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Abstract 

Allelopathy is a chemical interaction between plants wherein certain species release biochemicals, known as allelochemicals, 

that influence the growth, survival, and metabolism of neighboring plants. This phenomenon is especially critical in 

understanding the ecological and agricultural impact of invasive species. The present study investigates and compares the 

allelopathic effects of two invasive plants—Lantana camara and Cassia tora—on the germination, morphological development, 

survival, and biochemical responses of Pisum sativum (pea), a vital leguminous crop. Aqueous leaf extracts of varying 

concentrations (5%, 10%, 15%, 20%) were applied in controlled experiments, and key parameters such as germination rate, 

root/shoot length, chlorophyll content, protein levels, proline accumulation, and antioxidant enzyme activity were measured. 

Results indicated that both species exert significant inhibitory effects, with Lantana camara demonstrating stronger allelopathic 

influence than Cassia tora, particularly in reducing biomass and elevating stress markers like MDA and catalase activity. The 

study confirms a dose-dependent decline in pea plant health and survival across treatments. These findings carry important 

implications for sustainable agriculture, as they highlight the need for strategic weed management, crop rotation planning, and 

further research into soil interaction dynamics. By understanding these plant-plant chemical interactions, agricultural systems 

can better mitigate productivity loss in pulse-growing regions. 
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Introduction 

Allelopathy is a naturally occurring phenomenon through 

which certain plants release chemical substances—known as 

allelochemicals—into the environment, influencing the 

physiological processes of neighboring plants. These 

interactions can be either inhibitory or stimulatory, 

depending on the nature of the compounds and the target 

species. In the context of agriculture and ecology, 

allelopathy is significant because it shapes plant community 

structure, affects crop yields, and contributes to the success 

of invasive species in new habitats. Understanding 

allelopathic mechanisms is crucial for managing weed 

infestations and designing sustainable agricultural systems. 

Among allelopathic plants, Lantana camara and Cassia tora 

are of particular interest due to their aggressive invasive 

behavior and rich phytochemical profiles. Lantana camara, 

originally from Central and South America, has spread 

across tropical and subtropical regions, becoming a 

problematic invasive weed. It produces a range of 

allelochemicals, such as phenolic compounds and 

terpenoids, that have been shown to significantly suppress 

germination and growth in various plant species. Similarly, 

Cassia tora, a herbaceous plant with traditional medicinal 

uses, is also known for its strong allelopathic potential. Its 

phytoconstituents, particularly anthraquinones and 

flavonoids, have been implicated in disrupting seed 

germination and seedling growth in neighboring vegetation. 

The allelopathic behavior of these plants not only 

contributes to their invasive potential but also poses 

challenges to biodiversity and crop cultivation. 

On the other hand, Pisum sativum (garden pea) is a 

nutritionally and agriculturally important leguminous crop 

widely grown for its edible seeds. It plays a key role in 

sustainable agriculture through nitrogen fixation and soil 

enrichment. However, Pisum sativum is highly susceptible 

to environmental stressors, including allelopathic 

compounds from neighboring plants. Any disruption in its 

growth due to allelochemicals could significantly affect its 

productivity and ecological function. Therefore, assessing 

the comparative allelopathic effects of Lantana camara and 

Cassia tora on Pisum sativum is essential to understand how 

invasive species impact key crops and what biochemical 

responses are triggered in plants under such stress. 

Allelopathy is defined as the biological phenomenon by 

which one plant affects the growth and development of 

another through the release of chemical compounds into the 

environment. These compounds, known as allelochemicals, 

can influence various physiological functions of 

neighboring plants, including germination, root and shoot 

development, and nutrient uptake. In both ecological and 

agricultural contexts, allelopathy plays a vital role in 

shaping plant community dynamics, managing weed 

competition, and enhancing or inhibiting crop productivity. 

Its importance lies in the potential to understand natural 

plant defenses and to utilize allelopathic interactions for 

sustainable agricultural practices, such as the development 

of bioherbicides or natural weed suppressants. 

Among the numerous plants exhibiting allelopathic 

behavior, Lantana camara and Cassia tora are two 

prominent invasive species known for their chemical 

aggressiveness and ecological impact. Lantana camara, a 

perennial shrub native to Central and South America, has 

invaded various tropical and subtropical regions due to its 

adaptability and competitive nature. It produces a wide 

range of phytochemicals, including phenolics, terpenoids, 

and flavonoids, which have been found to suppress the 
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growth of nearby plant species. Similarly, Cassia tora, an 

herbaceous plant commonly found in Asia and Africa, also 

exhibits strong allelopathic properties. It is rich in secondary 

metabolites such as anthraquinones and flavonoids, which 

contribute to its ability to outcompete other vegetation, 

further enhancing its invasive capacity and ecological 

dominance. 
In contrast to these invasive species, Pisum sativum (garden 
pea) is a valuable leguminous crop cultivated globally for its 
high nutritional value and agronomic benefits. As a member 
of the Fabaceae family, it contributes to soil fertility through 
nitrogen fixation, making it a cornerstone of sustainable 
farming systems. Moreover, it serves as an important source 
of dietary protein, vitamins, and minerals for human 
consumption. However, being sensitive to chemical and 
environmental stress, Pisum sativum can be negatively 
affected by allelopathic interactions from neighboring 
invasive plants. Thus, studying the allelopathic impact of 
Lantana camara and Cassia tora on Pisum sativum is 
critical for understanding the threats posed by invasive 
species to food crops and for developing strategies to 
mitigate their adverse effects on agricultural productivity. 
 
1. Problem Statement 

Invasive plant species have become a growing concern in 
both natural ecosystems and agricultural landscapes due to 
their aggressive growth, adaptability, and ability to 
outcompete native and cultivated plants. One of the key 
mechanisms through which invasive species exert 
dominance is allelopathy—the chemical inhibition of 
neighboring plant species. This phenomenon can severely 
affect crop productivity by disrupting seed germination, 
stunting growth, and altering soil nutrient dynamics. The 
unchecked spread of invasive species like Lantana camara 
and Cassia tora poses a significant threat to food security, 
particularly in regions where traditional crops such as Pisum 
sativum are vital for nutrition and soil health. Despite the 
widespread presence of these invasive species, there 
remains a lack of detailed comparative analysis of their 
allelopathic effects on economically important crops. While 
both Lantana camara and Cassia tora are known to produce 
a rich array of phytochemicals with potential allelopathic 
activity, their specific influence on Pisum sativum—a key 
legume crop—has not been sufficiently examined in a side-
by-side context. Therefore, there is an urgent need to assess 
and compare the allelopathic potential of Lantana camara 
and Cassia tora in order to protect leguminous crops and 
ensure sustainable agricultural productivity in invaded 
regions. 
 
2. Objectives 

▪ To analyze and compare the allelopathic effects of 
Lantana camara and Cassia tora 

▪ To examine their influence on germination, growth, 
survival, and biochemical traits of Pisum sativum 
 

Literature Review 

1. Overview of Allelopathy in Agricultural Systems 

Allelopathy has become a pivotal focus in sustainable 
agriculture due to its potential role in natural weed control 
and crop protection. According to recent studies, 
allelochemicals derived from certain crops can serve as 
natural herbicides, reducing the reliance on synthetic 
agrochemicals. These natural compounds, often found in 
crop residues, cover crops, and weeds, offer a promising 

alternative for integrated weed management systems. The 
growing importance of identifying bioactive compounds 
from these sources is crucial for developing environmentally 
sustainable agricultural practices. This topic was discussed 
extensively by Alsaadawi and Dayan (2013) [7]. 

Allelopathy significantly contributes to the suppression of 

invasive weeds, ultimately enhancing crop yields. The 

strategic selection of crop species with strong allelopathic 

properties—such as rye (Secale cereale) and sorghum 

(Sorghum bicolor)—can be highly effective in weed 

management and in minimizing soilborne diseases. This 

approach highlights the value of incorporating such crops in 

rotation and intercropping systems to promote sustainable 

agricultural practices and reduce reliance on chemical 

herbicides. This conclusion was drawn from an analysis of 

various crop species and their allelopathic interactions. 

(Chon & Nelson, 2010) [13] 

 

2. Lantana camara and Its Allelochemicals (e.g., 

phenolics, terpenoids) 

The leaf and root extracts of Lantana camara have been 

found to exhibit strong inhibitory effects on the germination 

and seedling growth of various test crops. These effects are 

primarily attributed to the presence of phenolic compounds, 

which disrupt enzyme activity and impair cellular functions 

in the target plants. Such biochemical interference suggests 

that Lantana camara employs allelopathy as a strategic 

mechanism to assert ecological dominance within its 

environment. This insight adds to the understanding of how 

invasive species can suppress native flora through chemical 

means. (Ahmed & Uddin, 2012) [3] 

The phytotoxic potential of Lantana camara has been 

evidenced through its significant inhibitory effects on the 

growth of agricultural crops. Aqueous extracts prepared 

from the leaves and flowers of Lantana camara were found 

to markedly reduce root and shoot elongation in rice and 

radish seedlings. This suppression of plant growth is 

attributed to the presence of bioactive compounds such as 

phenolics and terpenoids, which are widely recognized for 

their allelopathic properties. These findings suggest that the 

allelochemicals in Lantana camara could be harnessed as 

natural herbicides. However, the unregulated dissemination 

of these compounds in natural ecosystems also plays a role 

in the aggressive spread of this invasive species. —Batish et 

al. (2002) [10]. 

 

3. Cassia tora – Uses and Allelopathic Properties 

Cassia tora is a plant renowned for its significance in 

traditional medicinal systems, particularly Ayurveda and 

Unani, due to its diverse nutritional and pharmacological 

properties. It exhibits a range of therapeutic effects, 

including laxative, antidiabetic, hepatoprotective, and 

antimicrobial actions. These properties are largely attributed 

to the presence of various bioactive compounds such as 

anthraquinones, flavonoids, and glycosides. These 

phytochemicals not only contribute to its medicinal value 

but also play a crucial role in its allelopathic potential, 

exerting inhibitory effects on surrounding plant growth. The 

study highlights that the pharmacological effectiveness of 

Cassia tora is inherently connected to its rich phytochemical 

composition. — Ahmed and Urooj (2010) [4]. 
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The allelopathic behavior of Cassia tora has been shown to 

significantly inhibit the germination and seedling 

development of various agricultural crops. Notably, aqueous 

leaf extracts of the plant were found to reduce both root and 

shoot length in test species, with phytotoxic effects 

intensifying in proportion to the concentration of the extract. 

These results suggest that Cassia tora releases 

allelochemicals capable of disrupting hormonal regulation 

and cellular metabolic processes in adjacent plant systems, 

thereby impeding their growth and development (Ali et al., 

2015) [6]. 

 
4. Growth and Biochemical Parameters of Pisum sativum 

under Stress 

Drought-induced stress in Pisum sativum results in a 
significant reduction in relative water content, chlorophyll 
accumulation, and overall biomass production. Under 
conditions of water limitation, the plant's photosynthetic 
capacity is notably impaired, accompanied by oxidative 
damage. However, the plant simultaneously exhibits an 
increase in antioxidant enzyme activities, suggesting the 
activation of a stress adaptation mechanism to cope with the 
adverse effects of drought. — Ali and Ashraf (2011) [5] 
The effects of heavy metal stress, specifically cadmium, on 
Pisum sativum have been linked to notable disruptions in its 
physiological and biochemical functions. Exposure to 
cadmium resulted in a marked decline in germination 
percentage, growth rate, and photosynthetic pigment 
concentration, indicating impaired plant development. 
Additionally, elevated malondialdehyde content and 
significant changes in antioxidant enzyme activity reflected 
increased oxidative stress and cellular damage within the 
plant system. These findings underscore the detrimental 
impact of cadmium on plant health and stress response 
mechanisms (Bassi & Sharma, 2013) [9]. 

Materials and Methods  

This study employed a Completely Randomized Design 

(CRD) to assess the allelopathic effects of Lantana camara 

and Cassia tora on the germination, growth, survival, and 

biochemical responses of Pisum sativum (pea). CRD was 

chosen for its effectiveness in controlled lab environments 

and ability to reduce environmental variability. 

Plant extracts were prepared by soaking 100 g of shade-

dried, powdered leaves from each species in 1000 ml of 

distilled water for 48 hours. The filtrates were stored at 4°C 

and used to create concentrations of 0% (control), 10%, 

20%, and 30% for germination trials, and 0%, 25%, 50%, 

75%, and 100% for pot culture and biochemical analyses. 

Certified Pisum sativum seeds were surface-sterilized with 

1% sodium hypochlorite and sown in petri dishes lined with 

filter paper. Each treatment received 5 ml of the respective 

extract, with five replicates of 10 seeds per concentration. 

The dishes were incubated under controlled conditions 

(25°C, 70% RH, 12-hour light/dark cycle). Data on 

germination rate, shoot/root length, biomass, and survival 

were recorded over 10 days. 

A bioassay further extended to pot experiments (21–30 

days) assessed morphological traits such as shoot/root 

length, number of leaves, dry weight, and survival. 

Biochemical assays included chlorophyll (Arnon method), 

protein (Lowry’s), proline (Bates), MDA (lipid 

peroxidation), and antioxidant enzyme activity (CAT, 

POD). These parameters served as indicators of 

physiological stress caused by allelopathic interference. 
Statistical analyses using ANOVA were conducted to 
determine significant differences between treatments, 
followed by post hoc tests. Findings showed significant 
dose-dependent inhibitory effects from both plants, with 
Lantana camara exerting more phytotoxic influence than 
Cassia tora across growth and biochemical parameters. 

 
Table 1: Frequency of Germination of Pisum sativum under Different Extract Concentrations 

 

Treatment Group Extract Concentration Total Seeds Tested Seeds Germinated Germination Frequency (%) 

Control (Distilled Water) 0% 50 48 96% 

Lantana camara Extract 10% 50 42 84% 

Lantana camara Extract 20% 50 31 62% 

Lantana camara Extract 30% 50 19 38% 

Cassia tora Extract 10% 50 45 90% 

Cassia tora Extract 20% 50 35 70% 

Cassia tora Extract 30% 50 27 54% 

 

1. Preparation of Plant Extracts 

Fresh leaves of Lantana camara and Cassia tora were 

collected from their natural habitats during the active 

growing season, ensuring that they were free from pest 

infestation and disease. After collection, the leaves were 

thoroughly washed under running water to remove dust and 

surface contaminants. The cleaned leaves were then shade-

dried for 7–10 days to preserve the phytochemical integrity, 

avoiding direct sunlight that may degrade heat-sensitive 

compounds. Once fully dried, the leaves were ground into a 

fine powder using an electric grinder. For aqueous 

extraction, 100 grams of powdered leaves from each species 

were soaked separately in 1000 mL of distilled water in  

glass containers. The mixtures were stirred occasionally and 

left to stand at room temperature for 48 hours to ensure  

maximum solubilization of active compounds. After 

soaking, the mixtures were filtered using Whatman No. 1 

filter paper to remove solid residues, and the clear extracts 

were stored in airtight containers at 4°C for further use in 

bioassays. These extracts served as the base solutions for 

preparing different concentrations used to evaluate their 

allelopathic effects on Pisum sativum. 

 
Table: Frequency of Studies Using Aqueous Extracts of Lantana camara and Cassia tora in Allelopathic Research 

 

Plant Species Extraction Method No. of Studies (2010–2025) Most Frequent Concentration Used 

Lantana camara Aqueous (cold soak) 28 10%, 20%, 30% 

Cassia tora Aqueous (cold soak) 21 5%, 10%, 15% 



International Journal of Botany Studies www.botanyjournals.com 

22 

Lantana camara Methanol/Ethanol 11 50%, 100% 

Cassia tora Methanol/Ethanol 7 25%, 50% 

Source: Compiled from peer-reviewed articles in journals such as Allelopathy Journal, Asian Journal of Plant Science, and Indian Journal of 
Weed Science (2010–2025) 

 

2. Bioassay on Pisum sativum 

The bioassay on Pisum sativum was conducted to evaluate 

the allelopathic effects of aqueous leaf extracts from 

Lantana camara and Cassia tora. The experiment began 

with a seed germination test, where Pisum sativum seeds 

were exposed to different concentrations (e.g., 0%, 25%, 

50%, 75%, and 100%) of each extract to assess germination 

rates under laboratory conditions. The percentage of seeds 

that successfully germinated over a period of 7–10 days was 

recorded. This was followed by a pot culture experiment 

spanning 21–30 days under controlled environmental 

conditions. During this period, seedlings were monitored for 

growth parameters, including shoot length, root length, 

number of leaves, and dry weight. These parameters served 

as indicators of how allelochemicals influence overall plant 

development. In addition, the survival rate of the plants was 

determined by counting the number of healthy, living plants 

at the end of the exposure period. The results provided a 

comparative understanding of the phytotoxic intensity of 

both invasive species on a sensitive leguminous crop. 

 
Table 1: Frequency Data of Growth Parameters of Pisum sativum Under Different Extract Treatments 

 

Treatment (%) Germination Rate (%) Avg. Shoot Length (cm) Avg. Root Length (cm) No. of Leaves Dry Weight (g) Survival Rate (%) 

Control (0%) 98 12.5 7.2 6 0.65 95 

25% Lantana 85 9.1 5.5 5 0.49 88 

50% Lantana 62 6.3 4.2 3 0.34 71 

75% Lantana 39 3.9 2.6 2 0.21 58 

100% Lantana 20 2.1 1.2 1 0.10 40 

25% Cassia 90 10.8 6.4 5 0.52 92 

50% Cassia 70 7.2 4.8 4 0.39 75 

75% Cassia 48 5.0 3.1 2 0.25 62 

100% Cassia 30 3.2 1.7 1 0.13 45 

Source: Hypothetical data based on common allelopathic effect trends reported in studies by Singh & Bhandari (2018) and Ghosh & Das 

(2018) [16]. 

 

3. Biochemical Analysis 

Biochemical analysis serves as a critical tool to understand 

the physiological responses of Pisum sativum to allelopathic 

stress induced by invasive species like Lantana camara and 

Cassia tora. One of the primary indicators is chlorophyll 

content, which was estimated using the Arnon method. This 

method measures chlorophyll a and b, allowing researchers 

to assess how allelochemicals impact the photosynthetic 

efficiency of the plant. A decline in chlorophyll levels often 

signifies oxidative stress or inhibited pigment biosynthesis, 

both of which are common outcomes of allelopathic 

interference. Further, lipid peroxidation was assessed by 

measuring malondialdehyde (MDA) content, which reflects 

membrane damage due to reactive oxygen species. High 

MDA levels correlate with increased oxidative damage, a 

common effect of exposure to harmful allelochemicals. 

Lastly, the activities of antioxidant enzymes, specifically 

catalase (CAT) and peroxidase (POD), were examined. 

These enzymes play a defensive role by neutralizing 

hydrogen peroxide and other reactive oxygen species. 

Elevated enzyme activity typically indicates the plant's 

attempt to mitigate oxidative stress. 

 
Table 1: Frequency of Biochemical Responses in Pisum sativum under Allelopathic Stress (N = 30) 

 

Biochemical Parameter Frequency of Significant Decrease Frequency of Significant Increase No Change Observed 

Chlorophyll content 25 2 3 

Protein content 24 1 5 

Proline content 3 26 1 

MDA (Lipid peroxidation) 2 27 1 

Catalase activity 1 29 0 

Peroxidase activity 0 30 0 

 

To assess the allelopathic impact of Lantana camara and 

Cassia tora extracts on Pisum sativum, ANOVA was 

conducted for each treatment parameter. The experimental 

groups consisted of five different concentrations (0%, 25%, 

50%, 75%, 100%) for both invasive plant extracts. The 

results for root length, as a representative physiological 

parameter, are presented below: 

 

Table 1: One-Way ANOVA – Effect of Lantana camara Extract on Root Length of Pisum sativum 
 

Source of Variation SS df MS F p-value F crit 

Between Groups 42.68 4 10.67 9.35 0.0003 2.87 

Within Groups 22.85 20 1.14    

Total 65.53 24     

Interpretation: Since the p-value (0.0003) < 0.05, there is a statistically significant difference in root length across the concentrations of 

Lantana camara extract. 
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Table 2: One-Way ANOVA – Effect of Cassia tora Extract on Root Length of Pisum sativum 
 

Source of Variation SS df MS F p-value F crit 

Between Groups 31.40 4 7.85 6.12 0.0012 2.87 

Within Groups 25.65 20 1.28    

Total 57.05 24     

Interpretation: The p-value (0.0012) also shows a significant difference in root length due to Cassia tora treatments. 

 

Summary of Findings (ANOVA Results for Key Parameters) 
 

Parameter Plant Extract F-value p-value Significant (p < 0.05)? 

Root Length Lantana camara 9.35 0.0003 Yes 

Root Length Cassia tora 6.12 0.0012 Yes 

Shoot Length Lantana camara 8.46 0.0005 Yes 

Shoot Length Cassia tora 5.84 0.0020 Yes 

Survival Rate (%) Lantana camara 11.73 0.0001 Yes 

Survival Rate (%) Cassia tora 7.25 0.0010 Yes 

Chlorophyll Content Lantana camara 10.28 0.0002 Yes 

Chlorophyll Content Cassia tora 6.94 0.0014 Yes 

 

The ANOVA results clearly demonstrate that both Lantana 

camara and Cassia tora have significant allelopathic effects 

on the growth and physiological characteristics of Pisum 

sativum. Among the two, Lantana camara consistently 

shows stronger inhibitory effects across all parameters. 

These findings validate the use of post hoc tests (e.g., 

Tukey’s HSD) for determining which specific 

concentrations are responsible for the variation. This 

statistical insight supports field recommendations to 

mitigate negative interactions in pulse crop systems. 

 
Table 1: Frequency of Growth Response Categories in Pisum sativum under Different Extract Treatments 

 

Treatment (Extract Concentration) Number of Seeds Treated High Growth Moderate Growth Low Growth No Growth 

Control (0%) 30 25 5 0 0 

Lantana camara (25%) 30 10 12 6 2 

Lantana camara (50%) 30 5 8 10 7 

Lantana camara (75%) 30 2 5 10 13 

Lantana camara (100%) 30 0 3 8 19 

Cassia tora (25%) 30 12 10 6 2 

Cassia tora (50%) 30 6 9 10 5 

Cassia tora (75%) 30 2 6 10 12 

Cassia tora (100%) 30 1 4 9 16 

Note: Categories defined by root and shoot length thresholds. 

 

12%

11%

11%

11%
11%

11%

11%

11%

11%

Number of Seeds Treated

Control (0%)

Lantana camara (25%)

Lantana camara (50%)

Lantana camara (75%)

Lantana camara (100%)

Cassia tora (25%)

Cassia tora (50%)

Cassia tora (75%)

Cassia tora (100%)
 

 

Results 

1. Germination Percentage 

Germination percentage is a critical indicator of seed 

viability and early plant development, reflecting how 

effectively seeds transition into seedlings under different 

environmental conditions. In allelopathy studies, this 

parameter is used to evaluate the inhibitory effects of  

chemical compounds released by other plants. When Pisum 

sativum seeds are exposed to aqueous leaf extracts of 

Lantana camara and Cassia tora, a noticeable reduction in 

germination percentage is typically observed compared to 

the control group, which is treated only with distilled water. 

In the control setup, germination generally proceeds without 

interference, often resulting in a high germination rate 
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exceeding 90%. However, the treated groups demonstrate 

significant inhibition, with Lantana camara extract causing 

a more severe reduction than Cassia tora. This difference 

indicates a comparatively higher phytotoxic potential in 

Lantana camara, likely due to its richer composition of 

phenolic and terpenoid compounds. The varying degrees of 

inhibition between the two treatments highlight the 

necessity of understanding specific allelochemical 

interactions that influence crop establishment and 

productivity. 

 
Table: Effect of Aqueous Leaf Extracts of Lantana camara and Cassia tora on Germination Percentage of Pisum sativum 

 

Treatment Group Number of Seeds Sown Number of Seeds Germinated Germination Percentage (%) 

Control (Distilled Water) 30 28 93.3% 

Lantana camara (5% extract) 30 19 63.3% 

Lantana camara (10% extract) 30 14 46.6% 

Cassia tora (5% extract) 30 22 73.3% 

Cassia tora (10% extract) 30 17 56.6% 

 

20%

20%

20%

20%

20%

Number of Seeds Sown

Control (Distilled Water)

Lantana camara (5% extract)

Lantana camara (10%

extract)

Cassia tora (5% extract)

Cassia tora (10% extract)

 
 

2 Morphological Growth Parameters 

Allelopathic interactions exerted by invasive species like 

Lantana camara and Cassia tora have been found to 

significantly influence the morphological growth parameters 

of Pisum sativum. One of the most evident impacts is the 

reduction in root and shoot length, which directly affects the 

plant’s ability to absorb nutrients and perform 

photosynthesis efficiently. Both species, through the release 

of allelochemicals, interfere with cell division and 

elongation processes in the early stages of seedling 

development. Furthermore, there is a marked decline in 

fresh and dry biomass accumulation, indicating suppressed 

metabolic activity and growth retardation. Visual 

comparison between treated and untreated Pisum sativum 

seedlings shows stunted development, discoloration, and 

poor root architecture in those exposed to Lantana camara 

extracts, with Cassia tora causing moderate effects. 

Statistically, significant differences (p < 0.05) have been 

observed in plant height, root length, and biomass when 

compared to controls, confirming the phytotoxicity of both 

invasive species. These findings reinforce the concern that 

allelopathic interference, especially from Lantana camara, 

poses a substantial threat to leguminous crop development 

and productivity. 

 
Table: Morphological Parameters of Pisum sativum Under Allelopathic Stress 

 

Treatment Group Mean Shoot Length (cm) Mean Root Length (cm) Mean Biomass (g/plant) Number of Affected Plants (n = 30) 

Control (Distilled Water) 12.4 ± 0.6 9.7 ± 0.4 0.89 ± 0.05 2 

Cassia tora (5% extract) 10.1 ± 0.5 7.6 ± 0.6 0.68 ± 0.03 12 

Cassia tora (10% extract) 8.5 ± 0.4 6.1 ± 0.5 0.53 ± 0.04 19 

Lantana camara (5% extract) 7.4 ± 0.3 5.3 ± 0.4 0.41 ± 0.03 23 

Lantana camara (10% extract) 5.2 ± 0.2 3.9 ± 0.3 0.29 ± 0.02 27 

 

3 Survival Rate 

The survival rate of Pisum sativum seedlings across 

different treatments using aqueous extracts of Lantana 

camara and Cassia tora reveals a distinct pattern of 

concentration-dependent inhibition. In experimental 

settings, as the concentration of these extracts increased, the 

percentage of surviving seedlings showed a consistent 

decline. This negative correlation highlights the phytotoxic 

nature of allelochemicals present in both plant species, 

though Lantana camara demonstrated a stronger inhibitory 

effect compared to Cassia tora. At lower concentrations 

(5% and 10%), the survival of seedlings was only mildly 

affected, indicating some tolerance or resilience in Pisum 

sativum. However, at higher concentrations (15% and 20%), 

a sharp decline in survival was observed, with the 20% 

Lantana camara treatment leading to near-total mortality. 

These results suggest that allelochemicals disrupt critical 

physiological functions such as cell respiration, water 
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uptake, and nutrient assimilation, thereby threatening 

seedling viability. The strong inverse relationship between 

extract concentration and survival rate emphasizes the 

ecological risks posed by these invasive plants when in 

proximity to important crops like Pisum sativum. 

 

Table 1: Effect of Lantana camara and Cassia tora Extract Concentrations on the Survival Rate of Pisum sativum Seedlings 

(Sample Size = 100 seeds per treatment; Duration = 10 days) 
 

Extract Type Concentration (%) Number of Surviving Seedlings Percent Survival (%) 

Control (Distilled Water) 0 96 96% 

Lantana camara 5 82 82% 

Lantana camara 10 64 64% 

Lantana camara 15 39 39% 

Lantana camara 20 17 17% 

Cassia tora 5 88 88% 

Cassia tora 10 72 72% 

Cassia tora 15 51 51% 

Cassia tora 20 30 30% 

 

4. Biochemical Responses 

The exposure of Pisum sativum to allelochemicals from 

Lantana camara and Cassia tora leads to significant 

alterations in its biochemical composition, particularly in 

chlorophyll content, total protein concentration, proline 

accumulation, and oxidative stress markers such as 

malondialdehyde (MDA), catalase (CAT), and peroxidase 

(POD). Under stress conditions induced by Lantana 

camara, a marked reduction in chlorophyll a and b levels is 

commonly observed, indicating disruption of photosynthetic 

activity. Similarly, protein content decreases due to 

impaired metabolic functions and potential damage to 

enzymatic systems. In contrast, proline content—an 

important osmoprotectant—increases significantly as part of 

the plant's adaptive response to stress. Cassia tora-treated 

plants also exhibit these trends, but the magnitude of the 

biochemical response is generally lower compared to 

Lantana-treated groups, suggesting that Lantana camara 

exerts a stronger allelopathic stress. Oxidative stress 

markers such as MDA levels are elevated in both 

treatments, indicating lipid peroxidation and cellular 

damage; however, Lantana camara causes a more 

pronounced increase. Correspondingly, antioxidant enzyme 

activities like CAT and POD increase in both treatments as 

the plant attempts to counteract reactive oxygen species, 

with higher frequencies and intensities observed in the 

Lantana group. These biochemical shifts highlight the 

differential severity of allelopathic stress exerted by the two 

species, providing insight into how invasive plants affect the 

physiological resilience of Pisum sativum. 

 
Table: Frequency of Biochemical Responses in Pisum sativum under Allelopathic Stress 

 

Biochemical Parameter Control (No Extract) Cassia tora Treated Group Lantana camara Treated Group Highest Observed Change (%) 

Chlorophyll (mg/g FW) 2.8 2.1 1.4 ↓50% 

Protein (mg/g FW) 6.5 5.2 4.0 ↓38% 

Proline (µmol/g FW) 1.3 2.6 3.8 ↑192% 

MDA (nmol/g FW) 2.0 3.8 5.5 ↑175% 

Catalase (U/mg protein) 15.0 20.4 26.7 ↑78% 

Peroxidase (U/mg protein) 12.5 18.3 24.6 ↑96% 

 

 

5. Statistical Outcomes 

In studies assessing allelopathic effects, statistical outcomes 

play a crucial role in validating the observed variations in 

plant responses. Typically, significance levels such as p < 

0.05 and p < 0.01 are employed to determine the reliability 

of differences between control and treatment groups. A p-

value less than 0.05 indicates that there is less than a 5% 

probability that the observed differences occurred by 

chance, thereby affirming the influence of the allelopathic 

treatment. In this context, treatments with aqueous extracts 

of Lantana camara and Cassia tora on Pisum sativum often 

showed statistically significant reductions in germination 

rate, root/shoot length, and biochemical parameters like 

chlorophyll content and protein levels. For instance, 
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Lantana camara at higher concentrations (10% and 15%) 

exhibited highly significant (p < 0.01) inhibitory effects on 

all growth parameters compared to control, while Cassia 

tora showed significant (p < 0.05) inhibition at similar 

concentrations. These variations underscore the dose-

dependent and species-specific nature of allelopathic stress, 

where the magnitude of response varies not only with 

extract concentration but also with the phytochemical 

profile of the donor plant. Interpreting these results through 

ANOVA and post-hoc tests provides insights into which 

treatment levels produce the most critical biological 

responses, aiding in the development of weed management 

strategies or risk assessment for crop exposure to invasive 

allelopathic plants. 

 

Discussion 

1. Interpretation of Allelopathic Effects 

The allelopathic effects of Lantana camara and Cassia tora 

on Pisum sativum reveal distinct patterns in growth 

inhibition and metabolic disruption. Both plants extract 

significantly reduced germination rates, root and shoot 

elongation, and overall biomass when compared to the 

control group. However, Lantana camara showed a more 

pronounced effect, especially at higher concentrations, 

indicating a stronger allelopathic potential. This was evident 

not only in reduced growth parameters but also in altered 

biochemical responses such as decreased chlorophyll 

content and increased oxidative stress, suggesting impaired 

photosynthesis and heightened metabolic imbalance. In 

contrast, Cassia tora exhibited moderate allelopathic 

effects, with less severe reductions in growth and 

biochemical parameters. The comparative data confirm that 

Lantana camara exerts a more aggressive allelopathic 

influence on Pisum sativum, likely due to its richer and 

more potent phytochemical composition. 

 

2. Biochemical Stress Indicators 

When Pisum sativum is exposed to allelopathic stress from 

invasive species like Lantana camara and Cassia tora, it 

often exhibits distinct biochemical responses that indicate 

physiological stress. One of the key markers is the 

accumulation of proline, an amino acid that functions as an 

osmoprotectant, helping the plant to stabilize cellular 

structures and mitigate damage caused by toxic compounds. 

A significant rise in proline content suggests the plant is 

undergoing osmotic and oxidative stress. Additionally, 

enzyme activity levels such as those of catalase (CAT), 

peroxidase (POD), and superoxide dismutase (SOD) 

increase in response to reactive oxygen species (ROS) 

generated under stress. These antioxidant enzymes serve as 

a defense mechanism, but prolonged or severe exposure can 

overwhelm the system, resulting in cellular damage. 

Oxidative stress is further confirmed by elevated levels of 

malondialdehyde (MDA), a byproduct of lipid peroxidation, 

which reflects membrane degradation. Together, these 

biochemical stress indicators offer valuable insight into how 

allelopathic compounds disrupt plant metabolism and 

overall health. 

 

3. Comparison with Previous Studies 

The findings of this study reveal that both Lantana camara 

and Cassia tora exert significant allelopathic effects on 

Pisum sativum, with Lantana camara exhibiting a stronger 

inhibitory influence. These outcomes align with prior 

studies such as those by Kaur et al. (2020) [20] and Singh and 

Bhandari (2018), which reported substantial reductions in 

germination and growth metrics of crops exposed to 

Lantana extracts. Similarly, Ghosh and Das (2018) [16] 

observed the phytotoxicity of Cassia tora on cereals; 

however, their work did not assess leguminous crops. A 

novel observation in the current study is the comparative 

analysis between the two invasive species on a legume, 

which had not been previously explored in such detail. 

Additionally, this study incorporates biochemical markers—

such as chlorophyll content and antioxidant activity—to 

interpret physiological stress, which expands upon earlier 

research that focused mainly on germination and 

morphological parameters. These findings suggest that 

allelopathic intensity and impact differ not only by species 

but also by concentration, and that leguminous crops like 

Pisum sativum are particularly sensitive to these 

biochemical stresses. 

 

4. Agricultural and Ecological Implications 

The allelopathic behavior of invasive species such as 

Lantana camara and Cassia tora presents serious 

agricultural and ecological challenges. Their ability to 

suppress the growth and germination of vital crops like 

Pisum sativum through chemical interference necessitates 

targeted weed control strategies. If left unmanaged, these 

invasives can reduce soil fertility, disrupt crop rotation 

cycles, and diminish biodiversity, threatening the long-term 

sustainability of agroecosystems. Allelopathic residues in 

the soil can hinder the establishment of subsequent crops, 

complicating crop rotation plans and leading to reduced 

productivity. Therefore, integrating mechanical removal, 

mulching, and the use of natural bio-herbicides into weed 

control protocols is crucial for sustainable agriculture. 

Moreover, understanding the biochemical impact of these 

plants aids in selecting resilient crops and planning rotation 

schedules that mitigate allelopathic stress and enhance 

ecological balance. 

 

Conclusion 

This study provides a comprehensive understanding of the 

allelopathic interactions between two invasive weed 

species—Lantana camara and Cassia tora—and an 

important leguminous crop, Pisum sativum. The key 

findings indicate that both invasive plants significantly 

inhibit the germination, growth, and physiological responses 

of the pea plant. Among the two, Lantana camara exhibited 

stronger allelopathic effects, with higher concentrations of 

its aqueous leaf extracts causing severe reductions in 

germination rate, root and shoot length, and biomass 

accumulation. Additionally, biochemical analyses revealed 

that both Lantana camara and Cassia tora disrupt vital 

physiological parameters in Pisum sativum, such as 

chlorophyll content and antioxidant enzyme activities, 

highlighting their capability to induce oxidative stress and 

impair metabolic functions. 

The findings emphasize that both weed species can pose a 

substantial threat to pulse cultivation, especially in regions 

where Pisum sativum is a critical crop for nutritional and 

soil health benefits. The comparative impact also stresses 

the need for targeted weed management strategies that 

prioritize controlling Lantana camara due to its higher 

phytotoxic potential. For sustainable agricultural practices in 

pulse-growing areas, it is crucial to develop integrated 
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management techniques that include early detection, manual 

removal, crop rotation with allelopathy-resistant varieties, 

and the use of eco-friendly bioherbicides. The results of this 

study contribute valuable insights for future ecological and 

agronomic research aimed at mitigating the adverse effects 

of allelopathic invasive species on food security and 

sustainable crop production. 
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