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Abstract

This study investigates the allelopathic effects of Parthenium hysterophorus L. leaf extracts on the
germination and growth of three rice varieties (Hira dhan, BRRI dhan-28, and BRRI dhan-29) in Bangladesh.
Leaf extracts of P. hysterophorus were prepared at different concentrations and applied to rice seeds in a
controlled environment. Results showed that low concentrations of the extracts inhibited seed germination
and growth, with significant differences among rice varieties (p < 0.05). Hira dhan exhibited the most
sensitivity, with germination rates as low as 42.86% under high extract concentrations. In contrast, BRRI
dhan-29 showed a stimulatory effect, particularly at low concentrations. The shoot and root lengths of Hira
dhan and BRRI dhan-29 were significantly inhibited at higher concentrations, while BRRI dhan-28
demonstrated growth stimulation. The fresh and dry weights of roots and shoots varied significantly among
the varieties with the greatest inhibitory effect observed in BRRI dhan-29. These findings align with previous
studies, suggesting that allelochemicals in P. hysterophorus, such as parthenin and phenolic acids, play a
critical role in inhibiting rice growth. The study emphasizes the need for further research on allelopathic
interactions and suggests that controlling P. hysterophorus at the crop emergence stage could mitigate its
suppressive effects on rice growth.

Introduction

Allelopathy is a phenomenon where plants, including microbes, release chemicals
(allelochemicals) into the environment, which can have direct or indirect, positive or negative
effects on other plants. Ecologically, allelopathic plants are important because they disrupt and
reshape the natural biodiversity of surrounding plant life, influencing the composition and
dynamics of plant communities (Bibi et al. 2023). All plant components, including leaves, roots,
rhizomes, stems, flowers, pollens, fruits, and seeds, contain allelochemicals (Hussain and Reigosa
2021). Through the processes of evaporation, leaching, root exudation, and the breakdown of plant
wastes in soil, allelochemicals are released into the environment (Fujii et al. 2022).
Allelochemicals can inhibit the germination of seeds and prevent parasites from attaching
themselves to host plants (Singh et al. 2003). Parthenium hysterophorus L. native to the New
World, but it has been inadvertently brought to several nations, including Australia, Asia, Africa,
and the Pacific Islands, where it has become a severe weed in rangelands and agriculture. It has
been identified as a significant weed in field crops in over 45 countries which can germinate,
grow, and flower in a variety of temperatures and photoperiods (Bajwa et al. 2016). It is an annual
perennial plant with an erect and much-branched growth habit This upright, transient plant has a
deep tap root system and can reach heights of 1.5-2 m. The leaves are pubescent and strongly
dissected into narrow lobes. The small white flowers have five (rarely six, seven or eight) distinct
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ray florets and grow on the stem tips (Adkins and Shabbir 2014). It is an aggressive colonist of
disturbed soil. As long as there is moisture present and a high germination rate, seeds can sprout
year-round. A season may yield four or more subsequent cohorts of seedlings (Pandey and Dubey
1989). Additionally, the species generates chemical compounds that, when dispersed into the soil,
cause other species to experience allelopathic effects (Rubaba et al. 2017). P. hysterophorus is a
recently introduced, highly invasive weed in Bangladesh, and is now widespread in rice fields,
particularly in the Mymensingh and Rajshahi divisions (Biswas et al. 2010). In the Haor regions of
Bangladesh, the boro rice crop holds significant importance, with BRRI dhan-28 and BRRI dhan-
29 being the predominant varieties, making up more than 90% of the cultivation in these areas. In
the Chalan Beel area, Hira dhan is the main variety cultivated. Though Khatun et al. (2023)
discovered allelopathic effects on diverse crops in the southwest parts of Bangladesh, the
allelopathic effect on most consumed rice varieties was not done.

Hence the present study was aimed to investigate the intensity of the different concentrations
of leaf and root extracts of P. hysterophorus on different varieties of rice and to evaluate the
allelopathic effects of P. hysterophorus on seed germination, root, and seedling growth of three
varieties of rice.

Materials and methods

The plants (Parthenium hysterophorus L. and Oryza sativa L.) used in the present study were
collected from the Chalan Beel region and Gazipur districts. After collecting and giving them a
thorough water wash, fresh P. hysterophorus plants were allowed to dry in the shade for 10 days.
Samples of leaves were separated, ground into powder, and kept in plastic containers at room
temperature (around 25°C). For preparing stock solution of 100% concentration, 100 g of
powdered leaves were soaked in 100 ml of distilled water for 24 hrs at room temperature. A series
of solutions with varying dilution strengths were prepared using the extracts as the stock solution
(Thakur and Kunjam 2020). For the low concentrations of aqueous extracts of P. hysterophorus,
To, Ty, To, T3, T4 and Ts corresponded to concentrations of 0, 2, 4, 6, 8 and 10%, respectively.
Meanwhile, for the high concentrations, Ty, Ty, T, and T corresponded to 0, 6, 30 and 50%,
respectively. To surface sterilize each of the seven healthy seeds was soaked in 2% sodium
hypochlorite for 15 min. Six Petri plates were sterilized in an autoclave for one hr at 121°C after
being cleaned, dried, and ready for testing. The seeds were then placed for germination in sterile
Petri dishes using two layers of Whatman No. 1 filter paper, moistened with 10 ml of various
aqueous extract concentrations. Seven seeds were used in each treatment setup. Distilled water
was used to set up an additional set of controls. The Petri dishes were kept in a greenhouse for ten
days, with an average temperature of 30°C and humidity of 67%. After ten days the germination
rate, root and shoot length (Fig. 1), no of roots, fresh and dry weight of roots and shoots were
measured. Statistical analysis was done using MS Excel and Minitab 19.

Results and Discussion

The seed germination response of three rice varieties under low concentrations of P.
hysterophorus leaf extract is presented in Table 1. Germination rates ranged from 42.86 to 100%,
with Hira dhan showing increasing inhibition as concentrations rose, peaking at a 42.86%
germination rate at the T; treatment. BRRI-28 experienced a 14.29% reduction at T, and T3, while
BRRI-29 exhibited a 40% increase across all concentrations compared to the control (Table 1).
Shoot length data showed that increasing concentrations of leaf extract significantly suppressed
the growth of Hira dhan and BRRI-29, with the strongest inhibition at T, and Ts. BRRI-28,
however, showed stimulation at Ts with a shoot length of 7.471 cm, while BRRI-29’s lowest
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length was 5.271 cm at Ts (Table 1). Statistical analysis revealed significant differences in shoot
length among the varieties (p < 0.05) (Table 5). In terms of root length, T, and Ts treatments
exhibited mild stimulation across all varieties. The strongest inhibitory effect was on BRRI-29 at
T3 (4.157 cm), while Hira dhan experienced minimal inhibition at T, (7.542 cm). The maximum
stimulation was observed for Hira dhan at Ts (7.8 cm), compared to the control of 7.314 cm (Table
1). The fresh shoot weight declined progressively with higher concentrations, with BRRI-29
showing the greatest reduction at T, (3.857 mg), and Hira dhan experiencing the least inhibition at
T3 (22.667 mg). A significant reduction in dry shoot weight was also observed, particularly for
BRRI-29 at Ts (1.729 mg) (Table 2). Root number followed a similar pattern, with Hira dhan
showing the highest inhibition at T, (3 roots), while BRRI-29 had a stimulating effect at T, (5.857
roots) (Table 1). Fresh and dry root weights decreased most notably for BRRI-29 at Ts, while Hira
dhan showed resilience at T, and Ts, with significant variety and concentration effects (p < 0.001).
(Tables 2 and 5).
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Fig. 1. Measurement of root and shoot length of BRRI-29 in different concentration treatments (0% control,
2%, 4%, and 8%).

Results from Table 3 indicate that Hira dhan experienced inhibition at high concentrations of
P. hysterophorus leaf extract across all doses except for T,, which exhibited slight stimulation.
The most significant inhibitory effect for Hira dhan occurred at T,, with a 42.86% germination
rate (a 49.94% reduction). Germination rates ranged from 42.86 to 100%. BRRI-28 displayed
similar inhibition, while BRRI-29 saw a stimulatory effect, with the highest being a 28.57%
increase in germination (Table 3). Regarding shoot length, high concentrations inhibited both Hira
dhan and BRRI-29, with the most significant inhibition recorded for BRRI-29 at T; (5.143 cm).
Conversely, Hira dhan showed the least inhibition at T3 (7.783 cm), and BRRI-28 exhibited
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stimulatory effects, with the combined effect of concentrations and varieties being highly
significant (p < 0.001) (Tables 3 and 6). Root length analysis revealed a notable reduction in Hira
dhan across all treatments except T,. The highest inhibition occurred at T; (5.133 cm). BRRI-28
and BRRI-29 exhibited stimulatory effects under high concentrations of the extract. The maximum
stimulation was observed in Hira dhan at T; (11.233 cm), while the combined effects of
concentration and variety showed significant results (p < 0.05) (Table 3 and 6). For the fresh
weight of shoots, Hira dhan and BRRI-29 demonstrated a stimulatory effect across all treatments,
while BRRI-28 showed inhibition at T; and Ts. The highest stimulation was recorded for Hira
dhan at T3 (42.6 mg) (Table 4). Similar patterns were observed in the dry weight of shoots, with
significant variation (p < 0.001) in all three varieties (Table 6). The number of roots exhibited
variability, with Hira dhan showing stimulation across all treatments. No significant difference
was observed for the combined effects of concentrations and varieties. Additionally, all varieties
displayed stimulation in the fresh and dry weights of roots, with Hira dhan reaching the highest
fresh weight at T3 (27.56 mg) (Table 4). Significant differences were observed in root weights (p
< 0.001) (Table 6).

Table 5. Analysis of variance (ANOVA) of different parameters of root and shoot at low concentrations
of leaf extracts of Parthenium hysterophorus.

Parameters Source of variation F-value p-value
Root length vs Variety Var. 2.19 0.117™
and Concentration Con. 278 0.021*

Var. x Con. 3.70 0.000***
Shoot length vs Variety ~ Var. 2.45 0.091"™
and Concentration Con. 294 0.016%

Var. x Con. 2.92 0.003**
No. of roots vs Variety Var. 15.11 0.000***
and Concentration Con. 1.62 0.160"

Var. x Con. 2.20 0.023*
Fresh weight of roots vs ~ Var. 8.03 0.001***
Variety and Con. 4.48 0.001*=*=
Concentration

Var. x Con. 2.49 0.010**
Fresh weight of shoots vs ~ Var. 10.86 0.000***
Variety and Con 6.52 0.000%**
Concentration ' ' '

Var. x Con. 3.67 0.000***
Dry weight of roots vs Var. 9.29 0.000***
Concentration ' ' '

Var. x Con. 3.78 0.000***
Dry weight of shoots vs Var. 8.23 0.000***
Variety and Con. 3.74 0.004**
Concentration

Var. x Con. 3.51 0.000***

***p<0.001, ** p<0.01, p<0.05 and ns = non-significant.
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Table 6. Analysis of variance (ANOVA) of different parameters of root and shoot at high
concentrations of leaf extracts of Parthenium hysterophorus.

Parameters Source of variation F-value p-value
Root length vs Variety  Var. 2.26 0.112"
and Concentration Con. 0.35 0.791"

Var. x Con. 2.61 0.024*
Shoot length vs Variety  Var. 6.38 0.003**
and Concentration Con. 0.45 0.715™

Var. x Con. 4.22 0.001***
No. of roots vs Variety  Var. 0.80 0.455™
and Concentration Con. 1.41 0.248"

Var. x Con. 1.97 0.081"™
Fresh weight of roots vs ~ Var. 2.88 0.063"™
Variety and Con. 4.48 0.006**
Concentration

Var. x Con. 1.81 0.112"
Fresh weight of shoots ~ Var. 10.66 0.000***
vs Variety and Con. 4.04 0.011*
Concentration

Var. x Con. 2.54 0.029*
Dry weight of roots vs ~ Var. 0.75 0.477™
Variety and Con. 371 0.016*
Concentration

Var. x Con. 5.28 0.000***
Dry weight of shoots vs ~ Var. 9.58 0.000***
Variety and Con. 3.34 0.025*
Concentration

Var. x Con. 6.24 0.000***

***p<0.001, ** p<0.01, p<0.05 and ns = non-significant.

Hassan et al. (2018) reported that Parthenium extracts at a concentration of 25 g L™ had a
mild stimulatory effect on seed germination, while higher concentrations led to an inhibitory
response. This aligns closely with our findings, as we observed that seed germination in Hira dhan
was similarly affected by a 30% leaf extract concentration. The highest seed germination in Jowar
occurred with 25% leaf extract of Parthenium, while the lowest germination was observed at 75%
concentration. Additionally, Parthenium leaf extract at 25 and 50% concentrations had a
stimulating effect on Jowar seeds, which is consistent with the present results in BRRI-29, where
similar concentrations also produced a stimulatory effect. Various P. hysterophorus concentrations
had a substantial impact on the shoot and root weight of various crops and weeds (Hassan et al.
2018). Rashid et al. (2008) reported that increased Parthenium root extract concentration reduced
maize and sorghum root length, which contrasts with our present study. In our research, the root
length of Hira Dhan, BRRI-28 and BRRI-29 was not reduced with increasing concentrations of
Parthenium leaf extract. Imad et al. (2021) investigated the allelopathic effects of Parthenium
hysterophorus aqueous extract on the seed germination and seedling growth of eight selected plant
species: Allium sativum L. (Garlic), Brassica campestris L. (Mustard), Coriandrum sativum L.
(Coriander), Cucumis sativus L. (Cucumber), Eruca sativa Mill. (Taramira), Solanum
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lycopersicum L. (Tomato), Trifolium pratense L. (Clover), and Triticum aestivum L. (Wheat).
They found that increasing concentrations of Parthenium extracts led to a reduction in germination
rates, which differed with our findings, as no such trend was observed in our study.

1- Hira Dhan
2566 2- BRRI-28
3- BRRI-29

3333

66.67

100.00- 1
1 2 3

Observations

Fig. 2. Dendrogram showing the sensitivity of plants against leaf extracts of Parthenium hysterophorus.

Hira Dhan
0.75
050
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2 025
3 000
3
"
RRI-28
0254
050 29
-0.50 025 0.00 025 050 075

First Component

Fig. 3. Principal component analysis (PCA) and graphical correlation among the indicator plants treated with
Parthenium hysterophorus leaf extracts.
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Thakur and Kunjam (2020) investigated the allelopathic effects of leaf extract and found that
increasing concentrations led to a reduction in biomass of the test crop plants. Specifically, a 10%
extract concentration was shown to inhibit the dry weight of soybean and wheat seedlings. These
findings are consistent with our study, which observed similar inhibitory effects on the dry weight
of shoots in Hira Dhan and BRRI-29 at a 10% extract concentration.

Allelochemicals can impact a variety of processes, including reducing material uptake,
suppressing the activity of growth hormones like IAA and Gibberellins (Kefeli and Turetskayan
1976), interfering with photosynthesis, and causing a decrease in root cell mitotic activity
(Bukolova 1971), which can lead to a decline in length of shoot, root, and seed germination.
Verma et al. (2020) found that the main plant growth inhibitors include parthenin and other
phenolic acids such as para hydroxybenzoic acid, caffeic acid, vanillic acid, anisic acid, and
chlorogenic acid. Cluster analysis grouped rice varieties into two main classes based on their
response to P. hysterophorus extracts: BRRI-28 and BRRI-29 in one group, and Hira dhan, which
showed greater sensitivity, in another (Fig. 2). Principal component analysis (PCA) confirmed
these findings, showing distinct responses of BRRI-28 and BRRI-29 with Hira dhan (Fig. 3).

The findings of the present study demonstrated that Parthenium leaf extract affected the
native rice variety (Hira dhan) comparatively more than those of the hybrid rice varieties (BRRI-
28 and BRRI-29). The effects were almost the same for BRRI-28 and BRRI-29. The outcomes of
the experiments for the leaf and root extracts of Parthenium were essentially the same. It was
occasionally found that leaf or root extract encouraged growth at very high concentrations while
inhibiting it at low concentrations. Overall, it was observed that the high concentration leaf
extracts did not significantly alter roots. Furthermore, there was a noticeable decrease in the
growth of rice seedlings at low or high concentration leaf extracts and different concentrations of
root extract. Consequently, more research on the interaction between allelochemicals and crop
species is necessary to interpret the mechanism of such allelopathic effects. It is essential to keep
this weed under control during the emergence stage at agro crop fields to avoid its allelopathic
based crop growth suppression. Further research on this field is necessary and should be
conducted.
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