Herbicidal Potential of Catechol as an Allelochemical
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Catechol is an allelochemical which belongs to phenolic compounds synthesized in plants.
Its herbicidal effects on weed species; field poppy (Papaver rhoeas), creeping thistle (Cirsium
arvense), henbit (Lamium amplexicaule) and wild mustard (Sinapis arvensis) were investi-
gated using wheat (7riticum vulgare) and barley (Hordeum vulgare) species as control plants.
In comparison to 2,4-D (a common synthetic herbicide), 13.64 mm of catechol have been
found to have a strong herbicidal effect, as effective as 2,4-D on field poppy weed by killing it,
and a suppressive herbicidal effect on the other weeds by inhibiting their growth significantly.
Concerning all the weeds, in general, elongation of the shoot was affected more negatively
than that of the root. Fresh weights of the weeds were decreased by catechol significantly
only in field poppy but not in other weeds. The study reveals that catechol is a potent inhibi-
tor of growth of the weeds and therefore it can be evaluated as a herbicide for future weed

management strategies.
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Introduction

Weed control research has been focused almost
on synthetic herbicides so far. But researches on
herbicidal activity of natural plant compounds es-
pecially allelochemicals have been emphasized re-
cently, because wide spread use of synthetic herbi-
cides has resulted in herbicide-resistant weeds,
disturb the ecological balance of natural environ-
ment and is bad for human health (Hall er al,
2000; Vyvyan, 2002). 2.4-Dichlorophenoxyacetic
acid (2,4-D) which is a synthetic auxin and also a
common synthetic herbicide has been found to
show a genotoxic effect by mutagenic activity on
cultivated plants, Allium cepa and Oryza sativa
(Kumari and Vaidyanath, 1989). Many natural
products are phytotoxic and some of these are al-
lelochemicals. There are several reasons why there
is interest in natural compounds as herbicides:
Natural compounds have a short half-life since
they are biodegradable, and therefore are consid-
ered environmentally and toxicologically more safe
than synthetic compounds (Putnam and Duke,
1974; Duke and Lydon, 1987; Duke et al., 2000,
2002; Vyvyan, 2002; Bhowmik and Inderjit, 2003).

Allelochemicals which have a special emphasis
as natural herbicides are major agents of allelopa-
thy in nature. The chemical interactions that occur
among living organisms including plants, insects

and microorganisms are called allelopathy, and the
organic compounds involved in allelopathy are
called allelochemicals. Sometimes an allelochemi-
cal produced by one organism is harmful to an-
other and beneficial to a third organism; but they
are, generally, toxic and cause stress and even
death (Whittaker and Feeny, 1971; Rice, 1979;
Hale and Orcutt, 1987; Rizvi and Rizvi, 1992; In-
derjit and Keating, 1999).

Phenolic allelochemicals are believed to func-
tion as defensive agents against invading microbes
and as signal molecules in plant interactions with
pathogens and parasitic angiosperms (Inderjit
et al., 1999). For example, the allelochemical cate-
chol belongs to phenolic compounds synthesized
by the shikimate pathway via chlorogenic acid in
plants. Catechol was shown to have antifungal ef-
fects on Colletotrichum circinans fungus (Farkas
and Kiraly, 1962). Further, catechol has been
found to have a significant antimicrobial effect on
three bacteria (Pseudomonas putida, Pseudomo-
nas pyocyanea, Corynebacterium xerosis) and two
fungus species (Fusarium oxysporum, Penicillium
italicum) which are pathogenic soil microbes (Ko-
cacaliskan and Talan, 1999). On the other hand,
catechol has been isolated from leaf and needle
litter of several deciduous (e.g., beech, birch, oak,
hazelnut, maple, willow, poplar) and coniferous
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trees (e.g., spruce-fir, Douglas-fir, larch). Catechol
has been reported to form many naturally occu-
ring aromatic substances during degradation
(Snook and Fortson, 1979; Kuiters and Sarnik,
1986) and it has also been indicated to be synthe-
sized abundantly in onion and released by its outer
layer cells (Farkas and Kiraly, 1962).

Several allelochemicals have been studied for
their herbicidal effects. For example, parthenin has
been found to has an inhibitory effect on two weed
species, Avena fatua and Bidens pilosa (Batish et
al., 2002). Cineoles also have been found to be
toxic and injurious on bill goat weed (Singh et al.,
2002), and on Echinochloa crusgalli and Cassia ob-
tusifolia (Romagni et al., 2000). However, we have
not encountered any information about the herbi-
cidal effect of catechol on weeds. Therefore the
objective of this work was to establish the herbi-
cidal potential of catechol by comparing it to 2,4-
D as a known common synthetic herbicide.

Materials and Methods

Seeds of wheat (Triticum vulgare cv. Gerek 79)
and barley (Hordeum vulgare cv. Kighk) were ob-
tained from the Office of Agriculture in Kiitahya.
These seeds were sown in plastic pots filled with
sterilized torf. Wheat and barley were used to
compare the effect of catechol on weeds and to
determine catechol doses that are not harmful to
these cultural plants.

Four weed species, field poppy (Papaver
rhoeas), creeping thistle (Cirsium arvense), henbit
(Lamium amplexicaule), wild mustard (Sinapis ar-
vensis), the most common in wheat and barley
fields of Kiitahya region, were found and used as
test plants to observe the herbicidal effect of cate-
chol. These weed species are also common in most
countries of the world (Holm et al, 1997). The
seedlings of the weeds which have two or three
leaves were taken from the field in May and
brought to laboratory; then their roots were
washed, and root and shoot lengths of the seed-
lings were measured by a ruler and fresh weights
of the seedlings were taken. These values were re-
corded as initial growth values. The seedlings were
planted into plastic pots filled with sterilized peat.
All the plants were maintained in the laboratory
on benches. The temperature and relative humid-
ity were about 20 °C and 45%, respectively. In
these conditions, all of the seedlings were left to
grow for 10 d. Then the herbicides were applied

on the leaves of the plants by spraying in the con-
centrations of 1 mmM, 2 mMm and 4 mMm of 2,4-D and
6.82 mM and 13.64 mMm of catechol. 2,4-D was used
to compare the herbicidal effect of catechol. Maxi-
mum doses for catechol and 2,4-D were found to
be 13.64 mM and 1 mwm, respectively, in a proexper-
iment conducted to determine the doses not harm-
ful to wheat and barley plants grown 10d in the
conditions mentioned above, as higher concen-
trations than these were found to be harmful to
the plants. Application of the treatments was car-
ried out using a hand sprayer until the solution
dropped from the leaves. Tween-20 was mixed in
the solutions with 0.01% content for wetting the
leaves. Foliar spray application is the most conve-
nient method, since the half-life of the natural her-
bicides is generally too short in soil. Especially,
polymerization and transformation of catechol is
rather rapid and therefore it is not stable in free
form in soil (Inderjit et al., 1999).

Distilled water was used as control for the treat-
ments. Each treatment was replicated three times
and at least five plants were used in each replicate.
After 11 d of treatments, all the plants were taken
out of the pots, and their roots were washed. Then
root and shoot lengths and seedling weights of the
plants were measured. These values were assumed
as the last growth values. Change in growth was
determined by abstracting initial growth values
from the last growth values for both elongation
and fresh weight.

The experiment was conducted using a com-
pletely randomized design with three replicates.
The data were analyzed by ANOVA; then signifi-
cant mean differences between the treatments of
catechol and control were determined using Dun-
net test (Little and Hills, 1978).

Results and Discussion

In this study, catechol was found to have herbi-
cidal potential because it was injurious on weeds
but not on wheat and barley (Table I). As seen in
the Table I, there were negative effects of catechol
on the weeds more or less depending on concen-
trations and weed species. It was more injurious
on field poppy weed than on others. 13.64 mm of
catechol was more effective on the weeds than
6.82 mm; even 13.64 mm of catechol completely
killed field poppy weed seedlings. In general,
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Table 1. Effect of catechol on growth of wheat, barley and weed species.
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Control
(dist. water)

Catechol
(6.82 mm)

(13.64 mm)

Wheat

Root elongation [cm/seedling] 22.56

Shoot elongation [cm/seedling] 28.81

Fresh weight [mg/seedling] 0.22
Barley

Root elongation [cm/seedling] 27.44

Shoot elongation [cm/seedling] 27.31

Fresh weight [mg/seedling] 0.36
Field poppy

Root elongation [cm/seedling] 4.10

Shoot elongation [cm/seedling] 11.20

Fresh weight [mg/seedling] 0.42
Creeping thistle

Root elongation [cm/seedling] 16.00

Shoot elongation [cm/seedling] 11.37

Fresh weight [mg/seedling] 1.31
Henbit

Root elongation [cm/seedling] 2.44

Shoot elongation [cm/seedling) 6.74

Fresh weight [mg/seedling) 0.22
Wild mustard

Root elongation [cm/seedling] 7.22

Shoot elongation [cm/seedling] 41.46

Fresh weight [mg/seedling] 1.86

23.06
27.87
0.22

26.75
27.06
0.33%*

1.047
2.44%%
0.04%

15.50
10.00
1.22

2.20
6.30
0.25

6.14
40.44
1.61

21.81
26.44
0.22

25.94
26.75
0.33%*

0.00%*
0.00%*
0.00%*

12.37
7.62%
1.34

2.02
5.30%*
0.17

5.08%**
33.80%*
1.50

* Dunnet (P < 0.05); ** (P < 0.01). Mean values differ significantly from the control.

6.82 mm of catechol has shown only a suppressive
effect on the weed growth.

Other weeds than field poppy were affected
only by 13.64 mm of catechol significantly; this
concentration decreased the growth of the weeds
significantly. Shoot elongation was more affected
than root elongation in creeping thistle and henbit
weeds, whereas in the case of wild mustard both
root and shoot elongation were decreased signifi-
cantly by catechol. Fresh weights of the weeds
were decreased only in the field poppy weed but
in the other weeds they weren’t affected signifi-
cantly. As can be seen in Table I and Fig. 1, fresh
weight of the creeping thistle was affected less
than elongation.

Some natural compounds such as 1,3,7-T, ten-
toxin, sorgoleone, artemisinin, hydantocidin, cha-
parrinone and pelargonic acid have been indicated
to inhibit weed growth (Rizvi et al., 1987; Duke
etal., 2001). Recently, parthenin (Batish et al,
2002) and cineoles (Singh et al., 2002) have been
found to have inhibitory effect on Avena fatua and
Ageratum conyzoides weed species with 75% and

78% root inhibition, respectively. Effects of alle-
lochemicals on weeds were found to be only sup-
pressive so far. Although no literature data has
been found about the allelochemical effect on the
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Fig. 1. Effect of 13.64 mm catechol on seedling elonga-
tion and fresh weight of the weed species.
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Table II. Inhibitory effects of 2,4-D and catechol on seedling elongation. Each value in the table is the difference
between initial and last measurements of the seedling lengths. (% Inhibition = percentage of treatment/control.)

. Control 2,4-D % Inhibition Catechol % Inhibition

Plant species (dist. water) (1 mm) (13.64 mm)

Wheat (7. vulgare) 51.37 51.31 1 48.25 6
Barley (H. vulgare) 54.75 53.18 3 52.69 4
Field poppy (P. rhoeas) 15.30 0.00 100 0.00 100
Creeping thistle (C. arvense) 27.37 0.00 100 19.99 27
Henbit (L. amplexicaule) 9.18 5.60 59 7.32 20
Wild mustard (S. arvensis) 48.58 0.00 100 38.88 20

weeds we studied, catechol has been shown to kill
field poppy weed in the present study.

In most of the previous studies, several natural
compounds have been defined to have herbicidal
effects on weeds but their harmful effects on culti-
vated plants are not known. This is an important
point to establish whether natural herbicides are
harmful on cultivated plants, regarding their use in
weed management (Duke et al., 2001). The present
study shows that catechol has no significant harm-
ful effects on wheat and barley growth.

Inhibitory effects of 2,4-D and catechol on seed-
ling elongation of both cultural and weed plants
are compared in Table II. The effects of 2,4-D and
catechol on weed growth were found very strong,
indicated by the inhibition of seedling elongation,
whereas growth inhibition of wheat and barley was
slight. 2,4-D was more effective than catechol, in
general, but the effect of 2,4-D and catechol on the

field poppy weed was identical with 100% growth
inhibition. Catechol has been found to have at
least 20% inhibition effect on the other weeds,
even 27% in creeping thistle weed.

In conclusion, this study indicates that catechol
is a potent inhibitor of the weeds studied at
13.64 mm without affecting wheat and barley
growth significantly. This result is promising re-
garding the use of catechol in future weed man-
agement at least for field poppy weed. Further, the
studied weeds are common not only in Turkey but
also in most countries of the world.
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