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Introduction 

 

Plants are known to release chemicals into the environment by several means which, 

depending upon edaphic and climatic factors, may influence the growth of neighboring species 

(Inderjit and Weiner, 2001). The phenomenon is referred to as allelopathy, and could be 

exploited for the development of non-chemical weed management by use of (i) allelopathic 

cover crops, (ii) allelochemicals as natural herbicides or (iii) allelopathic crop cultivars 

(Bhowmik and Inderjit, 2003; Weston and Duke, 2003). The extensive use of synthetic 

herbicides in landscapes and crop production systems is now receiving increased public scrutiny 

from the standpoint of both environmental and public health concerns (Macias, 1995). Although 

natural and organic products are often considered by the public to be safer and more 

environmentally sound management strategies, few offer the ability to achieve consistent and 

dependable weed control at this time. In addition, natural products often exhibit reduced soil 

persistence and are often easily biodegradable, which can limit the longevity of weed 

management in many systems (Duke, 1988; Inderjit and Keating, 1999; Inderjit and Bhowmik, 

2002). Although natural products are not widely utilized as either templates for herbicidal 

development or as products in their own right, allelopathic plants have potential for weed 

suppression in both agronomic and natural settings. 

 

Allelopathic interference in landscape and agronomic settings 

 

A systematic approach to weed management in agronomic and landscape settings is often 

needed to address both the economic and environmental consequences of invasive weeds and 

other pests (Lewis et al., 1997). Historically, certain cultivated crops or individual plants such as 

buckwheat, black mustard, sunflower, black walnut and cereal crops such as sorghum, wheat, 

barley, oats and rye have been widely reported to suppress annual weed species (Weston, 1996, 

2005). Residues of several cover crops including winter wheat (Triticum aestivum), barley 

(Hordeum vulgare), oats (Avena sativa), rye (Secale cereale), grain sorghum (Sorghum bicolor) 

and sudangrass (Sorghum sudanese) are widely utilized to suppress weeds in a variety of 

cropping systems (Einhellig and Leather, 1988; Miller, 1996; Rice, 1995; Weston, 1996; 

Weston, 2005). Velvetbean (Mucuna pruriens var utilis), a legume cultivated as a green manure 
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in Japan, has shown the ability to smother problematic perennials such as purple nutsedge and 

cogongrass (Fujii et al., 1992). Sorghum and its hybrid sudex (S. bicolor x S. sudanese) are 

preferentially cultivated in the United States, Africa, Australia, India and South America as cover 

crops and green manures while assisting in weed management (Weston et al., 1999; Weston, 

2005). While these cereals produce large amounts of biomass rapidly and have potential as 

weed-suppressive mulches, the foliage is a source of water-soluble phenolics and cyanogenic 

glucosides (Bertin et al., 2003; Weston et al., 1999). Macias et al. (2005a and b) have recently 

observed that residues of Secale cereale, winter rye, produce a number of bioactive compounds 

which are degraded to more toxic constituents over time in soil systems. These chemicals can 

persist for short periods in soil systems, and although they contribute to weed suppression and 

allelopathic interference, they are not thought to be a concern from a human health or 

environmental fate perspective, as they are readily degraded over time (Macias et al., 2005a, b; 

Nair et al, 1990). Interestingly, compounds that are generated in large quantities within plant 

roots and shoots, and released into the environment over time, have great potential to be altered 

or modified by environmental and chemical changes in microbially-active soils. Although 

limited research has been performed in soil systems with respect to allelochemical degradation, it 

is certain that further scrutiny will show a plethora of bioactive organic plant-derived 

constituents can be encountered in the soil environment, and subsequent environmental 

conditions will alter these fluxes (Blum et al, 2000). 

Another system which has been studied in detail is that of black walnut (Juglans nigra) which 

produces the potent respiratory inhibitor juglone (Jose, 2002; Weston and Duke, 2003; Weston, 

2005). Juglone is produced by a variety of walnut plant parts including bark, shoots, living roots 

and nuts but is released in greatest quantities over time by the living root system. For hundreds of 

years, the interference of black walnut and other related species such as the butternut have been 

described by landscapers and home gardeners. Recently, studies performed in the United States 

and South America have shown that soil type, density and planting distances, as well as timing of 

walnut removal, all influence the longevity of the phytotoxicity. Juglone has been shown to be a 

potent inhibitor of electron transport in respiration, and can remain active in soil systems for 

several months after walnut harvest (Jose and Gillespie, 1998; Weston and Duke, 2003; Willis, 

2000). Recent long-term observations on plant selectivity performed by L. A. Weston in the 

presence of established walnuts actively exuding juglone suggest that such herbaceous species 
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that are members of the Liliaceae, Malvacea and Taxaceae are highly tolerant of black walnut, 

while other genera members including those of the Ericaceae, and Aquifoliaceae are very 

intolerant of walnut’s presence. The mechanism of tolerance or resistance to juglone is currently 

unknown, but one might suspect that the ability to prevent uptake and translocation of this 

compound by sequestration in unrelated species or the rapid metabolism of juglone into non-

toxic forms may be responsible for enhanced tolerance in these landscape species (Weston and 

Duke, 2003; Weston, 2005). 

 A great deal of work has been performed to address the phenomenon of allelopathy in 

cultivated rice. Out of 111 rice cultivars, Olofsdotter and Navarez (1996) found that 10 cultivars 

had allelopathic effects to the growth of barnyardgrass, and argued the need for futher selection 

and breeding of weed suppressive ability in rice. Olofsdotter and Navarez (1996) reported that 

one rice cultivar (Taichung native 1) potently suppressed the growth of barnyardgrass and 

several other common rice weeds.  Dildey et al. (1991) examined 10,000 rice accessions for 

allelopathic activity upon ducksalad (Heteranthea limosa) and found that 412 rice accessions 

effectively suppressed ducksalad, 145 suppressed redstem (Ammannia coccinea), and 16 

suppressed both species. Hassan et al. (1998) found that 30 rice accessions strongly suppressed 

barnyardgrass, 15 suppressed Cyperus difformis, and five suppressed both species.  

Although the importance of allelopathic crop cultivars has been reviewed extensively in 

recent literature (Bhowmik and Inderjit, 2003; Wu et al., 1999; Olofsdotter, 1998; Weston, 

2005), relatively limited attention has been given by plant breeders to the concept of enhanced 

selection for allelopathic or weed suppressive crop species. Although many researchers have 

investigated the allelopathic potential of rice, sorghum, winter rye, barley, wheat, sunflower, 

buckwheat, hairy vetch, and cucumber, many agronomic, vegetable and landscape crops have not 

yet been evaluated for their inherent potential to suppress weeds (Weston, 2005). In studies 

performed by Bertholdsson (2004 and 2005), he reports that older landraces of both wheat and 

barley exhibited enhanced ability to suppress weeds by potential production of bioactive root 

exudates in comparison to newer, high yielding cereal accessions. In addition, lodging potential 

was greater in new cultivars than in older landraces. These traits will undoubtedly be of interest 

to future organic producers and those with interest in minimizing herbicidal inputs over time 

(Bertholdsson, 2004 and 2005). 
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Recently, our research group has initiated a long-term research project to evaluate the 

potential of both landscape groundcovers and turfgrasses for inherent ability to suppress weeds 

over time. In addition to allelopathic interference, we evaluated their potential to suppress weeds 

by biomass production, ability to overwinter and resist pest attack, and suppress light at the base 

of the canopy to ultimately limit weed seed germination (Eom et al., 2006; Weston et al., 2006). 

In evaluations of over 100 herbaceous ornamental groundcovers in multiple sites across New 

York, it was found that certain groundcovers performed exceptionally well when transplanted 

into full sun conditions and exhibited drought and pest tolerance. In addition, these ground 

covers effectively suppress weeds with limited intervention by hand weeding or herbicide 

application. Successfully transplanted groundcovers exhibited the ability to successfully 

overwinter in New York conditions, produce large quantities of biomass rapidly in late spring, 

withstand both droughty and salty soil conditions, and limit the amount of light received at the 

base of the canopy due to dense canopy formation. In addition, several groundcovers also 

appeared to exhibit allelopathic ability to suppress weeds including Nepeta spp. or catmint, and 

Solidago spp.or ornamental goldenrod. Although allelopathy may not be the major or only 

mechanism of weed interference in these studies, it can contribute to weed suppression and 

ultimately pest resistance through production of bioactive compounds which limit palatability of 

foliage by deer and other pests (Eom et al., 2006).  

We have also found that turfgrass species exhibit differential ability to suppress weeds by 

both allelopathic and competitive mechanisms related to crop establishment and subsequent 

growth. In trials conducted in low maintenance field and roadside settings across New York, 

several cultivars of fine fescue (primarily Festuca rubra) and perennial ryegrass (Lolium 

perenne) exhibited consistent ability to suppress annual and perennial turf weeds over time. 

Perennial ryegrass cultivars Palmer and Prelude exhibited ability to establish and effectively out 

compete weeds. Perennial ryegrass has been noted for its ability to exhibit allelopathic potential 

in field and laboratory settings (Weston, 1990). Fine fescues have also been reported to be 

strongly weed suppressive and in our recent laboratory experiments, exhibited differential ability 

to inhibit weed growth due to the production of bioactive root exudates (Bertin et al., 2003). The 

production of m-tyrosine and other potential inhibitors in bioactive root exudates is likely 

associated with the allelopathic interference observed by several fine fescue cultivars, including 

Intrigue, Wilma, Columbra and Sandpiper. m-Tyrosine is produced in large quantities by certain 
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cultivars of chewings and strong creeping fescue, which are very suppressive to weed growth in 

field and laboratory conditions. m-Tyrosine inhibits the root growth of sensitive weed seedlings 

by rapid death of the root tip or meristematic zone, although its specific mode of action is not 

clearly defined at this time (Bertin et al., 2006). Cultivars of certain chewings fescue such as 

Intrigue have the ability to be maintained without additional fertility or herbicide applications in 

nearly weed free conditions, with timely mowing and rainfall. The study of allelopathic 

interference by perennial species which may be established for long periods of time at one site 

may have important economic and aesthetic implications for landscape and natural settings, 

where invasive weed management is of increasing concern. Increased attention to selection and 

evaluation of weed suppressive landscape cultivars is likely as most landscape managers are 

under increasing pressure to reduce time, labor and chemical inputs in roadside and landscape 

settings (Weston et al., 2006). 

  

Allelopathic Chemicals as Natural Herbicides 

 

Although numerous crops such as wheat, maize and rye have the potential to produce novel 

allelochemicals such as hydroxamic acids, most plants produce mixtures of bioactive products 

with low specific activities when isolated (Weston, 2005; Weston and Duke, 2003). Often 

allelochemicals have been shown to strongly influence plant defense responses in the presence of 

pest complexes (Niemeyer and Perez, 1995). Although there are several natural herbicides of 

microbial origin which have been commercialized (Hoagland, 2001) natural herbicides from 

higher plants or microbial origin are generally not common. Products which have currently been 

successfully commercialized and exhibit similarity to their natural product counterparts including 

dicamba and cinnemethylin, synthetic derivatives of benzoic acid and 1,8-cineole, respectively.  

More recently, mesotrione, a plant-derived benzoylhexane-1,3-dione compound, was 

discovered by Zeneca researchers in California. Mesotrione is now commercialized as a 

synthetic herbicide for the pre and post emergence control of broad leaved and grassy weeds in 

maize (Fig. 2) (Mitchell et al., 2001). Syngeneta has registered mesotrione by the trade name of 

Callisto, and it was initially developed from bioactive products isolated from Callistemon 

citrinus (Californian bottle brush). Mesotrione inhibits HPPD (hydroxyphenylpyruvate 

dioxygenase), a key enzyme involved in carotenoid biosynthesis pathway. Inhibition of 
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carotenoid biosynthesis results in bleaching symptoms in susceptible plant species (Fig. 1). After 

extensive field trials in Europe and USA, mesotrione effectively controls most economic weeds 

in corn, including Xanthium strumarium, Abutilon theophrasti, Ambrosia trifida, Chenopodium 

spp., Amaranthus spp., Polygonum spp., Digitaria spp. and Echinochloa spp (Wichert et al., 

1999). 

 

Production and release of allelochemicals by various plant parts 

 

Several allelochemicals have been described to have potential for use as natural herbicides. 

These include artemisinin, ailanthone, momilactone, sorgoleone, and L-DOPA (Fig. 1) 

(Bhowmik and Inderjit, 2003). Fujii et al. (1992) found that a non-protein amino acid L-DOPA 

(L-3,4-dihydroxyphenylalanine) from leaves and seeds of velvet bean is mainly responsible for 

its allelopathic activity, and reported the seed germination response of different families to L-

DOPA (Nishihara et al., 2004). Recently, Nishihara et al. (2005) reported L-DOPA was released 

in significant quantities from velvet bean roots. 

Artemisinin (Fig. 2) is a non-volatile sesquiterpenoid lactone isolated from the glandular 

trichomes of annual wormwood. Artemisia annua was shown to have potential herbicidal activity 

in greenhouse and field experiments. Although artemisinin is distributed throughout the plant, its 

inflorescences could serve as a better option for the isolation of artemisinin on a commercial 

scale as these have more than 4 to 11 times higher artemisinin content (% dry weight) compared 

to leaves (Ferreira et al., 1995). Artemisinin has been shown to potently inhibit the growth of 

Amaranthus retroflexus, Ipomoea lacunose, Portulaca oleracea (Duke et al., 1987). The use of 

artemisinin directly or its development as a natural herbicide has been recently discussed (Duke 

et al., 2002; Inderjit and Bhowmik, 2002; Bhowmik and Inderjit, 2003). 

Ailanthone (Fig. 2) is a major phytotoxic compound isolated from Ailanthus altissima (tree of 

heaven) which is considered to be a reservoir for a number of quassinoid compounds including 

ailanthone, amarolide, acetyl amarolide, 2-dihydroailanthone, ailanthinone, chapparrin etc. 

(Casinovi et al., 1983; Ishibashi et al., 1981; Polonsky, 1985) as well as alkaloids and other 

secondary products (Anderson et al., 1983). The bark and root tissue of A. altissima is known to 

be most phytotoxic, followed by leaves and then its wood (Heisey, 1990). Ailanthone possesses 

both pre and post herbicidal activity and seedlings treated with ailanthone show injury symptoms 
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within 24-48 hours of application, and are often dead after 48 hours. Ailanthone reduced the 

biomass of both monocot and dicot weeds including Chenopodium album, Amaranthus 

reteroflexus, Sorghum halepense, and Convolvulus arvensis. (Heisey and Heisey, 2003), 

Lepidium sativum (Heisey, 1990, and Medicago sativa (Tsao et al., 2002).  

Living roots of rice (Oryza sativa) plants are known to exude numerous phenolic acids along 

with momilactone A and B. The involvement of phenolic acids in rice allelopathy has generally 

been ruled out because of their insufficient rate of release and their inability to accumulate at 

phytotoxic levels under field conditions so as to cause weed growth suppression (Olofsdotter et 

al., 2002). However, momilactone B (Fig. 2) has been suggested as a potential natural herbicide 

since it appears to be released in sufficiently high concentrations to inhibit the growth of 

neighboring weeds (Kato-Noguchi and Ino, 2005 a and, b) Momilactone B has also been shown 

to inhibit the germination of several weed species including Amaranthus lividus, Poa annua and 

also the root and shoot growth of Digitaria sanguinalis (Lee et al., 1999). 

L-Dopa ((l-3,4-dihydroxyphenylalanine)) (Fig. 2), is an amino acid derivative produced in 

several plants which is a potent allelochemical exuded from a tropical legume, Mucuna pruriens. 

It is present in very high concentrations in leaves and roots of M. pruriens (10g/kg) and in also in 

seeds (50-100g/ kg). Its high specific and total activity further suggests its use as a natural 

herbicide (Fujii and Hiradate, 2005). L- Dopa is reported to reduce the root growth of several 

species including Miscanthus sinensis, Solidago altissima, Amaranthus lividus and Cucumis 

sativus (Fujii et al., 1992). Hachinohe et al. (2004) observed that L-Dopa at 0.01 mM and 0.1 

mM) caused more than 50% inhibition in root elongation in seven and nineteen of thirty-two 

weed species, respectively. Interestingly, it was found to be more effective on broad-leaved 

compared to grassy weed species (Anaya, 1999; Fujii et al., 1992). 

Sorghum spp. are known to exude sorgoleone (2-hydroxy-5-methoxy-3-[(8‘Z,11’Z)-

8’,11’,14’-pentadecatriene]-p-benzoquinone) (Fig. 2) in the form of hydrophobic drops from 

roots of all sorghum spp. evaluated to date (Fig. 3). Mixtures of bioactive long-chain 

hydroquinones are contributed to the rhizosphere by living root hairs of Sorghum bicolor (2 mg 

exudates/g fresh root weight), with sorgoleone being the major component (85-90%) (Czarnota 

et al., 2001, 2003). This natural product is produced by living root hairs only and is released in 

particularly high concentrations by seedling sorghum produced under various laboratory 

conditions (Yang et al., 2004a). The pathway for biosynthesis of this compound is relatively 



 10 

complex and suggests that 4 or more genes are responsible for its production in living root hairs 

(Dayan, 2006; Yang et al., 2004b). Environmental conditions also directly influence the 

production of this allelochemical with drought and moderate levels of oxygen important for 

enhanced production (Yang et al., 2004a). In Africa, sorghum is used successfully as a living 

cover crop to suppress annual weeds when interplanted with other crops in droughty conditions, 

particularly when densely planted (Weston, 2005). 

 

Mechanism of action of allelochemicals 

 

Sorgoleone is one example of a natural plant product or allelochemical which exhibits great 

specific activity as a plant growth inhibitor in broad leaf and grassy weed species grown in 

hydroponic bioassays at very low concentrations e.g., 10 µM (Nimbal et al., 1996). Further study 

has shown that sorgoleone likely possesses multiple modes of action, and affects the 

chloroplastic, mitochondrial and cell replication functions in higher plants, exhibiting variable 

binding capacities within various organelles. For instance (i) it binds the D1 protein coupled with 

electron transfer between QA and QB within photosystem II, (ii) mimics cyanide potentially 

disrupting respiration, (iii) inhibits hydroxyphenyl pyruvate dioxygenase (HPPD) activity 

disrupting carotenoid biosynthesis which causes bleaching and (iv) halts the cell replicaton cycle 

by arresting cells in prophase, metaphase and anaphase stages (Gattas-Halak et al., 1999; 

Gonzalez et al., 1997; Czarnota et al., 2001; Meazza et al., 2002). The multiple molecular targets 

of sorgoleone suggest that it could have greater potential for use as a natural herbicide with 

limited possibility of sensitive plant species developing resistance. (Fig. 3). 

Although sorgoleone is one example of a plant-derived natural product with multiple target 

sites which have been recently well-characterized, we know very little about specific molecular 

targets of most allelochemicals. Duke et al. 2002 have suggested that natural products may offer 

opportunities for discovery and development of novel herbicides and also novel molecular target 

sites for herbicide activity in higher plant systems. Although the research on this subject has been 

relatively limited, certain laboratories including those of Cutler, Dayan, Duke, Fujii, Macias, and 

Weston have attempted to elucidate mode of action and structural activity relationships of 

numerous bioactive natural products and related chemistries. Funding for this work is often 

unavailable, but linkages with the agrichemical and pharmaceutical industries have also provided 
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support for continued research into this area. The few examples of successful herbicides and 

insecticides developed from bioactive natural product templates offer considerable hope that 

other novel families of natural products with unique pesticidal properties remain to be 

discovered. 

 

Fate of allelochemicals in soil 

 
 Although we have presented numerous examples suggesting the potential for utility of 

allelopathic crop residues or the selection of allelopathic crop cultivars with enhanced 

suppressive ability, one problem that surrounds the further development of this concept for long-

term weed management is that of limited soil activity or persistence. Most allelochemicals, 

including the most frequently described systems involving simple phenolics in the rhizosphere, 

exhibit very limited persistence in microbially-active soils (Blum et al., 2000). Although 

allelopathy has been suggested for non-chemical weed management (Wu et al., 1999), the 

temporal suppression by allelopathic plants, and selective control of only sensitive species may 

be problematic. For example, Macias et al. (2005a) thoroughly studied the transformation of the 

hydroxamic acid DIBOA into BOA in soils containing rye residues. Although the presence of 

BOA is only fleeting, it rapidly undergoes biotransformation into a related structure, APO (2-

aminophenoxazin-3-one). APO was noted to be the only allelochemical in this system which 

exhibited a relatively long half life in the soil (3 months), and is now thought to be important in 

cereal allelopathy. Furubayashi et al. (2005) has recently reported on the adsorption, chemical 

transformation and microbial degradation of L-DOPA in different soil environment. Additional 

systematic studies will need to be funded and conducted over time in soil settings to evaluate the 

potential of other allelochemicals to persist and contribute to long-term weed or pest suppression 

in the soil rhizosphere. These studies are difficult and expensive to conduct, and require the 

collaboration of weed scientists, plant physiologists, chemists and microbiologists, among others, 

but are sorely needed to fully determine if long-term weed suppression may be enhanced by 

utilization of plant residues or perennial plants in managed settings.  

The production of perennial crops suggests another possibility for utilization of allelopathic 

crops themselves to limit weed spread and provide some long term control benefits. Asparagus, 

fescue, walnut, herbaceous groundcovers such as catmint and others are known to release 
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allelochemicals into the environment over time, in perennial production systems. Although we 

know that environmental fluctuations which impact crop growth rate will impact allelochemical 

production, we do not specifically understand much about the seasonality of production or how 

daylength, drought stress or light quality impacts the direct release of these compounds over time 

into the soil rhizosphere. Recent research suggests volatile compounds which are foliarly 

produced may also have potential to contribute to soil rhizosphere interactions among plants and 

other species, by binding to soil particles and uptake by developing seedlings (Barney et al, 

2005; Weston, 2005; Eom et al., 2006) Their fluxes in production and release also remain to be 

studied in depth. 

 

Laboratory vs field studies 

 

Inderjit and Weston (2000) suggested that evidence for allelopathic interference could be 

generated under controlled laboratory conditions. In many cases, it is not possible to address 

physiological processes and the isolation and chemical transformation of allelochemicals in soil 

settings so controlled laboratory settings are necessary to ensure successful completion and 

isolation of these metabolites. Mattice et al. (1997) identified the following phenolic compounds, 

4-hydroxybenzoic, 4-hydroxyhydrocinnamic, 3,4-dihydroxyhydrocinnamic acids in aqueous 

production systems containing allelopathic rice cultivars. These compounds were not detected in 

similar systems containing non-allelopathic rice cultivars. Olofsdotter (2002) reported that the 

maximum release rate of p-hydroxybenzoic acid from rice during first month of growth was 10 

µg/plant/day. Using controlled laboratory conditions, one could demonstrate the inhibition of 

weed species using higher concentrations of pHBA. However, under field situations, the 

maximum release rate could be estimated to be 1 mg/m2/day at conventional densities. One 

cannot be certain of these figures and this predicted concentration is not likely sufficient to cause 

inhibition of weed species in the field. In many situations, allelopathic potential of a crop species 

has only been demonstrated using artificial bioassay systems including filter paper, agar or 

modified soil bioassays, and these findings are then linked to the weed suppressive abilities of a 

crop in field settings (Kato-Noguchi and Ino, 2005a). Unfortunately, the current evidence 

generated in support of many suspected examples of allelopathic interference is often not 

particularly convincing. 
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Future of allelopathy in weed management 

 

Strong potential exists for the additional development and use of plant products or 

allelochemicals in medicine and agriculture for a variety of purposes. Firstly, the additional 

search for new plant species and cultivars and novel chemistries must be funded and involves 

exploration and purification strategies, requiring sensitive and repeatable bioassays for detection 

and accurate assessment of activity. In addition, close collaboration with trained synthesis 

chemists is needed to further alter and study structural activity relationships in an attempt to 

design pesticides with greater specific activity, soil persistence and selectivity as well as 

environmental safety. The design of new products possessing novel modes of action for weed 

management will likely facilitate the continued use of herbicides for future weed management 

systems. In addition, the development of crop germplasm expressing enhanced competitive and 

allelopathic traits for weed management will also be of future interest to breeders and crop and 

landscape managers for development of management systems with reduced chemical and labor 

inputs. Many of these possibilities have only been touched upon in current research efforts and 

certainly possibility for continued improvement of pesticide offerings and successful crop 

germplasm exists. However, funding for this research and development effort has never been 

easy to procure and continues to be severely limited. One can only hope that additional funds for 

development of biorational pest management will be considered by public and private agencies 

and rise to the forefront of plant based research. 
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Figure 1. Mesotrione, a commercially utilized pre-emergence herbicide which was developed 

from an isolated natural plant product obtained from the Australian bottlebrush plant, 

Callistemon citrinus. Mesotrione is a potent inhibitor of plastoquinone biosynthesis in sensitive 

higher plants. 

 

 

Figure 2. Several interesting allelochemicals that have exhibited potential for development as 

natural herbicides. 

 
 
 
Figure 3. The multiple modes of action of sorgoleone suggest that it might be an ideal candidate 
for continued use as a natural herbicide. 
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