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.     
.
              . 
                     
	.
..


.
ABSTRACT 

	[bookmark: _Hlk170485707][bookmark: _Hlk168824015][bookmark: _Hlk170104899](Parthenium hysterophorus L.) has a latent allelopathic effect on the germination of bread wheat seeds and the growth of its seedlings. Two experiments (Laboratory and pot experiments) were carried out during Jan-Mar 2024, at the Ministry of Agricultural Development Hargeisa, Somaliland, with the objectives of studying the leaf, stem and root extract concentrates (10%, 20% and 30%) of Parthenium hysterophorus allelopathic effect on seed germination and seedling growth of bread wheat. The concentrates were prepared from each root, stem, and leaf part of the weed. To each extract 100 ml of distilled water was added and solutions of 10%, 20%, and 30% were prepared with check (0%) which were laid out using a completely randomized design and a randomized complete block design for laboratory and pot experiment, respectively. The analysis showed that there was a highly significant effect the leaf, stem and root extract of the weed on seed germination and seedling growth of wheat. A low germination percentage of wheat seed (66%, 59%, and 26.5%) was recorded from a 30% concentration of root, stem, and leaf extracts, respectively. Similarly, in pot trials, seedling emergence decreased with a 30% concentration of root (67.71%), stem (60.95%), and leaf (42.3%) extracts. ‍ Shoot length was significantly affected by the P. hysterophorus extract parts and concentration levels, as the minimum shoot length was recorded at a 30% concentration level of leaf, stem and root parts. Root growth was also adversely affected by the leaf, stem and root extract parts and different concentrates, with the longest roots recorded at (0% concentration) and the minimum root length at 30% concentration of all the weed  parts.‍ The verdicts of the study concluded that there is a direct relationship between concentration levels and effect magnitude, with higher concentrations leading to greater effects and specifically, the leaf part of P. hysterophorus exhibited a significant effect at a concentration level of 30%. Therefore, further studies are suggested to confirm the allelopathic effect of the weed under field conditions.
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1. INTRODUCTION 

[bookmark: _Hlk138200161][bookmark: _Hlk151727660]Wheat (Triticum aestivum L.) is known as the king of cereal crops in the family Poaceae (Singh et al., 2023). The crop played a crucial role in the ancient civilizations of Europe, West Asia, and North Africa, serving as their primary source of food. It was one of the first nourishment crops to be domesticated, and the crop thrives best between the latitudes of 30° and 60°N and 27° and 40°S and is grown outside at elevations ranging from sea level to over 3000 msl due to its genetic potential and adaptability, it grows at temperatures ranging from 4°C to 32°C with optimal of 25°C, and precipitation ranging from 250 mm to 1750 mm (Curtis, 2019).
In terms of cereal production worldwide, wheat ranks as the second most harvested crop, following only rice and corn (maize), which highlights the significant role wheat plays in global agricultural production (Dhakane et al., 2023). Wheat is considered to be the most important crop cultivated on a large scale in terms of its value as a profitable crop, high yields per hectare, and a significant role in providing food for the population (Sandeep et al., 2021). Wheat contains a high amount of nutrients, including starch (60–90%), protein (11–16.5%), fat (1.5-2%), inorganic ions (1.2–2%), vitamins and serves as a staple source of nutrients for 40% of the world’s population as well as a popular source of animal feed (Megersa et al., 2023).
In Somaliland, wheat is one of the major primary foods for everyday living, its grain is converted into flour for making many different bakery foods, wheat flour is mostly used as a dough (local term “Laxoox”) and bread for breakfast and dinner. In 2022, the Somaliland Ministry of Agricultural Development cultivated an area of 450 ha in the region with an annual production of 1228.5 tonnes and 2.73 tons ha-1 (MoAD, 2022). The Roobroon Flour Mill factories, the first and only large-scale commercial wheat farm in Somaliland, expecting to produce 25,000 tons of wheat annually with a gross revenue of $10 million from selling wheat grain and $15 million in wheat flour (Roobroon, 2022).
Ethiopia and South Africa are the prime producers in sub-Saharan Africa (USDA, 2019). In particular, Ethiopia stands out as the largest wheat producer in this region, cultivating 2.1 million hectares with a total grain yield of 6.7 million tons making it one of the main and crucial cereal crops in the country’s food security (Tesi et al., 2022). Global wheat production in 2023 was 793.3 million metric tons (FAO, 2024). The European Union is the leading producer of wheat, while China and India are the second and third leading producers respectively (USDA, 2023). 
But though wheat is very pertinent for both health and the economy, Carrot grass is a severe threat to its production, as it affects this crop from emergence to maturity by discharging particular biochemicals (allelochemicals) into the nearby growing environment through their leaves, roots, and stems. Carrot weed infestation lowers crop yield and grain quality in field crops, causing significant economic losses of up to 40-90% (Hussain et al., 2024). 
Parthenium hysterophorus L., a member of Asteraceae family, also known as congress grass, carrot weed, white top weed, and hunger weed (Adhikari et al., 2023). It is an annual herbaceous plant species and is one of the top 100 most invasive weeds in the world, its native to Mexico and the tropical and sub-tropical Americas but now accidentally spread to over 50 countries (Costello et al., 2022). Segmented regression studies revealed that the weed expanded more swiftly in underdeveloped countries, notably in Asia and Africa starting in the 1950s; In Somaliland P.hysterophorus  (locally known as Kelidi-Noole “living alone”) due to its colonization in every habitat, has captured every place and came first from Egypt through imported wheat grain (Mao et al., 2021).
P.hysterophorus can adapt to a wide range of ecosystems, which degrades indigenous species composition, making it one of the most serious threats to biodiversity. The weed reduces crop and pasture yield significantly and serves as a secondary host for numerous crop diseases and pests. It also increases the cost of livestock production as it reduces the pasture area and decreases milk quality when animals are fed, it causes allergic metastasis issues, dermatitis, and mutagenicity in humans and animals due to the allelopathic chemicals present in the weed (Shrestha, 2023). 
P.hysterophorus infest important crops such as wheat (Triticum aestivum L.) and is a fierce competitor with crop and pasture plants for soil moisture and nutrients in agroecosystems (Masum et al., 2022). P.hysterophorus spread in the southwestern and bordering field areas of Hargeisa, significantly hindering rangeland and cropland productivity in Somaliland, consequently affecting the livelihoods of thousands of agro-pastoralists (Landmann et al., 2017).   Mills et al. (2015) did a thorough study and found that the invasion of exotic weeds, particularly Parthenium hysterophorus had changed the composition of grass species and large-scale agricultural activities in Somaliland, particularly Tog-Wajaale. In addition to the globalization of anthropogenic activities, climate change is a factor in the acceleration rate of invasion of noxious alien species (Al-Ruheili et al., 2022). This weed is physiologically adaptable and thus tolerant to a variety of environmental conditions such as extreme temperature, low soil moisture content, and rising atmospheric CO2 concentrations (Thiney et al., 2019 and Masum et al., 2022). 
P.hysterophorus is a potential allelopathic plant and have adverse and significant allelopathic effects on wheat, it inhibits seed germination, decreases seedling growth, biomass, and grain fill due to the allelochemicals present in its parts (Shi et al., 2021). Bashar et al. (2022) found that the methanol extract of carrot weed leaves contains a variety of compounds, including phenolic acids, carbohydrates, amino acids, terpenoids, and flavonoids; remarkably, the phenolic acids were identified as potent agents in inhibiting plant growth. In a different study, Bristone et al. (2021) investigated the presence of phytochemicals in carrot grass leaf, stem, and root extracts using different polarities of solvents (methanol, hexane, ethyl acetate, and water). The phytochemical analysis showed the presence of alkaloids, Phenols, Saponins, Tannins, Terpenoids and Glycosides of different leaf, stem and root weed parts in all solvents.
Wang et al. (2020) conducted a systematic chemical investigation of P.hysterophorus and isolated fourteen compounds, which included five plant phytosterols and their derivatives: The components include sitosterol, stigmasterol, daucosterol, stigmasterol-3-O-glucopyranoside, and stigmasteryl-3[beta]-arachidate, six terpenoids (parthenin, dihydroxyolean-12-en-28-oic acid, oleanolic acid, 3-oxo-16-hydroxyolean-12-en-28-oic acid, oleanolic acid 28-O-beta-D-glucopyranoside, and dichrocepholide), and one flavonoid, 3-O-methylquercetin, one benzene derivative, 4-methoxybenzoic acid, and (4S,6S)-4-hydroxy-6-undecyltetrahydro-2H-pyran-2-one. Another experiment conducted by Kumari and Deepalakshmi (2017) identified steroids, sugars, alkaloids, tannins, quinines, and phenols as allelochemicals in all three organs of the plant in carrot grass methanol extracts and detected the presence of 45 different compounds in the leaf part using gas chromatography-mass spectrometry (GC-MS) analysis. Therefore, the present study was designed to investigate the allelopathic effect of different parts (leaf, stem, and root) of Parthenium hysterophorus at various concentration levels (10%, 20%, and 30%) on the seed germination and seedling growth of bread wheat (Triticum aestivum L.) under laboratory and pot experiment conditions.

2. material and methods 
2.1 Description of the study area
The experiment was conducted at the Ministry of Agricultural Development (MoAD), Hargeisa, Somaliland, from January to March 2024. The study area is located at an altitude of 1,271 m above sea level at 9°33′30.2″N and 44°03′06.1″E. The region has a mean annual temperature of approximately 25°C, with average minimum and maximum temperatures of 22°C and 28°C, respectively. The average relative humidity is 58%, and the mean annual rainfall is approximately 600 mm (FAOSWALIM, 2023).
2.2 Source and preparation of treatments 
The experimental materials consisted of carrot grass (Parthenium hysterophorus L.) and wheat (Triticum aestivum L.) seeds.
Fresh plants of P. hysterophorus were collected from Arabsiyo, located west of Hargeisa (9°40′48.8″N, 43°45′31.0″E). The plants were separated into roots, stems, and leaves and washed thoroughly with distilled water to remove dust and debris (Plate 1). .
Plant extracts were prepared using the aqueous extraction method. Fresh plant parts were crushed separately using a pestle and mortar. From each plant part, extracts of 10 g, 20 g, and 30 g were prepared and mixed with 100 ml of distilled water to obtain 10%, 20%, and 30% (w/v) concentrations, respectively. The prepared solutions were stored in a refrigerator at 15°C (Plate 2).  until use to maintain freshness.
Certified wheat seeds were obtained from the Wajaale Research and Production Center, Ministry of Agricultural Development.
Seed viability test
Seed viability was tested using the tetrazolium chloride (TTZ) test. A total of 300 wheat seeds were soaked in distilled water for 5 hours to allow hydration. The seeds were then cut longitudinally and placed in a 1% tetrazolium chloride solution (1 g TTZ in 100 ml distilled water). The samples were incubated in darkness for 24 hours at 28°C. Seeds showing bright red staining were considered viable, and the viability percentage was recorded as 95%.
Seed health test
Seed health was assessed using the potato dextrose agar (PDA) method. Surface-sterilized seeds (70% ethanol) were placed in six Petri dishes (5 seeds per dish) containing PDA medium and incubated at 27°C for 7 days. No fungal growth was observed, indicating that the seeds were free from seed-borne pathogens (Plate 3).
[bookmark: _Toc43804746][bookmark: _Toc138232852][bookmark: _Toc150463444][bookmark: _Toc151406179][bookmark: _Toc151406609][bookmark: _Toc152965441][bookmark: _Toc153342739][bookmark: _Toc170549109][bookmark: _Hlk29395548]2.3 Treatment and experimental design
[bookmark: _Toc170549110]  2.3.1 Laboratory experiment 
The laboratory experiment consisted of three extract types (root, stem, and leaf) and three concentration levels (10%, 20%, and 30%) along with a control treatment (distilled water). A total of 10 treatments were arranged in a Completely Randomized Design (CRD) with four replications. Forty 90-mm Petri dishes were used. Each Petri dish was lined with two Whatman filter papers and ten surface-sterilized wheat seeds were placed evenly on the filter paper.
The treatments were randomly assigned to the Petri dishes. Each dish received 20 ml of the respective extract solution, while the control received distilled water. The dishes were incubated at 25°C, which is considered optimal for wheat germination. Moisture levels were maintained by adding the corresponding extract solution daily (Plate 5).  
[bookmark: _Ref169940256][bookmark: _Ref169940244][bookmark: _Toc170549485]Table 1. Treatment combinations used in the laboratory experiment
	Treatment
	Extract type
	Concentration

	T1
	Control
	Distilled water

	T2
	Root extract
	10%

	T3
	Root extract
	20%

	T4
	Root extract
	30%

	T5
	Stem extract
	10%

	T6
	Stem extract
	20%

	T7
	Stem extract
	30%

	T8
	Leaf extract
	10%

	T9
	Leaf extract
	20%

	T10
	Leaf extract
	30%


 2.3.2 Pot experiment
A pot experiment was conducted to evaluate the allelopathic effects under soil conditions. The experiment included the same ten treatments used in the laboratory study and was arranged in a Randomized Complete Block Design (RCBD) with three replications, resulting in 30 experimental pots.
Plastic pots measuring 30 cm × 25 cm were filled with 1.5 kg of field soil. Ten wheat seeds were sown in each pot in two rows, with 5 seeds per row. The spacing between rows was 20 cm, and the spacing between seeds was 5 cm. Spacing between blocks and pots was 0.5 m and 0.25 m, respectively.
The prepared extract solutions were applied by soil drenching at sowing and later sprayed on seedlings after 7 days of germination (two sprays per seedling). All pots received equal irrigation (300 ml water) to maintain uniform moisture conditions.

Table 2. Layout of pot experiment
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2.4 Data collection
2.4.1 Laboratory data collection
Following seven days of incubation, the following metrics (germination percent and seedling growth) were regarded in this investigation as specified below.
Germination percentage: The final germination percentage in each treatment was determined by adding up the number of seeds that emerged during the study following treatment.
Germination % = (number of germinated seeds/total seeds) X 100%



Measuring seedling growth 
Root length: after the 7th day of seed germination, the root growth of the seedlings in the petri dish was measured with a ruler in centimetres every three days for a period of three weeks, starting at the tip of the primary root and ending at the base of the hypocotyl, the average length of the roots was then recorded.
Shoot length: later the 7th day of plumule development the seedling shoot growth was measured every three days for a period of 21 days starting from the tip of the upper leaf to the base of the point of attachment to the cotyledon using a ruler in units of centimetre and then average shoot lengths were recorded.
 2.4.2 Pot data collection
After seed germination, germination percent, and shoot growth were documented in this test as detailed below.
Germination percentage: The final germination percentage in each treatment was determined by adding up the number of seeds that emerged each day following treatment.
Germination % = (number of germinated seeds/total seeds) X 100%



Shoot length: next to the sowing period the seedling shoot growth was measured every three days for a period of three weeks using a ruler in units of centimetre and then average sprout lengths were recorded.
2.5 Data analysis
The collected data were subjected to Analysis of Variance (ANOVA) using SAS software version 9.0. Treatment means were compared using the Least Significant Difference (LSD) test at a 1% probability level (p ≤ 0.01) following the procedures described by Gomez and Gomez (1984). 
2.6 Ethical consideration
All laboratory procedures were conducted following standard laboratory safety guidelines. Equipment and facilities were used responsibly, and all experimental procedures were carried out in accordance with institutional research standards.

3. results and discussion

[bookmark: _Toc170549118]3.1 Laboratory experiment 
[bookmark: _Toc170549119]3.1.1 Effect of leaf, stem and root of P.hysterophorus extracts and concentration ratio on wheat seed germination
[bookmark: _Hlk169952134][bookmark: _Hlk170024032][bookmark: _Hlk166329241]The result showed that leaf, stem and root extract concentrate significantly (p<0.01) affected the germination of wheat seeds (Appendix 1). As the concentrate of the extract level increased from 0 to 30%, germination of the wheat seed decreased from 86.25% to 66, 59, 26.5% for root, stem, and leaf extracts, respectively (table3). This implies that the higher the concentrate the greater its negative impact on germination of wheat seed. This study results are in line with the findings of Naz et al., (2023), Budhathoki et al., (2020), and Tessema & Tura, (2018) who reported that aqueous extracts of carrot weed in different parts and levels had significant inhibitory effects on wheat seed germination.
Moreover, the study observed differential effects among the leaf, stem and root extract of P.hysterophorus indicating that there are varying allelochemicals within P.hysterophorus parts. For example, the potency of the inhibitory allelopathic effect of the leaf extract surpassed the root and stem parts within the level of 20% and 30% concentrates causing reduced germination percentages of 47.25% and 26.5% respectively. This indicates there is a predominant allelopathic compound within the foliage part of this weed followed by the stem and root extracts. This has implications for wheat cultivation, as the allelopathic tendencies of P.hysterophorus parts substantially impede the germination of wheat crop. 
[bookmark: _Ref169098495]This finding in line with the investigations of Oli Sarita et al., (2024), and Tessema & Tura, (2018) who revealed that the presence of allelochemicals in this weed leaf part is responsible for affecting wheat seed germination, as these substances are leached out from carrot weed when alive or dead. Bashar et al., (2023), also observed that the carrot weed contains seven phenolic compounds predominantly present in the leaf part of carrot weed and recognized these as the primary agents of inhibition. This sheds light on its significant effect and threat to cultivated crops. The allelopathic potential of these compounds implies that the weed can disrupt the growth and development of crop plants potentially leading to reduced yields and economic losses for farmers and agro-pastoralists. 

[bookmark: _Ref170130017][bookmark: _Toc170549487]Table 3. Effect of leaf, stem and root of P.hysterophorus extracts and concentration ratio on wheat seed germination
	[bookmark: _Hlk166405378]Type of extract 
	Concentrate rate (%) 
	Germination (%)

	[bookmark: _Hlk167536013]Control  



Root 
	T1 (0)
	86.55a

	
	

T2 (10)
	

69abc

	
	T3 (20)
	67.5bcd

	
	T4 (30)
	66bcd

	
Stem

	
	T5 (10)
	71.75abc

	
	T6 (20)
	69.5abc

	
	T7 (30)
	59dc

	
Leaf 

	
	T8 (10)
	72.25abc

	
	T9 (20)
	47.25ed

	
	T10 (30)
	26.5e

	Grand mean 
	
	63.2

	LSD (α=0.01)
	
	17.53

	CV% 
	
	22.38


Means with the same letter are not significantly different at 0.01 probability level.
[bookmark: _Toc170549120]3.1.2 Effect of leaf, stem and root of P.hysterophorus extracts and concentration ratio on wheat shoot length  
[bookmark: _Hlk170053017][bookmark: _Hlk166572265]The leaf, stem and root extracts and different concentrate rates displayed a significant effect (p<0.01) on shoot length (Appendix 1). The mean shoot length (cm) ranged from 0.59cm to 12.25cm (table 4). Different types of P.hysterophorus extracts exhibited varying effects on shoot growth at different concentrations. The most severe reduction in shoot growth (0.59 cm) was observed with the 30% leaf extract, whereas the 30% stem (3.07 cm) and root (3.13 cm) extract concentrates also significantly decreased shoot length. This demonstrates that the leaf extract had a more substantial growth-limiting effect on shoot growth compared to the stem and root parts. The results also indicated that shoot length decreased as the concentration of leaf, stem, and root extracts increased from 10% to 30%. This indicates that the allelopathic effects become more severe and cause greater damage as the level of concentration increases. Similar findings were reported by Khatun et al., (2023), Khan et al., (2020), and Oli (2018) regarding the concentrates of carrot weed parts effect on wheat and reduced shoot growth at higher rates due to the toxicities of allelochemicals which disrupt essential physiological processes leading to impaired growth and development.‍ 



[bookmark: _Ref167453490][bookmark: _Toc170549488]Table 4. Effect of leaf, stem and root of P.hysterophorus extracts and concentration ratio on wheat shoot length
	[bookmark: _Hlk166484474]Type of extract 
	Concentrate rate (%)
	Shoot Length (cm)       

	Control 

Root 
	T1 (0)
	12.25a                  

	
	
T2 (10)
	
6.73b                            

	
	T3 (20)
	5.17bc      

	
	T4 (30)
	3.13cd       

	
Stem

	
	T5 (10)
	6.39b

	
	T6 (20)
	4.84bc

	
	T7 (30)
	3.07cd

	
Leaf 

	
	T8 (10)
	6.67b       

	
	T9 (20)
	2.9d

	
	T10 (30)
	0.59e                         

	Grand mean 
	5.03

	LSD (α=0.01)
	1.71

	CV% 
	27.4


Means with the same letter are not significantly different at 0.01 probability level.
[bookmark: _Toc170549121][bookmark: _Hlk166572279]3.1.3 Effect of leaf, stem and root of P.hysterophorus extracts and concentration ratio on wheat root length  
[bookmark: _Ref170058921][bookmark: _Ref170058929]The analysis of variance showed that leaf, stem, and root extract concentrations had a significant negative effect (P<0.01) on wheat root length with mean root length ranging between 0.51cm to 11.25cm (Appendix 1 and Table 5). P.hysterophorus extract sort of cuttings showed different effects at the three concentration levels of 10%, 20%, and 30%. The minimum root length was recorded at a 30% concentration of leaf extract (0.51cm) followed by stem extract (1.95cm) and root extract (2.21cm)‍‍. The peak root length was recorded in the stem control (11.25cm) representing that leaf part has a strong allelopathic effect on root length followed by stem and root extracts.  In agreement with this result, Shrestha & Thapa (2018), and Hassan (2018) reported that allelochemical mainly (parthenin) from different parts of carrot grass lethal weed has a significant reduction effect on root length as these compounds can leach from living plant parts or be released during the decomposition of plant residues. The study results also demonstrate that as the concentration levels of extracts of the root, stem, and leaf increase from 10% to 30%, the allelopathic effects intensify, pointing out that the higher concentrations of carrot grass extract led to a greater decrease in root growth. This study aligns with the findings of Bristone et al. (2021) and Singh (2021), who reported that increased concentrations of P.hysterophorus extract resulted in a more pronounced reduction in root growth. 






[bookmark: _Toc170549489]Table5. Effect of leaf, stem and root of P.hysterophorus extracts and concentration ratio on wheat root length
	[bookmark: _Hlk166485708]Type of extract 
	Concentrate rate (%)
	Root Length (cm)       

	Control 

Root 
	T1 (0)
	11.25a                    

	
	
T2 (10)
	
4.31bc                             

	
	T3 (20)
	3.95bcd      

	
	T4 (30)
	2.21cdef       

	
Stem

	
	T5 (10)
	4.11bcd

	
	T6 (20)
	3.48bcde

	
	T7 (30)
	1.95def

	
Leaf 

	
	T8 (10)
	4.53b       

	
	T9 (20)
	2.06ef

	
	T10 (30)
	0.51f                        

	Grand mean 
	3.78

	LSD (α=0.01)
	1.48

	CV% 	
	31.72


Means with the same letter are not significantly different at 0.01 probability level
[bookmark: _Toc170549122]
3.2 Pot experiment 
To highlight the importance and emphasize the significance of allelopathic problems of carrot weed plant extracts and how its concentration variations can influence germination and seedling growth in real-field conditions, another experiment was conducted at the Ministry of Agricultural Development using germination pots and the data collected from this experiment is presented and discussed below. 
[bookmark: _Toc170549123]3.2.1 Physiochemical properties of pot soil 
[bookmark: _Toc170056753]As shown in Table 6. Soil analysis report, the soil analytical results indicated that the soil particle size distribution in the pot experiment consisted of 53.3% sand, 10% silt, and 36.7% clay, which can be classified as sandy clay. The total NPK of the soil was medium to high which can support wheat seedling growth (Xu et al., 2021)

[bookmark: _Ref170059310][bookmark: _Ref170489856][bookmark: _Toc170549490]Table 6. Soil analysis report
	Particulars
	Value
	Methods

	Sand (%)
	53.3
	Soil Texture Test (HIMEDIA Soil Analysis Kit Method,)

	Silt (%)
	10.0
	Soil Texture Test (HIMEDIA Soil Analysis Kit Method,)

	Clay (%)
	36.7
	Soil Texture Test (HIMEDIA Soil Analysis Kit Method,)

	Textural Class
	Sandy Clay
	Soil Texture Test (HIMEDIA Soil Analysis Kit Method,)

	Available Nitrogen (kg ha⁻¹)
	73 (Medium)
	Soil Texture Test (HIMEDIA Soil Analysis Kit Method,)

	Available Phosphorus (kg ha⁻¹)
	56–73 (Medium High)
	Soil Texture Test (HIMEDIA Soil Analysis Kit Method,)

	Available Potassium (kg ha⁻¹)
	280–392 (High)
	Soil Texture Test (HIMEDIA Soil Analysis Kit Method,)



N.B: Himedia soil kit reagents have 95% accuracy

[bookmark: _Toc170549124]3.2.2 Effect of leaf, stem and root of carrot grass extracts and concentration ratio on wheat seedling emergence 
[bookmark: _Toc170056754][bookmark: _Hlk166572294][bookmark: _Ref170059424][bookmark: _Hlk170496288]The analysis variance showed that leaf, stem and root extracts of P.hysterophorus and concentrate proportions significantly (p<0.05) affected the germination of wheat seeds (Appendix 2). The average recorded percentage of wheat seeds ranged between 42.38% to 86.67% as revealed in Table 7. Various extracts from the leaves, stems, and roots of carrot grass exhibit diverse effects. The leaf extract showed very low (42.38%) germination at a 30% concentration, suggesting that this weed’s leaf part contains the highest concentration of allelopathic compounds. The stem and root extracts also resulted in 60.95% and 65.71% germination at 30% concentration, respectively, but relatively better compared to the effect of leaf extract. So, attention should be given to this weed particularly leaf during weeding to mitigate its impact on wheat. The present finding is supported by the results of Khan (2020) and Sharma & Devkota (2014) who identified major phenolic compounds in the leaves of carrot grass and found that the leaf part caused the highest suppression of seed germination compared to the stem and root. 
The results of the analysis also reveal a consistent trend of declining seedling emergence as the concentration of P.hysterophorus extracts increases from 0% to 30%. This effect was evident across all extract types studied. The overall germination rates decrease significantly at the highest concentration level, emphasizing that as the infestation level increases the potential allelopathic effect of carrot grass also increases, posing a detrimental impact on wheat crop establishment. This supports the findings of Shakya et al., (2022), Bashar et al., (2022), Khan (2020), and Hassan et al., (2018) which all consistently revealed that higher concentrations of carrot grass aqueous extract exerted a significant inhibitory effect on the germination of wheat seeds. This underscores its potent allelopathic impact and potential to hinder the successful germination process crucial for crop growth and establishment. 
[bookmark: _Ref13103627][bookmark: _Toc170549491]Table 7. Effect of leaf, stem and root of P.hysterophorus extracts and concentration ratio on wheat seedling emergence
	Type of extract 
	Concentrate rate (%)
	Germination%

	Control 

Root 
	T1 (0)
	86.67a

	
	
T2 (10)
	
77.62a

	
	T3 (20)
	69.05ab

	
	T4 (30)
	65.71ab

	
Stem

	
	T5 (10)
	75.71ab

	
	T6 (20)
	67.62ab

	
	T7 (30)
	60.95ab

	
Leaf 
	
	

	
	T8 (10)
	75.71ab

	
	T9 (20)
	65.24ab

	
	T10 (30)
	42.38b

	Grand mean 
	68.67

	LSD (α=0.01)
	18.95

	CV% 
	21.44 


Means with the same letter are not significantly different at 0.01 probability level.
[bookmark: _Toc170549125]3.2.3 Effect of leaf, stem and root of P.hysterophorus extracts and concentration ratio on wheat shoot length 
[bookmark: _Toc170056755][bookmark: _Ref170059595]The result showed that the leaf, stem, and root extract of P.hysterophorus and concentrate ratio had a significant (p<0.05) effect on wheat shoot length. The mean shoot length (cm) ranged from 6.61cm to 18.3cm. The maximum wheat shoot length was recorded at stem control (18.3cm) while the minimum shoot length was recorded from the 30% concentrate of all extract parts.  Among the different extracts, the leaf extract had the most pronounced inhibitory effect on wheat shoot length, especially at higher concentrations. At 30% concentration, the leaf extract resulted in the shortest shoot length of 6.61 cm, demonstrating its strong allelopathic impact. Similarly, the stem extract at 30% concentration and the root extract at the same concentration also significantly reduced shoot length, with values of 9.86 cm and 11.18 cm, respectively. This study is in line with the findings of Khatun et al., (2023) who stated that the leaf extract exhibited a stronger inhibitory allelopathic effect compared to other vegetative parts of the parthenium plant. 
The results also showed that increasing the concentration of these extracts from 10% to 30% significantly impacts wheat shoot growth. At a 10% concentration, shoot lengths are moderately reduced, with the leaf extract resulting in 14 cm, the stem extract in 14.03 cm, and the root extract in 14.79 cm. This initial reduction indicates that even at lower concentrations, the allelopathic effects of carrot grass begin to hinder wheat shoot development. As the concentration increases from 20 to 30%, the effects become more pronounced as the allelopathic compounds exert greater stress on wheat, further limiting its shoot length. At the highest concentration of 30%, the impact on wheat shoot length become more severe. This significant decrease at higher concentrations underscores the potent allelopathic properties of carrot grass part extracts. Overall, these findings clearly demonstrate that as the concentration of carrot grass extracts increases, the negative impact on wheat shoot length intensifies significantly. This suggests that higher levels of carrot grass infestation could severely hinder wheat growth, highlighting the importance of managing carrot grass infestations to prevent it’s severe reductions in wheat crop growth and productivity.These results agree with the findings reported by Naz et al., (2023), Shakya et al., (2022), Singh (2021), Thakur et al., (2020), Khaliq et al., (2016) and Afridi & Khan (2015), who stated that carrot weed reduced shoot elongation of wheat, as the concentration of extract increased affecting the productivity of this crop. 



[bookmark: _Ref170710279][bookmark: _Toc170549492]Table 8. Effect of leaf, stem and root of P.hysterophorus extracts and concentration ratio on wheat shoot length
	Type of extract 
	Concentrate rate (%)
	Shoot Length (cm)       

	Control

Root 
	T1 (0)
	18.3a

	
	
T2 (10)
	
14.79ab

	
	T3 (20)
	12.24abc

	
	T4 (30)
	11.18bcd

	
Stem
	
	

	
	T5 (10)
	14.03abc

	
	T6 (20)
	11.97abc

	
	T7 (30)
	9.86cd

	
Leaf
	
	

	
	T8 (10)
	14abc

	
	T9 (20)
	11.17bcd

	
	T10 (30)
	6.61d

	Grand mean 
	
	12.23

	LSD (α=0.01)
	
	2.52

	CV%
	
	16.03


Means with the same letter are not significantly different at 0.01 probability level. 

4. Conclusion

To investigate the allelopathic effects of P.hysterophorus leaf, stem and root extract concentrates on wheat seed germination and seedling, fresh carrot grass plants were separated into roots, stems, and leaves, and then processed into concentrates of 10%, 20%, and 30% solutions and stored at 15°C to maintain their efficacy throughout the study period. Due to the allelopathic effects of carrot grass extract, wheat seed germination was inhibited, and both root and shoot lengths decreased as the concentration of the extract increased. Different parts of the plant exhibited varying effects at different concentration levels. The leaf extract, in particular, was found to have the most active compounds. Leaves, being the primary site of photosynthesis, gaseous exchange, and respiration, tend to have a higher concentration of allelochemicals compared to the stem and root. Additionally, leaves are more exposed to environmental factors such as sunlight and air, which can further enhance the production and release of allelochemicals. At the maximum concentration of 30%, there is a notable reduction in wheat seeds and seedlings, highlighting the strong allelopathic properties of carrot grass extracts.
The study results revealed that P.hysterophorus extracts have significant allelopathic effects on wheat seed germination and seedlings, depending on the type and concentration of the extracts. Higher concentrations generally inhibited seed germination and seedling growth more effectively, with shoot extracts showing the most pronounced effects at higher concentrations. 
It's suggested that this information is valuable for understanding the potential impact of P.hysterophorus on wheat crops. Farmers should pay special attention during the weeding process and collect this weed in designated areas to avoid its adverse effects on crops.  It is strongly recommended to conduct further studies on carrot grass, its impact on crop yield, and optimal management strategies which will facilitate the development of efficient and safe weed control methods.
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[bookmark: _Toc170549189]Appendix 1.  The mean square of lab experiment measurements
	Source
	DF
	G%
	SHL
	RL

	Treatments
	9
	881.75**
	33.52**
	30.45**

	Rep
	3
	245.4
	3.72
	0.92

	Error
	27
	200.1
	1.9
	1.43

	Total
	39
	
	
	

	Grand mean
	
	63.2
	5.03
	3.78

	CV (%)
	
	22.38
	27.4

	31.72


N.B: This ANOVA table is four replications (Petri plates)


[bookmark: _Toc170549190]Appendix 2.  Mean square of pot germination and shoot parameters 
	Source
	DF
	G%
	SHL

	Treatment
	9
	425.23**
	23.39**

	Rep
	2
	66.19
	8.23

	Error
	18
	216.76
	3.85

	Total
	29
	
	

	Grand mean
	
	68.67
	12.23

	CV (%)
	
	21.44
	16.03



N.B: This ANOVA table is three replications (pot trials)
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A- carrot grass sample collection at Arabsio[image: ]
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[bookmark: _Toc168637304] cleaning prepared (leaf, stem and root) parts of carrot grass

Plate 2. Weighing and crashing of Carrot grass[image: ][image: ][image: ][image: ]
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A-weighing of root extract in E-balance (error 0.01g)   B-weighing of root extract     
C. grounding root extract      D- grounding leaf extract
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storage of prepared extracts at 15c0
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Plate 3. Seed viability and health test
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[bookmark: _Toc168637306]A-1gm of TTZ weighing in E-balance (error 0.01g)   
B-wheat seeds in TTZ solution after 24 hrs.           C-Stained wheat seeds[image: ][image: ] [image: ]
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[bookmark: _Toc168637307]A cooling and wheat seed sterilization under hood   C-sterilized seeds placed in PDA           D-Filmed petri plates placed inside incubator at 27c0

Plate 4. Soil test and lab experiment setting[image: ] [image: ][image: ] [image: ]
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[bookmark: _Toc168637308]A-weighing of collected soil E-balance (error 0.01g)               B-soil texture testing      
     C- Potassium analysis                                                 D-Phosphorus analysis[image: ] [image: ]  [image: ]
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A-extract rate preparation    B-Petri plate labeling   C- Layout of treated petri plates                                             
[bookmark: _Ref170023565]Plate 5. Lab experiment husbandry	[image: ][image: ] [image: ] [image: ]
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A-setting seed incubator temperature (25c0)                    B-emerged seedling after 4th day C-Placing the seedling inside the incubator                    D-Effect of treatment in seedlings        
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A-seed sowing in pot trails                    B-emerged seedlings in pot trials after the 10th day
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           A-Spray extract preparation                B- Spraying the extract in pot seedlings 
[image: ]      Plate 7. Effect of leaf extract concentrates on pot shoot growth
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Control pot seedling











image1.jpeg




image2.jpeg




image3.emf
 

A  


image4.jpeg




image5.jpeg




image6.jpeg




image7.jpeg




image60.jpeg




image70.jpeg




image8.jpeg




image9.jpeg




image10.jpeg




image11.jpeg




image12.jpeg




image13.jpeg




image120.jpeg




image130.jpeg




image14.jpeg




image15.jpeg




image16.jpeg




image17.jpeg




image18.jpeg




image19.jpeg
uuuuuuuu




image20.jpeg




image21.jpeg




image22.jpeg




image23.jpeg




image24.jpeg
e e e c—————————

_
M,





image25.jpeg




image26.jpeg




image27.jpeg




image28.jpeg




image29.jpeg




image30.jpeg




image31.jpeg




image32.jpeg




image33.jpeg




