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Abstract
[bookmark: _cl5oghl5kgr8]Aim: To evaluate the allelopathic potential of Lantana camara, an invasive weed known for its phenolic and aromatic alkaloid allelochemicals, for its effects on the seed germination and early seedling growth and vigour of three agricultural crops maize (Zea mays), wheat (Triticum aestivum) and blackgram (Vigna mungo). 
Materials and Methods: This study was conducted by treating the seeds with 20% aqueous extract of Lantana camara derived from equal proportions of mature plant parts (leaves, stems, roots, flowers, and fruits) and distilled water (control) and allowing them to germinate in the laboratory setup at Department of Agronomy, AAU, Jorhat. It was monitored for seven days followed by calculations of germination percentage (GP), germination speed index (GSI), radical and plumule lengths, and seedling vigour index-I. 
Results: Results showed that while GP of maize (30%) and wheat (100%) remained unaffected as compared to control, blackgram exhibited a 25% reduction in germination under extract treatment. The extract showed 59.93% and 26.07% inhibitory effect on seedling radical in wheat and maize seeds, respectively. Conversely, blackgram demonstrated stimulated root growth under extract exposure. The seedling vigour index-I varied from 9.18 (maize) to 63.8 (wheat) under 20% Lantana camara extract. 
Conclusion: These findings suggest that Lantana camara’s allelopathic effects are species-specific, with inhibitory effects on germination of blackgram seeds and root and shoot growth of maize and wheat. 
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1. Introduction
Lantana camara, considered as one of the known allelopathic weeds, ranks among the top ten nastiest weeds in the world (Sharma et al., 2005). Lantana camara has some 650 varieties distributed over 60 countries and was introduced in India for the first time in 1809 from Sri Lanka as an ornamental plant (Mishra, 2015). It is an aggressive intruder creating havoc in agricultural ecosystems as its leaf, seed and root extracts contain allelochemicals mainly phenolic and aromatic alkaloids (Ambika et al., 2003; Bais et al., 2004; Noguchi and Kurniadie, 2021) interfering growth and germination of many species. The extract of this weed can be useful botanical in crop production especially in terms of weed management as an alternative to synthetic herbicides (Verdeguer Sancho et al., 2018; Anwar et al., 2019). Das et al. (2024) found higher weed control efficiency and weed control index when one mechanical weeding at 30 days after sowing (DAS) of maize was done following spraying of 15 % Lantana camara extract at 15 DAS without sacrificing crop yield. However, several studies have indicated that the extracts of different concentrations of Lantana camara used for controlling weeds are also capable of suppressing the germination process, growth, and accumulation of dry matter in various cultivated crops in the fields (Nawab & Yogamoorthi, 2016; Julio et al., 2019; Ngonadi et al., 2019a & 2019b; Ntaila & Mbeya, 2023). The present laboratory study was therefore conducted with the objective to study the effects of 20% Lantana camara extract obtained from leaves, stems, roots, flowers and fruits of mature Lantana plants on germination and on radical and plumule growth of three common agricultural crops maize (Zea mays), wheat (Triticum aestivum) and blackgram (Vigna mungo) seeds.
2. Materials and methods
Lantana camara is an erect and vigorous shrub that grows to a height of 2 to 4 meters and exudes an intense odour from its crushed leaves. The species may reach a height of 3 m within 3 to 4 years period and usually forms dense thicket (Tadele, 2014). This perennial shrub has a very stout root system consisting of numerous shallow lateral roots in addition to a primary taproot.
2.1 Lantana camara extract preparation
Collected mature Lantana plant was properly cleaned (i.e. leaves, stems, roots, flowers and fruits). After shade drying, the plants parts were shredded into small sized pieces. 20 gm of sample biomass containing all the parts of the plant in equal proportion were then crushed hard and a 20% aqueous extract of Lantana camara (20% LC) was prepared by adding 100 ml of water. The mixture was then kept for 48 hours at room temperature and stirred intermittently. The mixture was thereafter filtered through muslin cloth. This 20% aqueous extract of Lantana camara plant (on fresh weight basis) was used to test germination and seedling growth of maize (NMH 713), wheat (HD3118) and blackgram (SBC 40) (Fig.1.c). 
2.2 Germination and seedling growth records
The prepared 20% fresh Lantana extract were then added to each of the petridishes lined with Whatman No. 1 filter paper to soak the same without overflowing it and the amount is sufficient enough to keep the seeds moist, favourable for germination and growth. Twenty-five pre-sterilized seeds of each of maize (NMH 713), wheat (HD3118) and blackgram (SBC 40) were arranged in these petridishes (9 cm diameter). Control plates prepared for each type of seeds were treated with only distilled water. The petridishes were then kept at the laboratory of Department of Agronomy, AAU, Jorhat at room temperature. The seeds were soaked with the extracts or distilled water periodically when needed and was observed likewise for seven days on daily basis for rate of germination. The germination was recorded periodically by counting the number of seeds germinated. The seeds having radical emerged were considered germinated.
2.3 Parameters and indices
Germination percentage (GP): The data obtained were then quantified as germination percentage (GP) calculated as GP (%) = (Numbers of seeds germinated / total numbers of seeds taken) x 100
Germination speed index (GSI): The numbers of seed germinated were noted on daily basis and the GSI was calculated as GSI = Σ Pi/Di where, Pi and Di represents the number of germinated seeds and number of days from start to ith day, respectively (Maguire, 1962).
Seedling growth parameters: The lengths of the radicals and plumules of the germinated seedlings were also recorded at the end of the experiment (at 7 days after treatment) and averaged. The root length inhibition percentage was computed using the percentage root length inhibition formula (Enyew and Raja, 2015) as-
% inhibition of the root length = (RLC-RLT) x100/RLC
Where, RLC is root length in control, RLT is root length in treatment.
Seed vigour index I: The seedling vigour index I was calculated using the formula given by (Abdul-Baki and Anderson, 1973) as given -
Seedling vigour index-I = Standard germination (%) x seedling length (cm)
Here, seedling length (cm) was calculated using the same seedlings which were used for calculating shoot/plumule and root/radical lengths for all the crops and average seedling length was measured. 
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Fig.1. a) Chopped parts of Lantana camara, b) Extract of Lantana camara, c) Seeds of the agricultural crops used for study









Fig.2. The petridishes with germinated seeds during experiment under control and 20% Lantana camara extract treatment on the 5th day after treatment
[bookmark: _2hm4x45e14tc]3. Results and Discussions
3.1 Effect of extract on germination percentage of the selected crops
The observations of germination percentage (GP) for a week (7 days) starting of application of 20% Lantana camara extract (20% LC) treatment and control (water only) on the seeds are presented in Fig.3. Seeds of all the three crops were found to be germinated under both 20% LC and control. However, days required to initiate germination and the germination percentage varied crop-wise in both the cases. In case of wheat and maize seeds, initiation of germination was delayed due to application of 20% LC unlike control. 
After seven days of treatment (Fig. 3.d), for maize and wheat seeds, the treated plates showed germination percentage to be same as controls i.e., 30% and 100% respectively. On the other hand, blackgram seeds germinated higher in control (95%) than in treatment (70%) after 7 days of observation. Therefore, the results indicated germination of both wheat and maize seeds was neither stimulated nor inhibited by the 20% Lantana camara extract as compared to respective controls; however, the inhibitory effect was prominent for the seeds of blackgram after seven days of observation showing only 70% GP at 20% Lantana camara extract contrasting to 95% GP in case of control. The difference in GP for the seeds may be attributed to the varying quality and nature of seeds or related physiological and enzymatic activities that facilitates the seed for germination. Ahmed et al. (2007) also reported results of inhibition of germination of seeds of Phaseolus mungo L. (Blackgram) under various concentrations of L. camara leaf extract. Enyew and Raja (2015) noted higher GP (96.60%) of wheat in pot experiment with 25, 50 and 75 g of L. camara leaf powder as compared to maize (53.33%). Inhibition of germination in selected agricultural crops by the extracts of L. camara (Ahmed et al., 2007; El-Kenany and Salama, 2013; Kar et al., 2014; Tadele, 2014) plays a significant role in studying the allelopathic behaviour of this weed. The response to the allelochemicals present in L. camara creates enzymatic and non-enzymatic antioxidant defence system induction which provides a potent tool in elucidating the action mechanisms of such allelopathic compounds effecting germination (Gindri et al., 2020 and Zuo et al., 2012).  
3.2 Effect of extract on germination speed index (GSI)
At the end of the experiment period of seven days, the germination speed index (GSI) of maize, wheat and blackgram are represented in Fig. 4. The speed index for germination denotes the time required for attaining a certain germination percentage. The GSI at 20% Lantana camara extract showed higher germination speed index (19.13) as compared to control in blackgram (15.50). It indicates that after 7 days of test, irrespective of the final germination percentage result, blackgram seeds showed quicker germination response. In case of maize and wheat, the GSI was more in control than the treatment. However, in case of wheat the difference between GSI in case of control and extract was minimal. The maximum speed of germination was observed in wheat whilst it was the minimum for maize out of all the three crops. GSI is a prominent and sensitive indicator of allelopathic effects (Wardle et al., 1991) and the variation among the crops in terms of germination speed index might be attributed due to the influence of different phytochemicals released from the extract of L. camara as well as germination abilities of different crops’ seeds.














Fig. 3. Germination percentage (GP) of a) maize, b) wheat and c) blackgram seeds under 20% Lantana camara extract treatment and control (C) at days of experiment period and d) GP of all three crops after 7 days of treatment






	



Fig.4. Germination speed index (GSI) of maize, wheat and blackgram after 7 days of observation
3.3 Effect of extract in seedling growth records
The comparison of radical and plumule lengths (in mm) at the end of the observation period (Fig.5.a - 5.c) under 20% LC treatment versus control is presented in Table 1. The radical length for both wheat and maize were higher in control than that in case of seedling with treatment. Higher inhibitory effect (59.93 %) on radical growth of wheat was noted by extract than maize radical (26.07%). However, in blackgram, the seedlings with 20% LC extract had higher lengths of radical than in control. The percent inhibition for radical length of blackgram attained negative value i.e. stimulation of root growth in blackgram by 20% LC extract was observed (Table 1). Similar observations were recorded in case of plumule length of blackgram (Table 1), whereas, the 20% LC extract lowered the plumule/shoot growth of wheat and maize seedlings than that of plumule growth in control. The results indicated that the shoot growth inhibitory effect of Lantana camara extracts were profound in case of wheat and maize having per cent values of 20.44 and 17.19, respectively. The inhibition might be attributed due to the presence of certain allelochemicals in L. camara extracts which obstruct vital metabolic processes helpful cell proliferation as well as elongation resulting shortening of roots and shoots (Gebreyohannes et al., 2023). The shoot growth (mm) in blackgram was negligible for both control and treatment. However, in case of treatment the slight increase in plumule length was observed with a mean value of 0.23 mm. It is prominent from Table 1 that the 20% LC extract had more percent inhibitory effect in case of root growth than that of shoot growth for both wheat and maize. Acharya et al. (2022) also observed strong critical inhibitory effect of aqueous leaf extracts obtained from L. camara on root elongation of certain crop species than on shoot elongation. 
Table 1. Mean radical and plumule lengths in mm of germinated maize, wheat and blackgram seeds and % inhibition of root and shoot length under 20% Lantana camara extract treatment and control (C) after 7 days
	Crop
	Treatment
	Mean radical length 
(mm)
	Mean plumule length 
(mm)
	% Inhibition 

	
	
	
	
	Radical/Root length
	Plumule/Shoot length

	Maize
	C
	2.33
	1.60
	26.07
	17.19

	
	20% LC
	1.73
	1.33
	
	

	Wheat
	C
	6.93
	4.53
	59.93
	20.44

	
	20% LC
	2.78
	3.60
	
	

	Blackgram
	C
	1.40
	 -
	-196.43
	-

	
	20% LC
	4.15
	0.23
	
	


20% LC= 20% Lantana camara extract (on fresh weight basis), C=Control.






Fig.5. a) Petridishes b) Elongated plumule and radical of treated wheat c) Measuring length of wheat plumule after 7 days of treatment 
	The inhibition of radical and plumule growth of wheat and maize by 20% LC extract was in agreement with the observations of Enyew and Raja (2015) who have reported reduction in root and shoot length in wheat and maize grown in L. camara leaf powder treated pots. The growth of the seedling depends mainly on mitotic division, synthesis of DNA and proper mobilization of seed reserve (Cardoso, 2004; Bewley et al., 2012). L. camara contains phytochemical 1,8-cineol (Singh et al., 2012) which has been reported to be a root growth reducer and an index for mitosis (Romagni et al., 2000). The inhibitory effect was more prominent in case of root growth than the growth of shoot which might be due to close proximity of the extracts with the roots than the growing shoots in the laboratory condition. However, the Lantana camara extracts had stimulatory effects in growth of roots of blackgram. The stimulatory allelopathy might be the result of interaction between weed materials and micro-organism in presence of water (Oudhia et al., 2002). 
Inhibition of seed germination in blackgram and root and shoot growth of maize and wheat as well as stimulatory root growth in blackgram in the present investigation showed that the allelopathic effect of Lantana camara are prominently species specific and the effects were more in case of roots than shoots. Previous studies also revealed these effects on agricultural crops to be dependent on extract concentrations (Ahmed et al., 2007; Tadele, 2014; Enyew and Raja, 2015). However, the effects observed in laboratory conditions might not be equally intensified in the field conditions. This may be due to the probable lowering of the extract concentrations in natural field environment than that in the aqueous extract (Rice, 1984) or due to binding of the allelochemicals released to the soil particles (Dalton et al., 1983).
3.4 Effect of extract in seedling vigour index-I
The values of seedling vigour index-I calculated are represented in Table 2. The 20% L. camara extract showed the vigour index-I of 9.18 in maize and 63.8 in wheat as compared to the respective control values of 11.79 and 114.60, respectively. On the contrary the value of the index for blackgram was 30.66 in treatment as compared to 13.3 in control. The lower value in case of maize and wheat at 20% Lantana camara extract might be attributed to the inhibitory effect of Lantana extracts on the growth of the seedlings while the GP for both control and treatment remained same. This result might be beneficial in determining overall germination and growth of seedling of such crops in presence of allelopathic weeds like Lantana camara which through their phenolic allelochemicals might influence the seed vigour of agricultural crops.
Table 2. Seedling vigour index-I of maize, wheat and blackgram after 7 days of treatment with 20% Lantana camara and distilled water 
	Values after 7 days
	Maize
	Wheat
	Blackgram

	
	C
	20% LC
	C
	20% LC
	C
	20% LC

	GP (%)
	30
	30
	100
	100
	95
	70

	Length (cm)
	0.393
	0.306
	1.146
	0.638
	0.14
	0.438

	Seedling Vigour Index-I
	11.79
	9.18
	114.6
	63.8
	13.3
	30.66


20% LC= 20% Lantana camara extract (on fresh weight basis), C=Control
Conclusion
The present investigation enlightened the allelopathic impact of aqueous 20% extract of Lantana camara plant (on fresh weight basis) on the germination and growth of maize, wheat and blackgram seeds. Unlike wheat and maize seeds, the extract inhibited the germination of blackgram seeds as observed seven days after treatment. Analysis of radical and plumule lengths highlighted varied responses across the crop species, with wheat and maize showing inhibited growth and blackgram displaying stimulated root growth under extract treatment. The GSI and seed vigour index I both at 20% Lantana camara extract were higher as compared to control in blackgram. However, consideration of variables such as extract concentration, environmental factors and species-specific nature of allelopathic interactions could significantly influence the intensity of allelopathic effects. Therefore, further characterization studies of phytochemicals and their specific allelopathy on different agricultural crops in both laboratory and field condition to fully grasp the implications of Lantana camara allelopathy in agricultural contexts is important.
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