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Abstract

Eleusine indica (goosegrass) is a globally problematic grass weed with increasing herbicide resistance, highlighting
the need for sustainable plant-derived alternatives. This study evaluated the bioherbicidal potential of an ethanolic leaf
extract of Mimosa pigra through an integrated approach combining dose—response modeling, phytochemical profiling,
and soil-based validation. In Petri-dish assays (0 - 160 mg mL™), the extract significantly inhibited germination and early
seedling growth in a concentration-dependent manner. Four-parameter logistic modeling identified root growth as the
most sensitive endpoint (ICso = 34.9 mg mL™), followed by germination inhibition (ICso = 46.8 mg mL™) and shoot
inhibition (ICso = 57.6 mg mL™"). The extract contained high levels of total phenolics and flavonoids (TPC = 128.6 + 6.4
mg GAE g'; TFC = 71.8 + 4.1 mg QE g') and exhibited a polyphenol-rich profile dominated by flavan-3-
ols/proanthocyanidins and flavonol glycosides. Phytochemical indices were strongly positively correlated with
phytotoxicity (r = 0.83 - 0.94, p < 0.01). Under net-house pot conditions (21 DAT), the extract markedly reduced weed
emergence, plant height, and shoot biomass, with biomass reduction reaching 77.4% at 160 mg mL™". By integrating
quantitative bioassays with phytochemical characterization and soil-based validation, this study provides a more
comprehensive basis for advancing M. pigra leaf extract as a natural bioherbicidal candidate. Future studies should focus
on large-scale field trials to further evaluate the practical applicability of Mimosa pigra leaf extract as a bioherbicidal

agent.
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Introduction

Eleusine indica (L.) Gaertn., commonly known as
goosegrass, is a widely distributed annual grass weed
occurring in tropical and subtropical regions worldwide
[1]. It is frequently reported in upland crops, orchards,
vegetable systems, and non-crop habitats, where it
competes aggressively for light, water, and nutrients.
The species is characterized by rapid growth, high seed
production, and strong adaptability to compacted soils

and disturbed environments [2]. In recent decades, E.

indica has gained particular attention due to the
evolution of resistance to multiple herbicide modes of
action, including glyphosate and ACCase inhibitors in
several regions [1,3]. The increasing occurrence of
herbicide-resistant populations poses serious challenges
to conventional chemical weed management and
highlights the need for alternative, sustainable control
strategies [4].
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Bioherbicides derived from plant secondary
metabolites represent a promising component of
integrated weed management [5]. Compared with
synthetic herbicides, plant-based phytotoxic compounds
are generally considered environmentally safer,
biodegradable, and potentially less prone to resistance
development due to their complex chemical
composition [6]. Some studies have reported the
inhibitory effects of phenolic- and flavonoid-rich
extracts from allelopathic species on weed germination
and growth [7]. However, the translation of laboratory
findings into practical application remains limited,
partly due to variability in extract potency, lack of
quantitative dose—response assessment, and insufficient
validation under soil or greenhouse conditions.
Systematic evaluation combining bioassays, chemical
profiling, and modeling approaches is therefore
essential to identify reliable bioherbicidal candidates.

Mimosa pigra L., a perennial invasive shrub native
to Central and South America, has become a major
ecological concern in many tropical regions due to its
rapid spread and dense thicket formation [8]. Beyond its
competitive growth habit, M. pigra has been suggested
to possess allelopathic properties, potentially
contributing to its ecological dominance [9]. Previous
phytochemical investigations have revealed the
presence of diverse phenolic acids, flavonoids, and
tannin-related compounds in various Mimosa species
[10]. Such compounds are frequently associated with
phytotoxic and growth-inhibitory effects in plant-plant
interactions [11]. Nevertheless, the bioherbicidal
potential of M. pigra, particularly against problematic
grass weeds such as E. indica, remains insufficiently
characterized.

Although several studies have examined the
allelopathic effects of plant extracts on weed species,
many investigations rely solely on germination
bioassays without integrating quantitative dose-
response modeling or chemical characterization.
Moreover, comparative evaluation of germination and
seedling growth sensitivity, including ICso estimation
and correlation with phytochemical content, is often
lacking. For M. pigra, existing literature primarily
focuses on ecological impact and invasion biology, with
limited systematic assessment of its phytotoxic activity
against economically important weeds. The present

study aimed to (i) evaluate the inhibitory effects of M.

pigra leaf extract on germination and early seedling
growth of E. indica; (i) quantify phytotoxic potency
using 4-parameter logistic dose-response modeling and
ICso estimation; (iii) characterize the extract’s phenolic
and flavonoid composition using spectrophotometric
and HPLC-UV-DAD analyses; (iv) assess correlations
between phytochemical content and biological
inhibition; and (v) validate laboratory findings under
greenhouse pot conditions. By integrating biological
assays, quantitative modeling, phytochemical profiling,
and soil-based validation, this study provides a
comprehensive assessment of M. pigra as a potential
source of natural bioherbicidal compounds.

Therefore, this study aims to evaluate the
bioherbicidal potential of Mimosa pigra leaf extract
against Eleusine indica through an integrated approach
combining dose-response modeling, phytochemical
profiling, and net-house validation. This integrated
framework provides a more comprehensive
understanding of phytotoxic effects and supports the
development of plant-based bioherbicides. This study is
novel in integrating dose-response modeling,
phytochemical profiling, and net-house validation to
comprehensively evaluate the bioherbicidal potential of

Mimosa pigra.

Materials and methods

Plant material collection and authentication

Fresh leaves of M. pigra L. were collected from
naturally established populations distributed along
irrigation canals and the Hau River banks in Chau Thanh
commune, An Giang Province, Vietnam (10°23'N,
105°16'E; elevation about 2 m above sea level) during
the dry season (March - April 2025). The species was
taxonomically identified by the Weed Science Research
Group of An Giang University. A voucher specimen
(No. AGU-Mp-2025-02) was prepared and deposited at
the institutional herbarium of An Giang University for
future reference.

Leaves were washed with distilled water to
remove debris, air-dried at 40 °C in a forced-air oven
until constant weight, and ground into fine powder using
a laboratory mill. The powdered material was stored in

airtight containers at room temperature until extraction.
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Preparation of plant extract

Dried leaf powder (100 g) was extracted with 1 L
of 70% (w/v) ethanol using maceration at room
temperature for 72 h with intermittent shaking. The
extract was filtered through Whatman No. 1 filter paper
and concentrated under reduced pressure using a rotary
evaporator at 40 °C. The crude extract was further dried
to constant weight and stored at 4 °C [12].

Stock solutions were prepared by dissolving the
crude extract in distilled water to obtain concentrations
of 0, 10, 20, 40, 80, and 160 mg mL™'. These
concentrations were used for germination, seedling

growth, and dose-response assays.

Extraction yield determination

The extraction yield was determined after solvent
evaporation. Briefly, a known amount of dried leaf
powder (100 g) was subjected to ethanolic extraction as
described above. After filtration and solvent removal
under reduced pressure, the crude extract was further
dried to constant weight at 40 °C. The extraction yield

(%) was calculated using the following equation [13]:
Extraction yield (%) = V”Z—d x 100 (1)

where W, is the weight of dried crude extract (g) and
W, is the initial dry weight of plant material (g). All
extractions were performed in triplicate, and the mean

yield value was reported.

Weed seed material and pre-treatment

Seeds of E. indica (L.) Gaertn. were collected from
mature plants in agricultural fields free from recent
herbicide application. Seeds were cleaned and stored at
room temperature until use. Prior to experiments, seeds
were surface-sterilized in 1% sodium hypochlorite for 5
min and rinsed thoroughly with sterile distilled water
[14].

Germination bioassay

Twenty sterilized seeds were placed in 9-cm Petri
dishes lined with 2 layers of Whatman No. 1 filter paper.
Five milliliters of extract solution at the designated
concentration were added to each dish [15]. Distilled
water served as the control. Petri dishes were incubated
in a growth chamber at 25 + 2 °C with a 12h

photoperiod. Each treatment was replicated 4 times (n =
4). Germination was recorded daily for 7 days.

Measurement of germination and growth
indices

Germination and seedling performance were
evaluated using standard germination indices.
Germination percentage (GP) was calculated as the
proportion of germinated seeds relative to the total
number of seeds sown in each Petri dish. Germination
index (GI) [16] was determined to assess both the speed
and uniformity of germination, according to the

formula:

6l =3 (%) @)

D¢

where G, is the number of seeds germinated on day ¢,

and D; is the corresponding day of counting.

Mean germination time (MGT) [17] was
calculated to estimate the average time required for seed

germination, using the following equation:

MGT = E—“;f:t‘;f) 3)

Seed vigor index (SVI) [18] was calculated as:

SVI = GP X mean seedling length @)
where mean seedling length represents the sum of root

and shoot lengths (cm).

All germination parameters were recorded over a
7-day incubation period, and calculations were
performed using mean values from 4 replicates per
treatment.

Germination inhibition (%) [19] was calculated
as:

Gc—Gt
Ge

Inhibition =

x 100 Q)

where G, is germination in control and G, is germination

under treatment.
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Seedling growth assessment

Seedling growth parameters were evaluated seven
days after incubation. From each replicate, ten randomly
selected seedlings were measured for root length and
shoot length (cm) using a digital caliper. Fresh weight
(mg seedling™) was determined immediately after
measurement using an analytical balance. Subsequently,
seedlings were oven-dried at 70 °C for 48 h to constant
weight, and dry weight (mg seedling™) was recorded
[20].

Dose-response modeling

Dose-response curves for germination inhibition,
root inhibition, and shoot inhibition were fitted using a
4-parameter logistic (4PL) nonlinear regression model
[21]. The model was described as:

(6)

[
+
—

xR

b
1550)

where Y is the observed response expressed as
percentage inhibition (%), x is the extract concentration
(mg mL™"), aand d represent the lower and upper
asymptotes of the response curve, respectively, b is the
slope (Hill coefficient), and ICs,is the concentration
causing 50% inhibition relative to the untreated control.
The ICs, values were estimated together with their 95%
confidence intervals (Cls). The goodness-of-fit of the
model was evaluated using the coefficient of

determination (R?).

Determination of total phenolic and flavonoid
contents

Total phenolic content (TPC)

Total phenolic content (TPC) was determined
using the Folin—Ciocalteu colorimetric method with
slight modifications. Briefly, 0.5 mL of appropriately
diluted extract solution was mixed with 2.5 mL of 10%
(v/v) Folin—Ciocalteu reagent. After 5 min of incubation
at room temperature, 2.0 mL of 7.5% (w/v) sodium
carbonate (Na2CO:s) solution was added to the mixture
[22]. The reaction mixture was vortexed and incubated
in the dark at room temperature for 30 min. Absorbance
was measured at 765 nm using a UV-Vis
spectrophotometer (UV Vis Jasco V730) [23]. Gallic
acid (0.02, 0.04, 0.06, 0.08, 0.10 and 0.12 mg mL") was

used to construct the standard calibration curve (R? >
0.99). TPC was calculated from the calibration equation
and expressed as milligrams of gallic acid equivalents
per gram of dry extract (mg GAE g' extract). All
measurements were performed in triplicate, and results

were expressed as mean + standard error (SE).

Total flavonoid content (TFC)

Total flavonoid content (TFC) was determined
using the aluminum chloride (AICL) colorimetric
method. Briefly, 0.5 mL of diluted extract was mixed
with 1.5 mL of methanol, 0.1 mL of 10% (wW/v)
aluminum chloride solution, 0.1 mL of 1 M potassium
acetate, and 2.8 mL of distilled water. The reaction
mixture was incubated at room temperature for 30 min.
Absorbance was recorded at 415 nm using the same UV-
Vis spectrophotometer. Quercetin (0.02, 0.04, 0.06, 0.08
and 0.10 mg mL™") was used to generate the standard
curve (R? > 0.99). TFC was calculated based on the
calibration equation and expressed as milligrams of
quercetin equivalents per gram of dry extract (mg QE
g ! extract). All analyses were conducted in triplicate.
Total phenolic content (TPC) was determined using the
Folin-Ciocalteu method and expressed as mg gallic acid
equivalents (GAE) g! extract. Total flavonoid content
(TFC) was determined using the aluminum chloride
colorimetric method and expressed as mg quercetin
equivalents (QE) g extract [24]. All measurements

were performed in triplicate.

HPLC-UV DAD analysis

Chromatographic analysis of phenolic and
flavonoid constituents in M. pigra leaf extract was
performed using an HPLC system (Agilent 1260 Infinity
I, Agilent Technologies, Santa Clara, CA, USA)
equipped with a diode array detector (DAD) and
controlled by Agilent ChemStation software (version
B.04.03) [25]. Separation was carried out on a reverse-
phase C18 column (ZORBAX Eclipse Plus CI8,
250x4.6 mm? i.d., 5 pm particle size) [26]. The column
temperature was maintained at 30 °C.

The mobile phase consisted of solvent A (0.1%
formic acid in distilled water, v/v) and solvent B
(acetonitrile). The gradient elution program was set as
follows: 5% B (0 - 5 min), 5% - 20% B (5 - 15 min),
20% - 40% B (15 - 25 min), 40% - 60% B (25 - 30 min),
followed by a washing step at 90% B (30 - 33 min) and



Trends Sci. 2026; 23(11): 13662

50f17

re-equilibration to initial conditions (5% B) from 33 to
38 min. The flow rate was 1.0 mL min™, and the
injection volume was 20 puL [27]. The total run time was
38 min per sample. Detection was performed at 280 nm,
320 nm, and 360 nm, and UV spectra were recorded in
the range of 200 - 600 nm for peak characterization.
Compounds were tentatively identified by comparing
retention times and UV spectra with authentic standards
and published literature. Quantification of selected
compounds was performed using external calibration
curves constructed from reference standards (R?>0.99).

All analyses were conducted in triplicate.

Pot experiment setup

A net house pot experiment was conducted to
evaluate phytotoxic responses of Mimosa pigra leaf
extract under soil conditions. Plastic pots (15 cm
diameter, 18 cm height) were filled with 2.0 kg of
sterilized loamy soil (pH 6.5 - 6.8; organic matter 2.3%).

Twenty viable seeds of Eleusine indica were
evenly sown at a depth of 0.5 cm, consistent with the
recommended emergence depth for small seeded grass
weeds. Immediately after sowing, aqueous solutions of
M. pigra leaf extract at concentrations of 0 (distilled
water control), 40, 80, and 160 mg mL™! were applied as
soil drench treatments at a volume of 50 mL pot™,
ensuring uniform soil saturation without surface runoff.

Each treatment consisted of 4 biological replicates
arranged in a completely randomized design (CRD).
Pots were maintained under natural daylight conditions
in a net house (mean temperature 25 - 30 °C; relative
humidity 65% - 85%). Soil moisture was maintained at
approximately 70% - 80% of field capacity by daily
watering as required.

Twenty one days after treatment (21 DAT),
emergence percentage (%), plant height (cm), and shoot
dry biomass (g plant™) were recorded. Emergence was
determined as the proportion of seedlings visible above
the soil surface relative to the number of seeds sown.
Shoot biomass was measured after oven-drying samples
at 65 °C to constant weight. Weed control efficacy (%)
was calculated based on shoot biomass reduction

relative to the untreated control.

Statistical analysis
Data was expressed as mean =+ standard error (SE).

Normality and homogeneity of variance were tested

prior to analysis. One-way ANOVA was performed,
followed by Tukey’s HSD test at p < 0.05. Pearson
correlation coefficients were calculated between
phytochemical contents (TPC, TFC) and inhibition
parameters. Statistical analyses were conducted using R
software (version 4.2.1). Data visualization was
performed using Python (Matplotlib library, version
3.10.8). Nonlinear regression analysis was conducted
using SciPy.

Results and discussion

Extraction yield and germination inhibition
responses

The ethanolic extraction of M. pigra leaves
resulted in a crude extract yield of 18.4 + 0.9% (w/w)
based on dry weight of plant material. This yield
indicates a relatively high recovery of soluble secondary
metabolites compared with values commonly reported
for phenolic-rich shrub species.

The leaf extract of M. pigra exerted a clear dose-
dependent inhibitory effect on the germination
performance of E. indica (Table 1; Figure 1).
Germination percentage declined progressively with
increasing extract concentration, and all treated groups
differed significantly from the control according to
Tukey’s test (p < 0.05). The reduction became
particularly pronounced at concentrations > 40 mg
mL™!, where germination dropped sharply, and at 160
mg mL™ only a small fraction of seeds germinated. This
pattern was consistent with the increasing germination
inhibition observed in Figure 1.

Similarly, the germination index (GI) decreased
significantly as extract concentration increased,
indicating suppression of both germination speed and
uniformity. In contrast, mean germination time (MGT)
increased significantly with rising extract concentration,
considering delayed germination under extract
exposure. The delay was most evident at higher
concentrations (80 - 160 mg mL™"), where MGT reached
its maximum values. Seed vigor index (SVI) exhibited
the greatest sensitivity, showing a marked and
significant decline across treatments, particularly at
concentrations > 40 mg mL . Collectively, these results
demonstrate that M. pigra leaf extract significantly
reduced germination capacity, slowed germination

dynamics, and impaired early seedling vigor of E. indica
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in a concentration-dependent manner (Table 1; Figure
1).
Table 1 Effects of M. pigra leaf extract on germination parameters of E. indica, 7 days after treatment.
Concentration Germination Germination Index Mean Germination Time Seed Vigor Index
(mg mL™") (%) (G (days) (SVI)
0 (Control) 95.8+ 1.7 18.6 +0.7% 22+0.1¢ 1445 + 62°
10 87.4+£2.3P 16.4 +0.6° 24£0.1% 1215 + 55°
20 76.1 £ 2.6° 14.0 £0.5° 2.6+0.1% 980 + 48°
40 58.3 £2.5¢ 10.5 +0.44 3.0 £0.2% 610 =+ 409
80 31.6 +£2.1° 5.9+0.3¢ 3.6 +£0.2% 240 + 22¢
160 9.8 +1.4f 1.8+0.2f 4.0+0.3° 62 +£9°

Values are mean + SE (n = 4). Different letters indicate significant differences (Tukey, p < 0.05).

100

Mean + SE (n = 4)
7 days after incubation

Germination inhibition (%)

0-= T T T

0 20 40 60
Extract concentration (mg mL-1)

T T T T
100 120 140 160

Figure 1 Concentration-dependent inhibition of Eleusine indica seed germination by Mimosa pigra leaf extract under

laboratory conditions, evaluated 7 days after treatment. Seeds were exposed to 0 - 160 mg mL™! extract, and germination

inhibition (%) was calculated relative to the distilled-water control. Points represent mean + SE (n = 4).

Seedling growth suppression
The M. pigra leaf extract significantly inhibited
early seedling growth of E. indica in a clear dose-
dependent manner (
Table 2). Root and shoot lengths

progressively with increasing extract concentration, and

decreased

all treatments differed significantly from the control
according to Tukey’s HSD test (p < 0.05). Root length
declined from 5.7 cm in the control to only 0.5 cm at 160
mg mL™, corresponding to a root inhibition of 91.2%.

Shoot length also decreased markedly, from 6.5 cm in

the control to 1.7 cm at 160 mg mL ™" (73.8% inhibition).
Notably, root growth was consistently more sensitive
than shoot growth across all concentrations, as also
illustrated in

Table 2. In parallel with the reduction in seedling
elongation, biomass accumulation [28] was strongly
suppressed. Fresh weight and dry weight both declined
significantly as extract concentration increased,
suggesting that the extract impaired overall seedling
development and vigor rather than simply limiting
elongation growth.
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Table 2 Effects of M. pigra leaf extract on early seedling growth of E. indica, 7 days after treatment.

Concentration Root length Shoot Root Shoot Fresh weight Dry weight
(mg mL™) (cm) length (cm) inhibition (%) inhibition (%) (mg seedling) (mg seedling™)
0 (Control) 5.7+0.2° 6.5 +0.3° 0.0f 0.0f 84.2 +3.6° 15.1+£0.7%
10 4.9+0.2° 6.0 +0.2° 14.0¢ 7.7° 75.6 £3.2° 13.6 £ 0.6°
20 4.0+0.2° 53+0.2¢ 29.84 18.54 63.8 £2.8° 11.4+0.5¢
40 2.6+0.1¢ 4.1+0.2¢ 54.4¢ 36.9¢ 48.5+2.59 8.7+0.4¢
80 1.3+£0.1¢ 2.9+0.1¢ 77.2° 55.4° 304+£2.1° 5.3+0.3¢
160 0.5+0.1° 1.7£0.1f 91.2% 73.8° 182+ 1.6f 3.1+0.2f

Values are mean + SE (n = 4). Different letters within a column indicate significant differences according to Tukey’s
HSD test (p < 0.05). Root and shoot inhibition (%) were calculated relative to the control.

The stronger inhibition of root growth compared
with shoot growth is consistent with patterns widely
reported in allelopathic screening and bioherbicide
research. Root elongation is commonly recognized as a
highly sensitive indicator of phytotoxic stress because
roots directly contact allelochemicals in the germination
substrate and respond rapidly through reduced cell
division and elongation [29]. Similar root-dominant
suppression has been reported in studies evaluating
phytotoxic extracts from invasive and allelopathic plants
[30] such as A. conyzoides, I. cylindrica, and Mimosa
spp. against grass weeds. In those studies, inhibition of
root growth often occurred at lower concentrations than
shoot inhibition, supporting the present observation that
root tissues represent a primary target for phytotoxic
compounds. Furthermore, the marked decline in both
fresh and dry biomass observed here aligns with
previous findings where phenolic-rich plant extracts
caused substantial reductions in seedling weight and
establishment capacity. Biomass suppression is
particularly important in weed management, as reduced
dry matter accumulation reflects impaired growth and
diminished competitive ability, which may ultimately
lead to lower survival under greenhouse or field
conditions [31].

The present study demonstrated that M. pigra leaf
extract exerted potent phytotoxic effects on E. indica at
both germination and early seedling stages [32].
Germination percentage, germination index, and seed
vigor index declined significantly with increasing
extract concentration, while mean germination time
increased, and

indicating  delayed suppressed

germination [33]. These trends indicate that the extract
not only reduced final germination capacity but also
delayed the germination process. Similar inhibitory
patterns have been reported in allelopathy and
bioherbicide studies, where early germination traits are
often regarded as sensitive indicators of phytotoxic
stress [34]. Moreover, the marked reduction in seed
vigor index suggests that the extract severely impaired
seedling establishment potential, which is critical for

weed population recruitment.

Dose-response curves and IC50

Dose-response relationships of M. pigra leaf
extract against E. indica were successfully described
using the 4-parameter logistic (4PL) model for
germination inhibition, root inhibition, and shoot
inhibition (Table 3;

(A) Germination inhibition

{B) Root inhibitiol

100
ICs9 = 46.8 ing mL™? ICs0 = 34.9 mg mL™!
804 95% Cl: 41.2-53.1 1 95%Cl: 30.6-39.8. "5
Slope (b) = 1.62 Slope (b} = 1.89
= RZ =097 ] RZ =0.98
S
= 604
5 il
Z 40 %
= ¥
2w0{ § 1 3
[
0 T T . . ; . . T . . T :
0 20 40 60 80 100 120 140 1600 20 40 60 80 100

Extract concentration (mg mL™!)

Figure 2). The fitted curves showed a clear

concentration-dependent  increase  in  inhibitory

responses across all measured traits, confirming that the
extract exhibited strong phytotoxic activity within the

Extract concentration {m

(
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tested range (0 - 160 mg mL™"). Model performance was
high, with coefficients of determination (R?) ranging
from 0.96 to 0.98, indicating good agreement between
observed and predicted values.

The estimated ICso values revealed differential
sensitivity among the evaluated endpoints. Root
inhibition showed the lowest ICso value (34.9 mg mL™),
indicating that root growth was the most sensitive
parameter to extract exposure. Germination inhibition

had an intermediate ICso value of 46.8 mg mL!, while

(A) Germination inhibition

(B) Root inhibition

shoot inhibition exhibited the highest ICso value (57.6
mg mL ™), suggesting comparatively greater tolerance of
shoot elongation. The 95% confidence intervals of ICso
estimates were relatively narrow (Table 3), reflecting
consistent responses across replicates and supporting the
reliability of the fitted model. These results are
consistent with the growth bioassay findings (

Table 2), where root inhibition was consistently
stronger than shoot inhibition at all concentrations.

(C) Shoot inhibition

100

ICsg = 46.8 mg mL™?
Slope (b) = 1.62
R? = 0.97 $ R? = 0.98

60 q
]

Inhibition {%)

40 (] .

20 [} .

0

ICs0 = 34.9mg mL™?
801 95% Cl: 41.2-53.1 1 95% Cl: 30.6-39.8
Slope (b} = 1.89

ICsp = 57.6 mg mL™!

95% Cl: 50.4-66.1

Slope (b) = 1.48 1
RZ =096

0 20 40 60 80 100 120 140 1600 20 40
Extract concentration {(mg mL™!)

Extract concentration (mg mL™%)

100 120 140 1600 20 40 60 80 100 120 140 160
Extract concentration (mg mL™*)

Figure 2 Dose-response relationships for the inhibitory effects of Mimosa pigra leaf extract on Eleusine indica under
laboratory conditions, fitted with a 4-parameter logistic (4PL) model. Panels show (A) germination inhibition, (B) root
inhibition, and (C) shoot inhibition across the tested concentration range (0 - 160 mg mL™"). Symbols with error bars

represent observed mean + SE values (n = 4), solid lines indicate model-fitted responses, and dashed lines mark the

estimated ICso values for each parameter.

Table 3 Estimated IC50 values from 4PL model.

Parameter IC50 (mg mL™) 95% CI (mg mL™) Slope (b) R?
Germination inhibition 46.8 41.2 -53.1 1.62 0.97
Root inhibition 349 30.6-39.8 1.89 0.98
Shoot inhibition 57.6 50.4 - 66.1 1.48 0.96

The ICso values obtained in this study are within
the range reported for several plant-derived extracts
evaluated as potential bioherbicides against grass
weeds. Previous studies on allelopathic invasive species,
including 4. conyzoides and I. cylindrica, have similarly
reported lower ICso values for root inhibition compared
with shoot inhibition, highlighting root elongation as a
sensitive indicator of phytotoxicity [35]. Moreover, the
extract achieved more than 50% inhibition at relatively
moderate concentrations (< 60 mg mL™), indicating

relatively strong phytotoxic potential. This level of

activity compares favorably with many crude extracts
reported in the literature, which often require higher
concentrations to produce similar effects [36].
Therefore, the dose-response analysis provides
quantitative evidence supporting the bioherbicidal
potential of M. pigra leaf extract and confirms that root

growth inhibition is the most responsive endpoint for
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evaluating its phytotoxic effects on E. indica (Table 3;

(A) Germination inhibition {B) R¢
100
ICso = 46.8 mg mL™? ICs0 = 34.9 mg mL
801 95%Cl: 41.2-53.1 1 95% Cl: 30.6-39.8
Slope (b) = 1.62 Slope (b} = 1.89
= R? = 0.97 [ RZ = 0.98
>
~ 60
g ;.
E
= 40 (]
= ¥
20 § . 3
¥
0 T . : : . . . T . .
o] 20 40 60 80 100 120 140 1600 20 40 60
Extract concentration {mg mL™'} Extract conc:
Figure 2).

Dose-response modeling provided quantitative
evidence supporting the bioherbicidal potential of M.
pigra. The 1Cso values derived from the 4PL model
indicated that root growth was the most sensitive
endpoint, followed by germination inhibition, whereas
shoot inhibition required higher concentrations to reach
50% suppression. These ICso values are particularly
important for comparing extract potency with other
plant-derived bioherbicide candidates and for guiding
The

confidence intervals and high R? values further confirm

formulation development. relatively narrow
that the extract responses were consistent and reliably
modeled, strengthening the robustness of the bioassay

outcomes.

Phytochemical profiles

The ethanolic leaf extract of M. pigra showed
substantial polyphenolic richness, with TPC of 128.6 =
6.4 mg GAE g'and TFC of 71.8 £ 4.1 mg QE g! (mean
+ SE, n = 3). These values are in the same order of
magnitude as those reported for other invasive or
allelopathic weeds. For instance, 70% ethanolic extracts
of A. conyzoides have been reported to reach 114.07 +

1.27 mg GAE g depending on plant part and extraction
conditions [37]. In I cylindrica leaf extracts, total
phenolics and flavonoids have been reported as about
9% (GAE) and about 2.1%

supporting that invasive grasses or shrubs can also

(QE), respectively,

maintain significant polyphenolic pools [38]. Because
Folin—Ciocalteu and AICl: assays are sensitive to
experimental conditions and may vary between studies,
these values should be interpreted as comparative
indices of reducing capacity. Chromatographic profiling
is therefore needed to better link composition with
phytotoxicity [39].

The HPLC-DAD chromatogram recorded at 280
nm (Figure 3) revealed a chemically diverse

polyphenolic fingerprint dominated by flavan-3-
ols/proanthocyanidins and flavonol glycosides. Several
peaks were tentatively assigned to catechin-related
compounds,
(EGCQG),

quercetin/kaempferol glycosides (

epicatechin, epigallocatechin gallate

procyanidin oligomers, and
Table 4). Notably, procyanidin B2 represented a
relatively abundant peak (area% > 12%), indicating a
condensed-tannin-rich profile. This pattern is consistent
with phytochemical reports on Mimosa species, which
are known to accumulate flavonoids and tannins,
including procyanidin-type constituents [40].

HPLC-UV analysis (Table 5)
confirmed the presence of multiple phenolic subclasses

Quantitative

in the crude ethanolic extract. Flavonols (e.g., rutin,
quercetin, and kaempferol) were detected at moderate
levels, along with flavan-3-ols (epicatechin and EGCG)
and gallic acid. Previous compound-isolation studies on
Mimosa pigra leaves have reported flavonoid-O-
glycosides and quercetin-derived structures, supporting
the plausibility of the present flavonol assignments
[41,42].
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Figure 3 HPLC-UV-DAD chromatogram of the ethanolic leaf extract of Mimosa pigra recorded at 280 nm, showing the
major phenolic and flavonoid peaks detected in the extract. Peak labels correspond to compounds tentatively identified

from retention behavior and UV spectral characteristics, as summarized in Table 4.

Table 4 Phenolic and flavonoid compounds tentatively identified in M. pigra extract by HPLC-UV-DAD.

RetTime Width Area
Peak# . Type . Area % Tentatively identified
(min) (min) (mAU-s)
5 14.278 MF 0.1831 703.74567 1.7181 Catechin
6 14.423 FM 0.1703 587.60541 1.4346 Gallocatechin
7 14.760 MF 0.1397 663.69629 1.6203 Epicatechin
8 15.093 FM 0.1841 1066.08667 2.6027 Catechin gallate
9 16.166 MM 0.1699 2026.67822 4.9478 Epicatechin gallate
10 17.484 MM 0.1648 321.12604 0.7840 Epigallocatechin gallate
11 17.788 MF 0.1471 4982.52100 12.1641 Procyanidin B2
12 19.127 MM 0.1337 421.85703 1.0299 Procyanidin dimer isomer
13 19.660 MM 0.1422 2604.03247 6.3574 Procyanidin trimer
Quercetin-3-O-glucoside
14 20.806 MF 0.1489 2831.91821 6.9137 .
(Isoquercitrin)
Quercetin-3-O-rutinoside
15 21.104 FM 0.1572 1253.80310 3.0610 i
(Rutin)
16 22.541 MF 0.1379 781.61212 1.9082 Kaempferol-3-O-glucoside
17 22.816 FM 0.1441 380.96317 0.9301 Kaempferol-3-O-rutinoside
18 23.575 MM 0.1294 473.29163 1.1555 Myricetin-3-O-glucoside

19 27.923 MM  0.1491 394.16617 0.9623 Quercetin (aglycone)
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Table 5 Quantitative determination of selected phenolic compounds in M. pigra extract by HPLC-UV.
Compound Sigma-Aldrich reference standard Concentration
(catalog style) (mg mL™ extract)
Gallic acid Gallic acid (analytical standard) 4.77
Catechin (+)-Catechin hydrate (analytical standard) n.d
Epicatechin (—)-Epicatechin (analytical standard) 1.9
Epigallocatechin gallate (EGCG) (—)-Epigallocatechin gallate (=95%, HPLC) 3.1
Rutin Rutin hydrate (analytical standard) 17.76
Quercetin Quercetin dihydrate (analytical standard) 9.70
Kaempferol Kaempferol (=97%, HPLC) 6.46

Concentrations represent the amount of each compound quantified in the crude ethanolic extract of M. pigra. Compounds
were quantified using external calibration curves constructed from authentic standards. n.d: not detected.

From a bioherbicidal perspective, the coexistence
of condensed tannins, flavan-3-ols, phenolic acids, and
flavonol glycosides provides a mechanistically coherent
explanation for the strong inhibition observed in
germination and seedling assays (Table 1 and 2). Plant-
derived polyphenols are widely recognized to interfere
with seed germination and early seedling development
through oxidative stress induction, membrane
destabilization, and inhibition of mitotic processes [43].
Supporting this linkage specifically for M. pigra,
phytotoxicity assays have demonstrated concentration
dependent growth inhibition associated with cellular
[44].

chromatographic and quantitative evidence indicates

damage in target species Collectively, the

that M. pigra leaves constitute a polyphenol-rich extract

with chemical features consistent with reported

mechanisms of plant-derived bioherbicides.

100 (A) TPC vs germination inhibition

Correlation analysis

Pearson correlation analysis revealed significant
positive relationships between phytochemical contents
(TPC and TFC) and the inhibitory effects on E. indica
(Table 6, Figure 4 and Figure 5). Total phenolic
(TPC) showed high with
germination inhibition (r = 0.91, p < 0.01) and root
inhibition (r = 0.94, p < 0.01), while total flavonoid
content (TFC) was also significantly correlated with

content correlations

both germination (r = 0.84, p <0.01) and root inhibition
(r=0.89, p <0.01). Among the biological parameters,
germination, root, and shoot inhibition were strongly
intercorrelated (r = 0.92 - 0.95), indicating consistent

phytotoxic responses across developmental stages.

(B) TPC vs root inhibition
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Figure 4 Linear regression analysis of total phenolic content (TPC) in relation to germination and root inhibition of E.
indica. Scatter points represent mean values obtained at different extract concentrations (n = 6). Solid lines indicate linear

regression fits, and shaded areas represent the 95% confidence intervals of the regression models.

(A) TFC vs germination inhibition (B) TEC vs root inhibition
100 100
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Figure 5 Linear regression analysis of total flavonoid content (TFC) in relation to germination and root inhibition of E.
indica. Scatter points represent mean values obtained at different extract concentrations (n = 6). Solid lines indicate linear

regression fits, and shaded areas represent the 95% confidence intervals of the regression models.

Table 6 Pearson correlation matrix among phytochemical contents and phytotoxicity parameters of M. pigra leaf extract.

. Germination inhibition Root inhibition Shoot inhibition
Variable TPC TFC
(%) (%) (%)
TPC 1 0.86** 0.91** 0.94** 0.88**
TFC 0.86** 1 0.84** 0.89** 0.83**
Germination inhibition ~ 0.91**  (.84%* 1 0.92%* 0.95%*
Root inhibition 0.94**  0.89** 0.92** 1 0.93%*
Shoot inhibition 0.88**  0.83** 0.95%* 0.93%* 1

Values represent Pearson correlation coefficients (r). ** Significant at p <0.01.

The stronger association between TPC and root activity [29]. While correlation does not confirm
inhibition compared with TFC suggests that the overall causation, the strong statistical associations provide
phenolic pool may be a more reliable predictor of quantitative support for the role of phenolic and
phytotoxic intensity than flavonoids alone [45]. In many flavonoid constituents in the inhibitory effects [46] of
cases, root elongation has been identified as the most M. pigra extract on E. indica.
sensitive endpoint and the parameter most closely linked Pot experiment results
to phenolic concentration. The correlation patterns Under greenhouse pot conditions, M. pigra leaf
observed in the present study are therefore consistent extract significantly suppressed the emergence and
with previous reports, supporting the relevance of growth of E. indica 21 days after treatment (Table 7).

phenolic compounds as key contributors to phytotoxic Emergence percentage decreased progressively with
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increasing extract concentration, from over 90% in the
control to approximately 23% at 160 mg mL"!, with all
treatments differing significantly from the control (p <
0.05). Plant height and shoot biomass showed similar
dose-dependent declines. At 80 and 160 mg mL ™, plant

height was reduced by nearly 50%, while shoot biomass
decreased by more than 70% compared with the control.
These reductions corresponded to weed control efficacy
exceeding 50% at both concentrations.

Table 7 Effects of Mimosa pigra leaf extract on emergence and growth of Eleusine indica under pot conditions, 21 days

after treatment.

Concentration = Emergence Emergence Plant height Height Shoot biomass  Shoot biomass
(mg mL™) (%) inhibition (%) (cm) reduction (%) (g plant™) reduction (%)
0 (Control) 93.6+3.1° 0.0¢ 18.9+1.22 0.0¢ 3.72+£0.282 0.0¢
40 72.4+3.6° 22.6° 14.7 £ 0.9° 22.2¢ 2.65+0.21° 28.8°
80 48.3£3.2° 48.4° 10.3+0.8° 45.5° 1.62+0.17° 56.5°
160 22.7+2.9¢ 75.7% 6.1 £0.6¢ 67.7% 0.84 £ 0.10¢ 77.4%
The greenhouse pot experiment further validated competitive  candidate  for natural  herbicide
the phytotoxic responses previously observed in Petri development.

dish bioassays, although the inhibitory magnitude was
moderately attenuated under soil conditions. This
attenuation of activity is a common phenomenon in
bioherbicide evaluations, often attributed to soil
adsorption, microbial degradation, or the buffering
capacity of the soil matrix [33]. Similar patterns have
been documented in studies of other allelopathic
species, where inhibitory effects observed in Petri dish
assays were reduced but remained statistically
significant when applied to soil-grown weeds [36]. The
persistence of strong growth suppression under pot
conditions [47] suggests that the bioactive constituents
of M. pigra leaf extract retain sufficient bioavailability
and stability within a complex substrate environment to
exert their herbicidal effects.

The marked reduction in shoot biomass and plant
height of E. indica observed in this study is indicative of
impaired competitive ability. In practical weed
management, such growth retardation is critical as it
allows the main crop to gain a competitive advantage
over the weed [48]. The inhibitory effects of M. pigra
extract are comparable to those of other allelopathic
species. For example, extracts from A. conyzoides and 1.
cylindrica  have shown similar dose-dependent
reductions in germination and biomass, with root growth
generally more sensitive than shoot growth [49]. The
dose-dependent suppression and consistent greenhouse

validation reinforce the potential of M. pigra as a

Furthermore, the utilization of M. pigra, a

widespread invasive species with high biomass
availability, presents a dual advantage: It provides a
bioherbicides

simultaneously contributing to the management of

sustainable  source  for while
invasive plant populations [33]. Our results suggest that
this extract could be integrated into weed management
systems, particularly for pre-emergence or early post-
emergence control of E. indica. However, despite these
promising findings, the transition from controlled
environments to field applications remains a challenge.
Environmental variability and the complexity of crude
extracts require further research to identify key active
metabolites and develop more stable formulations that
enhance field performance and ensure crop safety [50].
One limitation of this study is the use of sterilized soil
in the pot experiment, which excludes the potential
influence of soil microbial activity on the stability and
While

sterilization was applied to minimize variability and

degradation of phytotoxic compounds.
isolate the direct effects of the extract, future studies
should compare sterilized and non-sterilized soils to
better understand the role of soil microorganisms under

more realistic conditions.

Conclusions
The ethanolic leaf extract of M. pigra exhibited
promising, concentration-dependent phytotoxic effects

against E. indica at both germination and early growth
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stages. Dose-response modeling using a 4-parameter
logistic equation confirmed differential endpoint
sensitivity, with root inhibition showing the greatest
potency (ICso=34.9 mg mL™), followed by germination
inhibition (ICso = 46.8 mg mL™) and shoot inhibition
(ICso = 57.6 mg mL™). Phytochemical analyses
demonstrated a polyphenol-rich extract (TPC = 128.6 +
6.4 mg GAE g'; TFC = 71.8 + 4.1 mg QE g).
Quantitative HPLC-UV-DAD confirmed measurable
levels of rutin, quercetin, kaempferol, EGCG,
epicatechin, and gallic acid. Positive correlations
between phytochemical indices and phytotoxicity
further supported the association between phenolic
richness and inhibitory intensity. Besides, net-house pot
validation indicated that phytotoxic effects were
retained under soil conditions, resulting in marked
reductions in emergence and biomass (up to 77.4%
biomass reduction at 160 mg mL™). Collectively, the
integration of biological assays, quantitative potency
estimates, and chemical profiling suggests that M. pigra
leaves are a promising source of natural phytotoxic
compounds for bioherbicide development. Future
studies should focus on formulation development,
selectivity testing, and field-scale validation to facilitate
practical application.
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  Extraction yield (%) =     W  e    W  d × 100
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  S V I = G P × mean seedling length


  Inhibition =     G  c −   G  t    G  c × 100
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