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Summary 
 
Plants often release metabolites that might be beneficial or detrimental to the growth of 
receptor plants in managed or natural ecosystems. This phenomenon was termed 
allelopathy. The more volatile compounds, such as terpenoids, are released from plants in 
drought areas. On the other hand, water-borne phytotoxins, such as phenolics, flavonoids, 
or alkaloids, are released from plants in humid zone areas (see Table 1). The naturally 
occurring allelopathic compounds play important roles in regulating plant biodiversity, 
dominance, succession and climax of natural vegetation, as well as in the productivity of 
agroecosystems. However, the synthetic agrochemicals, such as herbicides, fungicides, 
nematocides, or other pesticides, may cause imbalance of soil microorganisms, nutrient 
deficiency, and change of soil physicochemical properties, resulting in decrease of crop 
productivity. The application of allelopathic substances into agricultural practice may 
reduce the use of the agrochemicals and reduce the environmental hazard. A unique 
example of a pasture-forest inter-cropping system could be used as a model for weed 
control in forest management. After the deforestation of coniferous or hardwood forests, a 
pasture grass, kikuyu grass (Pennisetum clandestinum), was transplanted onto the land. 
The grass was quickly established within six months. Significant suppression of weed 
growth by the kikuyu grass was found. The growth of coniferous or hardwood plants, 
however, was not suppressed but stimulated. Thus, allelopathic research in the 
twenty-first century has become particularly important as far as sustainable agriculture is 
concerned. Future allelopathic research is recommended to focus on the following tasks: 
1) to understand more fully the role of allelopathy in nature and agro-ecosystem, 2) to 
survey potential allelopathic compounds in plants or microorganisms, 3) to develop new 
techniques for isolating allelopathic chemicals in plants and soils, 4) to understand the 
mode of action of allelopathic chemicals, 5) to enhance allelopathic properties in 
agronomic plants, 6) to use biotechnology to transfer allelopathic chemicals from one 
plant to another, and 7) to establish practical methods for allelopathic plants in the field. 
 
1. Introduction 
 
Extinction of species and reduction of biodiversity is primarily attributable to the impact 
of human activities. However, perhaps a small amount of plant species extinction is due 
to natural selection, involving mechanism of plant interactions, such as competition and 
allelopathy. Through evolutionary processes, both competition and allelopathy play more 
important roles in regulating the species diversity of a plant community. Molisch (1937) 
studied the effect of ethylene upon plant growth and coined a word “Allelopathy” from 
two Greek words “allelo” and “pathy” meaning “mutual harm”, but he at that time 
described allelopathy as both beneficial and harmful biochemical interaction between 
organisms. The allelopathic compounds are secondary plant metabolites, including a 
variety of compounds, which are released from plants into the environment by means of 
four ecological processes: volatilization, leaching, decomposition of plant residues in 
soil, and root exudation (see Figure1).  
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Figure 1. A diagram showing the mechanisms of plant interference, involving both 
competition and allelopathy. Competition (-) is defined as a plant depletes a 

necessary factor from the environment resulting in the suppression of growth of 
other plant sharing the same habitat. While, allelopathy (+) is defined as a plant 

releases a toxic compound (s) from plant, resulting in a detrimental  
effect upon the other plants sharing the same habitat. 

 
Muller (1966) defined allelopathy as the process whereby a plant releases toxic 
compounds into the environment, resulting in a detrimental effect upon neighboring 
plants sharing the same habitat. “Autointoxication”, another phase of allelopathy, is 
defined as a process in which chemicals produced by a plant or its decomposing residues 
in soil suppress its own growth, resulting in the decline of plant productivity in natural 
vegetation or an agroecosystem. Whittaker and Feeny (1971) coined Allelochemics and 
stated that “allelochemics are chemical agents that are of major significance in adaptation 
of the species and organisms in communities”. Evolving from allelochemics, Chou and 
Waller (1983) used “Allelochemicals” to describe all biochemical interactions between 
organisms. 
 
In the early twentieth century, allelopathy research was focused on agricultural 
productivity. Until the late 1960s, Muller was the first to introduce allelopathy into the 
field of plant ecology. In 1966 he described a unique pattern of herb exclusion by adjacent 
chaparral vegetation, Salvia leucophylla which releases toxic monoterpenoids that 
suppress the growth of many nearby herbaceous plants (see Table 1), resulting in the 
formation of bare areas of inhibition and areas of normal growth (see Figure 2). Muller 
and his students studied allelopathy of several chaparral shrubs and concluded that 
allelopathy plays a significant role in the dominance and the fire cycle phenomenon of the 
California chaparral. In addition, allelopathic patterns have been found to be widespread 
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in natural and agricultural ecosystems from boreal forests to tropical rain-forest trees and 
from humid to desert vegetations. 
 

 
Compounds Representing plants 

Caffeic acid Helianthus annuus 
Chlorogenic acid Helianthus annuus 
p-Coumaric acid Many grass species and ferns 
3,4-Dihydroxybenzoic acid Delonix regia 
3,4-Dihydroxybenzaldehyde Delonix regia 
3,4-Dihydroxycinnamic acid Delonix regia 
3,4-Dimethoxyacetophenone Asparagus officinalis 
3,5-Dinitrobenzoic acid Delonix regia 
Ferulic acid Many grass species and ferns 
Fusaric acid Fusarium oxysporum 
Gallic acid Celtis laevvigata 
Gentisic acid Celtis laevigata 

p-Hydroxybenzoic acid Many grasses, Miscanthus 
species 

o-Hydroxyphenylacetic acid Oryzasativa, many grass species 
p-Hydroxybenzaldehyde Sorghum bicola 

Hydroquinone Arctostaphylos glandulosa var. 
zacaensis 

Isochlorogenic acid Helianthus annuus 
Phloroglucinol Pluchea lanceolata 
Medicagenic acid Medicago spp. 
Neochlorogenic acid Helianthus annuus 
Polyacetylenic methyester Solidago altissimaa 
Quercetin Salsola kali 
Scopoletin Celtis laevigata 
Scoploline Celtis laevigata 
Syringic acid Many grass species and ferns 

Phenolic 
compounds 

Vanillic acid Manygrass species and ferns 
L-Azetidine3-carboxylic acid Delonix regia 
Caffeine Coffea Arabica 
6,6’-Dihydroxythiobinupharidine Nuphar lutea 
Nupharolutine Nupha lutea 
Mimosine Leucaena leucocephala 
Pyridine-3,4-diol Leucaena leucocephala 
Paraxanthine Coffea arabica 
Theobromine Coffea arabica 

Alkaloids 

Theophylline Coffea arabica 

Abscisic acid Festuca species, Macaranga 
tanarius 

Pinene Salvia leucophylla 
ß-pinene Salvia leucophylla 
Champhor Salvia leucophylla 
Cineole Salvia leucophylla 

Terpenoid 

SoyasaponinI Mungbean 
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Table 1. Allelopathic compounds found in plants. 

 

 
 

Figure 2. A unique pattern of herb exclusion by a California chaparral species, Salvia 
leucophylla, exhibiting a bare zone of 1 to 2 meter wide close to the shrub (A), an 
inhibition zone about 3 to 4 meters wide (B) next to the bare zone, and a normal 
growth of herbaceous plants beyond the inhibition zone. The photo was taken by 

Prof. C. H. Muller and used with courtesy. 
 

Natural product chemists and biochemists studied the structure, biosynthesis, and natural 
distribution of secondary plant metabolites, but less attention was focused on function of 
the compounds. The metabolites are often stored in vacuoles or intercellular spaces when 
they are not being used. However, the compounds may be freely released to the cells or to 
the surface of leaves for defense, attraction, or as chemical signals. Even more, such 
compounds act as messengers in plant-insect interaction, and have an important role in 
the mechanisms of plant adaptation and insect co-evolution. Since then, secondary 
metabolites have no longer been regarded as metabolic wastes and the role of allelopathy 
in physiological, biochemical, and ecological functions has been increasingly understood.  
 
- 
- 
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