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Allelopathic effect of aqueous extract of Polygonum
bistorta and Terminalia chebula on germination and
seedling growth of Daucus carota and Medicago
polymorpha

Efeito alelopatico do extrato aquoso de Polygonum
bistorta e Terminalia chebula na germinacao e
crescimento de plantulas de Daucus carota e Medicago
polymorpha
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Highlights

Weeds in crop fields compete for nutrients and cause yield and quality loss.
Weed management is essential for sustainable crop production.
The use of herbicides is causing herbicide-resistant in weeds.

Abstract

Weed management is essential for sustainable crop production in all cropping systems. The use of
herbicides is causing the problems of herbicide resistant weeds and environmental pollution. Plant-
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released phytotoxins have ability to promote or inhibit the germination and seedling growth of surrounding
crops and weeds. Therefore, it is imperative to identify plant species having the herbicidal potential to use
as more safe and sustainable weed management approach. The present study was planned in 2018 to
investigate the germination and seedling growth of Daucus carota and Medicago polymorpha influenced
by the root extract of Polygonum bistorta and fruit extract of Terminalia chebula. Different concentrations
of aqueous extract (0, 2.5, 5, 10, 20, 40 and 80%) significantly reduced the germination and seedling
growth of target species. Results of these experiments revealed that thefruit extract of T. chebula was
more phytotoxic as compared to root extract of P. bistorta regarding seedling growth of weed. However,
fruit extract of T. chebula having 80% concentration fully inhibit the germination of D. carota and M.
polymorpha. One the bases of these finding it was concluded that the fruit extract of T. chebula and root
extract of P, bistorta have comparatively more active substances with ability to suppress germination and
growth of plants which could be exploited as prospective source of bio-herbicides.

Key words: Allelopathy. Extract. Germination. Seedling growth and management.

Resumo

O manejo de ervas daninhas é essencial para a producao agricola sustentavel em todos os sistemas
de cultivo. O uso de herbicidas esta causando problemas de ervas daninhas resistentes a herbicidas
e poluicdo ambiental. As fitotoxinas liberadas pelas plantas tém a capacidade de promover ou inibir a
germinagao e o crescimento das mudas de culturas e ervas daninhas circundantes. Portanto, é imperativo
identificar espécies de plantas com potencial herbicida para uso como abordagem de manejo de ervas
daninhas mais segura e sustentavel. O presente estudo teve como objetivo investigar a germinacao e
o crescimento de plantulas de Daucus carrota e Medicago polymorphaas influenciados pelo extrato
de raiz de Polygonum bistorta e extrato de fruto de Terminalia chebula. Diferentes concentracdes de
extrato aquoso (0, 2, 5, 5, 10, 20, 40 e 80%) reduziram significativamente a germinacao e o crescimento
de plantulas das espécies-alvo. Os resultados desses experimentos revelaram que o extrato do fruto
de T. chebula foi mais fitotoxico do que o extrato da raiz de P. bistorta em relagdo ao crescimento de
mudas de plantas daninhas. No entanto, o extrato de frutos de T. chebula com concentracdo de 80%
inibe totalmente a germinacao de D. carrota e M. polymorpha. Uma das bases deste achado concluiu-se
que o extrato do fruto de T. chebula e o extrato da raiz de P. bistorta possuem comparativamente mais
substancias ativas com capacidade de suprimir a germinacao e o crescimento das plantas, o que poderia
ser explorado como fonte potencial de bio-herbicidas.

Palavras-chave: Alelopatia. Extrair. Germinacao. Crescimento e manejo de mudas.

Introduction

Weeds in crop fields compete for
nutrients and cause yield and quality loss
(Nadeem et al., 2020a; Magbool et al., 20213;
Javaid et al., 2022). Further 30% once a year
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yield wounded due to weeds that cause
severe consequences on the growth of
agricultural crops (Arooj et al., 2021; Magbool
etal., 2021b; Nadeem et al., 2020b). Currently,
weeds are controlled by chemical herbicides
in agricultural production that have imparted
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harmful effects on the environment (Tariq et
al., 2022; Nadeem et al., 2020c,d; Magbool et
al., 2021¢, 2022a). Herbicides have helped
farmers by enhancing crops yield while
reducing the labor and time input. Indeed,
without herbicides, labors have utmost outlay
of crop invention in developed countries
(Javaid et al, 2022; Arooj et al, 2021).
However, arbitrary exploit of herbicides
against weeds have resulted in herbicide
resistance (Nadeem et al 2021a; Maqgbool
et al., 2022b). Hence, alternate sustainable
weed management approaches are need of
time to sustain crop production worldwide.
Usage of plants extracts for weed control
and increase crop yield has been reported
(Nadeem et al, 2021b; Magbool et al., 2022b).
Allelopathic plants improve crop yields by
controlling weeds and reducing competition
for resources (Nadeem et al., 2021c¢; Farooq
et al., 2013; Ali et al., 2021). Allelopathic
plants are considered as alternate choice to
control the growth of weeds without using the
chemical herbicides (Nadeem et al., 2020a,b;
Magbool et al., 2022c¢).

Polygnum bistorta L. (Anjbar) is most
important herb in the genius of Polygonum
which belongs to family Polygonaceae. This
herb is dispersed in excess of all over the
world, it is also found in north temperate
zones. Externally, its root-stock is brown-
black, but internally it's colored red and is rich
in tannic and gallic acids. Water extracts of
allelopathic crops have the ability to promote
or inhibit the growth of different species
(Nadeem et al., 2020a,b; Teasdale & Pillai,
2005). Allelochemicals are liberated into the
environment by evaporation, leakage, root
emission and by decaying plant debris, which
are found in all plant tissues as well as leaves,
stems, flowers, roots and pollens (Magbool et
al., 2022c¢).
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Terminalia chebula, (Harer) commonly
known as “King of medicines” is an inhabitant
to South Asia from India to Sri Lanka. This
is widely cultivated in Taiwan because of its
extraordinary healing powers. This is actually
dry fruit, furthermore known as Harer fruit
(Edison et al., 2016). T. chebula (Harer) place
to own family Combretacea, and introduced in
all over India mainly in caducous plantations
and regions of low precipitation (Naik et al.,
2004). Gallic acid known as chebulin and
other chemicals like favonol glycosides,
triterpenoids and phenolic compounds were
also derived from T. chebula. (Edison et al,,
2016). From the fruit of T. chebulain addition,
ethyl gallate and luteolin were also remote
and play a significant role in plant growth
(Edison et al., 2016). It was also included
nutrients and minerals (Mahesh et al., 2007).
Bhatt et al. (2021) demonstrated significantly
low germination and furthermore roots
expansion of the finger millet, mustard, barley
and soybean by rhizosphere soil layer and dry
plant parts watery extracts of T. chebula and
P. bistorta. Germination and root adjunct of
every test crop had also remarkably reduced
via exposure to water extracts of leaves and
fruit pulp of T. chebula.

The carrot (Daucus carota) is native
to Iran and firstly was cultivated for its
vegetative organs. The carrotis a biennial plan
that belongs to the Apiaceae family. Carrot
is a good source alpha and beta carotene
compounds, fiber, vitamin K and antioxidant.
It is a biennial vegetable, grown for its edible,
fleshy taproots. Its flower stalk starts from
the crown and grows up to a height of 60 to
90 cm. Swollen taproot can reach a length
of 20 to 25 cm but its shape, colour and size
dependuponthe cultivar grown. Roots may be
yellow, red dark, blue and seeds are small and
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prominently ribbed. Medicago polymorpha
(Maina) is annual plant growing up to 0.6 m
(2ft), and it belongs to family Fabaceae. It
is inhabitant of Mediterranean basin but is
present all over the world. The first true leaf
rounded. Laterleaves are tripartite, with clover
like shape. Weeds can reduce the yield of
crop. Knowledge about the weeds occurring,
their distribution within the fields and their
effects on crop production is significant
to achieve effective weed management.
Allelochemical-environmental interactions
must be measured in efforts to benefit from
allelopathy. Therefore, the present study
was planned to investigate the allelopathic
effect of aqueous extract of P. bistortaand T.
chebula on germination and seedling growth
of D. carota and M. polymorpho.

Materials and Methods

Toinvestigatetheallelopathic potential
of aqueous extract of root of Polygonum
bistorta (Anjbar) and fruit of Terminalia
chebula (Harer) on Medicago polymorpha
(Mena) and Daucus carrota (carrot), a series
of experiments were organized during 2018.
Laboratory experiments were conducted
during winter season 2018 at University of
Agriculture, Faisalabad in the weed science
laboratory of the Agronomy department.

Collections of seeds

Daucus carota (T-29) and Medicago
polymorpha (wild) seeds were collected from
Ayub Agricultural Research Institute and weed
science laboratory of Agronomy department,
University of Agriculture, Faisalabad.
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Collections of plant materials for extract

The dry roots of P. bistorta and dry
fruit of T. chebula were collected from a
local medicinal plant shop. By using manual
chopper roots were separated and chop
into small pieces and preserved at room
temperature for further exposition.

Preparation of plants aqueous extracts

For preparing the aqueous extract of
roots of P. bistorta and fruit of T. chebula the
chopped sample of both root and fruit were
soaked separately at a ratio 1:80 m/v in water
for 48 hours. The decanted material was
passed through a cotton cloth to obtain water
extract of different parts of plants. The extract
was diluted as per treatmentas 0, 0.25, 0.5, 1,
2, 4, 8%. The water extracts of P, bistorta and
T. chebula were applied to D. carota in the first
experiment and M. polymorpha in second
experiment.

For these experiments, 10 seeds of
each target weed seed were placed in each
Petri plate having double layer of filter paper.
Then the prepared different seven dilutions of
root extract of P. bistorta and fruit extract of
T. chebula were applied on the D. carota and
M. polymorpha seeds and all the Petri plates
were wrapped and replicated four times. Data
was recorded on daily basis for a period of 15
days.

Principal component analysis

To explain the variation and correlation
among germination and growth response
of targeted species principal component
analysis was performed.
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Experimental layout

The experiment contained two
tested plants and two applied plants. These
experiments were laid out as a single factor
completely randomized design (CRD) and
having four replicates.

The following parameters were
noticed during laboratory experiments
using the standard procedures: Seedling
shoot length (cm), Seedling root length (cm),
Seedling fresh weight (mg), Mean germination
time (MGT), Germination index, Time to 50%
germination and Seed germination (%).

Mean germination time (MGT)

Mean germination time as measures
the time and rate of germination spread.
According to Dezfuli et al. (2008) mean
germination was recorded by using this
equation.

— y(@n
MET = 3°--
D= counted overall days from germination
of seeds start. While n is the num of seeds
emerge on D days were counted.

Germination index (Gl)

According to process of Association
of official seed analysis (1990) germination
index was calculated. Germination index of
seeds was calculated by following equation.

_No.of germinated seeds No.of germinated seeds

GI

Days of first count Days of final count
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Time to 50% germination (Days)

By using the modified equation
of Farooq et al. (2004) for time to 50%
germination was calculated.

N

—ni
i

2
nj-n

N is the number of whole germinated
seeds. Whereas ni and nj are the collective
no. of germinate seeds count at the time of
and ti respectively.

Seed germination percentage (%)

Whenseedlinglengthwasupto 1-2cm
seeds were counted as germinated. By using
fallowing formula, percentage of germinated
seed for each replication of treatment after
two weeks germination of seedlings was
calculated.

Germinated/emerged seeds

P/EP = X1
GP/ Total seeds 00

Total phenolic contents

Phenolic content were determined by
using HPLC (Gradient, reverse phase mode
from Shimadzu Japan; detector SPD-10AV
pump LC-10AT). 10-gram powder of P. bistorta
and T. cheblua were taken in 90% methanol.
Then samples were placed in beakers and
cover the beaker with orifice aluminum foil for
10 days. After 10 days the material was dried
and 5 mg weighs were taken out for phenolic
analysis.
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Statistically analysis

Data was analyzed using Fisher's
Analysis of Variance (ANOVA). The differences
among treatments were separated using the
least significant difference test (LSD).

Results and Discussions

Allelopathic effect of aqueous extract of
Polygonum bistorta and Terminalia chebula on
Germination of Daucus carota and Medicago
polymorpha

Allelopathic weeds extract and
different dose levels significantly affected
the germination response of two targeted
species. Variation between targeted species
was significant (P < 0.05) for germination
time and germination index. Data presented
in figure 1 clearly indicates that more time
was taken for 50% seed germination (T_.) in
M. polymorpha than D. carrota. This variation
in germination response of two targeted
species is attributed to their genetic variation
(Bolton & Simon, 2019a; Colque-Little et al.,
2021), quantity of stored food material in
seed (A. Bhatt et al., 2021; Mokotjomela et
al., 2021), and endogenous production of
various enzymes like amylase that affect
the germination process (Adetunji et al.,
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2021; Aguieiras et al., 2021). Furthermore, an
aqueous extract of T. chebula did not affected
the time taken for 50% seed germination of
both targeted species at every tested dose
level as compared to control but no seed
germination was observed at application of
80% pure extract. This complete inhibition
of seed germination of targeted species in
response to 80% pure extract of T. chebula
confirms the presence of high concentration
of allelopathic compounds in extract. On the
other hand, an aqueous extract of P, bistorta
moderately affected the time taken to 50%
seed germination of both species at various
dose levels as compared to control. Time
taken for 50% seed germination was reduced
than control in both targeted species in
response to 2.5% of aqueous extract of
Polygonum bistortaandmoderatelyincreased
in response to 80% extract of P. bistorta.
Time reduction in completion of 50% seed
germination in response to 2.5% extract of P.
bistorta suggest that diluted extract contain
less quantity of allelopathic compounds
that favors the germination process (Galon
et al, 2021; Nadeem et al., 2020b), while
concentrated extract contains higher
concentration of allelopathic compounds
that inhibits the seed germination (Nadeem
et al., 2020a; Magbool et al., 2021a; Nadeem
etal., 2021a; Magbool et al., 2022a).
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Figure 1. Mean germination time of Daucus carota and Medicago polymorpha as influence by
allelopathic effect of root of Polygonum bistorta and fruit of Terminalia chebula.

The meaning of bar is standar error.

Mean germination time was non-
significantly varied between two target
species in response to various doses of
aqueous extract of P. bistorta. About 8 to 9
dayswererecorded as meangerminationtime
for D. carota and M. polymorpha in response
to each dose of P. bistorta. Interestingly, the
mean germination time of D. carota seeds was
not affected in response to the allelopathic
extract of T. chebula but no germination was
observed when 80% extract was applied. In
the case of M. polymorpha, mean germination

Semina: Ciénc. Agrar. Londrina, v. 43, n. 5, p. 2253-2270, set./out. 2022

time was reduced in response to 2.5%,
and 10%, but time taken for germination
gradually increased with an increase in the
concentration of extract from 10% to 40%
and 80% aqueous extract of T. chebula fruit
completely inhibited the seed germination
(Figure 2). Similar findings were reported
in previous studies regarding allelopathic
impacts of different weed species on seed
germination of various crops (Nadeem et
al., 2020b; Galon et al., 2021; Nadeem et al.,
2021b; Magbool et al., 2021b, 2022b).
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Figure 2. Final germination (%) of Daucus carota and Medicago polymorpha as influence by
allelopathic effect of root of Polygonum bistorta and fruit of Terminalia chebula.

Final germination percentage of D.
carota and M. polymorpha in response to
differentdosesofaqueousextractofP.bistorta
and T. chebula exhibited non-significant
variation. Final germination percent D. carota
ranged from 78% to 84% and 81% to 85% in
response to root and fruit extract of P. bistorta
and T. chebula, respectively, and similar trend
was observedforthefinalgerminationpercent
of M. polymorpha seeds. While comparing
the variation for final germination percentage
of both target species among different doses
of aqueous extract, minimum germination
was recorded in response to 80% extract
of P. bistorta and complete germination
inhibition in response to 80% of T. chebula
(Figure 3). Germination index of carrot seeds
exhibited no variation in response to aqueous
extract of P. bistorta but germination index of
M. polymorpha was gradually reduced with
increase in concentration of aqueous of P.
bistorta. On the other hand, germination index
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was increased initially at lower concentrations
of aqueous extract of T. chebula as compared
to control but later on it was decreased at
40% concentrated extract and complete
inhibition at 80% concentrated extract (Figure
4). This complete or partial inhibition of seed
germination in response to concentrated
extract of T. chebula is attributed to
presence of higher concentration of different
allelopathic compounds including water
soluble phenolics, gallic acid and caffic acid.
Presence of more compounds in aqueous
extract of T. chebula in higher concentration
than aqueous extract of P. bistorta (Table 1)
confirms its more allelopathic impacts on
target species. Previous studies also reported
that more concentration of compounds in
aqueous extract of weeds poses strong
inhibitory impacts on germination response of
target species (Nadeem et al., 2020b,c; Galon
et al, 2021; Nadeem et al., 2021c¢,d; Magbool
etal, 2022c).
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o
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Figure 3. Time to 50% germination of Daucus carota and Medicago polymorpha as influenced by
the allelopathic effect of root of Polygonum bistorta and fruit of Terminalia chebula.
The meaning of the bar is standard error.

91 @ Daucus carrota o Medicago polymorpha

Germination Index

Polygonum bistorta Terminalia chebula

Figure 4. Germination index (%) of Daucus carota and Medicago polymorpha as influence by
allelopathic effect of root of Polygonum bistorta and fruit of Terminalia chebula.
The meaning of bar is standar error.
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Table 1

Allelopathic compound detected in aqueous extract of two weeds.

Compound Terminalia chebula (ppm) Polygonum bistorta (ppm)
Gallic acid 33.45 -
Caffic acid 6.51 6.56
Vanillic 4.69 0.58
Benzoic 21.61 -
Syringic 3.85 =
P-coumeric 1.98 -
M-coumeric 1.81 -
Femlic acid 6.66 =
Cinamic 3.26 -
Sinapic 413 =
Querctin 26.92 21.55

Allelopathic effect of aqueous extract of
Polygonum bistorta and Terminalia chebula
on seedling growth of Daucus carota and
Medicago polymorpha

The allelopathic effect of two weeds
P. bistorta and T. chebula on root and shoot
growth and biomass accumulation of target
species D. carota and M. polymorpha was
evaluated in the present study (Table 2).
Allelopathic weeds extract and different dose
levels significantly affected the germination
response of two targeted species ie. D.
carota and M. polymorpha. Variation between
targeted species was significant for growth (P
< 0.01) and biomass accumulation (P < 0.05).
A differential response was observed for
root length and shoot length of D. carota and
M. polymorpha seedlings towards different
concentration levels of aqueous extract of
both weeds. Minimum reductionin root length,
shoot length, root biomass accumulation and
shoot biomass accumulation were measured
in D. carota in response to 2.5% and 5% of
extract ,and maximum reduction in response

2262

to 40% and 80% of P. bistorta (figure 5,6,7 8).
Similar trend was observed for both target
species in response to the aqueous extract of
T. chebula. Lower concentrations of an extract
withless quantity ofallelochemicals stimulated
the negative growth regulating processes
while high concentrations of extract proved
to be growth inhibitory due to more quantity
of allelochemicals. These allelochemicals
affect the primary and secondary metabolic
pathways directly or indirectly. They interrupt
physiological processes like absorption of
nutrients, signal transduction, photosynthesis
and transpiration, cell division, elongation
and differentiation, reactive-oxygen species
production (Magbool et al., 2021a,b; Nadeem
et al., 2020d; Hussain et al., 2020; Ma et al.,
2020; Marchiosi et al.,, 2020). It has also
been reported in previously that effects of
allelochemicals on target species depends on
chemical nature of compound, concentration
in allelopathic source, level of exudation,
translocation in soil and sensitivity of target
species (Hussain et al., 2020). Present study
highlighted that D. carota was less sensitive to
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testedweedsthan M. polymorpha. Moreover, T. due to presence of more allelochemicals with
chebula was more allelopathic than P. bistorta higher concentrations.

Table 2
Mean squares from three-factorial (Allelopathic weed extract: AWE, extract dose: ED, and targeted
species: TSp) ANOVA for germination and seedling growth.

Time to 50% Mean Germination Final Germination

DF Germination Time Percent CEMMIEIE el
AWE 1 17.6* 38.1* 29.3** 12.5**
ED 6 54.23NS 73.1NS 56.2* 79.4**
TSP 1 6.7* 2.34% 11.6 NS 9.4*
AWE x ED x TSp 6 29.3* 63.5% 78.2* 63.4*
Error 15 0.6 1.7 0.3 1.93
SOV DF Root Length Shoot Length Root Fresh Weight Shoot Fresh Weight
AWE 1 62.9%** 38.1%** 63.2%** 84.1**
ED 6 106.7** 87.0** 25.27** 31.0*
TSP 1 19.53** 33.9%* 71.29* 98.8*
AWE x ED x TSp 6 81.1** 65.0%* 43.05* 70.0*
Error 15 2.6 3.12 3.27 416

SOV: Source of variation, DF: Degree of freedom, ***: Significant P < 0.0001, **: Significant P < 0.001, *: Significant P <
0.05,AWE:Allelopathic weed extract, ED: Extract dose, TSp: Targeted species.

70 - @ Daucus carrota o Medicago polymorpha

60 -

50 1

Shoot Length (cm)
-
S

Polygonum bistorta Terminalia chebula

Figure 5. Shoot length (cm) of Daucus carrota and Medicago polymorpha as influence by
allelopathic effect of root of Polygonum bistorta and fruit of Terminalia chebula.
The meaning of bar is standar error.
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allelopathic effect of root of Polygonum bistorta and fruit of Terminalia chebula.

The meaning of bar is standar error.
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Generally, it was reported that these
allelochemicals like organic acids, phenolic
compounds and flavonoids identified in
the present study are water soluble and
potentially toxic to plant species. They induce
oxidative stress when interact with plant cell
and retard the plant growth and development
in response to cell injury and membrane
disintegration (Nijabat et al., 2020), disruption
of photosynthetic apparatus (Kabashnikova et
al., 2020; Parrotta et al., 2020), dysfunctioning
of enzymes, proteins denaturation and DNA
damages (Jmii et al., 2020; Li et al., 2020;
Nijabat et al., 2020).

Quantity of allelochemicals in aqueous extract
of Terminalia chebula and Polygonum bistorta

In presents study emphasized on
determination of allelopathic constituents
of two weeds (Polygonum bistorta and
Terminalia chebula) their impacts on seed
germination and biomass accumulation
of two target species: D. carota and M.
polymorpha. More allelopathic compounds
including soluble phenolics, gallic acid, caffiec
acid, vanillic acid, benzoic acid, syringic acid,
P-Coumeric acid, M-Coumeric ferulic acid,
cinamic acid, sinapic acid, and querctin were
found in aqueous extract of T. chebula. While
less allelochemicals were found in aqueous
extract of P. bistorta. Quantity of these
allelochemicals were also higher in aqueous
extract of T. chebula than P. bistorta (Table
1). Weeds are among one of the most drastic
biotic factors that hinders the growth and
biomass accumulation of other plants due to

Semina: Ciénc. Agrar. Londrina, v. 43, n. 5, p. 2253-2270, set./out. 2022

their allelopathic exudations (Ma et al., 2020;
Magbool et al, 2022c; Nadeem et al., 2020c).
These allelochemicals directly or indirectly
act with on target species and negatively
affect their life cycle from seed germination
till maturity (Hussain et al., 2020).

Variation and correlation among germination
and growth response of targeted species

Atotal of 25.9% variationwas explained
by the first principal component (PC1) and
31.2% by second principal component (PC2)
under the influence of allelopathic aqueous
extract of two weeds for germination and
biomass accumulation in target species
(Figure 9). Root length, shoot length, root
fresh weight and germination index showed
highly significant and positive correlation
among themselves and 10% (T,) application
of an aqueous extract of P. bistorta while a
strong negative relation with 40% and 80% (T,
and T,) aqueous extract of T. chebula. Mean
germination time and shoot fresh weight were
in strong correlation with T (Control), T, (2.5%
aqueous extract) and T, (5% aqueous extract)
while the time taken for 50% germination
and final germination percent showed closer
to T, (20% aqueous extract). All traits of
both target species showed a strong but
negative association with T, and T, of T.
chebula. Significant variation was observed
in the response the target species towards
the allelopathic nature of both weeds. Data
shows that D. carota was less sensitive than
M. polymorpha.
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Figure 8. Biplot between PC1 and PC2 displaying contribution of various treatments of aqueous

extract of allelopathic weeds on various traits of

Conclusion

It was concluded that germination
and seedling growth of target weeds (D.
Carota and M. polymorpha) were significantly
reduced by the influence of root extract of P,
bistorta and fruit extract of T chebula while T.
chebulaprovedto be more toxic and its toxicity
increased by the increase of concentration.
Therefore, root extract of P. bistorta and fruit
extract of T chebula can be use as ecofriendly
management weeds in crops.

2266

targeted species.

References

Adetunji, A. E., Varghese, B., & Pammenter, N.
(2021). Effects of exogenous application
of five antioxidants on vigour, viability,
oxidative metabolism and germination
enzymes in aged cabbage and lettuce
seeds. South African Journal of Botany,
137(1), 85-97. doi: 10.1016/j.sajb.2020.

10.001

Semina: Ciénc. Agrar. Londrina, v. 43, n. 5, p. 2253-2270, set./out. 2022



Allelopathic effect of aqueous extract of Polygonum bistorta and Terminalia chebula...

SEMINA ————

Aguieiras, M. C., Resende, L. M., Souza, T. A,
Nagano, C. S., Chaves, R. P, Taveira, G. B,,
& Mello, E. O. (2021). Potent anti-candida
fraction isolated from capsicum chinense
fruits contains an antimicrobial peptide
that is similar to plant defensin and is
able to inhibit the activity of different
o-amylase enzymes. Probiotics and
Antimicrobial Proteins, 12(2), 1-11. doi:
10.1007/s12602-020-09739-3

Ali, A., Arooj, K., Khan, B. A., Nadeem, M. A.,
Imran, M., Safdar, M. E., Amin, M.M., A. Aziz,
A & Ali, M. F. (2021). Optimizing the growth
and vyield of mungbean (Vigna radiata
l) cultivars by altering sowing dates.
Pakistan Journal of Agricultural Research,
34(3), 559-568. doi: 10.17582/journal.
pjar/2021/34.3.559.568

Arooj, M., Khan, B. A., Nadeem, M. A., Javaid,
M. M., Rashid, E., Jilani, M. S. Qamar,
J., Ali, F., Javaria S., & M. Faisal (2021).
Low Doses of atrazine cause hormesis
in tribulus terrestris. Pakistan Journal of
Weed Science Research, 27(3), 351-358.
doi: 10.28941/pjwsrv27i3.983

Association of Official Seed Analysis (AOSA).
(1990). Rules for testing seeds. J. Seed
Tech., 12, 1-112. doi: 10.2478/v10045-
010-0007-3

Bhatt, A., Souza, P. R, F°, & Gallacher,
D. (2021). Intraspecific variation of
Haloxylon salicornicum (Amaranthaceae)
seed germination under salinity and
simulated drought. Arid Land Research
and Management, 13(1), 1-22. doi: 10.10
80/15324982.2020.1869862

Bolton, A., & Simon, P. (2019a). Variation for
salinity tolerance during seed germination
in diverse carrot [Daucus carota (L.)]
germplasm. HortScience, 54(1), 38-44.
doi: 10.21273/HORTSCI14144-19

Semina: Ciénc. Agrar. Londrina, v. 43, n. 5, p. 2253-2270, set./out. 2022

Colque-Little, C., Abondano, M. C,, Lund, O. S.,
Amby, D. B., Piepho, H. P., Andreasen, C,,
& Schmid, K. (2021). Genetic variation for
tolerance to the downy mildew pathogen
Peronospora variabilis in  genetic
resources of quinoa (Chenopodium
quinoa). BMC Plant Biology, 21(1), 1-19.
doi: 10.1186/s12870-020-02804-7

Dezfuli, P. M.  Sharif-Zadeh, F, &
Janmohammadi. M. (2008). Influence of
priming techniques on seed germination
behavior of maize inbred lines (Zea mays
L.). Journal Agriculture and Biological
Sciences, 3(3), 22-25. doi: 10.28941/
pjwsrv27i2.951

Edison, T. N. J. I, Atchudan, R., Sethuraman,
M. G., & Lee, Y. R. (2016). Supercapacitor
performance of carbon supported
Co,0, nanoparticles synthesized using
Terminalia chebula fruit. Journal of the
Taiwan Institute of Chemical Engineers, 68,
489-495. doi: 10.1016/j.jtice.2016.09.021

Farooq,M.,Bajwa,A.A.,.Cheema,S.A..&Cheema,
Z. A. (2013). Application of allelopathy in
crop production. International Journal
of Agriculture and Biology, 15(6), 1367-
1378. doi: 10.1007/978-3-642-30595-5

Galon, L., Rossetto, E. R. D. O., Zanella, A. C.
E.. Brandler, D., Favretto, E. L., Dill, J. M.,
& Miiller, C. (2021). Allelopathic potential
of winter and summer cover crops on
the germination and seedling growth
of Solanum americanum. International
Journal of Pest Management, 12(1), 1-9.
doi: 10.1080/09670874.2021.1875152.

Hussain, M. I., EI-Sheikh, M. A., & Reigosa, M. J.
(2020). Allelopathic potential of aqueous
extract from Acacia melanoxylon R. Br.
on Lactuca sativa. Plants, 9(9), 1228. doi:
10.3390/plants9091228

2267



Javaid, M. M., Mahmood, A., Alshaya, D. S.,
AlKahtani, M. D., Waheed, H., Wasaya, A.,
Khan, S. A., Nagvi, M., Haider, |., Shahid,
M. A., Nadeem, M. A., Azmat, S., Khan,
B. A, Balal, R. M., Attia, K. A., & Fiaz,
S. (2022). Influence of environmental
factors on seed germination and seedling
characteristics of perennial ryegrass
(Lolium perenne L.). Scientific Reports,
72(1), 1-11.doi: 10.1071/FP19338

Jmii, G.,Khadhri,A.,&Haouala,R.(2020). Thapsia
garganica  allelopathic  potentialities
explored for lettuce growth enhancement
and associated weed control. Scientia
Horticulturae, 262(1), 109068. doi: 10.10
16/j.scienta.2019.109068

Kabashnikova, L., Abramchik, L., Domanskaya,
.. Savchenko, G. & Shpileuski, S.
(2020). B-1, 3-glucan effect on the
photosynthetic apparatus and oxidative
stress parameters of tomato leaves under
fusarium wilt. Functional Plant Biology,
47(11),988-997. doi: 10.1071/FP19338

Khanh, T. D., Chung, M. I, Xuan, T. D., & Tawata,
S. (2005). The exploitation of crop
allelopathy in sustainable agricultural
production. Journal of Agronomy and
Crop Science, 191(3), 172-184. doi: 10.
1111/j.1439-037X.2005.00172.x

Magbool, R., Anwar, |, Nadeem, M. A., Inqalabi,
T.E.l.,Raza, A.,Khan, B. A.,Raza, M. Irfan, A.
U. Rehman & Abbas, M. (2022b). Exploring
the phytotoxic effects of Glycyrrhiza
glabra I. on emergence and seedling
growth of Pisum sativum L. Pak. J. Weed
Sci. Res, 28(3), 213-220. doi: 10.28941/
pjwsrv28i3.1044

Magbool, R., Anwar, I, Nadeem, M. A., Ingalabi,
T. I, Raza, A., Khan, B. A, Hassan, A,

Rehman A. U, & Saeed, H. Z. (2022c).
Identifications of phenolic compounds
and allelopathic effect of Glycyrrhiza
glabra on germination and seedling
growth Phalaris minor. Pak. J. Weed Sci.
Res, 28(3), 221-229. doi: 10.28941/ pjwsr.
v28i3.1045

Magbool, R., Khan, B. A, Nadeem, M. A,

Parvez, S., Amin, M. M., Qamar, J., Hassan,
A., Elahi, M.A., Haider, J., Irfan M., &
Shahid, M. G. (2021c). Allelopathic effect
of Cinnamomum verum on emergence
and seedling growth of radish. Pakistan
Journal of Weed Science Research, 27(4),
485-494. doi: 10.28941/pjwsrv27i4.975

Magbool, R., Khan, B. A., Naqi, A. H., Nadeem,

M. A., Qamar, J., Nijabat, A., Inayat, I., din,
M., Amin, M. M., Sohail, M. K., Shaheen,
M., & Parvez, S. (2022a). Exploring the
allelopathic effect of Cinnamomum
verumon emergence and seedling growth
of wild pea (Pisumsativum subsp. elatius).
Pakistan Journal of Weed Science
Research, 28(1), 19-28. doi: 10.28941/
pjwsrv28i1.976

Magbool, R., Khan, B. A., Parvez, S., Nadeem, M.

A., Din, M. M., Qamar, J., Waqgas, M., Amin
M. M., & Khalid, B. (2021b). Identifying the
hermetic potential of Khatami (altheae
officinalis) emergence and seedling
growth of wild pea (pisum |. sativum
subsp. elatius). Pakistan Journal of Weed
Science Research, 27(3), 331-340. doi:
10.28941/pjwsrv27i3.973

Magbool, R., Khan, B. A., Parvez, S., Nadeem,

M. A., Hassan, A., Qamar, J., Nawaz, A.,
Adnan, M., Khalid, R. & Usman, M. (2021a).
Exploring the allelopathic and hermetic
effect of khatami (Altheae officinalis) on
emergence and seedling growth of radish



Allelopathic effect of aqueous extract of Polygonum bistorta and Terminalia chebula...

SEMINA ————

(Raphanus sativus). Pakistan Journal of
Weed Science Research, 27(3), 321-330.
doi: 10.28941/pjwsrv27i3.965

Marchiosi, R., Santos, W. D. dos, Constantin,

R. P., Lima, R. B. de, Soares, A. R., Finger-
Teixeira, A.. & Ferrarese, O., F°. (2020).
Biosynthesis and metabolic actions
of simple phenolic acids in plants.
Phytochemistry Reviews, 19(1), 865-
906. doi: 10.1007/s11101-020-09689-
2(0123456789().,-volV)(012 34567

Mokotjomela, T. M., Thabethe, V., & Downs, C.

(2021). Comparing germination metrics
of Opuntia ficus-indica and O. robusta
between two sets of bird species
(Pied Crows and two smaller species).
Acta QOecologica, 110(1), 103676. doi:
10.1016/j.acta0.2020.103676

Nadeem, M. A., Khan, B. A., Afzal, S., Abbas, H.,

Dar, M. K., Safdar, M. E., Hassan, |., Asif, M.,
Adnan, M., & Aziz, A. (2020c). Allelopathic
influence of Poppy (Papaver somniferum
L) on emergence and initial seedling
growth of Red Rice (Oryza punctata
L.). Pakistan Journal of Weed Science
Research, 26(4), 381-392. doi: 10.28941/
pjwsryv26i4.850

Nadeem, M. A., Khan, B. A., Afzal, S., Aziz,

A., Magbool, R., Amin, M. M., Aziz, A., Alj,
A., Adnan, M., & Durrishahwar. (2020b).
Allelopathic effects of aqueous extracts
of Carthamus tinctorius L. on emergence
and seedling growth of Echinochloa crus-
galli L. Pakistan Journal of Weed Science
Research, 26(3), 365-379. doi: 10.28941/
pjwsrv26i3.861

Nadeem, M. A., Khan, B. A., Afzal, S., Khan, M.

A., Abbas, T., Javaid, M. M., Amin, M. M,,
Farooq, N., & Azim, A. (2020a). Effect of

aqueous extract of Carthamus tinctorius
L. on germination and initial seedling
growth of Oryza punctata L. Pakistan
Journal of Weed Science Research, 26(3),
331-342. doi: 10.28941/pjwsrv26i3.849

Nadeem, M. A., Khan, B. A., Afzal, S., Magboo],

R., Waheed, H., Nijabat, A., lkram, M., Aziz,
A., Adnan, M., Mehmood, Q., & Umer, H.
(2021c). Allelopathic effects of Papaver
somniferum on germination and initial
seedling growth of Echinochloa cruss-
galli. Pakistan Journal of Weed Science
Research, 27(2), 239-252. doi: 10.28941/
piwsrv27i2.951

Nadeem, M. A., Khan, B. A., Anwar, S., Abbas,

H., Yasin, M., Magbool, R., Amin, M. M., Aziz,
A., Hayyat, M. S., & Javed, M. S. (2020d).
Phytotoxic effects of Sonchus oleraceus
on emergence and seedling growth of
Echinocloa cruss-galli. Pakistan Journal
of Weed Science Research, 26(4), 433-
446. doi: 10.28941/pjwsrv26i4.882

Nadeem, M. A., Khan, B. A., Anwar, S., Aziz,

A., Magbool, R., Safdar, M. E., Javaid,
M. M., & Aziz, A. (2021a). Assessing
the allelopathic potential of milk thistle
(Sonchus oleraceus L) on germination
and seedling growth of red rice (Oryza
punctata L.). Pakistan Journal of Weed
Science Research, 27(1), 1-12. doi: 10.28
941/pjwsrv27i1.884

Nadeem, M. A., Khan, B. A., Anwar, S., Magbool,

R., Amin, M., Aziz, A. Batool, ., Mahmood,
A.,Rehman, A., Ali, A., & Nijabat, A. (2021b).
Allelopathic potential of aqueous extracts
of sow thistle weed on emergence and
seedling growth of red rice. Pakistan
Journal of Weed Science Research, 27(2),
201-212. doi: 10.28941/pjwsrv27i2.903

Semina: Ciénc. Agrar. Londrina, v. 43, n. 5, p. 2253-2270, set./out. 2022 2269



SEMINA ————

Magbool, R. et al.

Naik, G. H., Priyadarsini, K. I, Naik, D. B,
Gangabhagirathi, R., & Mohan, H. (2004).
Studies on the aqueous extract of
Terminalia chebula as a potent antioxidant
and a probable radio protector.
Phytomedicine, 11(6), 530-538. doi: 10.
1016/j.phymed.2003.08.001

Nijabat, A., Bolton, A., Mahmood-ur-Rehman,
M., Shah, A. ., Hussain, R., Naveed, N. H., &
Simon, P. (2020). Cell membrane stability
and relative cell injury in response to
heat stress during early and late seedling
stages of diverse carrot (Daucus carota
L.) germplasm. HortScience, 55(9), 1446-
1452. doi: 10.21273/HORTSCI15058-20

Parrotta, L., Aloisi, |, Faleri, C., Romi, M,
Del Duca, S., & Cai, G. (2020). Chronic
heat stress affects the photosynthetic
apparatus of Solanum Iycopersicum

L. cv Micro-Tom. Plant Physiology and
Biochemistry, 154(1), 463-475. doi: 10.
1016/j.plaphy.2020.06.047

Tarig, M. H., Igbal, A., Magbool, R., Naqi, A. H.,

Khan, B. A., Nadeem, M. A., Qamar, J.,
Sohail, M. K. Irfan, M., din, I. U., Nawaz, H., &
Khalid, B. (2022). Comparative efficacy of
differentherbicidesforweedmanagement
in lentil (Lens culinaris). Pakistan Journal
of Weed Science Research, 28(1), 29-44.
doi: 10.28941/pjwsrv28i1.994

Teasdale, J. R., & Pillai, P. (2005). Contribution

of ammonium to stimulation of smooth
pigweed (Amaranthus hybridus L)
germination by extracts of hairy vetch
(Vicia villosa Roth) residue. Weed Biology
and Management, 5(1), 19-25. doi: 10.
1111/j.1445-6664.2005.00155

2270 Semina: Ciénc. Agrar. Londrina, v. 43, n. 5, p. 2253-2270, set./out. 2022



