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ABSTRACT 

	Aims: This study aims to assess the allelopathic effects of Mexican sunflower (Tithonia diversifolia (Hemsl) A. Gray) on rice seed germination as test plant, determine the optimal extract concentration for inhibiting vegetative growth of rice (Oryza sativa L.), and establish the IC₅₀ value through a laboratory bioassay.
Study design: The experiment used a Completely Randomized Design (CRD) with five levels of Mexican sunflower extract concentration (0%, 2.5%, 5%, 7.5%, and 10%) conducted in both laboratory and greenhouse.
Time and Location Site: This study was conducted from November 2024 to January 2025 at the Agronomy Laboratory and Medan Baru Experimental Farm in Kandang Limun, Muara Bengkulu District, Bengkulu City, Indonesia, about 15 m above sea level.
Methodology: The study consisted of two stages. In the laboratory, 25 rice seeds were placed in Petri dishes containing different concentrations of Mexican sunflower extract to observe germination and early growth for 7 days. In the greenhouse, germinated seedlings were transplanted into soil-manure mixtures and grown for 60 days to evaluate vegetative parameters. Data were analyzed using ANOVA, followed by polynomial regression and LSD tests. IC₅₀ values were calculated to determine phytotoxic potency. 
Results: Mexican sunflower extract significantly suppressed rice germination and growth, especially at higher concentrations. The most sensitive response was abnormal seedling percentage (IC₅₀ = 5.59%), followed by radicle length (7.82%) and plumule length (8.81%). At 10% extract concentration, there was a notable reduction in plant height, leaf area, chlorophyll content, and biomass. Radicle growth was more affected than plumule, indicating root sensitivity to allelochemicals.
Conclusion: Mexican sunflower shows strong allelopathic effects on rice, especially at higher extract concentrations. Radicle development is more sensitive than plumule growth, indicating early root exposure to allelochemicals. These findings highlight Mexican sunflower's potential as a natural bioherbicide. Further studies using weed species as test plants are recommended to explore its practical application in sustainable weed management.
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1. INTRODUCTION 

Weeds are unwanted plants in agricultural systems due to their negative impact on cultivated crops (Firmansyah and Pusparani, 2019). They are highly adaptable to various environmental conditions, including climate, nutrient availability, and soil types, allowing them to spread rapidly across agricultural land (Vercellino et al., 2023). The presence of weeds can significantly suppress crop growth and yield by competing for essential resources such as nutrients, water, light, and space (Tanveer et al., 1999). This competition negatively affects plant productivity and quality, ultimately hindering optimal crop development (Tulak et al., 2023). Given these detrimental effects, effective weed management strategies are essential to minimize competition and support sustainable agricultural production.
Herbicides are commonly used for weed control as part of efforts to enhance crop production. They are classified into two types: synthetic and natural. Synthetic herbicides are derived from chemical compounds, whereas natural herbicides originate from plant-based materials containing allelopathic (Dayan & Duke, 2014). However, the continuous application of synthetic herbicides poses several risks, including developing weed resistance, environmental pollution, and potential health hazards (Anwar et al., 2019). To mitigate these adverse effects, adopting environmentally friendly herbicides is recommended. 
Particular plant species exhibit allelopathic properties, characterized by their ability to release biochemical compounds that inhibit the growth of neighboring vegetation. Notable examples include sorghum (Sorghum bicolor) (Nurjanah et al., 2024; Susilo et al., 2025a) and goat weed (Ageratum conyzoides L.) (Setyowati et al., 2025), which demonstrate this phenomenon. The allelopathic activity is modulated by multiple factors, including genetic determinants such as plant cultivar, which governs the production and profile of allelochemicals (Susilo et al., 2024). Environmental variables—particularly water stress—play a critical role by altering the synthesis and exudation of inhibitory compounds (Susilo et al., 2025a; Susilo et al., 2025b). Additionally, the concentration of allelopathic substances directly influences their suppressive efficacy on target species (Susilo et al., 2023). One potential alternative is Mexican sunflower (Tithonia diversifolia (Hemsl.) A. Gray), a weed species that contains allelopathic compounds with herbicidal properties.
Mexican sunflower is classified as a rapidly growing broadleaf weed (Olabode et al., 2007). However, it has potential as a natural bioherbicide due to its allelopathic properties. The allelopathic found in Mexican sunflower, including flavonoids, tannins, glycosides, terpenoids, and phenols, are more concentrated in the leaves than in the stems or roots (Tongma et al., 1998). These compounds exhibit phytotoxic effects, inhibiting seed germination and plant growth in surrounding vegetation (Otusanya & Ilori, 2012).
Mexican sunflower contains allelopathic compounds that suppress plant shoot and root growth (Oyerinde et al., 2009). These allelopathic can function as bioherbicides and are released from plant tissues through volatilization, leaching, or root exudation (Li et al., 2019). The inhibitory mechanism of allelopathy closely resembles the mode of action of synthetic herbicides. Therefore, utilizing allelopathic plants, such as weeds, as a source of bioherbicides presents a promising alternative for sustainable weed management (Soltys et al., 2013).
Mexican sunflower releases allelopathic that inhibit seed germination and plant growth (Gray et al., 2015). Its leaves contain phytotoxic compounds such as alkaloids, flavonoids, phenols, saponins, tannins, and terpenoids (Ajao & Moteetee, 2017). Research by Kato-Noguchi (2020) confirmed its inhibitory effects on other plant species. Ilori et al. (2007) reported that a 5% aqueous extract had no significant allelopathic effect on Tridax procumbens, whereas a 20% (v/v) suppressed germination. Test plants are commonly used in bioassays to assess allelopathic effects.
A test plant is used as a substitute in evaluation or bioassay studies since weed seeds generally have a longer dormancy than cultivated plants. Various species, such as algae, cucumber, and rice, can be used as test plants (Perez et al., 2021). In this study, rice was selected as the test plant due to its high sensitivity to herbicide application, making it a suitable representative of monocot weeds.
According to Meyer et al. (1982), herbicide toxicity levels can be assessed using the Inhibition Concentration (IC) parameter. IC50 refers to the concentration that inhibits 50% of test organism growth, which can be estimated through graphical analysis and calculations at a specific observation period (Handayani et al., 2018). Research on the allelopathic potential of Mexican sunflower aqueous extract on rice seed germination and growth remains limited. This study aimeds to evaluate the allelopathic effects of Mexican sunflower on test plant germination, determine the optimal extract concentration for inhibiting vegetative growth, and establish the IC50 value in a laboratory bioassay.

2. methodology 
2.1 Research Implementation
This study was conducted from November 2024 to January 2025 at the Agronomy Laboratory and Medan Baru Experimental Farm in Kandang Limun, Muara Bengkulu District, Bengkulu City, Indonesia, about 15 m above sea level.
2.2 Experimental Design
The research was carried out in two stages: a laboratory bioherbicide effectiveness test using Petri dishes and a field bioherbicide evaluation in bucket-based cultivation. A Completely Randomized Design (CRD) with a single factor, namely Mexican sunflower aqueous extract (P) concentration (w/v), was applied. The treatment levels included P0 = 0%, P1 = 2.5%, P2 = 5%, P3 = 7.5%, and P4 = 10%, with each treatment replicated five times, resulting in 25 experimental units. Each unit consisted of two petri dishes and two buckets.

2.3 Research Procedures
2.3.1 Preliminary Study
Mexican sunflower plants were collected from roadside areas in Tanjung Sakti, Lahat Regency, South Sumatra, Indonesia. The selected leaves were taken from stems approximately 40 cm in length from the growth point. After collection, the leaves were cut into 2–3 cm pieces and then oven-dried at 50°C for three days (Beno et al., 2022). Once dried, the leaves were ground into a fine powder using a blender.

2.3.2 Extract Preparation
The extract from Mexican sunflower leaves wasis obtained using the aquadest solvent extraction method (Widyastuti et al., 2018). In this process, 100 grams of the powder wereare mixed with 1000 ml of aquadest and then agitated using a shaker at 125 rpm for 24 hours (Cahyanti et al., 2015). The resulting mixture iswas filtered twice using Whatman No. 1 filter paper. The filtered liquid, known as the stock solution, hasd a concentration of 10%.

2.3.3 Laboratory Experiment
Before being used as a germination medium, Petri dishes awere sterilized by washing them with 5% Bayclean and then cleaning them with 70% alcohol. A base layer of Whatman No. 1 filter paper iwas placed inside each dish. Next, 10 ml of Mexican sunflower extract (per treatment specifications) iwas added to each Petri dish. Twenty-five rice seeds awere then arranged in each dish and allowed to germinate for seven days.

2.3.4 Greenhouse Experiment
The planting medium consisted of a 1:1 mixture of soil and cow manure. 3 kg of this mixture was placed into plastic buckets measuring 22 cm in depth and 20 cm in diameter. Three rice seedlings, previously germinated in the laboratory experiment, were transplanted into each bucket for further growth.

2.3.5 Plant Maintenance
Throughout the growth period, essential cultivation practices such as fertilization, watering, thinning, weeding, and pest control were consistently performed. Fertilization was conducted once, 1 week after planting (WAP), applying the following doses per bucket: 0.3 g of Urea (equivalent to 300 kg/ha), 0.01 g of TSP (100 kg/ha), and 0.01 g of KCl (100 kg/ha). Daily watering in the afternoon ensured optimal soil moisture. Thinning was carried out at 1 WAP, leaving only one healthy plant per bucket by removing the other two. Manual weeding was performed at 2 WAP by uprooting unwanted plants by hand. Pest management involvesd manually removing and eliminating harmful insects.

2.4  Data observation
2.4.1 Laboratory Test Observations:
The evaluated parameters included abnormal seedling percentage (%), Radicle length (cm), Plumule length (cm), Radicle dry weight (mg), Plumule dry weight (mg), and Total dry weight (mg)

2.4.2 Greenhouse Observations (60 DAP - Vegetative Phase):
Measured growth parameters consisted of Plant height (cm), Leaf number, Leaf length (cm), Leaf width (cm), Leaf area (cm²), Shoot dry weight (g/plant), and Root dry weight (g/ plant).

2.5  Data Analysis
Data were analyzed statistically using Analysis of Variance (ANOVA) at 5% and 1% F. If there wais a significant difference, further testing wais carried out with Orthogonal Polynomial (PO) for laboratory tests and Least Significant Difference (LSD) in greenhouse tests. To determine the Inhibition Concentration (IC) of 50% Mexican sunflower extract on rice test plants, regression analysis was used.
Relative shoot length (RSL) iwas calculated using the formula:
RSL =  x 100% (Asgharipour and Rafiei, 2011).
Relative root and shoot weight (RRSW) iwas calculated using the formula:
RRSW =  x 100% (Asgharipour and Rafiei, 2011).
The shoot root ratio iwas calculated using the following formula:
The shoot root ratio =    (Nengsih et al., 2016).

3. results and discussion
3.1 Overview Experiment
[bookmark: _GoBack]Laboratory allelopathic assessment showed that the control treatment (0% extract concentration) displayed normal seedling development. However, increasing extract concentrations resulted in progressively abnormal growth patterns, characterized by stunted seedlings, shortened primary roots, radicle avoidance behavior, twisted radicles, reduced plumule length, and chlorosis (yellowing). These findings demonstrate that Mexican sunflower allelopathic adversely affects seed germination (Figure 1a). These results align with research by Kato & Noguchi (2020), who reported that Mexican sunflower extracts suppress germination in neighboring plant species through allelopathic compounds. Furthermore, Oyeniyi et al., (2016) established that the inhibitory effects are concentration-dependent, with stronger suppression occurring at higher extract concentrations.
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Figure 1a. Rice germination at various allelopathic concentrations 7 days after treatment
	[image: ]
Figure 1b. Allelopathic effects of Mexican sunflower on rice growth 6 weeks after planting.



The control treatment (0% extract) displayed normal rice growth 1 week after planting (WAP), while applications of Mexican sunflower extract demonstrated concentration-dependent growth inhibition. By 2 WAP, rice plants in the 0%, 2.5%, 5%, and 7.5% concentration treatments had developed tillers, whereas no tillering occurred at the 10%. This allelopathic suppression persisted throughout the growth period, with the 10% treatment showing statistically significant growth differences compared to the control (Figure 1b). These results support Khanh et al. (2007) findings that plant-derived allelopathic can disrupt cellular growth and division in neighboring vegetation. The observed inhibition patterns confirm the dose-responsive nature of allelopathic interactions, where higher concentrations produce more pronounced phytotoxic effects.

3.2 Lab Experiment
The application of Mexican sunflower allelopathic extract at varying concentrations resulted in both normal and abnormal seedling, with data showing non-homogeneous distribution. A square root transformation [√(x+0.5)] was applied to normalize the data. ANOVA performed at the 99% confidence level (α = 0.01) revealed that the extract treatments exerted highly significant effects (p < 0.01) on all measured growth parameters (Table 1). 
Table 1. The analysis of variance of rice seed germination variables.
	Variable
	F-calc.
	CV (%)
	F-table 5%
	F-table 1%

	Abnormal seedling t
	6.63**
	1.28
	2.87

	4.43


	Radicle length 
	950.85**
	8.28
	
	

	Plumule length
	649.09**
	7.35
	
	

	Radicle dry weight 
	388.18**
	7.21
	
	

	Plumule dry weight
	368.61**
	9.51
	
	

	Total dry weight
	221.76**
	14.14
	
	


Note: **= highly significant different, t= transformation data  
Analysis of variance showed that Mexican sunflower allelopathic significantly influenced (p<0.01) rice seedlings' growth, including abnormal seedling, radicle elongation, plumule development, and biomass accumulation (radicle dry weight, plumule dry weight, and total dry weight).

3.2.1 Abnormal Seedling (%)
In the control treatment (0% concentration), all seedlings exhibited normal growth, whereas exposure to concentrations of 2.5%, 5%, 7.5%, and 10% resulted in abnormal growth patterns. The inhibitory effect on rice seed germination is attributed to phenolic compounds derived from Mexican sunflower (Tithonia diversifolia), demonstrating potent allelopathic activity. Under control conditions (0%), normal seedling development was observed, characterized by radicle elongation, emergence of secondary roots at the same site, and synchronous growth of the plumule and radicle.
On the other hand, when treated with allelopathic extract concentrations of 2.5%, 5%, 7.5%, and 10%, rice seedling growth was negatively impacted. The emergence of radicles was either delayed, shortened, or entirely prevented. Likewise, the development of secondary roots was restricted, plumule growth was either slowed or nonexistent, and dark discoloration appeared on the grain surfaces. The radicle showed the highest sensitivity to the Mexican sunflower extract of all seedling structures, probably because it is the first organ exposed during germination. This direct interaction interfered with cell division and elongation, disrupting enzyme function necessary for nutrient mobilization, which in turn inhibited cell growth and expansion. Consequently, radicle development became abnormal, marked by irregular cell elongation and deformation (Figure 1a).
The study findings revealed that increasing Mexican sunflower extract concentrations led to greater rice germination suppression. This aligns with the work of Otusanya and Ilori (2012). who found that extracts from Mexican sunflower could inhibit sorghum seed germination. The reduction in germination is likely attributed to the disruption of isocitrate lyase (ICL) enzyme activity due to allelopathic effects. The allelopathic compounds in the aqueous extract interfere with cell elongation and division during germination, leading to abnormal growth and ultimately preventing seeds from sprouting. Supporting this, Musabayana et al. (2024) also stated that phenol compounds in Mexican sunflowers can inhibit water absorption and isocitrate lyase enzyme activity in the breakdown of food reserves during germination.

3.2.2 Radicle and Plumule Length
The radicle is the primary root that anchors the seedling into the soil and facilitates water uptake and nutrients, which is crucial for early plant establishment. Meanwhile, the embryonic shoot's plumule grows upward to form the stem and leaves. Mexican sunflower's allelopathic effects significantly affect radicle and plumule elongation (Table 1). At 0% extract concentration, the radicle length averaged 5.39 cm, whereas at 2.5%, it decreased to 3.88 cm (Figure 2), indicating a reduction of 1.56 cm for every 2.5% increase in concentration. Similarly, the plumule measured 4.59 cm in control (0%) but shortened to 3.43 cm at 2.5% concentration (Figure 3), reflecting a 1.16 cm decline per 2.5% concentration increment.

	
Figure 2. Effect of Mexican sunflower allelopathic concentration on radicle length (cm)
	     
Figure 3. Effect of Mexican sunflower allelopathic concentration on plumule length (cm)



The suppression of radicle and plumula elongation is caused by the content of allelopathic compounds from Mexican sunflowers, especially toxic phenolic compounds. These compounds interfere with the breakdown of food reserves and the activity of cell division and elongation in the endosperm so as to inhibit the growth of radicles and plumules. This inhibitory effect exhibits concentration-dependent behavior, with greater suppression observed at higher extract concentrations. These findings in line with previous studies by Musyimi et al. (2012); Mota et al. (2005) and Otusanya and Ilori (2012) regarding the allelopathic effect of Mexican sunflower.

3.2.3 Dry Weight of Radicle and Plumule
Analysis of radicle dry weight indicates root system development, with greater biomass typically reflecting enhanced growth capacity due to more efficient water and nutrient absorption. Conversely, plumule dry weight measurements provide insights into shoot growth dynamics and overall plant vigor, where increased biomass generally correlates with improved physiological status. The experimental data demonstrate that Mexican sunflower allelopathic compounds significantly influence radicle and plumule dry biomass accumulation (Table 1).
The experimental data revealed a concentration-dependent decrease in radicle dry weight, measuring 4.79 mg at 0% concentration compared to 3.73 mg at 2.5% concentration. This demonstrates a reduction of 1.06 mg in radicle biomass for every 2.5% increment in allelopathic concentration. These findings align with Otusanya and Ilori (2012), who reported significant suppression of radicle dry weight at elevated concentrations of Mexican sunflower extract. Similarly, Musyimi et al. (2012) observed that allelopathic compounds from Mexican sunflower inhibited both morphological development and biomass accumulation in Cleome gynandra radicles. Musabayana et al. (2024) stated that phenol compounds of Mexican sunflowers can inhibit water absorption, which is important in germination, and the enzyme isocitrate lyase in breaking down food reserves during the germination process. This inhibitory effect is attributed to prolonged exposure of radicles to allelopathic, which disrupts fundamental cellular processes, including division and elongation, ultimately leading to impaired radicle.
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	Figure 4. Effect of Mexican sunflower allelopathic concentration on the radicle dry weight (a), plumule dry weight (b), and total dry weight (c).



The study recorded plumule dry weights of 20.85 mg at 0% concentration and 15.65 mg at 2.5% concentration, indicating a reduction of 5.20 mg per 2.5% concentration increase (Figure 4b). These findings demonstrate the inhibitory effect of Mexican sunflower extract on rice plumule biomass accumulation. Decreasing Mexican sunflower plumule dry weight results from allelopathic compounds' suppression of plumule development. Supporting this, Kato and Noguchi (2020) reported that phytotoxic components in Mexican sunflower extract impair plumule growth, consequently reducing dry matter accumulation in developing shoots.
Total dry weight measurements serve as a reliable indicator of seedling growth performance and physiological status. Elevated biomass accumulation typically reflects optimal growth conditions, whereas reduced dry matter content suggests impaired development. The experimental results demonstrated a significant negative correlation between Mexican sunflower allelopathic concentration and total dry weight (Figure 4c), with each 2.5% concentration increment corresponding to a 10.71 mg reduction in biomass. 

3.3 Inhibition Concentration (IC50) 
The IC50 analysis was conducted in this experiment to quantify the concentration of Mexican sunflower allelopathic required to inhibit 50% of rice germination. Regression analysis yielded IC50 values of 5,59% for abnormal seedling, 7,82% for radicle length, 8,81% for plumule length, 10,10% for radicle dry weight, and 9,79% for plumule dry weight. Notably, the IC50 for abnormal seedling (5,59%) was significantly lower than those for other growth parameters, indicating that Mexican sunflower allelopathy induces morphological abnormalities at relatively low concentrations. At this threshold concentration (5,59%), distinct growth anomalies were observed, including stunted development, shortened primary roots, radicle avoidance behavior, spiraling radicles, and chlorotic plumules. These abnormalities result from allelopathic interference with fundamental cellular processes - specifically the inhibition of cell division, elongation, and expansion - which collectively determine organogenesis and overall plant morphology.
The IC50 values for plumule length and dry weight were consistently higher than those for radicle parameters, reflecting the radicle's greater sensitivity to Mexican sunflower allelochemicals. This differential response stems from the radicle's direct exposure to the allelopathic extract during germination, whereas the plumule remains shielded initially. Direct contact with allelopathic disrupts two critical radicle functions: (1) water uptake and (2) mobilization of nutrient reserves from endosperm tissues, ultimately impairing root growth. Einhellig (1994) elucidated the cellular mechanism of allelochemical action, demonstrating that these compounds primarily target plasma membrane integrity. Their effects include Induction of membrane structural disorganization, Alteration of ion channel permeability, and Inhibition of ATPase enzymatic activity. These membrane disruptions led to broader physiological impacts, including Impaired synthesis of proteins, photosynthetic pigments, and carbon metabolites, Dysregulation of phytohormone activity, and subsequent inhibition of cell division and expansion processes. Pebriani et al. (2013) supported these findings, identifying specific phenolic compounds as active allelochemical agents. Their research confirmed that these phenolic derivatives exert growth-inhibitory effects through two primary mechanisms, i.e., suppression of mitotic cell division in meristematic tissue and inhibition of cell elongation processes.

3.4 Field Experiment
The allelopathic extract demonstrated significant inhibitory effects on multiple growth parameters of rice plants, including plant height, leaf number, leaf dimensions (length and width), total leaf area, root-to-shoot ratio, and relative biomass allocation between roots and shoots (Table 2).

Table 2. Analysis of Variance of the Allelopathic Effect of Mexican Sunflower on Vegetative 	  	  Growth of Rice Test Plants
	Variables
	F-calc.
	CV (%)
	F-table (5%)
	F-table (1%)

	Plant height
	128.33**
	2.23
	2.87
	4.43

	Number of leaves
	17.42**
	11.82
	
	

	Leaf length
	42.15**
	3.63
	
	

	Leaf width
	4.88**
	5.65
	
	

	Leaf area
	39.05**
	13.33
	
	

	Leaf greenness
	109.32**
	2.95
	
	

	Root shoot ratio
	3.49*
	12.81
	
	

	Relative shoot length
	37.18**
	2.92
	3.24
	5.29

	Relative shoot root weight
	4.82*
	8.04
	
	


Note: *=significantly different ; **= highly significantly different

The findings demonstrate significant allelopathic effects on multiple growth parameters, including vertical growth (plant height), foliar development (leaf number, dimensions, and total area), biomass allocation patterns (root-to-shoot ratio), organ-specific growth metrics (relative shoot length and root-shoot weight distribution)

Table 3. Effect of Mexican sunflower allelopathic concentration on vegetative growth of rice test plants
	Concentration (%) 
	Variables

	
	PH (cm)
	NL (strands)
	LA (cm2)
	LG
	RSR
	RSL
	RSRW

	0.0
	94.67a
	115.40a
	5908.10 a
	36.88a
	1.08ab
	
	

	2.5
	84.60b
	109.80a
	5284.64ab
	35.42b
	1.11ab 
	0.89a
	125.17a

	5.0
	81.53c
	105.60a
	4572.04b
	34.08c
	1.27a
	0.86a
	117.00ab

	7.5
	75.70d
	79.40b
	2965.38c
	31.14d
	1.21a
	0.80b
	108.33b

	10
	70.47e
	67.00b
	2266.94c
	25.51e
	0.96b
	0.75c
	105.24b


Note: Numbers followed by different letters in the same column are significantly different in the LSD test. PH = Plant height (cm), NL = Number of leaves, LA = Leaf area (cm2), LG = Leaf greenness, RSR = Root shoot ratio, RSL = Relative shoot length (%), RSRW = Relative shoot root weight (%).

The analysis revealed a concentration-dependent inhibitory effect, with the 10% allelopathic extract treatment yielding significantly reduced values for all measured growth parameters—including plant height, leaf number, leaf area, chlorophyll content, root-to-shoot ratio, and relative biomass allocation—compared to lower concentrations. These results demonstrate a clear positive correlation between allelochemical concentration and growth suppression severity, indicating enhanced phytotoxicity at higher concentrations. These findings align with previous research by Oke et al. (2011), who reported that Mexican sunflower extract application negatively impacts foliar development (reduced leaf number and area), shoot elongation, and chlorophyll synthesis. Furthermore, Golubinova and Ilieva (2014) reported that the inhibitory potency of allelopathic exhibits direct concentration dependence, corroborating our observed dose-response relationship.
The root-to-shoot ratio represents the proportional biomass allocation between the aerial plant parts (shoot system) and the underground root system. In rice plants, this ratio is an essential indicator of resource partitioning between photosynthetic organs and nutrient/water-absorbing structures. This experiment showed that the most severe reductions in both root-to-shoot ratio and relative shoot length occurred at the highest allelopathic concentration (10%). Relative root-to-shoot biomass at 10% concentration was significantly lower than the 2.5% treatment. These results demonstrate that allelopathic compounds disrupt fundamental growth processes by inhibiting mitotic cell division in meristematic tissues, suppressing cellular elongation mechanisms, and subsequent impairment of overall plant development.
According to  Li et al. (2010), phenolic allelopathic that penetrate plant tissues induce multiple physiological disruptions, including Alterations in cellular morphology, Inhibition of mitotic activity, Modulation of ATPase enzyme function and related factors, and Disturbances in peroxidase activity. These cumulative effects ultimately impair normal plant growth processes. Supporting these findings, Miranda et al. (2015) specifically identified Mexican sunflower as containing potent phytotoxic compounds capable of suppressing both growth and developmental processes in recipient plants.
The number of leaves and leaf area are fundamentally connected to plant height, as any impairment in vertical growth directly compromises foliar development. This occurs because Mexican sunflower allelopathic compounds disrupt critical cellular processes, including cell division and expansion, thereby restricting the efficient allocation of energy and resources needed for proper leaf formation. These findings are consistent with research by Oke et al. (2011), which demonstrated that Mexican sunflower extract significantly reduces key growth parameters, including leaf number, shoot elongation, leaf expansion, and chlorophyll synthesis in affected plants.
Mexican sunflower exhibits allelopathic properties and contains phytotoxic compounds, such as phenolates, which can inhibit the growth of neighboring plants (Kato-Noguchi, 2020). These phytotoxic compounds induce distinct morphological alterations in foliage, including deformities, chlorosis, and abnormal thickening of leaf tissues. Furthermore, allelopathic stress responses often lead to the production of stunted or malformed leaves with compromised structures. Physiological impacts extend to diminished photosynthetic efficiency and reduced transpiration rates, collectively contributing to suboptimal leaf development and overall plant vitality, as documented by Varun and Souza (2023).
Measuring relative shoot length and weight in rice cultivation studies is a critical growth assessment approach, offering valuable insights into plant vigor and yield potential. These parameters effectively reflect the physiological status of rice plants, with Mexican sunflower allelopathic demonstrating significant growth-suppressive effects on shoot development that lead to diminished aerial biomass accumulation. The inhibitory mechanism extends belowground, where these phytotoxic compounds disrupt root function by impairing nutrient and water uptake capacity, consequently reducing root dry matter production. This dual disruption of both shoot and root systems ultimately leads to suboptimal growth performance.
The growth inhibition results from phenolic compounds in Mexican sunflower allelopathic extracts, disrupting cellular division and photosynthetic activity. According to Pebriani et al. (2013), these allelopathic - particularly phenolic compounds - exhibit specific inhibitory properties that interfere with mitotic processes, ultimately leading to suppressed plant development. Their research confirmed that such phenolic derivatives primarily impede two fundamental growth mechanisms: cell division and cellular elongation, thereby comprehensively restricting plant growth at the cellular level.

4. Conclusion
Mexican sunflower (Tithonia diversifolia (Hemsl.) A. Gray) exhibits promising bioherbicidal properties, as evidenced by the linear regression pattern observed in its inhibitory effects on rice seed germination. The 10% aqueous extract concentration demonstrates the highest phytotoxicity, showing significantly greater rice vegetative growth suppression than lower concentrations. Radicle growth exhibits greater sensitivity to allelochemical inhibition than plumules, requiring lower concentrations to achieve 50% growth inhibition (IC50). Further research employing weed species as test subjects is warranted to evaluate the efficacy of Mexican sunflower allelopathic for practical weed management applications.
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