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Summary 
Crops that are sufficiently allelopathic to reduce the need for synthetic herbicides offer promising new options for 

weed management. To date, efforts to breed crops that fight weeds have been of little or no interest due to methodical 
limitations. Today new technologies, such as molecular biology, offer a mean to impart allelopathic traits to generate 
highly allelopathic crops which may allow significant reductions of other weed management options. 
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Introduction 

Natural product-based pesticides are widely used in 
plant protection, whereby the discovery of toxins for 
weed management has not been as successful as for in-
sect or plant pathogen management. Phytotoxins can be 
used for weed management either directly as natural 
herbicides or as allelochemicals produced by crops. 
While some naturally occurring phytotoxins are already 
successfully used as herbicides, the allelopathic delivery 
of phytotoxins by crops still plays a very little role in 
weed management of annual crops. Currently, with the 
development of new technologies, the allelopathic sup-
pression of weeds either by cover crop- or crop-
generated allelochemicals as a possible component of an 
integrated weed management is receiving increased at-
tention worldwide. 

Crop allelopathy in weed management 
Crop allelopathy can be exploited to manage weeds 

by the release of allelochemicals from decomposition of 
plant residues or from intact roots of living plants. In 
weed management of annual crops, root exudation of the 
allelochemicals by the crop is the preferred mechanism. 

The concept. By use of crop cultivars provided with 
a built-in herbicidal system capable of producing and 
releasing sufficient amounts of phytotoxic allelochemi-
cals to interfere with competing weeds, the use of other 
weed management options, including synthetic herbi-
cides, can be reduced. Through season-long weed sup-
pression by crop cultivars with elevated allelopathic 
activity, crop competitiveness is efficiently improved to 
allow a reduction of the over-reliance on traditional her-
bicides. 

Rationale. Several studies demonstrate the selective 
nature of allelopathy (e.g. Olofsdotter and Navarez 1996, 
Dilday et al. 1998, Hassan et al. 1998). In a typical agri-
cultural setting, allelopathy alone could therefore not 
control all present weeds and should be rather considered 
to be a component of the overall weed management 
strategy (Wu et al. 1999). Although some reports con-
firm that weed suppression by crop allelopathy is actu-
ally taking place, so far the degree of weed suppression 
allows only in some cases a reduction in herbicide appli-
cation. Therefore herbicides will continue to be a key 
component of most integrated weed management sys-
tems in the near future (Nagabhushana et al. 2001). 

Engineering allelopathic crops. To increase al-
lelochemical production to levels effectively controlling 

weeds, strongly allelopathic crops are needed. The initial 
step towards the development of allelopathic cultivars in 
breeding programs is the evaluation of crop germplasm 
for cultivars that are likely sources of high allelopathic 
activity. Corresponding screening programs were re-
cently done for e.g. rice (Fujii 1992, Dilday et al. 1994, 
1998, Olofsdotter and Navarez 1996), wheat (Spruell 
1984, Wu et al. 2000), and oat (Fay and Duke 1977). The 
following steps are the identification of the allelochemi-
cals involved, the determination of critical enzymes or 
key genes for allelochemical synthesis, regulation, tissue-
specific production and secretion, completed with the 
manipulation of genes associated with allelochemical 
production or secretion by traditional breeding or trans-
gene technology (Duke et al. 2000). There are two fun-
damental approaches for generating a more allelopathic 
crop. The most obvious is the enhancement of an exist-
ing pathway of an allelochemical. Since the whole or 
parts of the biosynthetic pathway of the phytotoxic 
hydroxamic acids in rye and maize, or of sorgoleone in 
Sorghum spp. is already known, they are good candidates 
for the enhancement of the production of existing al-
lelochemicals (Duke et al. 2001). The second approach is 
the impartment of the biosynthesis of a new compound 
that the species does not make, by the introduction of 
either a one-step conversion of an existing compound or 
a whole new multi-enzyme pathway (Duke et al. 2001). 

Status. Currently, crop allelopathy plays a very lit-
tle role in weed management of annual crops and the 
allelopathic activity of only a few crops, e.g. rye is to 
some extend used (e.g. Barnes and Putnam 1983, Shil-
ling et al. 1986, Pérez and Ormeño-Nuñez 1993, Fujii 
2001). There appears to be little or no interest in geneti-
cally engineering of allelopathic crops and a highly al-
lelopathic crop variety has not yet been developed by 
traditional breeding. Modern biotechnological ap-
proaches might be more successful, but so far genetic 
manipulations targeting allelochemical pathways are at a 
very preliminary stage (Duke et al. 2002). 

Up to now efforts to manipulate allelochemicals in 
crops have been largely unsuccessful, since imparting 
such traits in crops with traditional breeding methods 
proved to be extremely difficult. Even though modern 
biotechnology provides the tools needed for a genetic 
manipulation, there is still a lack of identified gene se-
quences encoding the biosynthetic enzymes. The follow-
ing isolation and amplification or transfer of critical 
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genes into another species is a likewise major challenge 
to molecular biology (Duke et al 2001, 2002). 

Future trends. Currently, there is a growing inter-
national interest in producing allelopathic crops and 
strategies for transgene approaches have been proposed. 
Undoubtedly efforts towards the genetic manipulation of 
allelochemical pathways are at a very preliminary stage 
and still face numerous difficulties, but there are some 
promising strategies for the manipulation of pathways 
and moreover modern biotechnology now provides the 
tools needed to implement highly allelopathic crops.  

Research in the field of crop allelopathy for weed 
management may therefore presumably follow biotech-
nological approaches resulting in highly potent trans-
genes. 

Conclusions 
The idea of exploiting allelopathy for weed man-

agement has a long tradition. In recent years crop allelo-
pathy attracted growing attention and the potential of 
allelopathic suppression of weeds proved to be substan-
tial. Crops being sufficiently allelopathic to control 
weeds offer challenging new options for weed manage-
ment and would be an efficient enrichment of integrated 
weed management strategies. In the past the concept of 
allelopathic crops struggled with methodical limitations 
and therefore, was paid only little attention. Today ad-
vancements of modern biotechnology offer the tools for 
the development of strongly allelopathic crops via gene 
manipulation, allowing an effective weed management 
with reduced herbicide input or even without herbicides 
(Duke et al. 2000). 

Without doubt, allelopathic crops are a future chal-
lenge for biotechnology, but new technologies and 
strategies are now available to make significant progress 
in this area and may leverage allelopathic crops as a new 
option to manage weeds. 
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