. Quantitative analysis of free and liberated by hydrolysis
phenolic acids. Acta Pol. Pharm. 54: 229-232.

El-Sonbaty, Y. A., G. M. Suddek, N. Megahed and N. M. Gameil. 2019.
Protocatechuic acid exhibits hepatoprotective, vasculoprotective,
antioxidant and insulin-like effects in dexamethasone-induced
insulin-resistant rats. Biochimie. 167: 119-134.

Fu, Y. H., W. X. Quan, C. C. Li, C. Y. Qian, F. H. Tang and X. J. Chen.
2019. Allelopathic effects of phenolic acids on seedling growth
and photosynthesis in Rhododendron delavayi Franch.
Photosynthetica. 57: 377-387.

Gao, Y.N., B. Y. Liu, D. Xu, Q. H. Zhou, C. Y. Hu, F. J. Ge, L. P. Zhang
and Z. B. Wu. 2011. Phenolic compounds exuded from two
submerged freshwater macrophytes and their allelopathic effects
on Microcystis aeruginosa. Pol. J. Environ. Stud. 20: 153-1159.

Hasanuzzaman, M., S. M. Mohsin, M. B. Bhuyan, T. F. Bhuiyan,
T. I. Anee, A. A. C. Masud and K. Nahar. 2020. Phytotoxicity,
environmental and health hazards of herbicides: challenges
and ways forward. In: Agrochemicals Detection, Treatment and
Remediation. Butterworth-Heinemann, Oxford, United Kingdom,
pp. 55-99.

Hassan, S. T. and E. Svajdlenka. 2017. Biological evaluation
and molecular docking of protocatechuic acid from Hibiscus
sabdariffa L. as a potent urease inhibitor by an ESI-MS based
method. Molecules. 22: 1696.

Herrmann, K. and C. W. Nagel. 1989. Occurrence and content of
hydroxycinnamic and hydroxybenzoic acid compounds in foods.
Crit. Rev. Food Sci. Nutr. 28: 315-347.

Islam, M. S., A. lwasaki, K. Suenaga and H. Kato-Noguchi. 2017.
2-Methoxystypandrone, a potent phytotoxic substance in Rumex
maritimus L. Theor. Exp. Plant. Physiol. 29: 195-202.

Islam, M. S., F. Zaman, A. lwasaki, K. Suenaga and H. Kato-Noguchi.
2019. Phytotoxic potential of Chrysopogon aciculatus (Retz.)

520

Trin. (Poaceae). Weed Biol. Manag. 19: 51-58.

Jabran, K., G. Mahajan, V. Sardana and B. S. Chauhan. 2015.
Allelopathy for weed control in agricultural systems. Crop Prot.
72: 57-65.

Kakkar, S. and S. Bais. 2014. A review on protocatechuic acid and its
pharmacological potential. ISRN Pharmacol. 26: 952943.

Kato-Noguchi, H., M. Suzuki, K. Noguchi, O. Ohno, K. Suenaga and
C. Laosinwattana. 2016. A potent phytotoxic substance in Aglaia
odorata Lour. Chem. Biodivers. 13: 549-554.

Koocheki, A., A. R. Taherian, A. Bostan. 2013. Studies on the steady
shear flow behavior and functional properties of Lepidium
perfoliatum seed gum. Food Res. Int. 50: 446-456.

Kuroyanagi, M., A. Ueno, Y. Hirayama, Y. Hakamata, T. Gokita, T.
Ishimaru, S. Kameyama, T. Yanagawa, M. Satake and S. Sekita.
1996. Anti-androgen active constituents from Dalbergia
cochinchinensis Pierre. Nat. Med. 50: 408-412.

Latif, S., G. Chiapusio and L. A. Weston. 2017. Chapter two-
allelopathy and the role of allelochemicals in plant defence. Adv.
Bot. Res. 82: 19-54.

Liu, R. H., X. C. Wen, F. Shao, P. Z. Zhang, H. L. Huang and S. Zhang.
2016. Flavonoids from heartwood of Dalbergia cochinchinensis
Chin. Herb. Med. 8: 89-93.

Nishimura, H. and J. Mizutani. 1995. Identification of allelochemicals
in Eucalyptus citriodora and Polygonum sachalinense. In: K. M.
M. Inderjit, M. Dalshini and F. A. Einhellig, (Eds.), Allelopathy:
Organisms, Processes and Applications. American Chemical
Society, Washington, D.C, pp. 75-85.

Pacheco-Palencia, L. A., S. Mertens-Talcott and S. T. Talcott. 2008.
Chemical composition, antioxidant properties, and thermal
stability of a phytochemical enriched oil from Acai (Euterpe
oleracea Mart.). J. Agric. Food Chem. 56: 4631-4636.

Palasuwan,A., S. Soogarun, T. Lertlum, P. Pradniwat and V. Wiwanitkit.
2005. Inhibition of Heinz body induction in an invitro model and
total antioxidant activity of medicinal Thai plants. Asian Pac. J.
Cancer Prev. 6: 458-463.

Parmar, A. G, N. S. Thakur and R. P. Gunaga. 2019. Melia dubia Cav.
leaf litter allelochemicals have ephemeral allelopathic proclivity.
Agroforest. Syst. 93: 1347-1360.

Pathak, V., O. Shirota, S. Sekita, Y. Hirayama, Y. Hakamata, T. Hayashi,
T. Yanagawa and M. Satake. 1997. Antiandrogenic phenolic
constituents from Dalbergia cochinchinensis. Phytochemistry.
46: 1219-1223.

Peterson, J. and J. Dwyer. 1998. Flavonoids: dietary occurrence and
biochemical activity. Nutr. Res. 18: 1995-2018.

Polechonska, L., M. Glensk, A. Klink, M. Dambiec and Z. Dajdok.
2019. Allelopathic potential of invasive wetland plant Veronica
peregrina. Plant Biosyst. 1: 1-7.

Poonpaiboonpipat, T. and S. Poolkum. 2019. Utilization of Bidens
pilosa var. Radiata (Sch. Bip.) Sherff integrated with water
irrigation for paddy weed control and rice yield production. Weed
Biol. Manag. 19: 31-38.

Rice, E. L. 1984. Allelopathy. 2" ed. Academic Press, New York,
p. 422.

Rice-Evans, C., N. Miller and G. Paganga. 1996. Structure-antioxidant
activity relationships of flavonoids and phenolic acids. Free
Radic. Biol. Med. 20: 933-956.

Rob, M., K. Hossen, A. lwasaki, K. Suenaga and H. Kato-Noguchi. 2020.
Phytotoxic activity and identification of phytotoxic substances
from Schumannianthus dichotomus. Plants. 9: 102-114.

Ruwanza, S., M. Gaertner, K. J. Elser and D. M. Richardson. 2015.
Allelopathic effects of invasive Eucalyptus camaldulensis
on germination and early growth of four native species in the

Emir. J. Food Agric e Vol 32 e Issue 7 e 2020



Krumsri, et al.

Western Cape, South Africa. South. Forest. J. Forest Sci.
77:91-105.

Sakamoto, C., M. Suzuki, A. lwasaki, K. Suenaga, H. Kato-Noguchi.
2019. Evaluation of allelopathic competency of Lamium
amplexicaule and identification of its allelopathic active
substance. Emirates J. Food Agri. 31: 76-80.

Seal, T., B. Pillai and K. Chaudhuri. 2016. Identification and
quantification of phenolic acids by HPLC, in three wild ediblee
plants viz. Viburnum foetidum, Houttuynia cordata and Perilla
ocimoides collected from north-eastern region in India. Int. J.
Curr. Pharm. Rev. Res. 7: 267-274.

Semaming, Y., P. Pannengpetch, S. C. Chattipakorn and
N. Chattipakorn. 2015. Pharmacological properties of
protocatechuic acid and its potential roles as complementary
medicine. Evid. Based Complement. Alternat. Med. 2015: 1-11.

Shang, W., Z. Wang, S. He, D. He, Y. Liu and Z. Fu. 2017. Research
on the relationship between phenolic acids and rooting of tree
peony (Paeonia suffruticosa) plantlets in vitro. Sci. Hortic.
224: 53-60.

Shirota, O., V. Pathak, S. Sekita, M. Satake, Y. Nagashima, Y. Hirayama,
Y. Hakamata and T. Hayashi. 2003. Phenolic constituents from
Dalbergia cochinchinensis. J. Nat. Prod. 66: 1128-1131.

Singh, B., A. K. Uniyal, B. P. Bhatt and S. Prasad. 2006. Effects of
agroforestry tree spp. on crops. Allelopathy J. 18: 355-361.
Singh, H. P., R. K. Kohli and Batish, D. R. 1999. Impact of Populus
deltoides and Dalbergia sissoo shelterbelts on wheat-a

comparative study. Int. Tree Crops J. 10: 51-60.

Souto, X. C., J. C. Bolafio, L. Gonzalez and M. J. Reigosa. 2001.

Emir. J. Food Agric @ Vol 32 e Issue 7 e 2020

Allelopathic effects of tree species on some soil microbial
populations and herbaceous plants. Biol. Plant. 44: 269-275.

Souto, X. C., L. Gonzalez, and M. J. Reigosa. 1994. Comparative
analysis of the allelopathic effects produced by four forestry
species during the decomposition process in their soils in Galicia
(NW Spain). J. Chem. Ecol. 20: 3005-3015.

Velika, B. and I. Kron. 2012. Antioxidant properties of benzoic acid
derivatives against superoxide radical. Free Radic. Ant. 2: 62-67.

Wardle, D. A, M. C. Nilsson, C. Gallet, O. Zackrisson. 1998.
An ecosystem-level perspective of allelopathy. Biol. Rev.
73: 305-319.

Wu, H.C.,E. S.DuToit, C.F. Reinhardt,A. M. Rimando, F. Van Der Kooy
and J. J. M. Meyer. 2007. The phenolic, 3,4-dihydroxybenzoic
acid, is an endogenous regulator of rooting in Protea cynaroides.
Plant Growth Regul. 52: 207-215.

Xiang, Z., X. Chen, Z. Zhao, X. Xiao, P. Guo, H. Song, X. Yang and
M. Huang. 2018. Analysis of volatile components in Dalbergia
cochinchinensis Pierre by a comprehensive two-dimensional
gas chromatography with mass spectrometry method using a
solid-state modulator. J. Sep. Sci. 41: 4315-4322.

Zhong, Y. X., R. M. Huang, X. J. Zhou, Y. H. Zhu, Z. F. Xu and S.
X. Qiu. 2013. Chemical constituents from the heartwood of
Dalbergia cochinchinensis. Nat. Prod. Res. Dev. 25: 1515-1518.

Ziaebrahimi, L., R. A. Khavari-Nejad, H. Fahimi and T. Nejadsatari.
2007. Effects of aqueous eucalyptus extracts on seed
germination, seedling growth and activities of peroxidase and
polyphenoloxidase in three wheat cultivar seedlings (Triticum
aestivum L.). Pak. Biol. Sci. 10: 3415-3419.

521



