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Proving allelopathic chemical interference is a daunting 
endeavor, in that production and movement of a phytotoxin from 
a donor plant to a receiving plant must be demonstrated in the 
substrate in which the plants grow, which is usually a complex 
soil matrix. The soil levels or soil flux levels of the compound 
generated by the donor must be proven to be sufficient to 
adversely affect the receiving plant. Reports of (-)-catechin to 
be the novel weapon used by Centaurea stoebe (spotted knap-
weed) to invade new territories are not supported by the paper 
featured in this Addendum, nor by papers produced by two other 
laboratories. These papers find that (-)-catechin levels in soil in 
which C. stoebe grows are orders of magnitude below levels that 
cause only minor growth effects on reported sensitive species. 
Furthermore, the claim that (-)-catechin acts as a phytotoxin 
through causing oxidative damage is refuted by the fact that 
the molecule is a strong antioxidant and is quickly degraded by 
extracellular root enzymes.

Introduction

Negative effects of one plant on another due to the phyto-
toxicity of chemicals produced by the aggressor plant is the most 
commonly claimed form of allelopathy, sometimes termed chem-
ical interference. For many years, both scientists and non-scientists 
have used allelopathy to explain the negative actions of certain 
plant species on others.1 However, allelopathy research has often 
been fraught with controversy over whether claims of allelopathy 

are valid. For example, the high profile paper in which Muller et 
al.2 claimed vegetation patterning around aromatic shrubs was due 
to the release of phytotoxic volatile compounds was later disputed 
by Bartholomew,3 who demonstrated that the phenomenon could 
also be explained by animal activity around the shrubs. Some 
ecologists such as Harper4 have dismissed allelopathy as an unlikely 
and usually weak phenomenon when it occurs. Nevertheless, the 
number of papers on this topic has expanded substantially in 
recent years, and the research described in a significant number of 
these papers has enlisted cutting edge methods to provide a more 
robust proof of allelopathy.

Recently, there have been several studies supporting the 
view that root-exuded phytotoxins are involved in allelopathy. 
Phytotoxins identified include sorgoleone in Sorghum species,5-7 
m-tyrosine in Festuca rubra,8,9 momilactone B in rice,10,11 and 
(–)-catechin in Centaurea stoebe (spotted knapweed).12-15 In the 
latter example, once again, papers have appeared which seriously 
question the results.16-20 Our addendum is written to expand the 
commentary from one of those dissenting papers.20

Proving Allelopathy

Proof of allelopathy requires demonstration of production of 
a phytotoxin(s) or a prophytotoxin(s) by a donor species, move-
ment of the compound(s) and/or its phytotoxic derivatives(s) to a 
target plant at concentrations proven to cause harm to the target 
species, and measurement of a harmful effect to the target plant 
caused by the compound(s) in the environment containing both 
the donor and target plants. The task is simplified if the molecular 
target site of the phytotoxin is known and there is evidence that 
the target site is affected during chemical interference between 
species in the field. Allelopathy can be due to release of phytotoxins 
from live plants or to release of phytotoxins from decaying plant 
material. In the case of prophytotoxins, the compound produced 
by the donor plant is converted to a more phytotoxic compound 
by a process in the soil.21 The interactions of compounds in soil 
(e.g., by direct interactions with soil components or metabolic 
conversion) are potentially complex. Finally, there is the potential 
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of antagonistic or synergistic interactions with other compounds. 
To unequivocally prove allelopathy in a natural setting is usually a 
daunting task.

The recent interest in C. stoebe as an allelopathic invasive plant 
began with a study in which Ridenour and Callaway22 grew C. 
stoebe with a common North American native plant, Festuca 
idahoensis. Based on the finding that F. idahoensis grown with C. 
stoebe and activated charcoal were 85% larger than F. idahoensis 
with C. stoebe without activated charcoal, they concluded that a 
significant amount of the ability of C. stoebe to inhibit the growth 
of F. idahoensis was associated with allelopathy. Activated charcoal 
is sometimes used in allelopathy studies to sequester putative 
allelochemicals while leaving resource competition intact. The 
following year, Bais et al.13 used a bioassay-guided approach, and 
reported (-)-catechin as a potent allelochemical of C. stoebe. In this 
paper and others,12,14,15,23-26 high levels of this compound were 
reported from either plants growing in liquid media or from soils 
collected from C. stoebe infestations.

When Blair et al.16 independently attempted to use the extrac-
tion techniques reported in the previously mentioned studies, 
they discovered that the liquid extraction protocol did not work 
because catechin is not soluble in the reported extraction solvent 
(hexane), and extraction efficiencies from soil with their methanol 
technique were consistently low (0 to 17%) from a variety of soil 
types. Furthermore, when Blair et al.16,17 developed more reli-
able techniques, they found catechin levels from liquid media to 
be two orders of magnitude lower than previously reported and 
three orders of magnitude lower, if found at all, from field sites 
infested with C. stoebe. Later, Lau et al.25 reported that using acti-
vated carbon can cause experimental artifacts, either decreasing or 
increasing growth of plants. Such findings led Blair et al.16-18 to 
call into question the role of catechin as an ecologically important 
allelochemical of C. stoebe. Other papers provide rigorous evidence 
that the claims of strong phytotoxicity of (-)-catechin in either an 
aqueous medium or soil are unfounded.19,20

Our most recent paper20 strongly supports the view that neither 
enantiomer of catechin is likely to be involved in allelopathy of 
any species and questions whether (-)-catechin could act as a toxin 
through generation of oxidative stress, as claimed by Bais et al.12 
We found (-) and (+)-catechin to have similar, weak phytotoxici-
ties, with little or no phytotoxicity in soils at concentrations far 
exceeding those reported in any of the above papers. Furthermore, 
we confirmed that it is a strong antioxidant, virtually ruling out 
that it could harm plants by causing oxidative stress. One could 
hypothesize that catechin is only substantially active when in the 
presence of some other component of C. stoebe. However, dramatic 
synergism between any allelochemicals has thus far not been rigor-
ously proven (discussed by Duke et al.20). The half-life of catechin 
in soil is increased by the presence of other phenolic compounds, 
but it is still short and essentially inactive.19

In the Figure 1, we provide further evidence that catechins 
are rapidly converted by extracellular enzymes of plant roots into 
colored products. Tharayil et al.19 suggested that these products are 
generated by extracellular peroxidases and that they accumulate on 
the root exterior, as shown in our paper.20 Peroxidases have been 

known for many years to be present in root exudates.27 We found 
that root browning was not associated with toxicity.20

Catechin might be converted to a more phytotoxic and stable 
compound by soil microbes that were lost or inactive in our studies 
with native range soils in which C. stoebe had grown. However, the 
soils that we used had not been autoclaved, and incubating the 
catechin in moist soil for 14 days before planting the target species 
had no effect on the results. Furthermore, none of the known 
catechin derivatives that were evaluated in our paper20 and that of 
Tharayil et al.19 were significantly phytotoxic.

Impacts of the Catechin Debate on Allelopathy as a Field of 
Study

Our paper20 strongly supports the view of others16-19 that 
(-)-catechin is not an allelochemical. This very weakly phytotoxic 
compound is found in exceedingly low concentrations, if at all, 
in the soil in which producing plants are found.17 Furthermore, 
it is very unstable in soil and in water, and its derivatives do not 
appear to be significantly phytotoxic. We hope that the findings 
that challenge the view that (-)-catechin is an allelochemical do 
not discourage others from initiating or continuing research in 
this intriguing area of chemical ecology. Indeed, there are several 
well-documented cases of allelopathy in the recent literature such 
as that of momilactone-B in rice which has been corroborated 
by more than one laboratory.10,11 We believe that understanding 
allelopathic interactions between plant species can help in under-
standing the success of some invasive species and vegetation 
patterns in many ecosystems. Furthermore, allelopathy research 
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Figure 1. Enzymatic conversion of (±)-catechin to colored products by 
extracellular lettuce root enzymes. A 2-day-old lettuce seedling root tip (5 
mm) was placed on top of a 1 mM (±)-catechin solution in 5 mM MES 
buffer (see arrow at 15 min on the time course ——). Absorbance was 
measured at 440 nm over 1 h in a cuvette at 25°C. The base line is the 
catechin solution without the root tip (······). The upper left inset shows the 
absorption spectrum of the solution before (······) and after (——) incuba-
tion with the root tip. The lower right inset shows 1 mM (±)-catechin after 
incubation for 1 h with (right) or without (left) a lettuce root tip in test 
tubes (notice the root floating on top of the solution). Without the root 
material, (±)-catechin will also oxidize, but over a much longer period of 
time. Similar results were obtained when an intact seedling was placed 
in the solution.
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has more than academic value, as it promises to be useful in gener-
ating weed-fighting crop varieties to reduce the use of synthetic 
herbicides.28
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