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Among all the pests, weeds are the hurdle barrier to crop production, always have a deleterious effect on crops, 

and causes about 34% yield losses of crops (Pitelli 1985; Jabran et al. 2015). In addition, weeds act as a shelter 

for other pests: insects, pathogenic fungi, and nematodes (Caballero-Lopez et al. 2012; Foerster et al. 2015). 

Riches (2001) reported that nearly 227 weed species are directly or indirectly involved in crop losses that might 

reach up to 90%. As weed causes significant loss in crop yields and quality, proper management of weed is an 

important and reclaim task in agriculture (Davies and Welsh 2002). In agricultural practices, applying synthetic 

herbicides to control weeds has long been an established and effective approach (Varshney et al. 2012; Tanveer 

et al. 2015). In this regard, farmers mostly depend on synthetic herbicides because of their availability, 

effectiveness, and rapid action, resulting in billions of dollars spent on herbicides every year (Aktar et al. 2009; 

Varshney et al. 2012; Kraehmer and Baur 2013). But indiscriminate and extensive use of synthetic herbicides 

now possesses a conceivable risk both to human beings and the environment (Daniel et al. 2013; Pimentel and 

Burgess 2014; Starling et al. 2014; Mahmood et al. 2016). To mitigate the hazardous effects of synthetic 

herbicides, alternative methods of weed control based on natural products is now a pressing issue. Natural 

products based alternative management options rather than the use of synthetic chemicals might be helpful to 

control weeds in sustainable agriculture (Khanh et al. 2007). Natural herbicides from allelochemicals or 
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phytotoxic compounds have more benefits over synthetic compounds as they have less or non-toxic effect and 

short half-life, considered as safe weed management way for environment (Asaduzzaman et al. 2014; Nebo et 

al. 2014). Therefore, natural product based herbicide can be applicable as a component of sustainable weed 

management to ensure satisfaction of human needs for present and future generations (Chai et al. 2015; Das and 

Kato-Noguchi 2018). Therefore, many researchers have been interested in isolating and identifying those 

allelopathic substances from different allelopathic plants. Phytotoxic or allelopathic compounds have diversified 

modes of action and influence the growth of target plants (Lipkus et al. 2008; Ullah et al. 2015). Moreover, 

allelochemicals or phytotoxic substances have no residual toxic effects on the environment (Amb and 

Ahluwalia 2016). 

 Consequently, allelopathy may be an important consideration in replacing synthetic herbicides (Ullah 

et al. 2015). Allelopathy is a biological phenomenon, in which one plant directly or indirectly interferes with the 

growth and development of other plants through the release of allelochemicals (Rice 1984). Allelopathy has 

gained increased attention as an alternative tool for eco-friendly management of weeds in a sustainable way  

(Farooq et al. 2011; Nebo et al. 2014). 

 To explore allelopathic activity, much effort has gone into searching for potential growth inhibitory 

substances in controlling weeds from medicinal plants, which appear to be promising sources of secondary 

metabolites (Gilani et al. 2010; Alvin et al. 2014; Shakya 2016). In this regard, there has been much attention on 

finding potential allelochemicals from medicinal plants (Kuddus et al. 2011). 

In the present experiments, we took plant parts of three medicinal plants from Bangladesh comprising 

Swietenia mahagoni L. (Meliaceae), Coccinia grandis L. (Cucurbitaceae) and Cassia alata Linn. 

(Caesalpiniaceae) for the assessment of allelopathic potential and identifying allelochemicals within them. These 

three plants are known as medicinal plants locally and as far we know, the allelopathic potential of these plants 
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are not well documented. Therefore, the aim of the study was conducted to check the allelopathic potential as 

well as isolate and identify allelopathic substances from these species. 

 

 

 

 

 

 

Swietenia mahagoni L.                  Coccinia grandis L.                Cassia alata Linn. 

 

The aqueous methanol extracts of three medicinal plant species were examined at different 

concentrations against seedling growth of some test plants; cress (Lepidum sativum L.), lettuce (Lactuca sativa 

L.), alfalfa (Medicago sativa L.), rapeseed (Brassica napus L.), broccoli (Brassica oleracea Var. italica), cabbage 

(Brassica oleracea Var. capitata), radish (Raphanus raphanistrum subsp. sativus), barnyard grass (Echinochloa 

crus-galli L. Beauv), timothy (Phleum pratense L.), Italian ryegrass (Lolium multiflorum Lam.) and foxtail fescue 

(Vulpia myuros (L.).C.C.Gmel. The hypocotyl/coleoptile and root growth of all test plants were significantly 

inhibited by extracts obtained from three species and the inhibitory activities were dependent the extracts 

concentration. This may simply because of the greater amount of inhibitory substances present in the 

concentrated extracts and well agreed with the findings of Sarkar et al. (2012). In line with our results, several 

researchers also reported similar findings of concentration dependent activity of plant extracts having allelopathic 

potential (Ashrafi et al. 2008; Hassan et al. 2012; Salhi et al. 2012).  

The extracts obtained from S. mahaoni seeds significantly inhibited the seedling growth lettuce, 
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rapeseed, alfalfa, cress, barnyard grass, timothy and foxtail fescue by 5.3, 9.1, 9.5, 12.1, 12.9, 21.7 and 23.6 % of 

control and 0.0, 2.7, 8.9, 6.1, 3.0, 7.1 and 12.7 % of control, respectively at the concentration of 300 mg DW (Dry 

Weight) equivalent extract/mL. When the test plant species were subjected to a concentration of 300 mg DW 

equivalent extract/mL of C. grandis, the seedling growth of cress and lettuce was completely inhibited. At the 

same concentration, shoot and root growth of the other test species (alfalfa, rapeseed, barnyard grass, timothy, 

foxtail fescue, and Italian ryegrass) were significantly inhibited to 5.2, 1.8, 64.7, 36.0, 13.7, and 7.7% and 3.9, 

0.6, 10.5, 8.3, 6.3, and 5.0% of control, respectively. 

The concentration obtained from 300 mg dry weight equivalent extract of C. alata/mL completely 

inhibited (100%) the shoot and root growth of cress, lettuce, Italian ryegrass, and timothy. The shoot and root 

growth of alfalfa, rapeseed, barnyard grass, and foxtail fescue were inhibited by 4.1, 13.0, 5.6, and 0.5% of the 

growth of the control shoots and 2.9, 5.3, 1.5, and 0.4% of the growth of the control roots. To corroborate that 

findings, in another experiment we have checked the biological activity of the leaf extracts of C. alata using five 

species of Brassicaceae family. This is a large family with many plants of major economic importance, including 

many familiar vegetables, oil crops, ornamental plants, and weeds (Guarino et al. 2000). Here, Complete (100%) 

growth inhibition of cress was found at a concentration of 300 mg dry weight equivalent extracts of C. alata 

mL−1. At the same concentration, the hypocotyl and root growth of broccoli, cabbage, radish, and rapeseed were 

inhibited by 9.2, 1.9, 9.1, and 13.0% of the control hypocotyl growth, respectively, and 3.6, 0.6, 6.1, and 5.2% of 

the control root growth, respectively.  

The concentrations required for 50% growth inhibition (I50) for hypocotyl/coleoptile and root growth of 

all test plants ranged from 0.7-34.8, 4.8-220.8 and 3.3-107.7 mg DW equivalent extract mL-1 for S. mahagoni, C. 

grandis and C. alata, respectively. Different species, varieties and types of plant having different genetic makeup 

may be responsible for species specific inhibitory effect (Rashed Mohasel et al. 2009; Prati and Bossdorf 2004). 
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Though all the plant materials showed the inhibitory activity, but considering the amount of plant 

material and more inhibitory activity, we took Cassia alata for further isolation and identification of 

allelochemicals. The extracts of C. alata leaves was purified by several chromatographic separations through 

bioassay-directed fractionation, and four allelopathically active substances were identified by spectral data as 

rutin, syringone, (+)-rhododendrol, and 3-hydroxy-α-ionone. The biological activities of rutin and syringone were 

measured by conducting bioassays with cress and foxtail fescue. The seedling growth of cress and foxtail fescue 

was significantly inhibited by rutin at concentrations greater than 3 µM. In contrast, syringone significantly 

inhibited the seedling growth of cress and foxtail fescue at concentrations greater than 100 and 10 µM, 

respectively. The I50 values of rutin for the shoots and roots of cress were 246.7 and 129.5 µM, respectively, and 

those of foxtail fescue were 417.8 and 320.4 µM, respectively. On the other hand, the I50 values of syringone for 

the shoot and root growth of cress were 223.8 and 160.1 µM, respectively, whereas those of foxtail fescue were 

466.5 and 219.6 µM, respectively. As the amounts were not enough, only the cress bioassay was conducted to 

determine the biological activities of (+)-rhododendrol and 3-hydroxy-α-ionone. (+)-Rhododendrol significantly 

inhibited the seedling growth of cress at concentrations greater than 100 µM. In contrast, 3-hydroxy-α-ionone 

significantly inhibited cress seedling growth at concentrations greater than 30 µM. The I50 values of 

(+)-rhododendrol for the hypocotyl and root growth of cress were 296.1 and 192.0 µM, respectively, and the I50 

values of 3-hydroxy-α-ionone for the hypocotyl and root growth of cress were 195.3 and 132.4 µM, respectively. 

These results indicate that rutin, syringone, (+)-rhododendrol, and 3-hydroxy-α-ionone, all these four 

allelopathically active substances may contribute the important role in allelopathic activities of C. alata. 

The results of present research indicated that seeds of S. mahagoni, shoots of C. grandis, and leaves of C. 

alata inhibited seedling growth of different test plants including weeds. These results suggest that these three 

species have allelopathic potential and may possess allelopathic active substances. Four allelopathic substances 
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were identified from the leaves of C. alata which were termed as rutin, syringone, (+)-rhododendrol, and 

3-hydroxy-α-ionone. These substances inhibited seedling growth of the test plant species in 

concentration-dependent manner. These results suggest that the identified four compounds from C. alata leaves 

may contribute the important role on allelopathic activities, which may provide an insight into managing weeds 

to replace the common practice of using synthetic herbicides. Further research efforts, however should focus not 

only their efficacy in laboratory condition but also needed to find out the allelopathic activities of these species 

under the field and greenhouse condition for assessing their effects on weeds. 

References: 

Aktar MW, Sengupta D, Chowdhury A. 2009. Impact of pesticides use in agriculture: their benefits and hazards. 

Interdisc Toxicol. 2: 1–12. 

Alvin A, Miller KI, Neilan BA. 2014. Exploring the potential of endophytes from medicinal plants as source of 

antimycobacterial compounds. Microbial Res. 169: 483–495. 

Amb MK, Ahluwalia AS. 2016. Allelopathy: potential role to achieve new milestones in rice cultivation. Rice 

Sci. 23: 165–183. 

Asaduzzaman M, An M, Pratley JE, Luckett DJ, Lemerle D. 2014. Canola (Brassica napus) germplasm shows 

variable allelopathic effects against annual ryegrass (Lolium rigidum). Plant Soil. 380: 47–56. 

Ashrafi ZY, Sadeghi S, Mashhadi HR, Hassan MA. 2008. Allelopathic effects of sunflower (Helianthus annuus) 

on germination and growth of wild barley (Hordeum spontaneum). J Agric Technol. 4: 219–229. 

Caballero-Lopez B, Blanco-Moreno JM, Perez-Hidalgo N, Michelena-Saval JM, Jose M. 2012. Weeds, aphids, 

and specialist parasitoids and predators benefit differently from organic and conventional cropping of 

winter cereals. J Pest Sci. 85: 81–88. 

Chai M, Zhu X, Cui H, Jiang C, Zhang J, Shi L. 2015. Lily cultivars have allelopathic potential in controlling 



（様式５）(Style5) 

Orobanche aegyptiaca Persoon. PLoS ONE 10: e0142811. 

Daniel M, Duniya N, Adams IG. 2013. Effect of continuous application of herbicide on soil and environment 

with crop protection machinery in southern Adamawa state. Int Referd J Eng Sci. 2: 4–9. 

Das KR, Kato-Noguchi H. 2018. Assessment of allelopathic activity of Swietenia mahagoni (L.) seed extracts on 

different plant species. Australian J Crop Sci. 12: 1782−1787. 

Davies DHK, Welsh JP. 2002. Weed control in organic cereals and pulses. pp:77–144. Younie D, Taylor BR, 

Wilkinson JM (eds). Chalcombe publications, Lincoln. 

Farooq M, Jabran K, Cheema ZA, Wahid A, Siddique KHM. 2011. The role of allelopathy in agricultural pest 

management. Pest Manage Sci. 67: 494–506. 

Foerster MR, Marchioro CA, Foerster LA. 2015. How Trichogramma survives during soybean offseason in 

Southern Brazil and the implications for its success as a biocontrol agent. BioControl. 60: 1–11. 

Gilani SA, Fujii Y, Shinwari ZK, Adnan M, Kikuchi A, Watanabe KN. 2010. Phytotoxic studies of medicinal 

plant species of Pakistan. Pak J Bot. 42: 987–996. 

Guarino C, Casoria P, Menale B. 2000. Cultivation and use of Isatis tinctoria L. (Brassicaceae) in Southern Italy. 

Econ Bot. 54: 395–400. 

Hassan MH, Daffalla HM, Yagoub SO, Osman MG, Gani MEA, Babiker AEGG. 2012. Allelopathic effects of 

some botanical extracts on germination and seedling growth of Sorghum biocolor L. J Agril Tech. 8: 

1423–1469. 

Jabran K, Mahajan G, Sardana V, Chauhan BS. 2015. Allelopathy for weed control in agricultural systems. Crop 

Prot. 72: 57–65. 

Khanh TD, Elzaawely AA, Chung IM, Ahn JK, Tawata S, Xuan TD. 2007. Role of allelochemical for weed 

management in rice. Allelopathy J. 19: 85–96. 



（様式５）(Style5) 

Kraehmer H, Baur P. 2013. Weed anatomy. London: Wiley-Blackwell. 504 p. 

Kuddus MR, Ali MB, Rumi F, Aktar F, Rashid MA. 2011. Evaluation of polyphenols content and cytotoxic, 

membrane stabilizing and antimicrobial activities of seed of Rumex maritimus Linn. Bangladesh Pharm 

J. 14: 67–71. 

Lipkus AH, Yuan Q, Lucas KA, Funk SA, Bartelt WF III, Schenck RJ, Trippe AJ. 2008. Structural diversity of 

organic chemistry, a scaffold analysis of the CAS registry. J Org Chem. 73: 4443–4451. 

Mahmood I, Imadi SR, Shazadi K, Gul A, Hakeem KR. 2016. Effect of pesticides on environments. In: Hakeem 

K, Akhtar M, Abdullah S. (eds) Plant, soil and microbes. Springer, Cham, pp. 253–269. 

Nebo L, Varela RM, Molinillo JMG, Sampaio OM, Severino VGP, Cazal CM, Das MF, Fernandes G, Fernandes 

JB, Macias FA. 2014. Phytotoxicity of alkaloids, coumarins and flavonoids isolated from 11 species 

belonging to the Rutaceae and Meliaceae families. Phytochem L. 8: 226–232. 

Pimentel D, Burgess M. 2014. Environmental and economic costs of the application of pesticides primarily in the 

United States. In: Pimentel D, Peshin R. (eds.) Integrated pest management. Dordrecht: Springer. pp. 

47–71. 

Pitelli RA. 1985. Interferência de plantas daninhas em culturas agrícolas. Inf Agropec. 120: 16–27. 

Prati D, Bossdorf O. 2004. Allelopathic inhibition of germination by Alliaria petiolata (Brassicaceae). Am J Bot. 

91: 285–288. 

Rashed Mohasel MH, Qarakhloo J, Rastgoo M. 2009. Allelopathic effect of safran (Crocus sativus) leaf extract 

on redroot pigweed and common goosefoot. Iranian J Crop Res. 7: 53–61. 

Rice EL. 1984. Allelopathy. 2nd Ed. Academic Press: Orlando. 

Riches CR. 2001. The world’s worst weeds, BCPC Symposium Proceedings No. 77. The British Crop Protection 

Council, Surrey. 



（様式５）(Style5) 

Salhi N, El-Darier SM, Halilat MT. 2012. The allelochemicals effect of Zygophyllum album on control of 

Bromus tectorum. J Life Sci. 6: 182–186. 

Sarkar E, Chatterjee SN, Chakraborty P. 2012. Allelopathic effect of Cassia tora on seed germination and growth 

of mustard. Turk J Bot. 36: 488–494. 

Shakya AK. 2016. Medicinal plants: future source of new drugs. Int J Herb Med. 4: 59–64. 

Starling AP, Umbach DM, Kamel F, Long S, Sandler DP, Hoppin JA. 2014. Pesticide use and incident diabetes 

among wives of farmers in the agricultural health study. Occup Environ Med. 71: 629–635. 

Tanveer A, Safdar ME, Suleman M, Tahir M, Zamir SI, Nadeem MA. 2015. Assessing the potential of the water 

soluble allelopaths of Marsilea minuta in rice and wheat. Planta Daninha. 33: 231–239. 

Ullah N, Haq IU, Mirza B. 2015. Phytotoxicity evaluation and phytochemical analysis of three medicinally 

important plants from Pakistan. Toxicol Ind Health. 5: 389–395. 

Varshney S, Hayat S, Alyemeni MN, Ahmad A. 2012. Effects of herbicide applications in wheat fields: is 

phytohormones application a remedy? Plant Signal Behav. 7: 570–575. 

 

 

 

 

 

 

 


