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Influence of Extracts from Euphorbia helioscopia L. and Oxalis corniculata L. on the Germination and Seedling Development of Triticum aestivum L.
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ABSTRACT 
  Allelopathy refers to a biological phenomenon in which one plant releases biochemicals that influence the germination and growth of neighboring plants. This study evaluated the allelopathic potential of two common weeds, Euphorbia helioscopia L. and Oxalis corniculata L., on the germination and early growth of Triticum aestivum L. The experiment was conducted under a completely randomized design (CRD) with three replications per treatment. Aqueous extracts were prepared from fresh shoots and roots at concentrations of 5%, 10%, and 15% (w/v), while dry plant material was mixed with sterile sand for mulching treatments. A distilled water control was included. Germination and growth parameters were recorded after 72 hours of incubation at 25 °C. Results indicated that aqueous extracts from both weeds significantly (p < 0.05) reduced wheat germination percentage, plumule and radicle length, and root number compared with the control. However, low concentrations (5%) and mixed shoot extracts exhibited mild stimulatory effects, increasing radicle length to 6.2 cm and plumule length to 9.0 cm, compared with 5.3 cm and 6.6 cm in the control, respectively. Mulching treatments consistently inhibited germination and seedling growth, except the mixed treatment, which slightly enhanced leaf area (2.1 cm² vs. 1.5 cm² in the control). These findings suggest that E. helioscopia and O. corniculata produce bioactive compounds that can suppress wheat germination and growth. Their strong allelopathic potential warrants further investigation for possible applications in natural weed and pest management.
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1. INTRODUCTION 
The term "Allelopathy" is derived from two Greek words, "Allelon" which means "each other" and "Pathos" which means " to suffer". Allelopathy refers to a biological phenomenon through which a species produces one or more biochemicals (allelochemicals) that affect the growth, germination, reproduction, and survival of another species (Acheampong et al., 2023). Allelochemicals can have both beneficial and detrimental effects on other organisms (Agyei et al., 2023). Allelochemicals are secondary metabolites that are not required directly in metabolism but are produced as byproducts in primary metabolic pathways (Asif et al., 2025). Allelochemicals include many compounds like coumarins, flavonoids, tannins, alkaloids, phenolic compounds, terpenoids, steroids, glycosides, quinines, benzoic acids and their derivatives, and cyanohydrins (Assefa et al., 2025). These can occur in various parts of plants such as stems, leaves, roots, rhizoids, flowers, and seeds (Batish et al., 2001; Ullah et al., 2024). 
Weeds are among the most serious biological constraints in agricultural production systems, as they compete with crops for essential resources such as water, light, and nutrients (Beza & Wale, 2023). Beyond direct competition, weeds also interfere with crop growth through allelopathy, a biological phenomenon in which one plant releases biochemicals, known as allelochemicals, that influence the germination, growth, survival, or reproduction of other plants (Cheng & Cheng, 2015). These natural compounds can suppress or sometimes stimulate the growth of neighboring species, thereby affecting plant community dynamics, crop productivity, and ecological balance. In the context of sustainable agriculture, understanding allelopathic interactions provides an environmentally friendly approach to weed management and a potential alternative to synthetic herbicides (Chengxu et al., 2011; Ullah, 2019). Euphorbia helioscopia L., commonly known as sun spurge, madwoman’s milk, or wolf’s milk, is an herbaceous annual plant classified within the family Euphorbiaceae (Cummings et al., 2023). It is a widely distributed weed that commonly grows in gardens, vegetable patches, cultivated fields, soil heaps, and waste ground (Das & Ray, 2022). Morphologically, it bears a three-valved, glabrous capsule as fruit, with reddish-brown, strongly honeycombed seeds (Einhellig, 1988, Ullah et al., 2019). Beyond its ecological dominance, E. helioscopia is also a plant of medicinal importance (Gedamu, 2025). The whole plant has been used traditionally in herbal medicine for treating ascites, edema, pulmonary tuberculosis, tinea, and cervical tuberculous lymphadenitis (Gopal & Goel, 1993). Phytochemical investigations conducted over the past four decades have revealed that E. helioscopia produces a wide range of secondary metabolites, including diterpenoids, triterpenoids, flavonoids, tannins, and lipids (Halbrendt, 1996). Many of these compounds are known to possess strong phytotoxic, antimicrobial, and allelopathic properties, suggesting that the plant may significantly influence neighboring crops through chemical interactions (Hasan et al., 2025). Oxalis corniculata L., commonly known as creeping wood sorrel, is a perennial herb belonging to the family Oxalidaceae (Khamare et al., 2022). It is a low-growing herbaceous plant that thrives in moist, shaded environments such as lawns, roadsides, plantations, and gardens (Khan et al., 2024). The species is characterized by its delicate, creeping habit, dark brown roots, and reddish-brown stems (Khan et al., 2025). Its bright yellow axillary flowers and cylindrical capsules make it a prolific seed producer, enabling it to spread rapidly and even invade greenhouses (Ullah et al., 2018; Lema et al., 2025). Chemically, O. corniculata is rich in moisture, carbohydrates, crude protein, lipids, and minerals, which make it a useful emergency vegetable source during food scarcity (Manan et al., 2025). However, it also contains several bioactive compounds that may exhibit allelopathic potential (Mekonnen & Wasie, 2025). The ability of O. corniculata to dominate agricultural and non-agricultural habitats implies that its biochemical interactions could significantly affect the germination and early growth of nearby crop plants (Ullah et al., 2018; Mitiku et al., 2022). Numerous studies have demonstrated the allelopathic effects of weed species on crop germination and seedling development. For example, Mitu et al. (2024) found that aqueous extracts of Eucalyptus camaldulensis inhibited wheat germination and early growth in a concentration-dependent manner. (Mudi et al., 2024) reported that extracts of Asphodelus tenuifolius, Euphorbia hirta, and Fumaria indica negatively influenced maize germination and seedling vigor. Nwosu et al. (2025) observed that Parthenium hysterophorus caused significant suppression of maize germination and early growth. Similarly, Olalekan (2025) demonstrated that Euphorbia dracunculoides extracts significantly reduced root and shoot length and biomass of chickpea and wheat seedlings (Olofsdotter et al., 2002; Ullah et al., 2023).
Further evidence comes from Raza et al. (2021), who tested soil-incorporated powders of Asphodelus tenuifolius, E. hirta, and F. indica on wheat and found that higher concentrations markedly inhibited germination and seedling development. Rusdianto et al. (2024) studied five aquatic weeds (Alternanthera philoxeroides, Alternanthera sessilis, Conyza stricta, Polygonum barbatum, and Echinochloa crus-galli) and observed that both aqueous extracts and plant residues suppressed wheat germination, with aqueous extracts being more detrimental. Similarly, Rusdianto et al. (2022) reported that water extracts from Trianthema portulacastrum and Galium aparine altered maize germination and root formation. Sajid et al. (2023) examined the effects of E. helioscopia extracts and leaf powder on various crops and confirmed significant inhibition of germination and seedling growth. Finally, Shakir et al. (2025) found that increasing concentrations of Parthenium hysterophorus extracts strongly affected all measured parameters in several crop species. Collectively, these studies confirm that weeds release diverse allelochemicals capable of altering seed germination and seedling morphology in cereals and other crops (Sher et al., 2018). However, most prior research has focused on individual weed species, and limited attention has been given to the potential combined or comparative effects of multiple coexisting weeds on crop species (Sisay, 2025). Triticum aestivum L. (common wheat), a member of the family Poaceae, is the most widely cultivated cereal crop globally after rice and maize (Sora et al., 2023; Ullah & Shakir, 2023). Wheat serves as a staple food for a large portion of the world’s population and is also valued for its high nutritional and medicinal properties (Subhan, 2024). Historically, it was among the first domesticated crop species (Tembo et al., 2025). Given its economic and nutritional importance, understanding the allelopathic influences of weeds on wheat germination and early development is crucial for safeguarding yield and crop health (Teshome et al., 2025). Although several studies have addressed allelopathic effects in various crops, limited information is available on the allelopathic potential of Euphorbia helioscopia and Oxalis corniculata individually and in combination on wheat germination and early seedling growth (Ullah et al., 2023). Understanding these interactions could provide insight into natural biochemical interference mechanisms and support the development of eco-friendly weed control strategies (Ullah et al., 2025). Therefore, the present study was undertaken with the following objectives: To evaluate the allelopathic effects of aqueous extracts and dry mulch of Euphorbia helioscopia L. and Oxalis corniculata L. on the germination and early growth of Triticum aestivum L. To compare the effects of different concentrations (5%, 10%, and 15% w/v) and plant parts (shoots and roots) of the two weed species. To assess whether the combined extracts of both weed species produce synergistic, antagonistic, or neutral effects on wheat germination and seedling development.
2. METHOD AND MATERIAL: 
The present laboratory experiment was conducted to evaluate the allelopathic potential of Euphorbia helioscopia L. and Oxalis corniculata L. on the germination and early growth of Triticum aestivum L. var. Pirsabaq-2015 (Frescura et al., 2013). Six parameters were measured for data analysis: shoot length, radicle length, root number, leaf number, leaf area, and germination percentage. The experimental procedure was adapted and modified from the method described by Wandita et al. (2020).
2.1 Plant Material Collection and Authentication
Fresh specimens of the two weed species were collected from agricultural fields of the Government Degree College, Samarbagh, Dir Lower (Pakistan). The plants were identified and authenticated by the Department of Botany, Government Degree College, Samarbagh, Dir Lower, and voucher specimens were deposited in the departmental herbarium under the following numbers: Euphorbia helioscopia L. (GPGC1256), Oxalis corniculata L. (GPGC1257), Triticum aestivum L. (GPGC1258).
2.2 Preparation of Fresh Extracts
Fresh shoots and roots of E. helioscopia and O. corniculata were washed thoroughly with ethanol, followed by distilled water to remove dust and microbial contaminants (Weston, 2005). The clean materials were chopped using a sterile mortar and pestle to prepare crude homogenates (Saifullah et al., 2025). Aqueous extracts were prepared at 5%, 10%, and 15% (w/v) by soaking the respective plant materials in 100 mL of distilled water for 48 hours at room temperature with intermittent shaking. After soaking, the mixtures were filtered through Whatman No. 1 filter paper, and the filtrates were stored at 4 °C for subsequent use. Extracts were prepared separately for shoots and roots, as well as for a combined mixture of both weed species (Moura et al., 2018).
2.3 Preparation of Dry Powder for Mulching
Fresh shoots of both weeds were air-dried under shade for 20 days until a constant weight was achieved, then ground into a fine powder using a food processor (Qasem, 1995). Dry powder treatments were prepared by mixing 5 g, 10 g, and 15 g of each weed powder with sterilized sand in disposable plastic cups covered with perforated paper to allow aeration (Moraes et al., 2012). Three treatments were prepared: individual powders of E. helioscopia and O. corniculata, and a mixture treatment containing equal proportions of both weed species. A control treatment containing only sterilized sand was also included (Teerarak et al., 2010).
2.4 Experimental Setup
2.4.1 Petri Dish Experiment (Aqueous Extracts)
Sterilized Petri dishes lined with double-folded filter paper were prepared, and five seeds of T. aestivum were placed in each. Different concentrations (5%, 10%, and 15%) of shoot and root extracts were applied separately, along with a mixture extract treatment (Said et al., 2016). Each treatment was replicated three times in a completely randomized design (CRD). Extracts were replenished every 24 hours to maintain moisture (Vestena et al., 2001). The dishes were incubated at 25 ± 1 °C for 72 hours. Control Petri dishes received only distilled water (Medeiros et al., 1990).
2.4.2 Mulching Experiment (Dry Powder)
For mulching treatments, three replicates were prepared for each concentration of dry shoot powder. Each disposable cup contained sterilized sand mixed with the corresponding amount of shoot powder. Five wheat seeds were sown in each cup and maintained at room temperature for 14 days. Moisture was maintained by regularly adding distilled water. A control treatment with only sterilized sand was also included (Frescura et al., 2013).
2.4.3 Measured Parameters
At the end of the incubation period (for Petri dishes) and after 14 days (for mulching), the following parameters were recorded (Vestena et al., 2001):
Germination percentage (GP): GP=Total number of seeds/Number of seeds germinated​×100
· Radicle and shoot length (cm): Measured from the point of seed attachment using a digital scale.
· Root and leaf number: Counted manually for each seedling.
· Leaf area (cm²): Determined using a digital leaf area meter.
· Seedling vigor index (optional if calculated):
SVI=Germination percentage× (Radicle length+Shoot length)
2.5 Statistical Analysis
Data from all treatments were analyzed using one-way analysis of variance (ANOVA). Values are presented as mean ± standard error (SE) of three replicates. Differences among means were considered statistically significant at p < 0.05 (*), p < 0.01 (**), and p < 0.001 (***). Graphical data were presented with standard error bars, and significance was indicated by asterisks.
3. RESULTS
Effects of Fresh Shoot Extract of Euphorbia helioscopia and Oxalis corniculata on Germination Percentage of Triticum aestivum
The germination of Triticum aestivum seeds was markedly affected by the application of fresh shoot extracts of Euphorbia helioscopia L. and Oxalis corniculata L., and the degree of inhibition increased with extract concentration (Figure 1). For O. corniculata, the 5 g extract treatment inhibited wheat seed germination by 54 %, the 10 g extract caused a 60 % reduction, and the 15 g concentration further decreased germination to 67 % relative to the control. Similarly, the 5 g and 10 g extracts of E. helioscopia reduced germination by 54 % and 74 %, respectively, whereas the 15 g treatment completely inhibited seed germination (100 % inhibition). The mixture of both weed extracts produced a comparatively milder effect, reducing germination by only 33 % compared with the control, suggesting possible antagonistic or neutralizing interactions between the allelopathic compounds present in the two species. Statistical analysis (one-way ANOVA) confirmed that all treatments differed significantly (p < 0.05) from the control, except for the mixed extract treatment, which exhibited a lesser degree of inhibition and did not differ significantly (p > 0.05) (Vestena et al., 2001). Overall, these results indicate that the allelopathic impact of the fresh shoot extracts was concentration-dependent, with E. helioscopia demonstrating stronger inhibitory potential than O. corniculata (Darmanti et al., 2017). The complete suppression of germination by the 15 g E. helioscopia treatment underscores the potent phytotoxic activity of its shoot-derived compounds. The data were presented in Fig. 1. 

                                  
Fig.1. Effects of fresh shoot extract of Oxalis corniculate and Euphorbia helioscopia on germination percentage of Triticum aestivum. T1= Control, T2= 5g (O. corniculata), T3= 10g (O. corniculata), T4= 15g (O. corniculata), T5= 5g (E. helioscopia), T6= 10g (E. helioscopia), T7= 15g (E. helioscopia), T8= Mixture. 
Effects of Fresh Root Extract of Euphorbia helioscopia and Oxalis corniculata on Germination Percentage of Triticum aestivum.
The allelopathic impact of the fresh root extracts of Euphorbia helioscopia L. and Oxalis corniculata L. on the germination of Triticum aestivum L. is presented in Figure 2. The results revealed a clear dose-dependent inhibitory trend, with higher extract concentrations causing greater suppression of germination compared with the control. In treatments containing root extracts of O. corniculata, wheat germination was inhibited by 34 %, 40 %, and 54 % at extract concentrations of 5 g, 10 g, and 15 g, respectively (Vestena et al., 2001). This progressive reduction indicates that the root tissues of O. corniculata contain allelopathic compounds capable of interfering with seed germination, particularly at higher doses. Similarly, root extracts of E. helioscopia exerted a stronger inhibitory effect on germination than O. corniculata. The 5 g, 10 g, and 15 g concentrations of E. helioscopia reduced germination by 67 %, 74 %, and 80 %, respectively, relative to the control. The pronounced reduction observed at 15 g suggests a high level of phytotoxicity associated with the root exudates or soluble compounds of E. helioscopia. Statistical analysis (one-way ANOVA) showed that all treatments were significantly different from the control (p < 0.05), confirming that the observed inhibition was not due to random variation. The results further demonstrate that the root extracts of both species exhibited stronger inhibitory potential than the shoot extracts, implying that a higher concentration of allelochemicals may be localized in the root tissues (Fujii et al., 1992). These findings indicate that the allelopathic activity of E. helioscopia and O. corniculata is concentration-dependent and species-specific, with E. helioscopia showing the highest suppressive effect on wheat germination among all treatments tested. The data was shown in Fig. 2. 

                               
Fig.2. Effects of fresh root extract of Oxalis corniculata and Euphorbia helioscopia on germination percentage of Triticum aestivum. T1= Control, T2= 5g (O. corniculata), T3= 10g (O. corniculata), T4= 15g (O. corniculata), T5= 5g (E. helioscopia), T6= 10g (E. helioscopia), T7= 15g (E. helioscopia), T8= Mixture.
[bookmark: OLE_LINK293]Effect of Fresh Shoot Extract of Euphorbia helioscopia and Oxalis corniculata on Shoot Length of Triticum aestivum:
The results demonstrated that increasing the concentration of fresh shoot extracts of Euphorbia helioscopia L. and Oxalis corniculata L. caused a progressive reduction in the shoot length of Triticum aestivum L., indicating a clear concentration-dependent inhibitory response (Figure 3). For E. helioscopia, the 5 g extract treatment reduced the mean shoot length of wheat seedlings to 1.7 cm, while 10 g and 15 g treatments further decreased it to 1.0 cm and 0 cm, respectively, showing complete suppression of shoot elongation at the highest concentration (Vestena et al., 2001). In contrast, O. corniculata exhibited comparatively milder phytotoxic effects. The 5 g extract reduced shoot length to 6.4 cm, followed by 3.2 cm at 10 g and 2.7 cm at 15 g concentrations. Interestingly, when the extracts of both weeds were applied in combination, the response differed markedly. The mixture treatment resulted in a significant increase in shoot length, reaching 9.0 cm compared with 6.6 cm in the control, suggesting that certain allelochemicals from the two species may have antagonized each other’s inhibitory effects or possibly produced a mild stimulatory interaction (Pérez-Peralta et al., 2019). Statistical analysis confirmed that the reductions in shoot length caused by the individual extracts were significant at p < 0.05, while the mixed extract treatment was not significantly different from the control (p > 0.05). Overall, the results indicate that the allelopathic activity of E. helioscopia was stronger than that of O. corniculata and that mixed shoot extracts may mitigate the inhibitory effects observed when the species act individually.

                                
Fig. 3. Effect of fresh shoot extract of Euphorbia helioscopia and Oxalis corniculata on the Shoot length of Triticum aestivum. T1= Control, T2= 5g (E. helioscopia), T3= 10g (E. helioscopia), T4= 15g (E. helioscopia), T5= 5g (O. corniculata), T6= 10g (O. corniculata), T7= 15g (O. corniculata), T8= Mixture. 


Effects of Fresh Root Extract of Euphorbia helioscopia and Oxalis corniculata on Shoot Length of Triticum aestivum.
The fresh root extracts of Euphorbia helioscopia L. and Oxalis corniculata L. exerted a pronounced inhibitory effect on the shoot length of Triticum aestivum L., and the degree of inhibition varied with both species and concentration (Fig. 4). For E. helioscopia, the 5 g root extract treatment reduced shoot length to 1.4 cm, while the 10 g and 15 g concentrations resulted in mean shoot lengths of 3.0 cm and 3.2 cm, respectively. Although inhibition was evident at all concentrations, the slight increase at higher doses suggests a non-linear, concentration-dependent response, possibly due to partial detoxification or hormetic effects at elevated concentrations.
[bookmark: _Hlk212392082]In the case of O. corniculata, shoot growth was also significantly reduced at all concentrations tested. The 5 g, 10 g, and 15 g treatments decreased shoot length to 7.4 cm, 1.6 cm, and 3.3 cm, respectively, as compared to 8.1 cm in the control (Solé et al., 2006). The strongest inhibitory effect was observed at the 10 g concentration, which reduced shoot length by nearly 80% relative to the control. When both root extracts were combined, the mixture treatment reduced the mean shoot length to 5.5 cm, demonstrating an intermediate effect between the two species. This pattern suggests that allelochemicals from E. helioscopia and O. corniculata may interact antagonistically when present together, thereby lessening the overall phytotoxic impact observed with their individual applications. Statistical analysis revealed that all treatments caused significant reductions in shoot length compared with the control (p < 0.05), confirming the inhibitory influence of both weed root extracts (Vestena et al., 2001). Overall, the findings indicate that root extracts of both weeds negatively affect shoot elongation in wheat, with E. helioscopia showing a stronger suppressive effect at lower concentrations, while O. corniculata exhibited maximum inhibition at moderate doses (Singh, 2010).

                                 
Fig.4. Effects of fresh root extract of Euphorbia helioscopia and Oxalis corniculata on shoot length of Triticum aestivum. T1= Control, T2= 5g (E. helioscopia), T3= 10g (E. helioscopia), T4= 15g (E. helioscopia), T5= 5g (O. corniculata), T6= 10g (O. corniculata), T7= 15g (O. corniculata), T8= Mixture.
Effect of Fresh Shoot Extract of Euphorbia helioscopia and Oxalis corniculata on Root Length of Triticum aestivum. 
The fresh root extracts of Euphorbia helioscopia L. and Oxalis corniculata L. exhibited variable allelopathic effects on the root length of Triticum aestivum L., showing a clear concentration-dependent response (Figure 5). In the case of E. helioscopia, the 5 g root extract showed no measurable impact on root elongation, maintaining root length comparable to that of the control. However, the 10 g extract significantly (p < 0.05) reduced the mean root length to 1.5 cm, and the 15 g treatment completely inhibited root development, demonstrating the strong phytotoxic potential of its root-derived compounds. For O. corniculata, increasing extract concentration progressively decreased root length. The 5 g, 10 g, and 15 g treatments reduced the average root length to 4.5 cm, 2.5 cm, and 2.1 cm, respectively, compared with 5.3 cm in the control. This consistent decline suggests that the allelochemicals present in the roots of O. corniculata effectively restrict root elongation in wheat seedlings. Statistical evaluation (one-way ANOVA) confirmed that reductions caused by both weeds at 10 g and 15 g concentrations were highly significant (p < 0.01) relative to the control. Overall, these results indicate that root extracts of E. helioscopia exert stronger inhibitory effects than those of O. corniculata, completely suppressing root growth at higher concentrations. The findings also reveal that root tissues are a major source of allelopathic compounds capable of drastically altering root elongation in wheat.

                         
Fig.5. Effect of fresh shoot extract of Euphorbia helioscopia and Oxalis corniculata on root length of Triticum aestivum. T1= Control, T2= 5g (E. helioscopia), T3= 10g (E. helioscopia), T4= 15g (E. helioscopia), T5= 5g (O. corniculata), T6= 10g (O. corniculata), T7= 15g (O. corniculata), T8= Mixture.
Effects of Fresh Root Extract of Euphorbia helioscopia and Oxalis corniculata on Root Length of Triticum aestivum.
The influence of fresh root extracts of Euphorbia helioscopia L. and Oxalis corniculata L. on the radicle length of Triticum aestivum L. showed a complex, non-linear response pattern that was not strictly dependent on extract concentration (Fig. 6). For E. helioscopia, statistical analysis indicated fluctuating effects across concentrations. The 5 g root extract reduced the mean radicle length to 2.7 cm, the 10 g treatment increased it slightly to 3.7 cm, while the 15 g extract further enhanced radicle elongation to 4.5 cm. These variable outcomes suggest that the inhibitory potential of E. helioscopia root extract may decrease at higher concentrations, possibly due to compound degradation or interactions that offset toxicity.
When both plant extracts were applied in combination, the mixture treatment significantly (p < 0.05) increased radicle length to 7.3 cm, exceeding the control value. This result indicates a potential antagonistic or stimulatory interaction between allelochemicals of the two weed species, leading to partial alleviation of inhibitory effects observed when they act separately. For O. corniculata, the response was similarly variable. The 5 g root extract enhanced wheat radicle length to 7.6 cm compared to 6.9 cm in the control, while higher concentrations of 10 g and 15 g reduced it to 4.4 cm and 4.1 cm, respectively. This biphasic pattern suggests a hormetic effect, where low concentrations of allelopathic compounds may stimulate growth, but higher concentrations become inhibitory. Overall, these findings demonstrate that the effects of root extracts on radicle elongation are species- and dose-dependent, with E. helioscopia showing variable inhibition and O. corniculata exhibiting mild stimulation at low doses. The mixture treatment’s enhancement of radicle growth further supports the hypothesis of complex interactions among allelochemicals when both species are present simultaneously.

             
Fig.6. Effects of fresh root extract of Euphorbia helioscopia and Oxalis corniculata on root length of Triticum aestivum. T1= Control, T2= 5g (E. helioscopia), T3= 10g (E. helioscopia), T4= 15g (E. helioscopia), T5= 5g (O. corniculata), T6= 10g (O. corniculata), T7= 15g (O. corniculata), T8= Mixture.


[bookmark: OLE_LINK296]Effect of Fresh Shoot Extract of Euphorbia helioscopia and Oxalis corniculata on the Number of Roots of Triticum aestivum.
The number of roots produced by Triticum aestivum L. seedlings was significantly influenced by the application of fresh shoot extracts of Euphorbia helioscopia L. and Oxalis corniculata L., with the inhibitory effect intensifying as extract concentration increased (Figure 7). For O. corniculata, both 5 g and 10 g concentrations of shoot extract reduced the mean number of roots per seedling to 5, while the 15 g treatment further decreased it to 4. This indicates a clear dose-dependent reduction in root formation relative to the control, which produced an average of 6 roots. Similarly, E. helioscopia displayed strong allelopathic activity against wheat root development. The 5 g and 10 g treatments reduced the number of roots to 5, and the 15 g concentration completely inhibited root production, suggesting the presence of highly phytotoxic compounds in its shoot tissues that interfere with root initiation and elongation processes. Interestingly, when the mixture of both weed extracts was applied, the average number of roots remained unchanged from the control (6 roots). This outcome implies that certain allelochemicals from E. helioscopia and O. corniculata may act antagonistically, neutralizing each other’s inhibitory effects when combined.
Statistical analysis (one-way ANOVA) confirmed that the reductions observed for individual weed extracts were significant (p < 0.05) compared with the control, whereas the mixed treatment showed no significant difference (p > 0.05). Overall, these findings reveal that the fresh shoot extracts of both weeds negatively affect root initiation in wheat, with E. helioscopia exhibiting complete inhibition at higher concentrations, while mixed extracts appear to mitigate the overall phytotoxic impact.

                                  
Fig.7. Effect of Fresh Shoot Extract of Oxalis corniculate and Euphorbia helioscopia on the Number of Roots of Triticum aestivum. T1= Control, T2= 5g (O. corniculata), T3= 10g (O. corniculata), T4= 15g (O. corniculata), T5= 5g (E. helioscopia), T6= 10g (E. helioscopia), T7= 15g (E. helioscopia), T8= Mixture.
Effect of Fresh Root Extract of Euphorbia helioscopia and Oxalis corniculata on the Number of Roots of Triticum aestivum. 
The application of fresh root extracts of Euphorbia helioscopia L. and Oxalis corniculata L. resulted in a notable reduction in the number of roots developed by Triticum aestivum L. seedlings compared with the control (Fig. 8). The degree of inhibition varied with both species and concentration, indicating a differential allelopathic response.
For O. corniculata, the 5 g, 10 g, and 15 g concentrations of root extract reduced the mean root number in wheat seedlings to 4, 3, and 5, respectively. Although inhibition was observed at all concentrations, the irregular pattern across doses suggests that the phytotoxic activity of O. corniculata roots may not follow a strictly linear trend, possibly due to interactions among allelochemical compounds at higher concentrations. Similarly, the root extracts of E. helioscopia displayed strong suppressive effects on root formation. The 5 g, 10 g, and 15 g treatments resulted in average root numbers of 2, 4, and 5, respectively, compared with 6 roots in the control. The lowest number of roots was observed at 5 g, indicating that even low concentrations of E. helioscopia root extract contains sufficient allelopathic compounds to inhibit root initiation substantially. When the mixture of both weed root extracts was applied, the mean root number was 5, showing a moderate reduction compared with the control, but less inhibition than that caused by individual extracts. This suggests that certain allelochemicals from the two species may counteract each other when combined, leading to a partial neutralization of their individual inhibitory effects. Statistical analysis revealed that all treatments except the mixed extract were significantly different from the control (p < 0.05). Overall, these findings indicate that both E. helioscopia and O. corniculata root extracts negatively affect root formation in wheat, though the intensity of inhibition fluctuates with concentration, and combined applications result in less pronounced effects than single-species treatments.

                                                     
 Fig.8. Effect of Fresh Root Extract of Oxalis corniculate and Euphorbia helioscopia on the Number of Roots of Triticum aestivum. T1= Control, T2= 5g (O. corniculata), T3= 10g (O. corniculata), T4= 15g (O. corniculata), T5= 5g (E. helioscopia), T6= 10g (E. helioscopia), T7= 15g (E. helioscopia), T8= Mixture.
Effects of Mulch of Oxalis corniculata and Euphorbia helioscopia on Germination Percentage of Triticum aestivum.
The combined allelopathic influence of Euphorbia helioscopia L. and Oxalis corniculata L. on the germination of Triticum aestivum L. exhibited distinct variations compared with their individual effects (Fig. 9). When applied separately, O. corniculata reduced wheat seed germination by approximately 40%, while E. helioscopia caused a markedly stronger inhibition of 80% relative to the control. However, when fresh shoot extracts of both weeds were mixed and applied together, germination percentage remained comparable to the control, showing no significant difference (p > 0.05). This outcome indicates a possible antagonistic interaction between the allelochemicals released by the two weed species. Compounds present in O. corniculata may have neutralized or counterbalanced the phytotoxic constituents of E. helioscopia, thereby preventing the severe inhibition observed when the extracts were used individually. Overall, the results suggest that while each weed species independently exerts a strong inhibitory effect on wheat germination, particularly E. helioscopia, their combined extracts exhibit minimal or no suppression, highlighting the complex nature of allelopathic interactions between coexisting weed species.

                          
      Fig.9. Effects of Mulch of Oxalis corniculata and Euphorbia helioscopia on Germination Percentage of Triticum aestivum. T1= control, T2= O. corniculata, T3= E. helioscopia, T4= Mixture.
Effects of Mulch of Oxalis corniculata and Euphorbia helioscopia on Shoot Length of Triticum aestivum.
The combined application of fresh shoot extracts of Euphorbia helioscopia L. and Oxalis corniculata L. exhibited a measurable effect on the shoot length of Triticum aestivum L., with clear differences between individual and combined treatments (Fig. 10). When applied individually, O. corniculata caused a slight reduction in wheat shoot length, decreasing it from 4.8 cm in the control to 4.6 cm, indicating a mild inhibitory effect. In contrast, E. helioscopia exerted a more pronounced phytotoxic impact, reducing the mean shoot length to 2.7 cm, which represents a substantial suppression of shoot elongation relative to the control. The combined treatment of both weed extracts resulted in an intermediate effect, producing a mean shoot length of 3.3 cm. Although this value is lower than that of the control, it was notably higher than that recorded for E. helioscopia alone, suggesting a partial neutralization or antagonism between the allelochemicals of the two species when applied together. Statistical analysis confirmed that the inhibitory effect of E. helioscopia was highly significant (p < 0.01) compared with the control, whereas reductions observed for O. corniculata and the combined treatment were moderate and not statistically significant (p > 0.05). These results demonstrate that E. helioscopia possesses stronger shoot growth–inhibiting potential than O. corniculata, but when both species are present simultaneously, their interaction appears to attenuate the overall inhibitory effect on wheat shoot development.


  Fig.10. Effects of Mulch of Oxalis corniculata and Euphorbia helioscopia on shoot length of Triticum aestivum. T1= control, T2= O. corniculata, T3= E. helioscopia, T4= Mixture.
Effects of Mulch of Oxalis corniculata and Euphorbia helioscopia on Root Length of Triticum aestivum.
The results of the combined fresh extract treatments revealed a significant inhibitory effect on the root growth of Triticum aestivum L. compared with the control (Fig. 11). Statistical analysis confirmed that all treatments caused a significant reduction (p < 0.05) in root elongation. Application of O. corniculata extract alone reduced the mean root length of wheat seedlings to 5.0 cm, while E. Helioscopia extract produced a comparable value of 5.2 cm. Both treatments resulted in nearly 50% inhibition relative to the control, which recorded an average root length of 10.8 cm. When extracts of both weed species were applied together, the mixture treatment produced a mean root length of 5.6 cm. Although still markedly lower than the control, this reduction was slightly less severe than that caused by either extract individually. This pattern suggests that the allelochemicals present in E. helioscopia and O. corniculata may interact antagonistically when combined, leading to partial mitigation of the inhibitory effects observed under single-species treatments (Agyei et al., 2023). Overall, these findings confirm that both E. helioscopia and O. corniculata possess strong allelopathic potential capable of suppressing root elongation in wheat, but their combined application results in a moderate reduction rather than an additive or synergistic effect.

                       
Fig.11. Effects of Mulch of Oxalis corniculata and Euphorbia helioscopia on root length of Triticum aestivum. T1= control, T2= O. corniculata, T3= E. helioscopia, T4= Mixture.
Effects of Mulch of Oxalis corniculata and Euphorbia helioscopia on Numbers of Roots of Triticum aestivum. 
The combined and individual effects of Euphorbia helioscopia L. and Oxalis corniculata L. fresh extracts on the root number of Triticum aestivum L. seedlings are presented in (Fig. 12). Statistical analysis revealed that both weed species, when applied individually, caused a significant reduction (p < 0.05) in root number relative to the control, indicating strong inhibitory activity on root initiation. Application of O. corniculata extract markedly reduced the mean number of roots per seedling, while E. Helioscopia exhibited an even greater suppressive effect, resulting in a pronounced decline in root formation. This suggests that allelochemicals present in both species interfere with early root differentiation and lateral root development in wheat. Interestingly, when extracts of both weed species were combined, the mixture treatment slightly enhanced the mean root number compared with the control. Although this increase was minimal and statistically non-significant (p > 0.05), it indicates a possible antagonistic interaction between the inhibitory compounds of the two weeds. The mutual presence of both species’ allelochemicals may have partially neutralized each other’s phytotoxic effects, thereby allowing limited root proliferation. Overall, these findings show that E. helioscopia and O. corniculata individually inhibit root formation in wheat, but their combined application tends to mitigate this inhibition, leading to a slight increase in root number relative to untreated control plants (AL-Jobori et al., 2014).

                                  
Fig.12.Effects of Mulch of Oxalis corniculata and Euphorbia helioscopia on the numbers of roots of Triticum aestivum. T1= control, T2= O. corniculata, T3= E. helioscopia, T4= Mixture. 
Effects of Mulch of Oxalis corniculata and Euphorbia helioscopia on the Number of Leaves of Triticum aestivum.
The influence of combined and individual fresh extracts of Euphorbia helioscopia L. and Oxalis corniculata L. on the number of leaves of Triticum aestivum L. seedlings is shown in Figure 13. Statistical analysis revealed that both weeds, when applied individually, caused a significant reduction (p < 0.05) in leaf number compared with the control, demonstrating a clear allelopathic inhibition of foliar development. Application of O. corniculata extract resulted in a noticeable decrease in the number of leaves per seedling, while E. helioscopia exhibited an even stronger inhibitory effect, significantly suppressing leaf emergence and expansion. The reduction in leaf number under both treatments indicates that allelochemicals released by these species may interfere with photosynthetic tissue formation and meristematic activity in young wheat plants.
In contrast, when extracts of both weeds were combined, the mixture treatment showed no significant difference from the control, indicating that the combined allelochemicals did not hinder leaf production. This outcome suggests a potential antagonistic or neutralizing interaction between the chemical constituents of E. helioscopia and O. corniculata, which may have reduced the overall phytotoxicity observed in single-species treatments. Overall, these findings confirm that E. helioscopia and O. corniculata individually have a strong suppressive effect on leaf initiation and development in wheat seedlings, while their combination neutralizes these inhibitory effects, maintaining leaf number comparable to that of the untreated control.

                                     
Fig.13. Effects of Mulch of Oxalis corniculata and Euphorbia helioscopia on the number of leaves of Triticum aestivum. T1= control, T2= O. corniculata, T3= E. helioscopia, T4= Mixture.
Effects of Mulch of Oxalis corniculata and Euphorbia helioscopia on the Leaf area of Triticum aestivum.
The effects of Euphorbia helioscopia L. and Oxalis corniculata L. fresh extracts, applied individually and in combination, on the leaf area of Triticum aestivum L. seedlings are presented in Figure 14. Statistical analysis revealed that both weed species individually caused a significant reduction (p < 0.05) in wheat leaf area relative to the control, while their combined extract exhibited a stimulatory effect. Application of O. corniculata extract reduced the mean leaf area of wheat seedlings to 1.2 cm², whereas E. helioscopia caused a more pronounced inhibition, decreasing leaf area to 0.9 cm². This reduction reflects the phytotoxic nature of allelochemicals released by both species, which likely interfere with chlorophyll synthesis and cell expansion in developing leaves. In contrast, when extracts of both weeds were applied together, the mixture treatment significantly enhanced leaf area to 2.1 cm², compared with 1.5 cm² in the control. This unexpected increase suggests a potential antagonistic or hormetic interaction between allelochemicals of the two species, wherein compounds from one plant may neutralize or balance the inhibitory constituents of the other, resulting in mild stimulation of leaf growth. These results highlight that while both E. helioscopia and O. corniculata individually exhibit strong allelopathic suppression of wheat leaf development, their combined extracts can reverse inhibition and even promote foliar expansion under laboratory conditions.


Fig.14. Effects of Mulch of Oxalis corniculata and Euphorbia helioscopia on leaf area of Triticum aestivum. T1= control, T2= O. corniculata, T3= E. helioscopia, T4= Mixture. 

 4. DISCUSSION
The present study investigated the allelopathic effects of fresh shoot and root extracts as well as dry powders of Euphorbia helioscopia L. and Oxalis corniculata L. on the germination and early growth of Triticum aestivum L. The findings revealed that both fresh extracts and dry powders significantly inhibited multiple growth parameters of wheat, including germination percentage, shoot and root length, leaf area, and the number of roots and leaves. These results are in close agreement with previous research and confirm that both species possess strong allelopathic potential (Miquilena, 2025). The results demonstrated that aqueous extracts from the fresh shoots and roots of E. helioscopia and O. corniculata markedly reduced wheat germination percentage (Figures 1 and 2). Similar inhibitory effects were reported by (Gomes & Christoffoleti (2008), who observed that E. helioscopia extracts reduced germination in both wheat and chickpea. This suppression may be attributed to the presence of allelochemicals such as phenolics, terpenoids, and flavonoids, which are known to disrupt hormonal regulation, water uptake, and enzymatic processes essential for seed germination. Such compounds may inhibit α-amylase and protease activity, thereby delaying or preventing the mobilization of seed reserves required for germination. The observed reduction in shoot length following treatment with both weeds’ extracts (Figures 3 and 4) aligns with the findings of Saleh and Fujii (1992), Ullah et al. (2018), and Gutierrez & Paggi (2014). These studies reported that E. helioscopia and O. corniculata extracts inhibited shoot elongation in wheat and pea, similar to our results. In the present study, the severity of inhibition increased with extract concentration, suggesting a dose-dependent allelopathic response. The reduced shoot length may result from the disruption of cell elongation and division caused by allelochemicals interfering with auxin and gibberellin metabolism (Ullah et al., 2025). Interestingly, the mixture of both weed extracts enhanced shoot length compared to individual treatments, implying a possible antagonistic interaction or biochemical neutralization between the phytotoxic compounds of the two species (Ismail et al., 2015). This finding warrants further biochemical investigation to identify the active allelochemicals and understand their interaction dynamics. The inhibitory effects of both weeds on root elongation (Figures 5 and 6) are consistent with the reports of Adam (2016) and Leitão et al. (2018), who found that E. helioscopia, Sisymbrium irio, Cannabis sativus, and O. corniculata extracts suppressed root development in cereals and legumes. In our study, both species significantly reduced root length and root number at higher concentrations. The inhibition of root growth may be due to the interference of allelochemicals with mitotic activity in root apical meristems or the induction of oxidative stress, which impairs root elongation and branching (Ullah et al., 2024). The root system is generally more sensitive to allelopathic interference because it is in direct contact with the applied extract or soil residues. The allelopathic influence varied with concentration, as the inhibitory response did not follow a strictly linear pattern. Some low-concentration treatments (5 g) showed slight stimulation in certain parameters, indicating a hormetic effect, where low levels of allelochemicals may act as growth stimulants (Ullah et al., 2018). This pattern contrasts with the findings of Marwat et al. (2008), who reported that rice stem extracts consistently suppressed growth parameters (Assefa et al., 2025). The variability in our results underscores the need to consider concentration gradients when assessing allelopathic potential, as the threshold between stimulatory and inhibitory doses can vary among target species (Hovanet et al., 2015). The application of dry shoot powders of both weeds resulted in decreased germination percentage, shoot and root length, leaf area, and the number of roots and leaves in wheat. However, the mixture of both weed powders had a comparatively milder impact, significantly reducing only shoot and root lengths (Gopal & Goel, 1993). This differs from the findings of Ismail et al. (2015), who observed that combinations of multiple weed extracts produced synergistic stimulatory effects on certain wheat cultivars. The discrepancy may arise from differences in species composition, extraction method, or chemical profile of the tested weeds (Asif et al., 2025). It is plausible that the positive or neutral effects observed in mixed treatments are due to mutual neutralization of allelochemicals or the presence of compounds that modify the toxicity of others. Previous phytochemical analyses of E. helioscopia have identified compounds such as diterpenoids, triterpenoids, flavonoids, tannins, and lipids (Moraes et al., 2012; Yarnia, et al., 2024), while O. corniculata is known to contain phenolic acids and oxalates (Shar et al., 2025). These compounds have been widely reported for their phytotoxic and allelopathic activity, capable of inhibiting enzyme systems, disrupting cell membrane integrity, and suppressing photosynthetic efficiency. The pronounced effects observed in the current study, particularly for E. helioscopia, may be attributed to these secondary metabolites acting either singly or synergistically. The differential allelopathic effects observed between the two weeds and their mixtures highlight the complex nature of plant–plant biochemical interactions (Adam et al., 2016). The antagonistic or neutral responses in mixed treatments suggest that the allelopathic impact of weeds on crops cannot be predicted solely from individual species behavior (Acheampong et al., 2023). Future studies should focus on isolating and characterizing specific allelochemicals from E. helioscopia and O. corniculata, examining their mode of action, and testing their effects under field conditions. Such research could contribute to the development of natural bioherbicides and ecologically sustainable weed management strategies (Agyei et al., 2023).
5. CONCLUSION
This study confirmed that Euphorbia helioscopia L. and Oxalis corniculata L. possess strong allelopathic potential that significantly affects the germination and early growth of Triticum aestivum L. Both fresh extracts and dry powders of these weeds inhibited germination, shoot and root length, and other growth parameters of wheat. Among the two, E. helioscopia showed stronger inhibitory effects than O. corniculata. The results also revealed that allelopathic effects were concentration-dependent, and interestingly, the mixture of both weeds often reduced or neutralized inhibition, suggesting antagonistic interactions between their allelochemicals. Overall, the findings indicate that both weeds release bioactive substances capable of suppressing wheat growth. These results provide useful insight into weed–crop interactions and suggest that E. helioscopia and O. corniculata could be further explored for developing natural, eco-friendly bioherbicides.
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