


Evaluation of Allelopathic Potential of Rutin, Hesperidin and Curcumin 

ABSTRACT 
The present study aimed to evaluate the potential allelopathic effects of curcumin, hesperidin, and rutin on the radicle growth and germination of Triticum aestivum and Cicer arietinum seeds. The scientific phenomena known as allelopathy occurs when an organism produces one or more biochemicals that have an impact on the development, survival, and reproduction of other organisms. Allelochemicals are typically regarded as a subset of secondary metabolites that are not necessary for the metabolism of the allelopathic organism, which includes growth, development, and reproduction. Flavonoids rutin, hesperidin, and curcumin have shown numerous pharmacological properties. The number of seeds that germinated and the length of the radicles were used to assess allelopathy. The radicle length of gram seeds was measured at 48, 72, and 96 hours, while that of wheat seeds was measured at 24 and 48 hours using a mm scale. This preliminary study showed that ashwagandha root had remarkable negative allelopathic potential and significantly affected the germination and radicle growth of both C. Arietinum and T. Aestivum. T. Aestivum was found to be more sensitive than C. Arietinum. The observed allelopathic activity was probably caused by its alkaloid and withanolide concentrations. To the best of our knowledge, this is the first report of allelopathic consequences of ashwagandha. Further research is needed to pinpoint the exact chemical components of ashwagandha that give it its allelopathic qualities.
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INTRODUCTION
Several plant species have the ability to secrete metabolites known as allelochemicals, which include alcohols,  fatty  acids,  phenolic  compounds,  flavonoids,  terpenoids,  and  steroids.  These compounds play important roles in inhibiting the reproduction, growth and development of neighboring vegetation. By releasing these allelochemicals into the environment, plants can suppress the growth of other plants around them, giving themselves a competitive advantage. The exploitation of these allelochemicals as bioherbicides could offer a sustainable and targeted approach to weed control in crops (Goyal & Verma, 2023; Mendes da Silva et al., 2024). Allelopathy refers to the biological phenomenon wherein an organism synthesizes one or more biochemicals that affect the growth, survival, and reproduction of other organisms. The biochemicals that facilitate this process are termed allelochemicals (1, 2). These allelochemicals can exhibit either advantageous or favorable allelopathic effects or may also induce harmful or adverse allelopathic outcomes at their target location. In 1996, the International Allelopathy Society articulated a definition of allelopathy: “Any process involving secondary metabolites produced by plants, micro-organisms, viruses, and fungi that influence the growth and development of agricultural and biological systems (excluding animals), encompassing both positive and negative effects.”(4) Allelopathy effects are caused by  some  chemical  compounds,  particularly secondary  metabolites,  which  are  known  as allelochemicals (Salman et al., 2024; Briekowiec et al., 2019). Allelochemicals are typically regarded as a subset of secondary metabolites (1) that are not necessary for the metabolism of the allelopathic organism, which includes growth, development, and reproduction. Plant defense against herbivory relies heavily on those allelochemicals that exhibit negative allelopathic effects (3,4). Researchers are currently very interested in identifying the active ingredients in allelopathic plants. These substances fall within the category of "natural herbicides" (5). Some plants, algae, bacteria, coral, and fungi exhibit allelopathy. While hesperidin is a citrus flavonoid with numerous effects that lead to health advantages, rutin is a flavonoid with a variety of pharmacological properties. Hesperetin's physiological and molecular modes of action remain unknown. Researchers have observed the different pharmacological characteristics of flavonoids, such as rutin and hesperidin, on both people and animals in several previous studies on flavonoids. These offer a variety of health advantages that include nearly every organ system, including the liver, heart, lungs, brain, and others (7–17). It has been shown that curcumin, a traditionally recognized component included in the Indian spice turmeric (Curcuma longa), is beneficial for the effects of infections and associated medical conditions (18–21). The purpose of this study was to ascertain the allelopathic effects of curcumin, rutin, and hesperidin. Therefore, the goal of the current study was to evaluate the potential allelopathic effects of curcumin, hesperidin, and rutin on the radicle growth and germination of Triticum aestivum and Cicer arietinum seeds.
MATERIALS AND METHODS
MATERIALS
Various extracts of rutin, hesperidin and curcumin were obtained from CDH Delhi
TEST SAMPLES
The dried extract from CDH Delhi was used to create new test samples for the evaluation of allelopathic activity. Before usage, hydro-alcoholic extracts of rutin, hesperidin, and curcumin in different concentrations (40, 20, 10, 5, 2.5, and 1.25 mg/ml) were made by instantly dissolving them in double-distilled water.
COLLECTION AND PREPARATION OF SEEDS
Fresh wheat (Triticum aestivum, family: Poaceae) and gram (Cicer arietinum L., family: Fabaceae) seeds were purchased from the Agriculture Seed Store JNKVV in Jabalpur, Madhya Pradesh, India. Distilled water was used to soak the seeds for one hour. After being surface sterilized for approximately two minutes with 70% ethanol, the seeds were rinsed four or five times with double-distilled water to ensure total sterility. The study followed standard protocol of Viswaroopan et al. (2015) for the preparation of ashwagandha (Withania somnifera).

EXPOSURE TO TEXT SAMPLES
The process was carried out in a laminar air-flow bench under aseptic conditions. The previous surface of the seeds was evenly dispersed across 12 seeds in glass Petri plates that were about 10 mm in size. Each Petri plate received an equal volume (5 ml) of the test samples at different concentrations. For the control samples, the same process was used. The Petri dishes were also incubated at room temperature in the dark. Allelopathy was estimated by measuring the length of the radicles and the number of seeds that germinated. Using a mm scale, the radicle length of wheat seeds was determined after 24 and 48 hours, whereas that of gram seeds was determined at 48, 72, and 96 hours. The following formula was used to determine the percentage of germination and the percentage of radicle growth inhibition:
Germination percentage = Number of germinated seeds/Total number of seeds ×100
% Inhibition of radicle growth= (X–Y)/X ×100.
Where, X= Control mean radicle length and Y= Treated mean radicle length.
 IC50 was determined by the graph of percentage inhibition of radicle growth with respect to control against treatment concentration.
STATISTICAL ANALYSIS
 The data of radicle length were expressed as the mean ± standard error of mean (SEM). The same data were analyzed for statistical significance by Student's ‘t’ test.
RESULTS AND DISCUSSION 
To assess their allelopathic potential, plant extracts and their fractions are frequently screened for their effects on the germination of seeds from different plant species.[4] The current study showed that ashwagandha (Withania somnifera) hydroalcoholic extract had detrimental allelopathic effects on T. aestivum and C. arietinum radicle growth and germination. Tables 1 and 2 provide a summary of the allelopathic effect of HAWS against T. aestivum and C. arietinum. All T. aestivum and C. arietinum seeds were observed to germinate at lower concentrations (1.25 and 2.5 mg/ml) at each time interval, despite the fact that HAWS at all test doses hindered germination in a concentration-dependent manner [Table 1and 2]. At every test concentration, HAWS significantly reduced radicle growth in a way that was dependent on both time and concentration. Throughout the entire observation period, the effects were determined to be considerable and noticeable [Table 2].
Tables 3 and 4 provide the findings of the allelopathic action of HAWS against T. aestivum. 
T. aestivum seed germination was decreased by HAWS at all test doses in a concentration-dependent manner; however, no germination occurred at the highest HAWS concentration (40 mg/ml) throughout the course of 48 hours in C. arietinum [Table 3,4]. During the 48-hour observation period, HAWS substantially and concentration-dependently reduced radicle growth at all test concentrations. Even after 48 hours, no discernible radicle development was seen at the maximum HAWS dose (40 mg/ml) [Table 3,4]. The results of the allelopathic effect of HAWS against T. aestivum and C. arietinum at 72 hrs are presented in Tables 5 and 6. HAWS at all test concentrations inhibited germination of T. aestivum seeds in a concentration-dependent fashion; however, no germination was observed in case of the highest concentration of HAWS (40 mg/ml) during 48 h [Table 4]. HAWS significantly and concentration-dependently inhibited radicle growth at all the test concentrations during 48 h of observation. No detectable radicle growth was observed at the highest concentration of HAWS (40 mg/ml) even up to 72 h [Table 5 and 6] however noticeable effect was seen at 96 hrs (Table 7 and 8). Table 9 summarizes the HAWS IC50 values for both C. arietinum and T. aestivum. Inhibited or delayed seed germination, effects on coleoptile elongation, and impacts on radicle, shoot, and root development are the most reported gross morphological effects of allelochemicals on plants.[12] Here, the allelopathic behaviour was tracked by recording the radicle growth and germination %. Radicle growth, however, seemed to be the most sensitive criterion in this investigation, and IC50 values based on this parameter amply demonstrated the distinct allelopathic effect of HAWS on both test seeds. [Table 9]. These results clearly show that T. aestivum was more sensitive to HAWS than C. arietinum, and that it was efficacious at lower concentrations. The production of allelochemicals from many chemical classes, primarily polyphenolic compounds (flavonoids, tannins), cyanogenic glycosides, and alkaloids, causes plants to exhibit allelopathic activity [3,13]. The presence of suspected allelochemicals may be the cause of the test extracts' inhibitory effect on radicle length and seed germination. Ashwagandha's broad range of biological actions is caused by several alkaloids and steroidal lactones known as withanolides, which are its primary components. [9,14,15] Ashwagandha's alkaloid and withanolide contents in this study are responsible for its allelopathic impact.  Instead of a single component, the effect can be the result of a synergistic effect. According to the current study, ashwagandha root strongly impacted the germination and radicle growth of both C. arietinum and T. aestivum, demonstrating exceptional negative allelopathic potential. It was discovered that T. aestivum was more sensitive than C. arietinum. Its alkaloid and withanolide contents were likely the cause of the observed allelopathic action [22-25]. As far as we are aware, this is the first time that ashwagandha's allelopathic effects have been documented. To identify the precise chemical components of ashwagandha that give it its allelopathic properties, more research is required. To develop a new, efficient natural herbicide, more research is also required to determine the allelopathic effects of ashwagandha in field settings.



Table 1 Effect of various extracts on germination percentage of C. Arietinum

	Conc (mg/ml)
	Rutin extract After 48 hrs
	Hesperidin extract  After 48 hrs
	Curcumin extract  After 48 hrs
	Rutin  extract After 72  hrs
	Hesperid Extract in After 72 hrs
	Curcumin Extract  After 72 hrs
	Rutin Extract  After 96 hrs
	Hesperid extract in After 96 hrs
	Curcumin extract  After 96 hrs

	Control
	100
	100
	100
	100
	100
	100
	100
	100
	100

	1.25
	100
	100
	100
	100
	100
	100
	100
	100
	100

	2.5
	92
	84
	82
	91
	86
	81
	92
	99
	93

	5
	81
	76
	72
	81
	82
	81
	92
	82
	82

	10
	73
	66
	61
	80
	73
	74
	81
	83
	82

	20
	64
	61
	61
	79
	72
	71
	83
	84
	72

	40
	63
	51
	52
	69
	61
	61
	74
	73
	72




Table 2 Effect of various extracts on germination percentage of T. aestivum


	Conc (mg/ml)
	Rutin extract After 48 hrs
	Hesperidin extract  After 48 hrs
	Curcumin extract  After 48 hrs
	Rutin  extract After 72  hrs
	Hesperid Extract in After 72 hrs
	Curcumin Extract  After 72 hrs
	Rutin Extract  After 96 hrs
	Hesperid extract in After 96 hrs
	Curcumin extract  After 96 hrs

	Control
	100
	100
	100
	100
	100
	100
	100
	100
	100

	1.25
	100
	100
	100
	100
	100
	100
	100
	100
	100

	2.5
	93
	85
	83
	92
	85
	82
	93
	98
	93

	5
	80
	77
	73
	82
	83
	82
	94
	84
	82

	10
	74
	65
	62
	81
	74
	75
	82
	83
	83

	20
	65
	60
	62
	78
	73
	70
	84
	85
	74

	40
	64
	52
	54
	68
	62
	62
	75
	74
	74



[bookmark: _GoBack]Table 3 Effect of various extracts on RG: radicle growth and RL: radicle length of C. Arietinum after 48 hrs 


	Conc(mg/ml) 
	Rutin extract After 48 hrs
	Hesperidin extract  After 48 hrs
	Curcumin extract  After 48 hrs

		
	RL (mm)2
	% inhibition of RG
	RL (mm)2
	% inhibition of RG
	RL (mm)2
	% inhibition of RG

	Control
	21±3.01
	-
	20.5±3.01
	-
	20±3.01
	-

	1.25
	19.86±2.91
	1
	19.46±2.91
	1
	19.06±2.91
	1

	2.5
	18.21±2.80
	12
	18.11±2.80
	13.5
	18.0±2.80
	12.6

	5
	17.89±2.51
	17
	17.2±2.51
	20
	16.90±2.51
	16

	10
	17.02±2.01
	42
	16.71±2.01
	42.3
	16.30±2.01
	41

	20
	16.60±2.01
	51
	16.50±2.01
	56
	16.06±2.01
	55

	40
	16.52±2.01
	63
	16.32±2.01
	69
	16.0±2.01
	68





Table 4 Effect of various extracts on RG: radicle growth and RL: radicle length of T. aestivum after 48 hrs 



	Conc(mg/ml) 
	Rutin extract After 48 hrs
	Hesperidin extract  After 48 hrs
	Curcumin extract  After 48 hrs

		
	RL (mm)2
	% inhibition of RG
	RL (mm)2
	% inhibition of RG
	RL (mm)2
	% inhibition of RG

	Control
	21.1±2.01
	-
	21.6±2.01
	-
	21±3.01
	-

	1.25
	19.16±2.91
	1
	19.46±2.91
	1
	18.06±2.91
	1

	2.5
	18.21±1.80
	14
	18.11±2.80
	13.5
	17.0±2.80
	13.6

	5
	17.19±1.51
	18
	17.2±2.51
	20
	15.90±2.51
	17

	10
	17.12±2.01
	41
	16.71±2.01
	42.3
	17.30±2.01
	44

	20
	16.60±2.01
	55
	16.50±2.01
	56
	17.06±2.01
	59

	40
	16.95±2.01
	64
	16.32±2.01
	69
	17.0±2.01
	69














Table 5 Effect of various extracts RG: radicle growth and   RL: radicle length on C. Arietinum after 72 hrs  



	Conc(mg/ml) 
	Rutin extract After 72 hrs
	Hesperidin extract  After 72 hrs
	Curcumin extract  After 72 hrs

		
	RL (mm)2
	% inhibition of RG
	RL (mm)2
	% inhibition of RG
	RL (mm)2
	% inhibition of RG

	Control
	41±3.01
	-
	41±3.01
	-
	41±3.01
	-

	1.25
	39.86±2.91
	3.11
	37.86±2.91
	4.01
	38.86±2.91
	3.9

	2.5
	37.21±2.80
	9.15
	33.21±2.80
	10.5
	35.21±2.80
	9.9

	5
	25.89±2.51
	24.1
	29.89±2.51
	20.1
	29.89±2.51
	22.7

	10
	21.02±2.01
	49.1
	23.02±2.01
	44.7
	22.02±2.01
	50.3

	20
	19.60±2.01
	62.2
	17.60±2.01
	60.2
	18.60±2.01
	66.8

	40
	14.52±2.01
	74.1
	13.52±2.01
	70
	15.52±2.01
	77.6




Table 6 Effect of various extracts RG: radicle growth and   RL: radicle length on T. aestivum after 72 hrs  


	Conc(mg/ml) 
	Rutin extract After 72 hrs
	Hesperidin extract  After 72 hrs
	Curcumin extract  After 72 hrs

		
	RL (mm)2
	% inhibition of RG
	RL (mm)2
	% inhibition of RG
	RL (mm)2
	% inhibition of RG

	Control
	44±3.11
	-
	45±2.01
	-
	41±3.01
	-

	1.25
	41.96±2.91
	4.21
	42.1±2.91
	5.01
	43.86±2.91
	5.9

	2.5
	38.21±2.80
	8.95
	39.21±2.80
	10.5
	40.21±2.80
	10.9

	5
	26.89±2.51
	25.7
	29.89±2.51
	27.1
	30.89±2.51
	28.7

	10
	22.02±2.01
	50.3
	24.02±2.01
	51.7
	26.02±2.01
	54.3

	20
	18.60±2.01
	61.7
	19.60±2.01
	63.2
	20.60±2.01
	67.8

	40
	15.52±2.01
	74.4
	16.52±2.01
	79
	17.52±2.01
	79.4













Table 7 Effect of various extracts RG: radicle growth and   RL: radicle length on C. Arietinum after 96 hrs  



	Conc(mg/ml) 
	Rutin extract After 96 hrs
	Hesperidin extract  After 96 hrs
	Curcumin extract  After 96 hrs

		
	RL (mm)2
	% inhibition of RG
	RL (mm)2
	% inhibition of RG
	RL (mm)2
	% inhibition of RG

	Control
	67±3.01
	-
	67±7.01
	-
	67±7.01
	-

	1.25
	55.86±8.9
	8
	56.06±8.9
	8.4
	51.86±8.9
	7.9

	2.5
	40.21±12.8
	37
	41.21±12.8
	38
	41.21±12.8
	39

	5
	32.89±13.51
	46
	31.89±13.51
	45
	32.89±13.51
	49

	10
	29.02±14.01
	52
	30.02±14.01
	54
	31.02±14.01
	57

	20
	28.60±17.01
	59
	28.60±17.01
	60
	29.60±17.01
	62

	40
	29.52±21.01
	77
	21.52±21.01
	78
	18.52±21.01
	80




Table 8 Effect of various extracts RG: radicle growth and   RL: radicle length on T. aestivum after 96 hrs



	Conc(mg/ml) 
	Rutin extract After 96 hrs
	Hesperidin extract  After 96 hrs
	Curcumin extract  After 96 hrs

		
	RL (mm)2
	% inhibition of RG
	RL (mm)2
	% inhibition of RG
	RL (mm)2
	% inhibition of RG

	Control
	66±7.01
	-
	66±7.01
	-
	66±7.01
	-

	1.25
	53.86±8.9
	8
	53.86±8.9
	7.3
	51.86±8.9
	7.9

	2.5
	38.21±12.8
	34
	38.21±12.8
	35
	34.21±12.8
	38

	5
	33.89±13.51
	47
	31.89±13.51
	48
	29.89±13.51
	49

	10
	31.02±14.01
	50
	27.02±14.01
	52
	21.02±14.01
	59

	20
	29.60±17.01
	52
	30.60±17.0
	60
	31.60±17.
	62

	40
	24.52±21.0
	79
	25.52±21.0
	80
	18.52±21.
	81










Table 9 IC50 values of Rutin, Hesperidin, Curcumin on radicle growth 


	Treatment time 
	                                IC50   (mg/ml)

	
	Rutin 
	Hesperidin
	Curcumin

	After 24 h 
	-
	-
	-

	After 48 h
	10
	12
	11

	After 72 h
	7.2
	8.9
	9.3

	After 96 h
	3.9
	4.1
	5.0
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Conclusion
The observed allelopathic activity was probably caused by its alkaloid and withanolide concentrations. To the best of our knowledge, this is the first report of allelopathic consequences of ashwagandha. Further research is needed to pinpoint the exact chemical components of ashwagandha that give it its allelopathic qualities.
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