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Influence of Allelochemicals from Euphorbia helioscopia L. and Oxalis corniculata L. on the Germination and Seedling Development of Triticum aestivum L

[bookmark: _GoBack]                                                          Abstract 
Allelopathy is a biological phenomenon by which an organism produces one or more biochemicals that influence the germination, growth, survival, and reproduction of other organisms. The present study aimed to observe the allelopathic potential of selected weeds (Euphorbia helioscopia L. and Oxalis corniculate L.) on Triticum aestivum L. The experiment was conducted in a completely randomized design (CRD) by taking three replicates of each treatment. Fresh shoots and roots were soaked in 100 ml of distilled water to make solutions of 5 %, 10%, and 15 % w/v (weight/volume). Dry powder mixed with sterile sand for mulching purposes. All the fresh contents were filtered and then applied to wheat in sterilized petri dishes. A control was also run, for which only distilled water was used. Data was recorded after 72 hours of the incubation period at 25 ℃. Results showed that aqueous extract of fresh shoots of both weeds reduced plumule and radical length, root numbers, and germination percentage of wheat. The shoot mixture of both weeds enhanced radical length up to 6.2 cm as compared to the control (5.3 cm) and plumule length up to 9 cm as compared to the control (6.6 cm). The fresh root extract of both weeds also reduced plumule length, radical length, root numbers, and germination percentage of wheat. 5g of fresh root extract enhanced radical length up to 7.6 cm, and the mixture of both weeds enhanced radical length up to 7.3 cm as compared to the control (6.9 cm). Data collected from mulching showed that both E. helioscopia and O. corniculata reduced plumule and radical length, leaf area, leaves and roots numbers, and germination percentage of wheat. The mixture of both weeds does not affect the germination percentage of wheat, enhances root numbers, and increases leaf area to 2.1 cm² as compared to the control (1.5 cm²). It is concluded that E. helioscopia and O. corniculata produce certain chemical substances that hinder the germination and growth of Triticum aestivum. It is suggested that E. helioscopia and O. corniculata have strong allelopathic potential, and it might be further tested for its insecticidal and weedicidal activities.
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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. Allelochemicals can have both beneficial and detrimental effects on other organisms (Einhellig, 2002). Allelochemicals are secondary metabolites that are not required directly in metabolism but are produced as byproducts in primary metabolic pathways (stamp & Nancy, 2003). Allelochemicals include many compounds like coumarins, flavonoids, tannins, alkaloids, phenolic compounds, terpenoids, steroids, glycosides, quinines, benzoic acids and their derivatives, and cyanohydrins (Einhellig, 2002). These can occur in various parts of plants such as stems, leaves, roots, rhizoids, flowers, and seeds (Farooq M et al., 2011). 
Euphorbia helioscopia L. is a herbaceous annual plant. it is classified within the family Euphorbiaceae. Euphorbia helioscopia L. is a common weed also known as sun spurge (in English it's called madwoman's milk or wolf's milk).  The entire plant body has significant medicinal value and is commonly used to treat some conditions, such as ascites, edema, pulmonary tuberculosis, tinea, and cervical tuberculous lymphadenitis (Feng et al., 2009; Feng et al., 2010; Li,2007). It commonly grows in Gardens, vegetable patches, fields, soil heaps, and waste ground. Its fruit is a long, 3-valved, glossy, and glabrous capsule, and its seeds are reddish-brown and strongly honeycombed (Fyles, 1919). Over the past four decades, several research groups have isolated various kinds of secondary metabolites from Euphorbia helioscopia, including diterpenoids, triterpenoids, flavonoids, tannins, and lipids (Durrani et al., 1967; Zhang et al., 2006). 
Oxalis corniculata L. is a perennial herb, commonly known as creeping wood sorrel, belonging to the family Oxalidaceae. It is a herbaceous plant with somewhat delicate-appearing, grows low to the ground and are abundantly distributed in damp shady places, roadsides, plantations, lawns, and nearly all warmer regions (Mohammad and Mir, 2000). It is a creeping perennial herb with dark brown roots and soft red-brown stems. Its flower is Yellow, axillary, and sub-umbellate, and its fruit is cylindrical capsules. it is remarkable for having the ability to spread and invade greenhouses. The leaves are found to be rich in moisture, total carbohydrates, crude protein, crude lipid, and minerals; it can also serve as an alternative vegetable during times of emergency (Raghvendra et al., 2006). 
Khan et al. (2008) researched the allelopathic effects of the water extract of Eucalyptus camaldulensis L. on the germination and growth of wheat seedlings. Extracts of 10%, 15%, and 20% concentrations inhibited wheat germination, with higher concentrations showing greater inhibition compared to the control. Jabeen & Ahmed (2009) investigated the allelopathic impacts of three weeds, namely Onion weed (Asphodelus tenuifolius Cavase), pill-bearing spurge (Euphorbia hirta Linn), and Fumitory (Fumaria indica) and on the growth of maize plant. Their study revealed varying responses of different weed species to the maize. They found that Onion weed and Fumitory inhibited maize germination and germination index. Shabbir & Javaid (2010), examined the parthenium distribution and allelopathic effects of parthenium on maize, Comparing it with native asteraceous weed species found in the wastelands of Lahore district. Various concentrations of chosen weed extracts did not inhibit maize germination, except for a higher (15%) concentration of S. arvensis, which led to a 28% decrease in germination rate in comparison to the control. Khan (2011) examined the allelopathic effects of several weed species on various plants including Zea mays. Maize seeds showed maximum germination and growth, while weed extracts significantly reduced germination and other parameters. Phragmites australis completely inhibited seed germination. Tanveer et al. (2012) investigated the phytotoxic activity of Euphorbia dracunculoides Lam. on chickpea and wheat germination and seedling growth. Aqueous fractions significantly suppressed chickpea germination and reduced root and shoot length and biomass in both wheat and chickpea. Organic fractions, particularly n-hexane, also showed suppressive effects on the test species. Nasira et al. (2013) used powders derived from three weed species namely Asphodelus tenuifolius, Euphorbia hirta, and Fumaria indica as treatments with ratios of 10, 25, 50, and 100 g mixed with 500 g of soil in wheat cultivation. Asphodelus tenuifolius at 10 and 25 g/500 g soil increased wheat germination, while the other two species at concentrations of 25, 50, and 100g/500 g soil reduced it at higher concentrations. All weed powder treatments had varied effects on plant height and weight, with Asphodelus tenuifolius and Fumaria indica substantially reducing them. E.  hirta indicated nonsignificant impacts on the height of the wheat plant but reduced fresh and dry shoot weight significantly. Abbas et al. (2014) explored the allelopathic effects of water extracts and remains from five aquatic weeds (Alternanthera philoxeroides, Alternanthera sessilis, Conyza stricta, Polygonum barbatum, and Echinochloa crus-galli) on germination and initial growth of wheat. Both extracts and residues suppressed wheat germination and seedling growth, with higher concentrations having stronger inhibitory effects. Aqueous extracts were more detrimental compared to soil-incorporated residues. Mubarik et al. (2015) researched the allelopathic effects of water extracts from various weeds on the germination and growth of maize seedlings. All extracts significantly inhibited maize germination and plantlet growth compared to the control. The highest inhibition (21.25%) was seen with Trianthema portulacastrum L. extract, while Galium aparine L. promoted the greatest root formation. Anwar et al. (2017) investigated the impact of Euphorbia helioscopia water extracts and dry powder of leaves on the germination percentage and seedling growth of several plant species. They found that the aqueous extract decreased growth compared to the control, while the dry powder inhibited germination. Hassan et al. (2018) investigated the allelopathic effect of Parthenium hysterophorus on various crops and weeds. They found that increasing concentrations of P. hysterophorus significantly affected all parameters studied in the test species.
Triticum aestivum L. (common wheat), is classified under the family Poaceae. It is the most cultivated cereal crop in the world after rice and maize and is used as a staple food worldwide. It is the annual grass that is mostly used in cooking and baking and in addition, it has many medicinal uses (Kirby 2002). Wheat was among the first species which are domesticated by humans (Zohary, Hopf & Weiss 2012).
Method and material: 
The present study aimed to observe the allelopathic potential of Euphorbia helioscopia and Oxalis corniculata on Triticum aestivum var. Pirsabaq 2015. For this purpose lab experiment was performed and 6 parameters i.e. shoot length, radical length, root numbers, leaf numbers, leaf area, and germination percentage were recorded for the data analysis. In this experiment, the method of Braktullah et al., (2010) was used. 
Preparation of fresh extracts:
Fresh shoots and roots were collected from selected weeds and properly washed with ethanol and distilled water to remove dust and microbes. Then fresh shoots and roots were chopped using a mortar and pestle to prepare the fresh extracts. Aqueous extracts of three concentrations 5 %, 10 %, and 15 % were prepared in 100 ml of distilled water from collected and sterilized shoots and roots of both weeds and filtered after 48 hours.  Mixtures of shoots and roots from both weeds were also prepared. 
Preparation of dry powder for mulching:
Fresh shoots of both weeds were allowed to dry for 20 days. After drying these shoots were grind in a food processor for the extraction purpose. Three concentrations of 5 g, 10g, and 15 g were prepared from dried shoots of both weeds and were mixed with sterilized sand in disposable glasses (covered with paper) for mulching and the mixture of shoots from both weed’s dry powder was also mixed with sterilized sand. 
Experiment: 
 Three replicates of each treatment of shoot and root extract E. helioscopia and O.corniculata were Prepared. Petri dishes were sterilized for preparation and provided with double-folded filter paper. 5 seeds of Triticum aestivum L. were put in each petri dish and different roots and shoots extracts were then applied to the filter paper and seeds. Different concentrations of shoot and root extracts were provided after each 24th hour. The petri dishes were placed in an incubator at 25 ℃ for 72 hours. Three replicates of control petri dishes were also prepared, and distilled water was applied to the control petri dishes. For mulching, three disposable glasses were prepared for each treatment of both weed species using dry shoot powder of both weeds mixed with sterilized sand at various concentrations. Three replicates of control glasses, containing only sterilized sand, were Prepared. Each glass, covered with paper, was provided with 5 wheat seeds and kept for 14 days at room temperature. Distilled water was regularly provided to glasses. 

Statistical analysis:
Data obtained from Petri dishes and disposable glasses was statistically analyzed by using one-way ANOVA. The given data are the mean of three replicates. The bars represent standard error. Asterisks represent significant differences at a probability level of * P < 0.05, ** P < 0.01, *** P < 0.001.  
RESULTS:
Effects of Fresh Shoot Extract of Euphorbia helioscopia and Oxalis corniculata on Germination Percentage of Triticum aestivum.
It was observed that 5 g of fresh shoot extract of O. corniculata inhibited 54% of germination, 10 g inhibited 60 % and 15 g inhibited 67 % of germination of wheat while 5 g and 10 g of E. helioscopia inhibited 54 % and 74 %, and 15 g completely inhibited germination in wheat. The mixture of both weeds inhibited 33 % of germination in wheat as compared to the control. 

                                  
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= 15 (E. helioscopia), T8= Mixture. 
Effects of Fresh Root Extract of Euphorbia helioscopia and Oxalis corniculata on Germination Percentage of Triticum aestivum.
Fresh root extracts of Oxalis corniculata at concentrations of 5g, 10g, and 15g were found to inhibited wheat germination by 34 %, 40 %, and 54% respectively. Similarly, root extracts of Euphorbia helioscopia at concentrations of 5g, 10g, and 15g inhibited wheat germination by 67 %, 54 %, and 80 % respectively. 

                               
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= 15 (E. helioscopia), T8= Mixture.
Effect of Fresh Shoot Extract of Euphorbia helioscopia and Oxalis corniculata on Shoot Length of Triticum aestivum:
It was observed that as the concentration of fresh shoot extract was increased from 5 to 15 g, inhibitory effects on test specie was also increased. 5 g of fresh shoot extract of Euphorbia helioscopia reduced shoot length to 1.7 cm, followed by 10 g and 15 g (1 and 0 cm). Similarly, 5 g of fresh shoot extract of Oxalis corniculata reduced shoot length to 6.4 cm followed by 10 and 15 g (3.2 and 2.7 cm). But together, in the mixture, they increased the shoot length of the test specie (wheat) to 9 cm as compared to the control (6.6 cm). 

   
                             
Figure. 3. Effect of fresh shoot extract of Euphorbia helioscopia and Oxalis corniculata on Shoot length of Triticum aestivum. T1= Control, T2= 5g (E. helioscopia), T3= 10g (E. helioscopia), T4= 15 (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.
5g of Euphorbia helioscopia root extract reduced shoot length to 1.4 cm, 10g reduced it to 3cm and 15 g reduced it to 3.2 cm while 5 g, 10 g, and 15g of root extract of Oxalis corniculata reduced the shoot length of test specie to 7.4, 1.6, and 3.3 cm and the mixture of both weeds reduced shoot length to 5.5 cm as compared to control (8.1cm). 

                                 
Fig.4. Effects of fresh root extract of Euphorbia helioscopia and Oxalis cornuculata on shoot length of Triticum aestivum. T1= Control, T2= 5g (E. helioscopia), T3= 10g (E. helioscopia), T4= 15 (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. 
It was found that 5g of E. helioscopia root extracts did not affect the root length of wheat, but 10g reduced it to 1.5 cm, and 15g completely inhibited root length. For O. corniculata, increasing the concentration of fresh shoot extracts led to a decrease in root length: 5g reduced it to 4.5 cm, 10g to 2.5 cm, and 15g to 2.1 cm compared to the control’s 5.3 cm.

                         
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= 15 (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 study found that the changes in the radicle length of wheat were not dependent on the concentration of fresh root extract from either E. helioscopia or Oxalis corniculata. Statistical analysis revealed that for E. helioscopia, 5 g of root extract decreased wheat root length to 2.7 cm, 10 g to 3.7 cm, and 15 g to 4.5 cm. Interestingly, the combination of both plant extracts also increased wheat root length to 7.3 cm. 5 g of Oxalis corniculata root extract increased wheat root length to 7.6 cm compared to the control (6.9 cm), whereas 10 g and 15 g reduced root length to 4.4 cm and 4.1 cm, respectively. 




                                                   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= 15 (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 the Number of Roots of Triticum aestivum.
It was observed that 5 g and 10 g of fresh shoot extract from Oxalis corniculata reduced the number of roots in wheat to 5, while 15 g reduced the root number to 4. Similarly, 5 g and 10 g of Euphorbia helioscopia extract also decreased the root number to 5, and 15 g completely inhibited root growth. In contrast, the control had 6 roots, and the combination of extracts from both weeds did not affect the number of roots.

                                  
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= 15 (E. helioscopia), T8= Mixture.
Effect of Fresh Root Extract of Euphorbia helioscopia and Oxalis corniculata on the Number of Roots of Triticum aestivum. 
 5 g, 10 g, and 15 g of Oxalis corniculata fresh root extract reduced the number of roots in wheat to 4, 3, and 5, respectively. Similarly, 5 g, 10 g, and 15 g of Euphorbia helioscopia fresh root extract reduced the number of roots in wheat to 2, 4, and 5, respectively. The combination of extracts from both weeds also resulted in a reduction of root numbers to 5.

                                                      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= 15 (E. helioscopia), T8= Mixture.
Effects of Mulch of Oxalis corniculata and Euphorbia helioscopia on Germination Percentage of Triticum aestivum.
O. corniculata reduced 40 % of wheat germination while E. helioscopia reduced 80 % of wheat germination but the mixture of both weeds doesn't affect the germination of wheat as compared to the control.

                          
      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 experiment showed that O. corniculata slightly decreased the shoot length of wheat to 4.6 cm, while E. helioscopia reduced it more significantly to 2.7 cm. The combination of both weeds resulted in a shoot length of 3.3 cm, compared to the control which had a shoot length of 4.8 cm.








                       
  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.
After statistical analysis, a significant reduction in the growth of roots was observed in comparison to the control. O. corniculata reduced root length to 5 cm and E. heliocopia root length to 5.2 cm while the mixture of both weeds reduced the root length of wheat to 5.6 cm as compared to the control (10.8 cm).

                       
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. 
O. corniculata and E. helioscopia significantly reduced the root numbers of wheat but the mixture of both species very slightly enhanced the root numbers of wheat as compared to the control.

                                  
Fig.12.Effects of Mulch of Oxalis corniculata and Euphorbia helioscopia on 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 Number of Leaves of Triticum aestivum.
significant reduction in the number of leaves of wheat by O. corniculata and E. helioscopia was observed as compared to the control but the mixture of both weeds does not affect leaf numbers. 

                                     
Fig.13. Effects of Mulch of Oxalis corniculata and Euphorbia helioscopia on 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 Leaf area of Triticum aestivum.
Both species significantly decreased leaf area but the mixture enhanced the leaf area of wheat in comparison to the control. O. corniculata decreased leaf area to 1.2 cm2 and E. helioscopia decreased leaf area to 0.9 cm2, but the mixture of both weeds increased leaf area of wheat to 2.1 cm2 as compared to control (1.5 cm2).

                    
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.
Discussion
Our study investigated the allelopathic effects of fresh shoot and root extracts, as well as dry powders of both selected weeds on the germination and growth parameters of wheat. The findings revealed that both fresh extracts and dry powders significantly inhibited various growth parameters of wheat, consistent with previous research.
The extracts of fresh shoots and roots of both weeds were observed to reduce the germination percentage of wheat (Figures 1 and 2). These results align with the findings of Mehmood et al. (2018), who demonstrated that the extract of Euphorbia helioscopia L. negatively impacted the germination of wheat and chickpeas. This suggests that the allelopathic substances present in the weed extracts interfere with the early stages of seed germination, possibly by altering hormonal balances or inhibiting enzymatic activities essential for germination. 
The reduction in shoot length of wheat due to fresh shoot and root extracts, as depicted in Figures 3 and 4, corroborates previous studies by Saleh and Madany (2015), Umer et al. (2010), and Elbouzidi et al. (2021). Saleh and Madany (2015) reported that aqueous extracts of E. helioscopia decreased the shoot length of wheat and peas, while Umer et al. (2010) found that aqueous extracts of Sisymbrium irio, Cannabis sativus, and Oxalis corniculata inhibited shoot growth in wheat and pea. Similarly, Elbouzidi et al. (2021) indicated that Matricaria chamomilla L. extracts reduced seedling growth in durum wheat. Interestingly, our study also found that a mixture of both weed extracts enhanced the shoot length, suggesting a possible interaction effect that warrants further investigation to understand the underlying mechanisms.
The negative impact of weed extracts on the root length of wheat, as shown in Figures 5 and 6, is consistent with the findings of Saleh and Madany (2015) and Umer et al. (2010). Saleh and Madany (2015) reported that E. helioscopia extracts adversely affected the root length of wheat and pea, while Umer et al. (2010) found that extracts of Sisymbrium irio, Cannabis sativus, and Oxalis corniculata also inhibited root growth in these species. These findings suggest that the allelochemicals present in the weeds may impede root elongation by interfering with cellular division and elongation processes. 
Our results also indicated that the effects of both weed’s shoot extracts varied depending on the concentration used. This observation contrasts with Farooq et al. (2008), who reported that rice stem extract reduced various growth parameters across different concentrations, except in wheat. The concentration-dependent variability in our study underscores the importance of considering allelochemical concentration in allelopathic studies, as different concentrations may have varying impacts on target species.
The application of dry powders of both weeds led to a decrease in germination percentage, shoot and root length, leaf area, and the number of roots and leaves in wheat. However, when a mixture of both weed powders was used, only the shoot and root lengths were significantly reduced. This finding differs from Laly et al. (2019), who observed a synergistic effect of six different weed extracts positively affecting the plumule lengths of certain wheat cultivars. The discrepancy may be attributed to the different weed species used and their specific allelopathic compounds. The positive effects observed might be due to lower concentrations of allelopathic compounds or specific interactions between different weed species.
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