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Abstract

An attempt was made to assess the allelopathic effects of aqueous extract of Lantana camara L. a potential invasive plant on 
growth and seedling related traits of black gram Vigna mungo L. The seeds were treated in 10%, 20%, 40%, 80% and 100% 
concentrations. The leaf aqueous extract of Lantana camara L. showed significant inhibitory activity on germination potency of the 
seed in terms of Germination Index, Tolerance Index, and seed coat shedding time. Besides, Phytotoxicity, for the Vigna mungo L. 
were found out. Germination Index and Tolerance Index were found to be decreased with increase in the concentration of aqueous 
leaf extracts and phytotoxicity increased. The maximum and minimum inhibitory values were obtained in 100% and 10% extract 
concentrations respectively. An attempt was also made to estimate the enzymatic activity. All the results and observations obtained 
in this experimental study were discussed in the view of phyto-chemical constituents of Lantana camara L. and their probable 
allelopathic property against the seed germination.
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Introduction

Allelopathy is an interesting but complex mode of interaction between plants, accomplished through the release of chemical 
substances into the environment. Different groups of plants like algae, lichens, annual and perennial weeds have wide known 
allelopathic interactions, [1]. The donor plants may affect germination, growth, and development of the recipient plants species [2]. 
Lantana camara L. belongs to the family Verbenacea is one of the known weed plants in the many parts of the world especially in 
tropics and it has been widely evaluated for its allelopathic property against important weeds and crops. Ahmad et al. [3] evaluated 
the allelopathic effects of Lantana camara L. aqueous extract on seed germination and seedling growth of some agricultural crops 
followed by Enyew et al. [4] evaluated in Maize, Zeamays, Wheat, Triticum turgidum L.;  Pogonatu maloides L.;  El-Kenany et al. [5] 
studied on the germination of Phalaris minor L.;  Ranwala et al. [6] evaluated in Ludwigia sp L.;  Bansal et al. [7] in rice; Gantayet et 
al. [8] in Green gram;  Gentle et al. [9] on Australian forest species; Hossain et al. [10] in agricultural crops of Bangladesh; Binggeli 
et al. [11] in drive peoples out of their lands; Oudhiya et al. [12] studied in soya bean; Saxena et al. [13] in Water hyanth; Mishra et 
al. [14] in Trigonella; Rugare et al. [15] in Black jack; Tadele et al. [16] studies the allelopathic effects in agricultural crops; Kong 
et al. [17] in Eichornnia; Kumbhar et al. [18] on crop plants; Achhireddy et al. [19] in Morrenia odorata L.; Dobhal et al. [20] in 
woody shrubs. Besides Lantana Camara L. other plants also tested for understanding the possible physiological mechanisms behind 
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the allelopathic effects on black Gram; Suman et al. [21]; Siddiqui et al. [22] in Black pepper leaching; Singh et al. [23] tested in 
leaf leachate of eucalyptus; Shankar et al. [24] evaluated allelopathic effects of phenolics and terpenoids extracted from Gmelina 
arborea on germination of Black gram; Effect of salicylic acid on nodulation, nitrogenous compounds and related enzymes of Vigna 
mungo L. However, experimental studies reported that the mechanisms involved in tolerance of crop seedlings subjected to stressed 
environment Prasad et al. [25]; Palma et al. [26] reported the role of peroxisomal proteases in different physiological events that take 
place under stress situations is discussed followed by Foyer et al. [27] studied important defense mechanism in transgenic plants; 
Roy‐Macauley et al. [28] evaluated proteolytic activities in Phaseolus and Vigna leaves from sensitive and resistant plants. In the 
present study, an experiment was conducted to assess the allelopathic effect of aqueous extract of Lantana camara L. extract on 
black gram Vigna mungo L. as it has not been tested previously.

Materials and Methods

Materials

Collection of Lantana camara L. plant materials: Fresh and healthy leaves were collected from garden land of Pondicherry 
University Experimental Farm FIG.1. The leaf washed in running tap water for removing the surface contaminants and dust and 
dried at room temperature. The plant materials were chopped into small pieces with cutter [29].

FIG. 1. Lantana camara L.

Collection of Vigna mungo L. seeds: Well mature Vigna mungo L. seed were collected from the Pondicherry Agro Service and 
Industries Corporation (PASIC) in the first week of July 2015. The seed kept under sunlight for 3 h. Then the seed were soaked with 
Sodium Hypochlorite solution in 5 min for Sterilization [30].

Preparation of Lantana camara L. aqueous extracts (LCAE): The Leaf was soaked in distilled water for one hour at room 
temperature. The extract obtained after the Grinding of leaf pestle and motor in the ratio of 30 g leaf: 100 ml distilled water. The 
crude extract is boiled at 60°C for 30 min and the crude extract is centrifuged at 5000 rpm for 10 min, supernatant obtained after 
the centrifugation is filter through a Whatman No. 1 filter paper and diluted the filtrate with distilled water to prepare different 
concentrations (10%, 20%, 40%, 80%, and 100%) according to the treatments [31]. 

Methods

Experimental setup: Petri plates were given a thorough washing with detergent using hot water as precautionary measure against 
pathogens and pollutants. Ten seeds of Vigna mungo L. were sown in each Petri plates of a 9-cm diameter. 6 ml of solution was 
applied to Petri plates and control treatment received 6 ml of distilled water. Both treated and control Petri plates were kept moist 
continuously by adding respective concentrations in duplicate. The Petri plates were kept at room temperature (30 ± 4)°C throughout 
the study. Germination counts were recorded at the end of each day for 3 days continuously. Morphological feature’s viz, Radicle 
length, timing of seed coat shedding, nature of the seed were recorded each day. The experiment was laid out in complete randomized 
block design with 3 replicates (FIG. 2-4).
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FIG. 2. Experimental set up (Seed soaked in various concentrations).

FIG. 3. Seed soaked 100% concentration.

FIG. 4. Seed soaked in control.

Estimation of enzyme activity

Estimation of protease: The protease content in seed was estimated by Ladd and Butler method [32]. Place 1 ml of sample in a 250-
ml conical flask. Add 5 ml Triss buffer and 5 ml of sodium caseinate solution. Stopper the tubes, mix the content and incubator for 
2 h at 50°C on a shaking water bath. At the end of incubation add 5 ml of trychloroacetic acid (TCA) solution and mix the content 
thoroughly. To perform the control, add 5 ml of sodium caseinate solution at the end of the incubation and immediately before adding 
the TCA solution. Centrifuge the sample at 10,000 rpm for 10 min. Pipette 5 ml of the clear supernatant into tubes mix with 7.5 ml 
of alkaline reagent, and incubate for 15 min at room temperature. After add 5 ml of the follin reagent, filter the mix through paper 
filter into glass tube and measure the absorbance after 1 h at 700 nm. 
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Evaluation Index

Germination index: Germination/emergence index (GI/EI) was calculated by following formula used by Association of Official 
Seed Analysis (AOSA, 1978).

Number of days after sowing × Number of seed Germinated
Total Number of seed planted

GI =

Tolerance index: Tolerance index was calculated by using the formula suggested by Turner and Marshal (1972). Longest root in 
treatment of the seedling was measured for the calculation of Tolerance Index (TI) as follows: 

( ) Longest root in treatmentTolerance Index TI
Longest Root in contr

=
ol ×100

Percentage of toxicity: The percentage of the toxicity of the seeds was calculated by the formula suggested by Chiou and Muller 
[33] as follows. 

( ) Radicle length of the control - Radicle length of the treated samplePytotoxicity %
Radicle length of the contro

=
l ×100

Results

The results obtained from the present study showed that, seed treated with aqueous extract of the donor plant will have more 
inhibitory effect on recipient plant in terms of germination percentage, Tolerance Index, phytotoxicity, shedding of seed coat, 
and it was given in TABLE 1. The highest concentration (100%) of aqueous leaf extracts showed maximum inhibitory effects in 
terms of germination percentage, root length when compared to control. The rate of inhibition increased with increasing extract 
concentration. The length of the radicle in control and 100% (TABLE 1) were found to be increased each day of experiment. The 
maximum radicle length of were measured in 3rd day of experiment, but compare to control the length of the radicle reduced in 
100% of extract concentration. Similarly, radicle length of seed soaked in 20% and 40% concentration were found to be increased 
in each day. The maximum radicle length observed in 3rd day of treatment in 20% and shortened in 40% of concentration.

The length of the radicle of seed soaked in 80% and 100% concentrations were found to be reduced. When compare to all other 
concentration 80% and 100%, the length of the radicle found to be decreased. The maximum reduction of radicle length found 
in 100% concentration. Germination index also was significantly affected by two concentrations 80% and 100%. The tolerance 
index and phytotoxicity of seed soaked in Control and 100% is represented in TABLE 1 From the Experimental result shows that 
growth parameters i.e., Germination Index, Tolerance Index of the seed found to be reduced and phytotoxicity increased with 
increasing the concentration of Leaf extracts. Shedding of the seed were decreases with increasing the concentration. 

The maximum seed shedding was observed in control and minimum at 100% concentration. Other observed morphological 
changes include inhibited or retarded germination rate; seeds darkened and swollen; reduced radicle and swelling or necrosis of 
root tips; curling of the root axis; discoloration, lack of root hairs; increased number of seminal roots. 
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TABLE 1. Measurement value of radicle length, germination index, phytotoxicity and tolerance index in each day of 
experiment (cm) of maximum (100%) and minimum concentrations (control).

No of Seeds Control (Distilled water) 100% of leaf Extracts
1st day  2nd day 3rd day 1st day 2nd day 3rd day

1 0.8 1.4 1.9 0.2 0.2 0.2
2 0.8 1.5 2.0 0.3 0.3 0.3
3 0.7 1.4 1.7 0.3 0.3 0.3
4 0.9 1.5 1.8 0.4 0.4 0.4
5 0.8 1.6 1.9 0.5 0.5 0.5
6 0.8 1.4 1.8 0.3 0.3 0.3
7 0.7 1.6 1.9 0.4 0.4 0.4
8 0.8 1.3 1.8 0.5 0.5 0.5
9 0.9 1.3 2.1 0.3 0.3 0.3
10 0.9 1.5 1.9 0.3 0.3 0.3

Mean 0.81 1.45 1.88 0.35 0.35 0.35
SD 0.07379 0.10801 0.11353 0.097 0.097 0.097

Germination 
Index

3 3 3 0.9 0.9 0.9

Vigna mungo L. seed exhibit increasing trends in protease activity in all the three concentration from the period of 24 h of germination, 
and it continued until 72 h of seed germination. The maximum protease activity was found in 72 h of the germination and minimum 
found in 24 h of the seed germination. The maximum protease activity was found in seed treated with 100% concentration of the 
Lantana camara L. extract 7.987 ppm and minimum was found in control 2.245 ppm given in TABLES 2 and 3.

TABLE 2. Trends in phytotoxicity and tolerance index in various concentrations of 3 days of experiment.

Day 1 Day 2 Day 3

Concentrations 10% 20% 40% 80% 100% 10% 20% 40% 80% 100% 10% 20% 40% 80% 100%
Phytotoxicity 

µmol. L
7.40 12.40 25.3 49.38 56.79 37.2 38.6 51.0 71.3 75.8 16.4 33.5 62.7 77.1 81.32

Tolerance index 155.5 133.3 111 77.7 55.5 78.75 68.75 50 25 15 90.4 66.6 47.6 33.2 23.80

GRAPH 1. Effects of Lantana extracts on radicle length.
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TABLE 3. Effect of aqueous extracts on enzyme activity.

Enzymes Protease in PPM

Days Control 50% 100%

D1 2.247 ppm  2.36 ppm 3.985 ppm

D2 2.745 ppm 4.187 ppm 5.145 ppm

D3 3.643 ppm 5.248 ppm 7.987 ppm

GRAPH 2. Effects of Lantana extracts on protease activity.

Discussion

Allelopathy is an interesting but complex mode of interaction between plants, accomplished through the release of chemical 
substances into the environment. Different groups of plants like algae, lichens, annual and perennial weeds have wide known 
allelopathic interactions.

The present study envisages that aqueous extracts of Lantana camara L. (donor species) exhibit strong inhibitory allelopathic 
effect on the germination process of Vigna mungo L. The germination was highly sensitive to the donor aqueous extract in various 
treatments. According to Cruz-ortega et al. [34] inhibition of root length may be due to the presence of phenols. It is possible that 
these phenolic compounds interfered with the phosphorylation pathway and inhibiting the activation of Mg2+ and ATP–ase activity. 
Verdeguer et al. [35] studied the Phytotoxic effects of Lantana camara, Eucalyptus camaldulensis and Eriocephalus africanus 
essential oils in weeds of Mediterranean summer crops and he found that the reduction of root and shoot radicle is due to aromatic 
alkaloids and phenolic compounds which interfere with germination and growth of species; many different secondary metabolites-
e.g., phenolics, terpenoids, alkaloids, polyacetylenes, fatty acids, and steroids have ability to retard the growth of other plants by 
interfering with metabolic activity [36]; the presence of 14 type of allelochemicals present in plant mainly Lantadene A (Penta 
cyclic triterterpinoids) and Lantadene B will alter the energy circulation and the enzyme, protein and amino acid activity during 
the period of germination of recipient plants [37]. Our result obtained from the analysis of enzyme showed that increasing trends in 
protease activity. However Solomon et al. [38]; Ryan et al. [39]; Hatsugai et al. [40]; Kim [41]; Dubey et al. [42]; Silveira et al. [43]; 
Sweetlove et al. [44]; reported that protease have ability to respond stressed environment through synthesis of bio molecules and this 
enzyme will act as a plant defense against toxic chemicals. Thus, our results suggested that leaf aqueous extract having a potential 
allelopathic effect. Meanwhile, further studies under field conditions are necessary to evaluate the possible use of L. camara aqueous 
extract or as bio herbicides against certain weeds that resistant to available pesticides.
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