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Abstract

Weeds are a significant constraint to crop production as they compete for vital resources and release
allelochemicals that may hinder the growth of surrounding plants. This study investigated the allelopathic effects
of plant litter from Kyllinga brevifolia, Eleusine indica, and Sphagneticola trilobata on the germination and early
development of Lactuca sativa. Two bioassays were conducted: a sandwich method in the laboratory and a pot
experiment in a greenhouse. Dried weed residues were applied at concentrations of 1%, 2%, 3%, and 4% to
evaluate their impact on seed germination, root and shoot elongation, and biomass accumulation in lettuce. The
results showed that all three species inhibited seed germination and seedling growth in a concentration-
dependent manner. In the sandwich assay, germination rates at 4% residue concentration declined to 58.89% (K.
brevifolia), 76.67% (E. indica), and 46.67% (S. trilobata), compared to 96.67% in the control. The strongest
inhibition of radicle growth was observed in K. brevifolia (91.60%). In the pot experiment, both K. brevifolia and
S. trilobata consistently reduced all measured growth parameters. At 4%, shoot length declined to 9.18 mm and
5.42 mm, and dry shoot weight decreased to 2.90 mg and 3.09 mg, respectively. In contrast, E. indica slightly
increased shoot biomass at moderate concentrations, suggesting a potential stimulatory effect. These findings
demonstrate that residues from these weeds possess strong allelopathic potential and could be explored as

natural agents for environmentally friendly weed management.
Keywords: Plant Growth Inhibition, Pot Experiment, Sandwich Method, Seed Germination, Weed Interference

1. Introduction

In agroecological systems, weed infestation can
directly impair crop development, resulting the reduction in
crop yield. Weeds and crops compete for resources such as
water, nutrients, and light. In this competition, weeds gain
an advantage when their evolution allows them to
outcompete agricultural plants  (Sutherland, 2004).
Moreover, weeds often act as a secondary host for
phytopathogens, including insects and pathogens that can
infect crops (Alluri & Saha, 2024; Rasul et al., 2024). In
addition to directly affecting crops through competition,
various weeds can indirectly interact with crops by
releasing secondary metabolites, known as allelochemicals,
into the environment. This phenomenon, called allelopathy,
refers to the positive or negative effects that one plant has
on another through these chemical releases (Semmar, 2024;
Song et al., 2024). Allelochemicals, released from seeds or
seedling roots through processes like exudation, leaching,
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or decay, can last in soil even after plant death. These
compounds often reduce germination percentage and
suppress the growth of neighboring plants (Arora et al.,
2024; El-Masry et al., 2019; Hussain et al., 2020; Imad et
al., 2021).

The study of allelopathy and allelochemical effects
including their release into the environment, interactions
with plants, and effects on soils is a focus in allelopathy
research. The sandwich method is a simple and rapid
bioassay technique in which dried plant material is
embedded between layers of agar to assess its potential
phytotoxicity. This method allows quick detection of
allelopathic activity by observing inhibitory effects on seed
germination and seedling growth, and is suitable for
screening a large number of samples, especially from leaf
litter leachates (Fujii et al., 2003). To complement
laboratory experimental approaches, pot experiments
provide a more realistic soil-based culture setting that
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mimics natural conditions occurring in the field, allowing
the assessment of allelopathy interactions in a more
ecologically relevant context (Khatri et al., 2024; Tian et
al., 2022). Among the tested species, Lactuca sativa
(lettuce) is widely used due to its high sensitivity to a wide
range of allelopathy, rapid germination, and uniform
growth, making it a reliable bioindicator for assessing
heterosis effects (Hussain et al., 2020; Mukaromah et al.,
2017; Rashid et al., 2010).

In Indonesia, several invasive weeds including
Kyllinga brevifolia, Eleusine indica, and Sphagneticola
trilobata are known to interfere with crop productivity. K.
brevifolia is notable for its adaptability and widespread
presence in agricultural areas (Rodiyati & Nakagoshi,
2003). E. indica, commonly found in Indonesian oil palm
plantations, has developed resistance to glyphosate
herbicide, complicating its management (Kurniadie et al.,
2023). S. trilobata is recognized as a noxious weed in
agricultural lands and along roadsides, further disrupting
farming activities (Handayani et al., 2021).

Although several studies have investigated the
allelopathic properties of these species (K. brevifolia, E.
indica, and S. trilobata) systematic and comparative
evaluations under controlled conditions remain limited
(Kawabata et al., 1994; Perera et al., 2023; Rahardiyan et
al., 2019). This study was therefore conducted to assess the
allelopathic effects of K. brevifolia, E. indica, and S.
trilobata using the sandwich method and pot experiments,
aiming to enhance understanding of their ecological roles
and support the development of sustainable weed
management strategies.

2. Material and Methods
2.1. Plant Materials

Fresh above-ground parts (i.e., shoots with flowers and
leaves) of weed samples were collected from the outdoor
experimental area of Andalas University campus, Padang
(0°55'24.3"S 100°27'17.0"E) altitude of + 255 m above
the sea level. Plant samples were air-dried at room
temperature, then ground to fine powder and stored in
sealed plastic bag until use. For test plant, L. sativa
(lettuce) was used because lettuce is reliable plant to
investigate the inhibitory and stimulatory allelochemicals at
low concentrations (Fujii, 1990). Lettuce seed were bought
at local store (Grand Rapids-PT. East West Seed
Indonesia).

2.2. Laboratory Experiment

The allelopathic effects of weeds powder were studied
using the sandwich method developed by Fujii (2003) with
modifications to suit the characteristics of the plant
materials. The concentration levels were adapted from the
method proposed by Koodkaew and Rottasa (2017).

Agar powder (bacteriological grade) was prepared as a
0.5% (w/v) solution and autoclaved at 121°C for 15
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minutes. After autoclaving, the agar solution was cooled to
approximately 45°C. Two mL of the agar solution was
added into each well of six-well, multi-dish plastic plates
(85.4 x 127.6 mm). Once the first agar layer solidified, leaf
samples were placed on the agar surface in each well
according to the treatment (1%, 2%, 3%, 4%) design shown
in Table 1. Then, 1 mL of agar solution was carefully
added to the leaf samples, forming the middle layer. After
this layer solidified, a final 2 mL layer of agar was added
on top and allowed to gelatinization at room temperature
for 30-60 minutes. This setup forms a three-layer agar
medium, with the plant sample embedded between two
agar layers (2 mL bottom, 1 mL middle, and 2 mL top).
Five seeds of lettuce were placed on the surface of the top
agar layer in each well. The plates were then covered with
plastic lids and incubated in the dark in a tissue culture
room maintained at a stable room temperature (~25°C).
Controls were prepared using the same procedure but
without the addition of plant samples between the agar
layers. After 5 days (120 hours), the length of the radicle
and hypocotyl was measured (12 seedlings per replication),
and the germination percentage was recorded. Each
treatment was conducted with three replications, with each
replication consisting of one six-well multi-dish plastic
plate.

2.3. Greenhouse Experiment

The allelopathic effects of weed powder were studied
using a pot experiment method developed by Koodkaew
and Rottasa (2017) with modifications to suit local
experimental conditions. Soil was collected from a
relatively weed-free site in Padang to minimize potential
interference from phenolic compounds naturally released
by decomposing vegetation. No fertilizers, pesticides, or
herbicides were applied during the experiment.

The collected soil was air-dried, crushed, and
thoroughly mixed with weed powder at concentrations of
1%, 2%, 3%, and 4% (Table 1). The control treatment was
prepared similarly but without the addition of any plant
material. Each pot got 2 kg of the treated soil mixture. The
mixtures were placed into square-bottomed plastic pots (15
x 15 cm base, 20 cm height), and ten lettuce seeds were
sown per pot at a depth of approximately 2 cm. Pots were
maintained under adequate watering conditions in a
controlled environment for 31 days. After 31 days, plants
were carefully uprooted and washed with water.

Growth parameters including shoot length, root length,
and both fresh and dry weights were measured using three
selected lettuce plants per replication. Shoot length, root
length and fresh weights were recorded immediately after
harvesting. Samples were then oven-dried at 70°C for 72
hours, and dry weights were subsequently measured. Each
treatment consisted of four replications, with each
replication represented by one plastic pot containing ten
lettuce seeds. The work flow of these experiment is
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presented in Figure 1.
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Research Preparation

Prepare agar solution

Sterilization of tools and
agar solution

Treatment was administered
using the sandwich method

Observation and data
recording

Select experiment area

Soil collection and
preparation

Treatment was administered
using the pot experiment
method

Observation and data
recording

Data Analysis

Figure 1. Research flow diagram

Table 1: Residue concentrations of plant sample applied to
lettuce

Plant sample (g)

Laboratory Equivalent
experiment Grgenhouse . concentration
(agar volume experiment (soil (%)
5 mL) amount 2 kg)

0.05 20 1%

0.10 40 2%

0.15 60 3%

0.20 80 4%

2.4. Data analysis

The sandwich method was conducted using a
randomized complete block design (RCBD) with three
replications, performed sequentially: the second replication
was initiated after the completion of the first, and the third
followed thereafter. In contrast, the pot experiment was
also arranged in an RCBD but all four replications were

carried out simultaneously under uniform outdoor
conditions.
The data were analyzed using ANOVA, and

differences were considered statistically significant when P
< 0.05. Differences between treatments were determined
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using Duncan’s multiple range test (DMRT) in IBM SPSS®
Statistics version 22.

3. Results and Discussion
3.1. Laboratory experiment
3.1.1. Germination percentage

The germination percentage of L. sativa seeds was
significantly affected by the application of increasing
concentrations of plant litter from K. brevifolia, E. indica,
and S. trilobata (Figure 2). In all three species, the control
(0%) showed the highest germination rate at 96.67%. For
K. brevifolia, germination decreased with increasing litter
concentration, with a significant reduction observed at 3%
(67.78%) and the lowest at 4% (58.89%). Similar trends
were observed for E. indica, although the decline was more
gradual, with germination slightly decreasing from 85.56%
at 1% to 76.67% at 4%. The most allelopathic effect was
recorded in S. trilobata, where germination dropped to
46.67% at the 4% concentration.

Concentration-dependent inhibition is one of the
fundamental characteristics of allelopathic responses, in
which higher amounts of released compounds can lead to
stronger germination suppression (Li et al., 2021; Talhi et
al., 2020; Zhao et al., 2022). The observed decline in L.
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sativa germination with increasing litter concentrations
indicates the presence of allelopathic potential in K.
brevifolia, E. indica, and S. trilobata. Not only affect the
germination of L. sativa, another result showed that when
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at high concentrations, S. trilobata extract also recude the
germination percentage of Amaranthus cruentus (Jose &
Shaji, 2020).

mCT
1%
H52%
3%
04%

K. brevifolia**

E. indica*

S. trilobata**

Figure 2. Allelopathic effects of plant litter from K. brevifolia, E. indica, and S. trilobata litter on germination percentage

of L. sativa using modified sandwich method.

Different lowercase letters (a, b, c, etc.) indicate
significant differences among concentration treatments (CT
(0%), 1%, 2%, 3%, and 4%) within the same plant species
at o = 0.05, as determined by Duncan’s Multiple Range
Test (DMRT). Asterisks indicate the level of statistical
significance between treatments: ** = significant at 1%
level (p < 0.01); * = significant at 5% level (p < 0.05).

3.1.2. Hypocotyl elongation

Hypocotyl elongation of L. sativa seedlings was
significantly inhibited by increasing concentrations of K.
brevifolia, E. indica, and S. trilobata litter (Figure 3, 4). In
the control treatment, the average hypocotyl length was
26.58 mm. As litter concentration increased, hypocotyl
growth consistently declined. For K. brevifolia, hypocotyl
length decreased from 20.84 mm at 1% to 14.14 mm at 4%,
corresponding to inhibition rates of 21.60% at 1% and
46.78% at 4%. E. indica showed a steady reduction in
hypocotyl elongation, from 18.20 mm at 1% to just 6.79

30
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20
15
10

Hypocotyl elongation (mm)

mm at 4%, resulting in inhibition percentages of 31.52% at
1% and 74.45% at 4%. S. trilobata showed the light effect
at 1% (25.50 mm; 4.06% inhibition), but inhibition
increased at higher concentrations to 57.66% at 4%, with
hypocotyl length reduced to 11.25 mm.

The hypocotyl elongation of L. sativa seedlings was
significantly reduced with increasing concentrations of
litter from K. brevifolia, E. indica, and S. trilobata,
suggesting the presence of phytotoxic compounds that
disrupt early seedling development. The decline in
hypocotyl length shows a typical dose-dependent response
commonly associated with allelopathic interactions (Ishak
et al., 2021; Sothearith et al., 2021). This kind of inhibition
is not limited to the sandwich bioassay; similar trends have
been widely reported in other allelopathy studies using
different methods, such as aqueous extracts or soil
amendment approaches, further supporting the role of
allelochemicals in growth suppression (Arroussi et al.,
2022; Pannacci et al., 2020).

mCT
N1%
E2%
03%
04%

K. brevifolia**

E. indica**

S. trilobata**

Figure 3. Allelopathic effects of plant litter from K. brevifolia, E. indica, and S. trilobata litter on hypocotyl elongation of

L. sativa using modified sandwich method.

Different lowercase letters (a, b, c, etc.) indicate
significant differences among concentration treatments (CT
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(0%), 1%, 2%, 3%, and 4%) within the same plant species
at o = 0.05, as determined by Duncan’s Multiple Range
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Test (DMRT). Asterisks indicate the level of statistical
significance between treatments: ** = significant at 1%
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3.1.3. Radicle elongation

The elongation of radicles in L. sativa seedlings
was reduced in response to increasing concentrations of K.
brevifolia, E. indica, and S. trilobata litter (Figure 4, 5). At
control treatment, seedlings exhibited an average radicle
length of 31.05 mm. Exposure to K. brevifolia resulted in a
steep and progressive decline in radicle elongation, with
measurements dropping from 11.51 mm at 1% to 2.61 mm
at 4% corresponding to inhibition rates are 62.93% at 1%
and 91.60% at 4%, respectively. Similar phenomenon was
seen with E. indica, where increasing concentrations led to
lengths of radicle from 6.92 mm (1%) to 3.07 mm (4%),
resulting in inhibition rates of 77.72% at 1% and 90.11% at
4%. In the case of S. trilobata, the reduction was more
moderate at lower concentrations, but still substantial at
higher ones. Radicles measured 16.28 mm at 1% to 3.46
mm at 4%, reflecting inhibition percentages of 47.58% at
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level (p < 0.01).

Figure 4. Allelopathic effects of plant litter from K. brevifolia (A), E. indica (B), and S. trilobata (C) on the elongation of
hypocotyls and radicles in L. sativa, assessed using a modified sandwich method. From left to right, the applied
concentrations were 0% (Control), 1%, 2%, 3%, and 4%.

1% to at 4%, respectively.

The reduction in radicle elongation of L. sativa
seedlings in response to increasing concentrations of K.
brevifolia, E. indica, and S. trilobata litter provides strong
evidence of allelopathic activity in all three species. As the
first organ to emerge during germination and the primary
interface with the surrounding substrate, the radicle is
particularly vulnerable to phytotoxic compounds. Its direct
exposure to allelochemicals makes it a sensitive and
reliable indicator of allelopathic stress. This observation is
consistent  with  previous studies showing that
allelochemicals can inhibit root cell division and elongation
processes that are often more affected in roots than in
shoots or hypocotyls due to this direct contact with toxic
residues, a screening experiment have a similar result about
E. indica (Ain et al., 2023; Ishak et al., 2021).

mCT
01%
u2%
3%
04%

K. brevifolia**

E. indica** S. trilobata**

Figure 5: Allelopathic effects of K. brevifolia, E. indica, and S. trilobata litter on radicle elongation of L. sativa using
modified sandwich method. Different lowercase letters (a, b, ¢, etc.) indicate significant differences among concentration
treatments (CT (0%), 1%, 2%, 3%, and 4%) within the same plant species at a = 0.05, as determined by Duncan’s
Multiple Range Test (DMRT). Asterisks indicate the level of statistical significance between treatments: ** = significant
at 1% level (p < 0.01).

3.2. Greenhouse experiment

3.2.1. Allelopathic effects of K. brevifolia

The application of K. brevifolia litter significantly
affected the growth of L. sativa seedlings in terms of shoot

Jurnal Agronomi Tanaman Tropika Vol. 7 No. 3 September 2025
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and root length, as well as fresh and dry biomass (Table 2,
Figure 6). The biological indicators of the plants decreased
as the concentration of litter increased. At the highest
treatment level (4%), shoot and root lengths were reduced
to 9.18 mm and 54.11 mm. Similarly, fresh weight of
shoots declined drastically from 151.43 mg in the control to
24.39 mg at 4%, while root fresh weight decreased from
29.24 mg to 3.62 mg, indicating strong inhibitory effects on
biomass accumulation. Dry weight followed the same
trend, with shoot dry weight dropping from 14.68 mg to
2.90 mg, and root dry weight from 5.28 mg to 1.08 mg
across the treatment gradient.

()

LRI

Figure 6. Allelopathic effects of K. brevifolia litter on L.
sativa growth in greenhouse experiment. From left to right,
the applied concentrations were 0% (Control), 1%, 2%, 3%,
and 4%.

The reduction in all growth parameters of L. sativa
seedlings following the application of K. brevifolia litter
confirms the strong allelopathic potential of this species
under soil conditions. The consistent and concentration-
dependent decline in shoot and root elongation, along with
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significant reductions in fresh and dry biomass, suggests
that K. brevifolia residues release allelochemical
compounds that affect the early seedling development.
These inhibitory effects may result not only from direct
allelochemical activity but also from indirect alterations to
soil properties and microbial communities present in the
soil, which can further intensify the severity of allelopathic
interactions (Bonanomi et al., 2021; Schandry & Becker,
2020). Previous studies have shown that K. brevifolia
contains a variety of allelochemicals, including phenolics
and terpenoids, which are known for their phytotoxic
properties, a study showed that the increase of planting
densities of K. brevifolia reduced Cynodon dactylon
(bermudagrass) growth (Babu et al., 2025; Kawabata et al.,
1994). These compounds may be released into the soil
during the decomposition of plant litter, allowing
allelochemicals to accumulate and affect to the neighboring
plants.

3.2.2. Allelopathic effects of E. indica

Treatment with E. indica litter led to variable effects
on L. sativa growth (Table 3; Figure 7). While certain
parameters showed inhibitory patterns, others displayed a
stimulatory response at specific concentrations. Shoot
length varied inconsistently with treatment levels. Although
the control group recorded 21.37 mm, the highest value
(22.33 mm) was observed at 1%, followed by a decline to
16.42 mm and 16.97 mm at 2% and 3%, respectively,
before slightly rising to 19.71 mm at 4%. Root length
followed a similar non-linear response, decreasing from
130.63 mm (control) to 95.81 mm (2%), then increasing
again to 117.86 mm at 4%. Shoot fresh weight increased at
several concentrations compared to the control. The highest
value (158.59 mg) was observed at 2%, while 4% also
maintained a high biomass (156.30 mg), in contrast to
151.43 mg in the control. Root fresh weight, however,
exhibited a dose-dependent increase, from 8.34 mg (1%) to
16.62 mg (4%). Dry weights of shoots and roots reflected a
similar situation. Shoot dry weight peaked at 14.55 mg at
2%, then declined gradually, whereas root dry weight
steadily increased from 3.12 mg (1%) to 3.57 mg (4%).

Table 2: Effects of K. brevifolia litter on L. sativa growth in greenhouse experiment

Concentration Length Fresh weight Dry weight
%) (mm) (mg) (mg)
Shoot Root Shoot Root Shoot Root

CT (0%) 21.37+142a 130.63+3.32a 151.43+6.87a 29.24+137a 1468+0.85a 528+0.24a
1% 17.09+1.10b 88.88 +8.56b 95.72+6.61b 10.43+053b 9.76+0.33b 2.92+0.27hb
2% 1224+111c 79.39+596¢ 52.88 +3.69¢ 5.95+0.34c 469+046¢C 1.44+0.09¢
3% 9.04 +0.53d 7494 £451c 40.85+5.24 d 565+0.30c 437 +0.20c 1.45+£0.10c
4% 9.18 £0.58 d 5411 +5.30d 2439+1.33¢e 3.62+0.28d 290+0.27d 1.08+0.12d
Slg *x *%x *%x *x **x **

Different lowercase letters within each column indicate significant differences among concentrations (0% (Control), 1%, 2%, 3%, and 4%) of K.
brevifolia litter, as determined by Duncan’s Multiple Range Test (DMRT) at o = 0.05. Asterisks (**) denote significant differences at the 1%

level (p <0.01).

Jurnal Agronomi Tanaman Tropika Vol. 7 No. 3 September 2025
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Figure 7. Allelopathic effects of E. indica litter on L. sativa
growth in greenhouse experiment. From left to right, the
applied concentrations were 0% (Control), 1%, 2%, 3%,
and 4%.

Treatment with E. indica litter produced variable and
non-linear effects on L. sativa growth, indicating a more
complex allelopathic response. Some parameters, such as
root length, showed clear inhibitory trends at certain
concentrations, while others, particularly shoot biomass,
exhibited a mild stimulatory effect. Shoot fresh and dry
weights increased slightly at moderate concentrations,
surpassing those of the control group. Similarly, root
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biomass displayed a gradual upward trend with increasing
residue levels. This stimulatory effect has been reported in
allelopathy studies when low concentrations of certain
allelochemicals act as growth enhancers before becoming
toxic at higher doses (Cheng & Cheng, 2015; Xuan et al.,
2005). Moreover, plant residues with allelopathic potential,
when mixed into the soil, may affect seed germination and
seedling development not only by releasing phytotoxic
compounds directly, but also through their influence on soil
environmental factors. These influences can include
changes in moisture retention, soil temperature, and the
stimulation of microbial activity, all of which can interact
with the organic matter to enhance the release or
transformation of allelochemicals (Inderjit, 2001; Scavo et
al., 2019; Teasdale & Mohler, 2000). In the case of E.
indica, the rigid and fibrous tissue structure, which is rich
in lignin and cellulose, decomposes slowly and contributes
to the formation of an organic layer that improves soil
texture. This physical modification can temporarily
improve soil aeration and water infiltration, thereby
facilitating root development in some plant species (Fu et
al., 2024; Russell, 2014). However, during the
decomposition process, residues of E. indica may release
phenolic acids and other phytotoxic compounds that
interfere with seed germination and root elongation
(Kashyap et al., 2023; Phuong et al., 2017; Tantiado &
Saylo, 2012; Valentino et al., 2018).

Table 3: Effects of E. indica litter on L. sativa growth in greenhouse experiment

Length Fresh weight Dry weight
Concentration (%) (mm) (mg) (mg)

Shoot Root Shoot Root Shoot Root
CT (0%) 21.37+1.42ab 130.63+3.32a 15143 +6.87 a 29.24+137a 1468 +0.85a 528+ 0.24 a
1% 2233+1.15a 107.65+3.95¢ 115.19+6.73 b 8.34+0.61le 10.59+0.79d 3.12+0.16 bc
2% 16.42+1.39¢c 95.81 +6.08 d 15859+ 7.65a 10.98 £ 0.58 d 1455+ 1.12 ab 3.06+0.27 ¢
3% 16.97 +2.08 ¢ 109.82 + 4.61 bc 120.08 +3.21b 13.76 +1.01 ¢ 12.05+1.16 cd 3.20 +£0.21 b
4% 19.71+£091b 117.86 £7.37b 156.30 £ 13.80 a 16.62+0.95b 13.01 £ 0.93 bc 357+052b
Sig ** ** ** ** ** **

Different lowercase letters within each column indicate significant differences among concentrations (0% (Control), 1%, 2%, 3%, and 4%) of E.
indica litter, as determined by Duncan’s Multiple Range Test (DMRT) at a = 0.05. Asterisks (**) denote significant differences at the 1% level (p

<0.01).

3.2.3. Allelopathic effects of S. trilobata

Application of S. trilobata litter caused a steady
decline in all measured growth parameters of L. sativa.
Shoot and root elongation, as well as biomass, decreased
clearly as litter concentration increased, indicating strong
inhibitory potential (Table 4; Figure 8). Shoot length
decreased progressively from 21.37 mm in the control to
17.12 mm at 1%, followed by drastic declines to 8.36 mm
(2%), 6.79 mm (3%), and 5.42 mm (4%). Root length
dropped from 130.63 mm in untreated soil to 98.03 mm at
1%, then fell further to 46.42 mm at 4%, showing a
cumulative inhibition effect with increasing concentration.
Shoot fresh weight was reduced by nearly half at 1% (80.62
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mg) and declined further to 20.01 mg at 4%, compared to
151.43 mg in the control. Root fresh weight decreasing
from 29.24 mg (control) to 13.79 mg (1%) and only 2.28
mg at 4%.The dry weight of shoots reduced from 14.68 mg
in the control to 7.12 mg at 1%, and dropping to just 3.09
mg at 4%. Similar, root dry weight reduced from 5.28 mg
to 1.16 mg across treatments.

The consistent, concentration-dependent inhibition of
all measured growth parameters in L. sativa seedlings
following the application of S. trilobata litter underscores
the strong allelopathic potential of this invasive species.
The progressive reduction in shoot and root elongation,
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coupled with marked declines in both fresh and dry
biomass, suggests that S. trilobata releases allelochemical
compounds capable of severely impairing early seedling
development. S. trilobata, characterized by its vigorous
growth and soft, rapidly decomposing tissues, produces
various allelochemicals including phenolics, flavonoids,
and saponins, that can interfere with key physiological
processes in neighboring plants. For example, treatment
with S. trilobata aqueous extract or compost soil mixture
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significantly reduced seed germination, shoot height,
growth rate, leaf area, biomass (fresh and dry), root length,
pod length, and yield of Phaseolus vulgaris (Aradjo et al.,
2021; Mén et al., 2019; Perera et al., 2023). Due to its rapid
growth and high biomass turnover, S. trilobata can induce
substantial allelopathic pressure, potentially influencing
plant community composition and dynamics in both natural
ecosystems and cultivated lands (Qi et al., 2014).

Figure 8. Allelopathic effects of S. trilobata litter on L. sativa growth in greenhouse experiment. From left to right, the
applied concentrations were 0% (Control), 1%, 2%, 3%, and 4%.

Table 4: Effects of S. trilobata litter on L. sativa growth in Greenhouse experiment

IS Length Fresh weight  Dry weight
%) (mm) (mg) (mg)
Shoot Root Shoot Root Shoot Root

CT (0%) 21.37+142a 130.63+3.32a 15143+6.87a 29.24+137a 1468+085a 528+0.24a
1% 17.12+0.72b 98.03+5.18b 80.62 +4.43b 13.79+0.64b 7.12+0.48Db 213+0.11b
2% 8.36+045¢c 71.70 £5.50 ¢ 43.25+5.09¢c 431+0.27c 5.38+0.39¢ 1.38+£0.13¢c
3% 6.79+0.68d 55.34 +5.60d 26.89+1.78d 250+0.28d 3.23+0.15d 1.14+£0.08 c
4% 542 +0.46d 46.42 +6.11¢€ 20.01+2.70d 2.28+0.34d 3.09+0.11d 1.16+0.13 ¢
Sig. faled faled faled faled ol ol

Different lowercase letters within each column indicate significant differences among concentrations (0% (Control), 1%, 2%, 3%, and 4%) of S.
trilobata litter, as determined by Duncan’s Multiple Range Test (DMRT) at a. = 0.05. Asterisks (**) denote significant differences at the 1% level

(p<0.01).

4. Conclusion
The findings of this study provide clear evidence that

Kyllinga brevifolia, Eleusine indica, and Sphagneticola
trilobata possess significant allelopathic activity that can
negatively affect seed germination and early growth of
Lactuca sativa. Both the sandwich bioassay and pot
experiment showed the inhibition effect to the germination
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and growth of the test plant, especially at higher residue
concentrations. Further studies are necessary to isolate the
active compounds, determine their mechanisms of action,

and assess their environmental persistence and
effectiveness under field conditions before practical
application.
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