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ABSTRACT 


	Rice straw contains allelochemicals that may contribute to sustainable weed management by suppressing weed growth and development. This study was evaluated the allelopathic effect of rice straw extract from the Myanmar rice variety, Paw San Yin (Oryza sativa L.) on lettuce (Lactuca sativa L.), four weed species, and two rice varieties under laboratory conditions at the Experiment and Lecture Building (II), Department of Agronomy, Yezin Agricultural University, Nay Pyi Taw, Myanmar, during May–September 2025.Two experiments were conducted in a randomized complete block design (RCBD) with four and five replications, respectively. Experiment I (May–July 2025) involved lettuce treated with aqueous rice straw extracts at 0, 10, 30, 50, and 100 g L⁻¹. Experiment II (July–September 2025) included barnyard grass (Echinochloa crus-galli (L.) P. Beauv.), red sprangletop (Leptochloa chinensis (L.) Nees), long-fruited primrose willow (Ludwigia octovalvis (Jacq.) P.H.Raven), sessile joyweed (Alternanthera sessilis (L.) R.Br. ex-DC.), and two rice varieties (Sin Thu Kha and Paw San Yin), treated with 0, 50, 100, and 150 g L⁻¹ extract concentrations. Germination percentage, shoot length (mm), root length(mm), fresh weight (mg), and dry weight (mg) were recorded. The results showed that rice straw extract significantly inhibited seed germination, seedling growth, fresh and dry weight of seedlings in a concentration-dependent manner. Complete inhibition of lettuce growth was observed at 100 g L⁻¹. In experiment II, broadleaf weeds were more sensitive than grasses, with complete suppression of L. octovalvis and A. sessilis at higher concentrations. Root growth was more strongly inhibited by the allelochemicals of rice straw than shoot growth across all species. The extract also exhibited noticeable autotoxic effects on both rice varieties. Overall, the findings demonstrated that rice straw extract possesses strong allelopathic activity and has potential as a natural bioherbicide for weed management.
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1. INTRODUCTION 

Rice is one of the most important staple food crops consumed by nearly 4 billion people worldwide and is cultivated under diverse ecological conditions (Gaballah et al., 2020; Minten et al., 2025). The crop is especially significant in Asia, which accounts for the largest share of global rice production and consumption (Aravind et al., 2015). Globally, Myanmar is one of the world’s leading rice-exporting countries and has been ranked as the fifth-largest rice exporter, highlighting the economic importance of rice production to the country (Minten et al., 2025). Despite its importance, rice productivity is often limited by a range of biotic and abiotic factors, including weeds, insect pests, plant diseases, drought, nutrient deficiencies, and other environmental stresses. Among these constraints, weeds are considered one of the most severe biotic factors affecting rice production (Rahaman et al., 2021), often causing greater yield losses than other agricultural pests such as insects, rodents, and plant diseases (Abouziena & Haggag, 2016). Weed infestation is regarded as one of the major causes of low crop yields throughout the world and can cause 50–60% reduction in grain yield under puddled conditions and up to 91% yield reduction under non-puddled conditions (Ali & Sankaran, 1984). Normally, rice yield losses range from 15-20 %, but in severe cases the losses can exceed 50 % depending on weed species and infestation intensity (International Rice Research Institute, 2006). In Myanmar, weed infestation can reduce rice grain yield by 26-62 % depending on rice variety, weed intensity, and cultivation conditions (Kyu, 1993; Thura, 2010).

In most Southeast Asian countries, Echinochloa crass-galli and Monochoria vaginalis are predominant weeds in paddy fields. Echinochloa crass-galli (grass), Cyperus iria (sedge), Ludwigia octovalis, and Gratiola spp. (broadleaf weeds) were predominant weed species found in the experimental fields of Central Agricultural Research Institute, Yezin (Soe, 2003). Several weed control methods, including physical, chemical, and biological approaches, are commonly used in rice cultivation. Physical methods such as hand weeding are labor-intensive and often limited by labor shortages. Moreover, the use of synthetic herbicides can lead to environmental pollution, toxic residues in food, and the emergence of herbicide-resistant weed species (Asaduzzaman et al., 2010). In Asian rice production, herbicide use has increased over the past two decades, mainly due to rising labor costs and the availability and effectiveness of herbicides. This trend has been further intensified by the shift from labor-intensive transplanted rice systems to labor-saving direct-seeded rice systems, which increase weed pressure and promote problems such as weedy rice (red rice) infestation (Naylor, 1996). Furthermore, excessive herbicide application can increase chemical expenditures, contaminate groundwater resources via leaching and runoff, and present significant challenges for irrigation water recycling (Poudyal & Cregg, 2019). Therefore, integrating crop allelopathy with existing agronomic practices has been suggested as a sustainable and innovative strategy for agricultural production (Li et al., 2020). 

Allelopathy refers to the ability of plants to influence the growth of neighboring plants through the release of chemical substances into the environment, either by inhibiting or stimulating their development. The term “allelopathy” was first introduced by Hans Molisch to describe the positive and negative chemical interactions occurring among plants and microorganisms (Molisch, 1937). Allelochemicals often exhibit selectivity like synthetic herbicides (Weston, 1996). Allelopathy in crop plants, particularly rice, has been identified as a potential eco-friendly approach for weed suppression in sustainable agriculture. ( Putnam & Tang, 1986; Wu, 2001; Wu et al., 2000). Allelopathic rice varieties produce and discharge allelochemicals that limit weed development and establishment, and may be included as a component of an integrated weed management approach (Serra et al., 2021). 

Several studies have demonstrated the allelopathic potential of rice cultivars against various weed species. In a large-scale field experiment, Dilday (1991) screened 5,000 rice accessions and identified approximately 191 that showed clear allelopathic activity against duck salad (Heteranthera limosa). Similar weed-suppressing effects have also been confirmed against other problematic weeds, such as barnyard grass (Echinochloa crus-galli) and Monochoria vaginalis (Lee et al., 2004; Olofsdotter et al., 1997). For instance, Rahaman et al. (2021) reported significant variation in the inhibitory effects of different rice varieties, where shoot growth of barnyard grass was reduced by up to 51.90% under the sandwich method, highlighting the strong allelopathic potential of rice and the variability among cultivars. Several rice cultivars have also been reported to exhibit allelopathic activity against lettuce and barnyard grass (Azmi, 2000; Mazid et al., 2018). In addition, allelopathic rice varieties such as Huagan-3 in China and Rondo in the United States have been developed for their weed-suppressive potential (Gealy & Yan, 2012; Kong et al., 2011). Furthermore, rice straw-derived materials have been shown to exert strong inhibitory effects on weed growth. Balderas and  Osillos,( 2023) reported that rice straw filtrates and finely cut straw residues suppressed seed germination, seedling emergence, growth, and dry matter production of Echinochloa crus-galli and Ludwigia octovalvis, indicating the allelopathic potential of rice straw.  Allelochemicals may directly interfere with physiological functions of weeds, including seed germination, root and shoot growth, and symbiotic relationships (Scavo et al., 2019). Numerous phytotoxic compounds belonging to different chemical classes, including fatty acids, benzoxazinoids, indoles, phenolic acids, phenylalkanoic acids, and terpenoids, have been identified in rice straw extracts (Belz, 2007). These compounds have been reported to suppress paddy weed growth and improve rice yield (Xuan et al., 2005). The major allelochemicals identified in allelopathic rice cultivars are tricin and momilactone B (Kato-Noguchi & Ino, 2003). The inhibitory effects of allelochemicals on plant growth are highly species-dependent, with significant variation in germination and seedling response among different target weeds. Experimental studies have shown that both grass and broadleaf weeds may respond differently to the same allelochemical exposure, where some species are strongly inhibited while others show partial tolerance or stimulation (Li et al., 2020; Panasiuk et al., 1986).

Although rice allelopathy has been widely studied in other countries, information on allelopathic effect of rice straw extracts on different crops and weed species in Myanmar have not been investigated. Therefore, the present study evaluated the effects of rice straw extract on the germination and seedling growth of lettuce, two rice varieties and selected weed species under laboratory conditions.

2. material and methods 

2.1 Collection of plant material 

Rice straw of the Paw San Yin variety was collected from the Rice Division, Department of Agricultural Research, Yezin, Nay Pyi Taw, Myanmar. Paw San Yin, a well-known aromatic rice variety of Myanmar, is widely cultivated in the Ayeyarwady Delta region (Khin Than Nwe & Tin Tin Myint, 2004). The straw was shade-dried for 14 days, chopped into small pieces and ground into fine powder.
2.2 Extraction of rice straw
Rice straw aqueous extracts were prepared by soaking 10, 30, 50, 100, and 150 g of rice straw powder in 1 L of distilled water. The mixtures were kept under dark conditions at room temperature for 48 hours to facilitate for extraction. After 48 hours, these mixtures were filtered through muslin cloth to obtain the crude aqueous extracts. Prior to the bioassay experiments, the filtrates were stored in a refrigerator at 14°C.


2.3 Bioassay

2.3.1 Experiment I: Allelopathic Effect of Rice Straw Extract on Lettuce 

The experiment was arranged in a randomized complete block design (RCBD) with four replications. Treatments consisted of distilled water (control) and rice straw extracts at concentrations of 10, 30, 50, and 100 g L⁻¹. Twenty-five lettuce seeds (Lactuca sativa L.) were placed in 9-cm Petri dishes lined with filter paper. The seeds were then treated with the respective extracts. The petri dishes were maintained in a growth chamber at 27°C for 10 days.

2.3.2 Experiment II: Allelopathic Effect of Rice Straw Extract on Weed Species and Rice Varieties

The second experiment was conducted using the same extraction procedure of the experiment I. Treatments consisted of distilled water (control), 50, 100, and 150 g L⁻¹ rice straw extracts arranged in a RCBD with five replications. Tested weed species included two grass weeds, barnyard grass (E. crus-galli), red sprangletop (L. chinensis) and two broadleaf weeds, long-fruited primrose willow (L. octovalvis), sessile joy weed (A. sessilis). To evaluate autotoxicity, two rice varieties, Sin Thu Kha (a widely cultivated rice variety in Myanmar) and Paw San Yin (Oryza sativa L.), were used. Twenty-five pre-germinated seeds of each species were placed in Petri dishes containing filter papers moistened with the respective extract solutions and incubated at 27°C for 10 days.

2.4 Data Collection

Germination (%) was recorded daily for 10 days. Seeds were considered germinated when the radicle exceeded 2 mm in length. At 10 days after sowing, ten randomly selected seedlings from each treatment were used to measure shoot length and root length of the seedlings. Fresh weight was determined immediately after harvesting, while dry weight was measured after oven-drying at 70°C for 48 h.

2.4.1 Germination percentage 
The germination percentages are an estimate of the viability of seeds. Germinated seeds were counted every 24 hrs for 10 days and calculated according to the formula described by International Seed Testing Association (ISTA), (1996). 
Germination (%) =  x 100
2.4.2 Inhibition percentages
Inhibition of germination (%), inhibition (%) of root length, inhibition (%) of shoot length and inhibition (%) of seedling growth were calculated according to following equations respectively.



Where, 
                      I = (%) inhibition 
                      E1 = Response of control plant
                      E2 = Response of treatment plant                                               (Lawan, 2011)              
Inhibition (%) of shoot length   =  x 100% 

Inhibition (%) of root length =  x 100% 
                                                                                                       (Khang et al., 2023)

2.5 Statistical Analysis

All the collected data for different parameters were analyzed using Statistix version (8.0), and the treatment mean comparisons were carried out using the least significant difference (LSD) test at the 5% level (Gomez and Gomez, 1984).
3. results and discussion

3.1 Experiment I: The growth inhibition effect of rice straw extracts on lettuce in laboratory condition and isolation of growth inhibitory substances in rice straw extracts 

3.1.1 Germination (%)

The effect of rice straw extract on the germination (%) of lettuce is presented in Table 1. There were highly significant differences in germination (%) among the different extract concentrations. Notably, complete inhibition of seed germination occurred at the highest concentration, 100 g L⁻¹ (T5), highlighting the strong phytotoxic potential of the rice straw extract. These results may be due to inhibitory effect of rice straw extract on seed germination through released phenolic allelochemicals. The highest germination percentages were recorded in the untreated control (T1) and 10 g L⁻¹ (T2), followed by 30 g L⁻¹ (T3) (40%) and 50 g L⁻¹ (T4) (35%). No germination was observed in 100 g L⁻¹ (T5) However, no significant difference was found between T3 and T4. Germination decreased markedly with increasing concentrations, indicating a clear dose-dependent inhibitory response. Allelochemicals released from rice stem extracts can enter the internal tissues of seeds and inhibit germination, suggesting that rice straw extracts may similarly release toxic allelochemicals (p-hydroxybenzoic, p-coumaric, ferulic, syringic, and vanillic acids) that interfere with seed germination (Li, Wu, Shen, Xiong, & Wang, 2024). Allelochemicals can change the components of phytohormones or cause imbalances among them, which disrupts normal plant growth and development (Cheng & Cheng, 2015). These allelochemicals are known to interfere with essential physiological and biochemical processes involved in seed germination and early seedling development. Similar findings have been reported, with inhibitory effects of rice-derived allelochemicals on cress (Lepidium sativum), lettuce, and barnyard grass being observed (Chung et al., 2001b; Kato-Noguchi & Ino, 2005). Likewise, Xiao et al. (2020) demonstrated that rice straw extracts significantly suppressed lettuce seed germination, supporting the results of the present study. 


	Table 1. Germination %, shoot and root length (mm), fresh and dry weight (mg) of Lactuca sativa as affected by different concentrations of rice straw extract

	

	Treatment
	Germination %
	Shoot length (mm)
	Root length (mm)
	Fresh weight (mg)
	Dry weight (mg)

	T1 control
	96.00 a
	27.78 ab
	53.94 b
	22.70 b
	0.80 a

	T2 (10 gL-1)
	93.00 a
	29.58 a
	76.85 a
	30.13 a
	0.85 a

	T3 (30 gL-1)
	40.00 b
	26.30 b
	21.95 c
	16.85 c
	0.75 a

	T4 (50 gL-1)
	35.00 b
	13.64 c
	13.37 d
	  5.18 d
	0.45 b

	T5 (100 gL-1)
	  0.00 c
	  0.00 d
	  0.00 e
	  0.00 e  
	0.00 c

	LSD 0.05
	11.89
	2.53
	8.47
	4.18
	0.17

	P value
	< .001
	< .001
	< .001
	< .001
	< .001

	CV %
	14.62
	8.42
	16.54
	18.14
	19.48


In a column, means sharing the same letters are not significantly different.
T1 = Control (Distilled water) 		T3 = Rice straw extract (30 g L-1)
T2 = Rice straw extract (10 g L-1)	T4 = Rice straw extract (50 g L-1)
T5 = Rice straw extract (100 g L-1)
3.1. 2 Shoot and root length
The effects of different concentrations of rice straw extract on lettuce shoot and root length are presented in Table 1. In shoot length of lettuce seedlings, there were highly significant differences among different concentrations. Rice straw extract at 100 g L⁻¹ (T5) completely inhibited lettuce germination; therefore, shoot and root lengths were not recorded (Plate 1). Among the treatments that successfully germinated, the minimum shoot length (13.64 mm) was observed at 50 g L⁻¹ (T4). In contrast, the maximum shoot lengths were recorded at 10 g L⁻¹ (T2) (29.58 mm), the control (27.78 mm), and 30 g L⁻¹ (T3) (26.30 mm). The control showed no significant difference from either T2 or T3, whereas T2 and T3 differed significantly from each other. The enhanced shoot growth observed at 10 g L⁻¹ (T2) suggests a stimulatory effect of rice straw extract at a low concentration, which may be attributed to hormesis. This phenomenon describes the ability of compounds to inhibit growth at high doses while stimulating growth at low doses (Duke et al., 2006). Similarly, Anuar et al. (2015) reported that the rice straw extract of MR220 CL2 variety significantly stimulates the length of radicle and fresh weight of the test plants (barnyard grass) at concentration 50 g L-1.  In root length, there were highly significant differences among different concentrations of rice straw extract. Rice straw extract at 100 g L⁻¹ (T5) completely inhibited the lettuce root growth. The longest root length (76.85 mm) was observed at 10 g L⁻¹ (T2), followed by the control (T1) with (53.94 mm). Root length decreased sharply to 21.95 mm and 13.37 mm at 30 g L⁻¹ (T3) and 50 g L⁻¹ (T4), respectively (Table 1).
3.1.3 Fresh and dry weight
The effects of rice straw extract on the fresh and dry weight of lettuce are presented in Table 1. Fresh and dry weight showed highly significant difference among different concentrations.  There was no germination at the highest concentration of 100 g L⁻¹ (T5); therefore, fresh and dry weights could not be measured. The maximum fresh weight (30.13 mg) occurred at 10 g L⁻¹ (T2), followed by (22.27 mg) at control (T1). In contrast, fresh weight decreased markedly to (16.85 mg) at 30 g L⁻¹ (T3) and (5.91 mg) in 50 g L⁻¹ (T4) respectively. The maximum dry weight (0.85 mg) occurred at 10 g L⁻¹ (T2), followed by control (T1) and 30 g L⁻¹ (T3), which were not statistically different from each other. There were notably decrease dry weight 0.45 mg occurred at 50 g L⁻¹ (T4).  
Dry weight showed highly significant difference among the different concentrations. The pronounced decrease in dry biomass at higher concentrations may result from the effect of allelochemicals in the rice straw. Ahn et al. (2005) reported comparable results, showing that allelopathic rice germplasm suppressed the growth of Echinochloa crus-galli, leading to significant reductions in dry biomass, leaf area, and plant height. Similarly, Seyyednejad et al. (2010) speculated that water hull extracts of 11 rice cultivars were inhibitory on germination, dry weight and root length of Silybum marianum. The ground straw substantially inhibited the fresh and dry weights of shoot biomass of broad leaves weed by up to 89.6% and in narrow leaves by up to 86.6% (El-Shahawy et al., 2006).
3.1.4 Inhibition (%) of shoot and root length
Rice straw extract at 50 g L⁻¹ (T4) reduced the shoot and root lengths of lettuce seedlings by 51.03% and 75.22%, respectively, compared with the control (Fig. 1). Remarkably, root inhibition reached (59.01%) even at the lower concentration of 30 g L⁻¹ (T3), indicating a high sensitivity of root tissues to the rice straw extract. This may be due to the greater vulnerability of root tissues caused by direct exposure to the extract and the high sensitivity of actively dividing root meristem cells. The extracts obtained from 100 g L⁻¹ (T5) completely inhibited the shoot and root growth of lettuce. 
Similarly, aqueous methanol extracts of rice plants were also found to inhibit the germination and growth of lettuce and barnyard grass (Ahn & Chung, 2000; Chung et al., 2001a, 2001b). Furthermore, the allelopathic effect of rice on paddy weeds exhibited a greater inhibitory effect on root growth than on shoot growth (HE Hua-Qin, 2000). This observation is consistent with previous studies reporting that allelochemicals commonly inhibit coleoptile elongation and suppress seedling growth, particularly affecting shoot and root development (Kruse et al., 2000; Li et al., 2024). In addition, Weir et al. (2004) declared that inhibition of photosynthetic rate, interruption of respiration; ATP synthesis and amino acids metabolism were major physiological and biochemical mechanism that might be mediated by allelochemicals. 
Aqueous extracts of rice plants have been reported to inhibit the growth of several plant species, including lettuce, with pronounced effects on root growth (Chou & Lin, 1976; Takeuchi et al., 2001). Applying rice straw extract at different concentrations inhibited seed germination as well as seedling root and shoot growth in both broad-leaved and grass species. The affected plants included crop species such as wheat (Triticum aestivum L. cv.), radish (Raphanus sativus L.), and jute (Corchorus olitorius L.), as well as the weed species barnyard grass (Echinochloa crus-galli) (El-Shahawy et al., 2006). Likewise, Chon and Kim (2004) demonstrated that the extracts of barley, oats, rice and wheat significantly reduced root growth of alfalfa (Medicago sativa L.), barnyard grass and Eclipta (Eclipta prostrata L.)
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T1 = Control (Distilled water) 		T3 = Rice straw extract (30 g L-1)
T2 = Rice straw extract (10 g L-1)	T4 = Rice straw extract (50 g L-1)
T5 = Rice straw extract (100 g L-1)
Fig. 1. Inhibition% of shoot and root length of lettuce as affected by different concentrations of rice straw extract
Mean ± S.E.M = Mean values ± Standard error of means of four replications
3.2 Experiment II: Evaluation of the growth inhibition effect of rice straw extract on tested weed species and two rice varieties in laboratory condition
3.2.1 Shoot and root length
The effects of rice straw extract on four tested weed species (Barnyard grass, Red sprangletop, Long-fruited primrose willow, Sessile joy weed) and two rice varieties (Paw San Yin and Sin Thu Kha) are shown in Table 2. There were highly significant differences in shoot and root lengths among all tested plant species in response to different concentrations of rice straw extract. 
In barnyard grass, the maximum shoot length 44.02 mm was observed in control (T1) treatment, followed by 36.09 mm in 50 g L-1 (T2) and (23.36 mm) at 100 g L⁻¹ (T3). The minimum shoot length (16.54 mm) was observed at the concentration of 150 g L-1 (T4). As the concentration of rice straw extract increased, the shoot length gradually decreased (Plate 2). This result indicating that the highest concentration of rice straw extract had the strongest inhibitory effect on the growth of barnyard grass. The inhibitory effects may be attributed to the action of allelopathic substances. Earlier studies have shown that allelochemicals can interfere with plant growth at various stages, including seed germination, seedling development, dry matter production, and biochemical functions, resulting in reduced overall plant performance (Otusanya & Ilori, 2014).
In root length of barnyard grass, there were highly significant differences among different concentrations of rice straw extract. The maximum root length (28.78 mm) was observed in T1 control. The rice straw extract concentration of 50 g L⁻¹ and 100 g L⁻¹ significantly reduced the root length of barnyard grass by (7.78 mm) and (2.96 mm), respectively. The concentration of 150 g L⁻¹ rice straw extract significantly restricted the root length of barnyard grass to (0.06 mm). These results clearly demonstrated that root growth was highly sensitive to increasing concentrations of rice straw extract. Similar inhibitory effects of rice straw extracts from rice cultivars Basmati 386, Govind, and Kalanamak on seed germination and seedling growth of Chenopodium album L., Echinochloa crus-galli, Phalaris minor, and Solanum nigrum were reported by Rajput et al. (2010). Furthermore, Chung et al. (2001b) identified several phenolic compounds, including p-hydroxybenzoic acid, p-coumaric acid, and ferulic acid, in highly allelopathic rice cultivars and reported that p-hydroxybenzoic acid exerted the strongest inhibitory effect on barnyard grass. Previous studies by Olofsdotter et al. (1995) and Gealy et al. (2000) also confirmed that rice straw is rich in allelopathic compounds such as ferulic acid. Chung et al. (2003) further emphasized that allelochemicals present in rice hulls, leaves, and straw could potentially serve as natural herbicides by suppressing seed germination and seedling growth. These results support previous reports by Ismail et al.(2007), which showed that allelopathic effects of the rice varieties Manik and Makmuer markedly inhibited the root elongation of E. crus-galli, with reductions of more than 80% and 75%, respectively. 
In red sprangletop, there were highly significant differences among different concentrations of rice straw extract. The maximum shoot length was occurred at control (T1), followed by (2.82 mm) at 50 g L-1 (T2) and (2.48 mm) at 100 g L-1 (T3), respectively, but they were not statistically different between T2 and T3. Moreover, the minimum shoot length (1.54 mm) was observed at 150 g L-1 (T4) (Plate 2). The observed result may be attributed to the allelochemicals present in rice straw residues. Ho et al. (2021) reported that rice by-products reduce seed and seedling survival of Echinochloa crus-galli, Leptochloa chinensis, and Fimbristylis miliacea. Ho et al. (2021) reported that rice-derived compounds such as phenolic acids, coumarin, and ergosterol peroxide exhibited strong suppressive effects on several grass weeds and contributed to prolonged weed inhibition. 
In root length of red sprangletop, there were highly significant differences among different concentrations of rice straw extract. The maximum root length of red sprangletop (11.3 mm) was observed in the control (T1) treatment, followed by (4.40 mm) and (4.06 mm) in 50 g L⁻¹ (T2) and 100 g L⁻¹ (T3), respectively; however, no significant difference was observed between T2 and T3. The minimum root length (3.78 mm) was recorded at the highest concentration, 150 g L⁻¹ (T4), and it was significantly different from the other treatments. The inhibitory effect of rice straw extract on red sprangletop may be attributed to the presence of allelopathic chemical compounds in the extract. Similar results were reported by Le et al. (2024), who found that N-trans-cinnamoyltyramine (NTCT), an allelochemical isolated from rice, significantly inhibited the growth of red sprangletop in a concentration-dependent manner. Their study showed that shoot and root growth were strongly suppressed at concentrations of 2.4 μM and above, whereas no inhibitory effect was observed at 0.024 μM. At 24 μM, shoot and root growth were reduced by (87.8%) and (92.3%), respectively. The findings of the present study therefore suggest that rice straw extract possesses strong allelopathic potential against red sprangletop, particularly at higher concentrations, and that root growth is more sensitive to allelochemical stress than shoot growth. 
In long-fruited primrose willow, the rice straw extract significantly inhibited both shoot and root. There were highly significant differences among different concentrations of rice straw extract. The maximum shoot length (4.84 mm) of long- fruited primrose willow was observed at control (T1) treatment, followed by (3.74 mm) at 50 g L-1 (T2) and (1.18 mm) at 100 g L-1 (T3) which represent highly significant differences between treatments. The maximum root length (2.16 mm) was observed at control (T1) treatment, and followed by (0.51mm) at T2 and (0.15 mm) at 100 g L-1 (T3) respectively. The minimum shoot and root length, complete reduction, were observed at the highest concentration 150 g L-1 (T4) (Plate 2). Similarly, Barnes and Putnam (1983) reported that rye residues exerted strong suppressive effects on annual broadleaf weeds, supporting the greater sensitivity of broadleaf weed species observed in the present study.
In Sessile joy weed, the highest shoot and root length (16.92 mm) and (16.74 mm), respectively were recorded in the control (T1) treatment, followed by 50 g L-1 (T2) with shoot and root lengths of (13.70 mm) and (4.85 mm), respectively. The rice straw extract concentration 100 g L-1 (T3) markedly reduced shoot and root length to (0.18 mm) and (0.07 mm). At the highest concentration 150 g L⁻¹ (T4), no seed germination was observed; therefore, shoot and root lengths could not be measured indicating complete inhibition of seedling growth (Plate 2). These results are in agreement with those reported by Afridi et al. (2013), who found that rice straw extract completely inhibited the growth and development of several plant species, including Gossypium hirsutum L., Ipomoea batatas (L.) Lam., Rumex dentatus L., and Convolvulus arvensis L.
The effects of rice straw extract on the shoot and root lengths of Sin Thu Kha and Paw San Yin rice varieties are also presented in Table 2. For the Sin Thu Kha rice variety, the longest shoot and root lengths, (41.28 mm and 52.36 mm, respectively) were observed in the control treatment, followed by (30.28 mm) for shoot and (15.24 mm) for root at 50 g L-1 (T2). At the concentration of 100 g L⁻¹ (T3), the shoot and root lengths were reduced to (11.40 mm) and (0.80 mm), respectively. The minimum shoot and root lengths (9.56 mm) and (0.70 mm) were recorded at 150 g L⁻¹ (T4) (Plate 2).
For the Paw San Yin variety, the maximum shoot and root lengths of (57.84 mm) and (42.20 mm), respectively, were recorded in the control (T1) treatment. These values decreased to 41.88 mm for shoot length and (17.48 mm) for root length at 50 g L⁻¹ (T2). Further reduction was observed at 100 g L⁻¹ (T3), where the shoot and root length declined to (22.52 mm) and (4.64 mm), respectively. The minimum shoot and root length, (15.96 mm and 1.84 mm), respectively, were recorded in 150 g L⁻¹ (T4), indicating a concentration-dependent inhibitory effect of rice straw extract on seedling growth (Plate 2). Rice straw decomposition can release phytotoxic compounds that negatively affect rice growth, resulting in reduced seed germination and suppressed seedling development in both the same and different rice varieties. Chung et al. (2001b) reported that rice straw extracts significantly inhibited radicle elongation in rice (Oryza sativa L.), confirming the presence of more autotoxic allelochemicals at higher concentration. This phenomenon is particularly important in continuous rice monocropping systems, where repeated incorporation of rice residues into soil leads to the accumulation of inhibitory substances that contribute to autotoxic stress (Chi et al., 2013).
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Plate .1. Shoot and root length of Lettuce as affected by different concentrations of rice straw extract 
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     Oryza sativa
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     Plate. 2. Shoot and root length of six tested plants as affected by different concentrations of rice straw extract 
                                                           








	Table .2. Shoot and Root length (mm) of Barnyard grass, Red sprangletop, Long-fruited primrose willow, Sessile joy weed, Sin Thu Kha and Paw San Yin as affected by different concentration of rice straw extract

	Treatment
	Barnyard grass
	Red sprangletop
	Long-fruited primrose willow
	Sessile joy weed
	Sin Thu Kha
	Paw San Yin

	
	Shoot length
	Root length
	Shoot length
	Root length
	Shoot length
	Root length
	Shoot length
	Root length
	Shoot length
	Root length
	Shoot length
	Root length

	T1 Control
	44.02 a
	28.78 a
	5.06 a
	11.36 a
	4.84 a
	2.16 a
	16.92 a
	16.74 a
	41.28 a
	52.36 a
	57.84 a
	42.20 a

	T2 (50 g L-1)
	36.09 b
	  7.78 b
	2.82 b
	  4.40 b
	3.74 b
	0.51 b
	13.70 b
	4.85 b
	30.28 b
	15.24 b
	41.88 b
	17.48 b

	T3 (100 g L-1)
	23.36 c
	  2.96 c
	2.48 b
	  4.06 b
	1.18 c
	0.15 c
	  0.18 c
	0.07 c
	11.40 c
	  0.80 c
	22.52 c
	  4.64 c

	T4 (150 g L-1)
	16.54 d
	  0.06 d
	1.54 c
	  3.78 b
	0.00 d
	0.00 c
	  0.00 c
	0.00 c
	  9.56 c
	  0.70 c
	15.96 d
	  1.84 c

	LSD 0.05
	5.25
	0.75
	0.88
	1.01
	0.86
	0.20
	1.45
	1.86
	2.79
	6.21
	3.9
	2.98

	P value
	< .001
	<.001
	< .001
	< .001
	< .001
	<.001
	< .001
	< .001
	< .001
	< .001
	< .001
	< .001

	CV %
	12.7
	5.52
	21.49
	12.38
	25.51
	20.40
	13.79
	25.07
	8.74
	26.37
	8.19
	13.06

	In a column, means sharing the same letters are not significantly different.
T1= Control (Distilled water), T2 = Rice straw extract (50 g L-1), T3 = Rice straw extract (100 g L-1), T4 = Rice straw extract (150 g L-1)



3.2.2 Fresh and dry weight
The effects of rice straw extract on the fresh and dry weight of six tested plants are shown in   Table 3. Significant differences were observed among treatments for both parameters. In barnyard grass, the highest fresh weight (12.60 mg) and dry weight (1.48 mg) were recorded in the control treatment (T1), which was statistically similar to T2 for fresh weight. As the concentration of rice straw extract increased, both fresh and dry weights decreased progressively. The lowest fresh weight (8.49 mg) and dry weight (1.17 mg) were observed in T4, indicating the strongest inhibitory effect. These reductions suggest growth suppression by rice straw extract, likely due to the presence of allelochemicals. Anuar et al. (2015) reported that rice straw extract of MR220 CL2, MR263, and MR253 significantly reduced the fresh weight of E. crus-galli by 10.42%, 39.58%, and 40.62%, respectively, at 100 g L⁻¹.Chung et al. (2006) also identified 5 of 99 rice varieties inhibited germination or dry weight accumulation of barnyard grass by 50%, with momilactone A and B levels associated with the greatest inhibition. The inhibitory effect of phenolic acids on barnyard grass dry weight varied depending on the type of compound and concentration applied. Higher concentrations generally produced greater suppression, indicating concentration-dependent allelopathic activity. Among the tested compounds, p-hydroxybenzoic acid showed the strongest inhibitory effect, reducing total seedling dry weight by 77% at 10-3 M, whereas vanillic acid showed only 1% inhibition at the same concentration (Chung et al., 2003). 
In red sprangletop, the highest fresh weight (0.92 mg) and dry weight (0.13 mg) were recorded in the control (T1) treatment, followed by T2 (0.57) mg fresh weight and (0.09 mg) for dry weight which are statistically difference from the T1 treatment. The lowest fresh weight (0.50 mg) and dry weight (0.06 mg) were observed in 150 g L⁻¹ (T4), indicating the strongest inhibitory effect. The results of the present study are consistent with findings reported for the rice cultivar OM 5930, where rice-derived crystallized by-products and rice extracts showed strong suppressive effects on red sprangletop (Ho et al., 2021). 
The effects of the treatments on fresh and dry weight in (long-fruited primrose willow) are presented in Table 3. Significant differences were observed among the treatments for both fresh and dry weight. The highest fresh weight (0.39 mg) and dry weight (0.04 mg) were recorded in the control treatment (T1), which were significantly different from the other treatments. Fresh weight gradually decreased to (0.20 mg) in 50 g L⁻¹ (T2) and (0.06 mg) in 100 g L⁻¹ (T3). At the highest treatment concentration 150 g L⁻¹ (T4), no germination occurred; therefore, fresh weight could not be recorded. Similarly, dry weight decreased from (0.04 mg) in the control to (0.02 mg) in 50 g L⁻¹ (T2) and 100 g L⁻¹(T3), and no dry weight accumulation was observed in 150 g L⁻¹ (T4). The study demonstrated that all rice straw extracts successfully decreased the fresh biomass of G. hirsutum, I. batatas, R. dentatus, and C. arvensis relative to the control group. This suppression is likely due to the extracts facilitating the release of potent allelochemicals that negatively impacted the test specie.
The present study showed that rice straw extract significantly inhibited the growth of long-fruited primrose willow, particularly at higher concentrations where complete suppression of shoot growth, root growth, and dry weight was observed. Similar findings were reported by Alam et al. (2018), who stated that rice extracts suppressed the seedling growth of broadleaf weeds due to the presence of allelochemicals that interfere with physiological and biochemical processes. Rice residues (leaves, straw, hull) are known to have allelochemicals. Balderas and Osillos (2023) reported that increasing concentrations of Oryza sativa L. fine cuttings reduced the growth of Ludwigia octovalvis.
The effect of rice straw extract on the fresh and dry weight of sessile joy weed is presented in Table 3. There was highly significant difference among treatment concentrations. The highest fresh weight (6.20 mg) and dry weight (0.33 mg) were recorded in the control treatment (T1), which were significantly different from all extract-treated treatments. The rice straw extract 50 g L⁻¹ (T2) reduced the fresh and dry weights to (2.20 mg) and (0.14 mg), respectively. At 100 g L⁻¹ (T3), the fresh and dry weights were further reduced to 0.04 mg and 0.01 mg, respectively. At the highest concentration, 150 g L⁻¹ (T4), no germination occurred; therefore, fresh and dry weights could not be recorded. The progressive reduction in the fresh and dry weights of sessile joy weed with increasing concentrations of rice straw extract indicates a strong allelopathic effect on weed growth. The complete inhibition observed at T4 suggests that the highest concentration of rice straw extract contained sufficient allelochemicals to completely suppress seed germination and subsequent biomass accumulation. The reduction in fresh weight may be associated with decreased water uptake and impaired cell expansion, whereas the reduction in dry weight reflects the inhibition of overall plant growth and dry matter accumulation.
The results of the present study demonstrated that rice straw extract significantly reduced the fresh and dry weight of Alternanthera sessilis, and complete inhibition was observed at higher concentrations. The reduction in biomass indicates the strong allelopathic potential of rice straw extracts against broadleaf weeds. Similar findings were reported by Ho et al. (2021), who stated that rice by-products suppressed the growth and survival of weed seedlings through allelochemical activity. In the present study, complete inhibition of fresh and dry weight at 100 g L⁻¹ (T3) and 150 g L⁻¹ (T4) suggests that Alternanthera sessilis was highly sensitive to the allelochemicals released from rice straw. Chon and Kim (2004) also reported that rice-derived allelochemicals exhibited herbicidal activity against broadleaf and grassy weeds. Therefore, the present findings confirm that rice straw extract possesses strong allelopathic activity and could be used as a potential eco-friendly weed management strategy against broadleaf weeds such as Alternanthera sessilis.
The fresh and dry weights of Sin Thu Kha rice seedlings were significantly affected by different concentrations of rice straw extract. The highest fresh weight (53.86 mg) and dry weight (14.47 mg) were recorded in the control treatment (T1), whereas the lowest fresh weight (31.56 mg) and dry weight (9.00 mg) were observed in 150 g L⁻¹ (T4). Fresh weight decreased progressively from (53.86 mg) in control (T1) to (43.39 mg) in 50 g L-1 (T2) and (33.22 mg) in 100 g L-1 (T3). Similarly, dry weight declined from (14.47 mg) in control (T1) to (12.06 mg) in 50 g L-1 (T2) and (9.56 mg) in 100 g L-1 (T3). Statistical analysis showed that T1 differed significantly from all other treatments, while 100 g L-1 (T3) and 150 g L⁻¹ (T4) were statistically similar for both fresh and dry weight. The fresh and dry weights of Paw San Yin seedlings were significantly influenced by different treatment concentrations. The highest fresh weight (71.75 mg) and dry weight (20.90 mg) were recorded in the control treatment T1, while the lowest fresh weight (43.34 mg) and dry weight (12.56 mg) were observed at the highest concentration, T4. Fresh weight gradually decreased from (71.75 mg) in the control to (56.48 mg), (49.04 mg), and (43.34 mg) with increasing treatment concentration. A similar trend was observed for dry weight, which declined from (20.90 mg) in the control to (16.61 mg), (14.43 mg), and (12.56 mg) at T2, T3 and T4, respectively. 
Autotoxicity occurs when a plant releases toxic chemical substances into the environment that inhibit the germination and growth of conspecific plants (Miller, 1996). Chou and Lin (1976) reported that decomposing rice straw released phytotoxic compounds that significantly inhibited rice seedling growth in a dose-dependent manner, with the inhibitory effect increasing as the amount of incorporated straw increased. Therefore, the autotoxic effects observed in the present study may be associated with phenolic compounds released during rice straw decomposition, including ferulic acid, p-coumaric acid, and p-hydroxyphenylacetic acid, which have been reported to inhibit rice growth under decomposing soil conditions (Chou & Lin, 1976).


	Table 3.  Fresh weight and Dry weight (mg) of Barnyard grass, Red sprangletop, Long-fruited primrose willow, Sessile joy weed, Sin Thu Kha and Paw San Yin as affected by different concentration of rice straw extract

	Treatment
	Barnyard grass
	Red sprangletop
	Long-fruited primrose willow
	Sessile joy weed
	Sin Thu Kha
	Paw San Yin

	
	Fresh weight 
	Dry weight 
	Fresh weight 
	Dry weight 
	Fresh weight 
	Dry weight 
	Fresh weight 
	Dry weight 
	Fresh weight 
	Dry weight 
	Fresh weight 
	Dry weight 

	T1 Control
	12.60 a
	1.48 a
	0.92 a
	0.13 a
	0.39 a
	0.04 a
	6.20 a
	0.33 a
	53.86 a
	14.47 a
	71.75 a
	20.90 a

	T2 (50 g L-1)
	12.10 a
	1.32 b
	0.57 b
	0.09 b
	0.20 b
	0.02 b
	2.20 b
	0.14 b
	43.39 b
	12.06 b
	56.48 b
	16.61 b

	T3 (100 g L-1)
	10.61 b
	1.24 bc
	0.54 b
	0.07 c
	0.06 c
	0.02 b
	0.04 c
	0.01 c
	33.22 c
	9.56 c
	49.04 c
	14.43 c

	T4 (150 g L-1)
	8.49 c
	1.17 c
	0.50 b
	0.06 c
	0.00 c
	0.00 c
	0.00 c
	0.00 c
	31.56 c
	9.00 c
	43.34 d
	12.56 d

	LSD 0.05
	1.36
	0.08
	0.13
	0.01
	0.07
	0.046
	0.84
	0.02
	4.53
	0.56
	5.67
	1.8

	P value
	< .001
	< .001
	< .001
	< .001
	< .001
	< .001
	< .001
	< .001
	< .001
	< .001
	< .001
	< .001

	CV %
	9.05
	4.38
	14.75
	10.46
	29.35
	18.63
	28.93
	11.5
	8.11
	3.62
	7.46
	8.18

	In a column, means sharing the same letters are not significantly different.

	T1= Control (Distilled water), T2 = Rice straw extract (50 g L-1), T3 = Rice straw extract (100 g L-1), T4 = Rice straw extract (150 g L-1)



3.2.3 Inhibition (%) of shoot and root length
The inhibition percentage of rice straw extract on the shoot length of six tested plants is presented in Figure 2. The shoot growth of barnyard grass was suppressed 47.18% and by 62.41% at concentrations of 100 and 150 g L⁻¹, respectively. In contrast, the shoot length of red sprangletop was inhibited by 51.09% at 100 g L⁻¹ (T3) and by 69.60% at 150 g L⁻¹ (T4). Notably, both grass species response more than 50 % of shoot growth inhibition at the highest concentration of 150 g L⁻¹.
As shown in Figure 2, more than 75% inhibition was observed in broadleaf weeds at an extract concentration of 100 g L⁻¹ (T3). The inhibitory effect increased with concentration, and complete inhibition of both long-fruited primrose willow and sessile joyweed was recorded at 150 g L⁻¹ (T4). The results of this study agree with those of (Singh et al., 2003) who demonstrated that allelochemicals released from Oryza sativa L. (rice) suppressed the growth of long-fruited primrose-willow, resulting in reduced plant height. (Dilday et al., 1994) reported that allelochemicals present in rice straw suppressed the growth of Heteranthera limosa (Sw.) Willd. under field conditions. This finding supports the view that rice residues, including leaves, straw, and hulls, contain allelochemicals with significant allelopathic activity. In addition, rice cultivars with high allelopathic potential have been shown to suppress several paddy weeds, including barnyard grass, oval-leaf pondweed (Monochoria vaginalis), redstem (Erodium cicutarium), and duck salad (Heteranthera limosa) (Dilday et al., 2001; Takeuchi et al., 2001).
Autotoxic effects were also observed in the two rice varieties tested. At a concentration of 100 g L⁻¹ (T3), shoot length inhibition exceeded 50% in both Sin Thu Kha and Paw San Yin. Furthermore, at the highest concentration of 150 g L⁻¹ (T4), shoot length inhibition exceeded 70% in both varieties. This inhibitory effect may be attributed to the presence of several secondary metabolites in rice straw, including phenolic acids, flavones, and terpenoids, many of which are recognized as potent autotoxins (Chi et al., 2013). Similarly, Chung et al. (2001b) demonstrated that rice straw extracts markedly reduced radicle growth in rice (Oryza sativa L.), providing evidence for the presence of autotoxic allelochemicals. 
The inhibition percentage of rice straw extract on the root length of six tested plants is presented in Figure 3. The inhibition % of root length was highly significant differences among different concentrations. The root length of all tested plants was inhibited more than 50 % at the lowest concentration 50 g L-1 (T2).
In Barnyard grass, root inhibition was evident from 50 g L⁻¹ onward and became more pronounced as the concentration increased. Root growth inhibition reached 89.74% at 100 g L⁻¹ rice straw extract and increased to 99.79%, representing nearly complete inhibition, at the highest concentration of 150 g L⁻¹ (T4). The inhibition of radicle growth may be attributed to the allelochemicals present in rice straw, particularly phenolic compounds known to suppress root elongation. Similarly, the radicle length of E. crus-galli was significantly inhibited by 82.28% at 100 g L⁻¹ concentration (Anuar et al., 2015). In red sprangletop, root length inhibition increased with increasing rice straw extract concentration, reaching 60.86%, 63.66%, and 66.49% at 50, 100, and 150 g L⁻¹, respectively. The rice straw extract 150 g L⁻¹ treatment showed significantly higher inhibition than the 50 g L⁻¹ treatment, while the 50 and 100 g L⁻¹ treatments were statistically similar.
Root growth of broadleaf weeds was strongly inhibited, with inhibition exceeding 70% even at the lowest concentration of 50 g L⁻¹. At the highest concentration 150 g L⁻¹, root growth of both broadleaf weeds namely long-fruited primrose willow and sessile joy weed were completely inhibited. 
At a concentration of 50 g L⁻¹, the root length of Sin Thu Kha was inhibited by 71.08%, while Paw San Yin showed 58.52% inhibition. At 100 g L⁻¹, root length inhibition increased markedly, reaching 98.34% in Sin Thu Kha and 88.71% in Paw San Yin. Moreover, rice straw extract at 150 g L⁻¹ inhibited root growth by 98.66% in Sin Thu Kha and 95.64% in Paw San Yin.
This may be because of rice straw contains several secondary metabolites, including phenolic acids, flavones, and terpenoids, many of which are recognized as potent autotoxins (Chi et al., 2013). Among these, phenolic compounds such as ferulic acid, p-coumaric acid, and o-hydroxy phenyl acetic acid have been identified in decomposing rice residues in soil environments. Their phytotoxic strength generally follows the order: ferulic acid > p-coumaric acid > o-hydroxyphenylacetic acid (Chi et al., 2013). In addition, ferulic acid has been shown to interfere with key physiological processes in plants, including water uptake, leaf expansion, root elongation, and nutrient absorption, thereby contributing to overall growth suppression (Chi et al., 2013). Autotoxicity, a specific form of intraspecific allelopathy, plays an important role in regulating plant growth and influencing plant community dynamics. In the present study, exposure to 50 ppm ferulic acid resulted in a 50% reduction in rice root length, demonstrating a strong inhibitory effect on root development. This observation aligns with previous findings that ferulic acid acts as a major autotoxic compound responsible for growth inhibition and physiological disruption in rice seedlings (Chi et al., 2013).
[image: ]
T1 = Control (Distilled water)		T3 = Rice straw extract (100 g L-1)
T2 = Rice straw extract (50 g L-1)	T4 = Rice straw extract (150 g L-1)

Fig. 2. Inhibition% of shoot length of six tested plants as affected by different concentrations of rice straw extract
Mean ± S.E.M = Mean values ± Standard error of means of five replications
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T1 = Control (Distilled water)		T3 = Rice straw extract (100 g L-1)
T2 = Rice straw extract (50 g L-1)	T4 = Rice straw extract (150 g L-1)	
Fig.3. Inhibition% of root length of six tested plants as affected by different concentrations of rice straw extract
Mean ± S.E.M = Mean values ± Standard error of means of five replications


4. Conclusion

The present study demonstrated that rice straw extract exhibits strong allelopathic activity against lettuce, weed species, and rice seedlings in a concentration-dependent manner. Complete inhibition of lettuce seed germination was observed at 100 g L⁻¹, whereas complete inhibition of broadleaf weed growth was recorded at 150 g L⁻¹. At the highest rice straw extract concentration, grasses and rice seedlings exhibited more than 50% growth inhibition, confirming the strong phytotoxic potential of the extract. Overall, the findings highlight that rice straw extract has the potential as a natural weed-suppressive agent due to its strong inhibitory effects on plant growth and biomass accumulation. The results indicate the need for further studies to isolate and identify the active allelochemicals in rice straw and to assess their potential application as environmentally friendly tools for sustainable weed management under greenhouse and field conditions.
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