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ABSTRACT - The search for and identifi cation of new molecules for the development of herbicides has grown in recent decades. With the objective 
of developing effi  cient, environmentally friendly herbicides, we evaluated the phytotoxic activity of 13 synthetic chalcones on the development 
of sesame Sesamum indicum L. and brachiaria Urochloa decumbens (Stapf) R.D. Webster. Growth experiments were conducted at 30°C within a 
photoperiod of 12 hours. The positive control was distilled water whereas the negative control was the herbicide Glyphosate®. Two chalcones (3,13) 
signifi cantly inhibited the growth of the target species, being this inhibition comparable to that produced by Glyphosate®. The inhibitory eff ects of 
these chalcones on the growth of sesame and brachiaria deserves deeper investigation, since the methodology for their synthesis is simple and the 
reagents employed are of low cost, what make their large-scale production economically viable. Also, these molecules do not produce toxic residues 
such as those generated by synthetic herbicides.
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RESUMO - Efeito herbicida potencial de duas chalconas sintéticas no crescimento inicial de gergelim Sesamum indicum L. e brachiaria 
Urochloa decumbens (Stapf) R.D. Webster. A busca e identifi cação de novas moléculas para desenvolvimento de herbicidas tem crescido nas 
últimas décadas. Com o propósito de desenvolver herbicidas mais efi cientes e menos tóxicos ao ambiente, avaliamos a fi totoxicidade de 13 chalconas 
sintéticas no desenvolvimento inicial de gergelim Sesamum indicum L. e brachiaria Urochloa decumbens (Stapf) R.D. Webster. Experimentos de 
crescimento inicial foram conduzidos a 30°C e fotoperíodo de 12 horas. Como controle utilizamos água destilada e Glifosato®. Duas chalconas (3, 
13) inibiram signifi cativamente o crescimento de ambas as espécies, comparável ao Glifosato®. Os efeitos inibitórios destas duas chalconas abrem 
perspectivas para futuros estudos, visto que sua síntese é rápida e de baixo custo, tornando sua produção viável em larga escala. Além disto, não 
geram resíduos tóxicos como os herbicidas comerciais. 

Palavras-chave: Brachiaria, chalcona, erva daninha, gergelim, herbicida

INTRODUCTION 

Compounds involved in chemical interactions among 
organisms have gained particular interest due to the fact that 
they frequently present high levels of biological activity 
within low concentrations; in addition, they may present 
diff erent, new sites of action when compared, for example, 
with compounds derived from chemical synthesis (Duke 
et al. 2000). Phytotoxic bioassays and allelopathic studies 
contribute both to identify and quantify the biological 
activity of an infi nite number of compounds, in particular 
those obtained from plants (Hoagland & Williams 2004). 
Once a compound shows relevant biological activity, its 
molecular structure can be utilized directly or, by means of 
directed structural modifi cations (Macías et al. 2004) can 
serve as template for the development of new herbicides 
(Oliveros-Bastidas 2008). The advantage of these new 

herbicides is that they usually have modes of action which 
diff er from synthetic commercial herbicides traditionally 
employed in pest control (Macías et al. 2008). 

Herbicides and agrochemicals based on natural products 
evoke interest due to the fact that they are in general minimally 
harmful to the environment and easily degradable by the soil 
biota or by physical processes (Vyvyan 2002, Huang et al. 
2010). Moreover, they are frequently water-soluble, which 
facilitates their absorption by plants (Vyvyan 2002, Huang 
et al. 2010). Regarding the register of new pesticides by 
the USA Environmental Protection Agency (EPA) for the 
period of 1997-2010, nearly 70% of the new active ingredients 
originated as a result of studies involving natural products, 
clearly showing the importance of this front in the development 
of new products (Cantrell et al. 2012).

Among various known secondary metabolites, 
flavonoids are found to be the agents presenting the 
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greatest range of interactions among host plants, bacteria 
and pathogenic fungi (Weltring 1988), as well as among 
plants and symbiotic micro-organisms (Fisher & Long 
1992, Schlaman 1992), acting as photo-protectors (Li 
et al. 1993, Boeger & Poulson 2005), as attractors of 
pollination (Forkmann 1991, Grotewold 2006), in addition 
to other types of interactions among organisms and the 
surrounding environment. About flavonoid derivatives, 
chalcones (1,3-diaril-2-propen-1-ones) and their derivatives 
are based on the structure shown in Figure 1. 

Chalcones have also been the focus of investigation in 
studies aiming at the development of new herbicides and 
plant growth regulators. Chalcones were showed to inhibit the 
germination of seeds of Senna obtusifolia and Mimosa pudica, 
and such inhibition was intensified when the chalcone structure 
was chemically modified (Bittencourt et at. 2007). Recently, 
a trans-chalcone was shown to suppress the germination 
and initial growth of some weeds with minimal impacts on 
the germination and initial growth of their associated crops 
(Díaz-Tielas et al. 2014); the authors point out the role of 
chalcone as plant growth regulator and its potential use in 
weed management in the field.

With the aim of advancing this investigative front, the 
current study aims at evaluating the phytotoxic activity of 
13 synthetically-obtained chalcones (Fig. 2) on the initial 
growth of two species: the cultivated Sesamum indicum 
L., commonly known as sesame, and the exotic Urochloa 
decumbens (Stapf) R.D. Webster, known as brachiaria (or 
signal grass).

MATERIAL AND METHODS 

Synthesis of chalcones and analogues 
Chalcones are derived from aldolic condensation 

between aromatic aldehydes and ketones, with overall 
yields ranging from 80 to 92% (fig. 2). The chalcones were 
characterized by  1H and  13C Nuclear Magnetic Resonance 
(NMR), which revealed characteristic signs of the desired 
products, as well as their respective fusion points.

General procedure for the synthesis of chalcones
The ketone  (1  mmol)  was  added  to  a  solution  of NaOH  

(10%  m/v)  and  ethanol  (3  mL)  and  the  mixture was stirred 
for 20 min under ice bath cooling. Then, the aldehyde (1 mmol) 
was added and the resulting mixture was stirred overnight at 
room temperature. The reaction mixture was acidified with 
10% HCl. The precipitate was collected, washed with cold 

water, dried and purified by recrystallization from EtOH or 
in chloroform.  The chalcones that did not crystallize were 
purified by column chromatography (20% ethyl acetate/
hexane), (Silva et al. 2013).

Synthesis of the analogue of dibenzalacetone
Aldehyde (2 mmol) was added to a solution of NaOH 

(10% m/V) and ethanol (5mL), and slowly added ketone 
(1 mmol). The mixture was stirred for 2 h under ice bath 
cooling. The resulting solid was then filtered and washed 
with cold water (3x30 mL), dried and re-crystalized in 
ethanol.

Bioassays of phytotoxicity
The synthesized compounds were resuspended in 

chloroform at concentrations of 100, 200 and 400 ppm. 
The solutions were then placed in Petri dishes of 5.5 cm 
in diameter lined with a filter paper, in a volume of 1.3 mL 
per dish. The dishes were then kept at laboratory conditions 
until the total evaporation of the solvent. After drying, the 
compounds were resuspended with the addition of 1.3 mL 
of distilled water in each dish.

Sesame was chosen because this species is highly sensitive 
to phytotoxic compounds and is routinely employed in 
phytotoxic and allelopathic studies (Reigosa et al. 2013); 
consequently, this species works well as a reliable indicator 
in the identification of biological activity of extracts and 
purified substances. Brachiaria was selected since it is a  
Pantropical invasive genus found in various regions within 
the Brazilian territory (Pivello et al. 1999), displaying vigorous 
growth and high tolerance to shading (Andrade et al. 2004, 
Martuscello et al. 2009). This genus has also been found to 
be highly tolerant to conditions of water stress (Melo et al. 
2003) as well as to low soil fertility. In view of these facts, we 
believe that brachiaria is an appropriate species for testing the 
efficacy of bioactive compounds in rustic species resistant to 
environmental conditions, as is the case of invasive species 
that turn into weeds (Kuester et al. 2014).

The phytotoxic potential of the 13 chalcones (Fig. 2), 
as well as of the analogue, was tested on the initial growth 
of Sesamum indicum L. (sesame). For this purpose, seeds 
of sesame were germinated in distilled water and, once the 
radicle emerged, the seedlings were transferred to dishes 
with the compounds. Ten seeds were utilized per dish, and 
four dishes (replicates) per treatment. The dishes were 
sealed with Parafilm, and kept in a germination chamber 
at 30°C for five days. For the positive control, distilled 
water was utilized, whereas, as the negative control, the 
commercial herbicide Glyphosate® (Roundup Ready®, 
480 agripec) was employed, in the same concentrations 
as in that of the synthetic products. In the control dishes, 
chloroform was also added and then evaporated in an oven 
for subsequent addition of water or Glyphosate® solution.

After the determination of phytotoxic effects on the 
initial growth of sesame, the chalcones of greater activity 
were selected to test their effects on the initial growth of 
the invasive species Urochloa decumbens (Stapf) R.D. Fig. 1. General Structure of chalcones.
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Webster (brachiaria). For the purpose of the experiments, 
the experimental design and procedures were the same as 
those used in the experiments with sesame.

Upon the termination of the incubation period in the 
solutions, the shoot  and root parts of all seedlings were 
measured with the aid of a digital venier caliper. Based 
on these measurements, the percentage of initial growth 
inhibition was calculated in relation to the positive control 
(in distilled water) as a means of comparing the eff ects of 
the compounds among themselves and with the herbicide 
Glyphosate®.In order to calculate the percentage of 
inhibition, the following formula was used:% inhibition 
= (XT * 100/ XC) - 100.In this formula, XT represents 
the growth average for seedlings which have been treated, 
whereas XC is the growth average for the seedlings 
incubated in water (positive control). 

The eff ective doses for a 50% reduction (ED50) of 
the growth of the seedlings incubated in the chalcones, as 
well as in Gliphosate® in comparison to the control were 
calculated according to Ritz & Streibig (2005). Parametric 
data was analyzed using analysis of variance (ANOVA), 
with posteriori comparisons made by means of the Tukey 
test. Non-parametric data was analyzed using the Kruskal-
Wallis test, with posteriori comparisons made by means 
of the Dunn test.  All the comparisons were conducted 
considering a probability of 5%.

RESULTS AND DISCUSSION

Seed germination has been shown to be a weak 
parameter for testing biological activity in both phytotoxic 

and allelopathic studies, when compared with the initial 
growth of the target-species (Reigosa et al. 2013). 
Therefore, the seeds were previously germinated in water, 
and the resulting seedlings were incubated in solutions to 
be tested. In this study, we found two synthetic chalcones 
which presented a performance comparable to that of 
Glyphosate® in the inhibition of the initial growth of the 
target species.

With the exception of compound 12, which presented 
an insignifi cant stimulus on the hypocotyl growth, each of 
the other products in all concentrations tested inhibited the 
growth of the shoot part of sesame seedlings. The products 
with the greatest phytotoxic eff ect on the shoot growth 
were the compounds 2, 3, 7, 9 and 13 (fi g. 3).

 The inhibitory eff ects of chalcones on the shoot growth 
of sesame, when compared with that of Glyphosate®, may 
be directly related to the metabolic pathway involved. 
In plants, Glyphosate® is absorbed by the leaves and 
unprotected tissues of the meristems; this process is non-
selective. In its biochemical action, Glyphosate® inhibits the 
activity of enolpiruvil-chiquimate-3-phosphate (EPSPS), 
an enzyme of the shikimic acid route, which is found in 
plants and micro-organisms. With this mechanism of action, 
Glyphosate® interferes with the synthesis of the aromatic 
amino acids phenylalanine, tyrosine and tryptophan, which 
are the fi nal products in the shikimic acid route and are 
related to the synthesis of fl avonoids, coumarins and other 
derivatives.

The chalcones, being precursors of fl avonoids, would 
be expected to act through a diff erent mechanism in 
respect to Glyphosate®; however, in some instances, the 

Fig. 2. Chemical structures of synthesized chalcones and their respective yields.
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electronic eff ects of the substituents, as well as the steric 
hindrance eff ects, produce an infl uence that blocks the 
cascade sequence of events within the metabolic cycle of the 
plant. In this particular case, the great majority of samples 
which were analyzed presented a similar profi le, with the 
exception of chalcone 13, which presented an increasing 
action/concentration eff ect; one interesting aspect is that no 

substituents were present in the compound, thus probably 
infl uencing, in a negative way, the synthesis of fl avonoids 
in the metabolic branch of phenylpropanoids.

The compounds 10 and 11, as well as the compound 
12 (in higher concentrations), stimulate the root growth of 
sesame seedlings (fi g. 4). Together with the positive eff ect of 
compound 12 in stimulating the initial shoot growth of such 

Fig. 3. Percentage of growth inhibition/stimulus of shoot parts of sesame seedlings (Sesamum indicum L.) grown for fi ve days in water solutions 
containing the chalcones, or analogues, or Glyphosate®, in comparison to the positive control (distilled water). The chalcones are identifi ed in fi gure 
2. *Indicates a signifi cant diff erence in relation to the control, p<0.05.

Fig. 4. Percentage of growth inhibition/stimulus of root parts of sesame seedlings (Sesamum indicum L.) grown for fi ve days in water solutions 
containing the chalcones, or analogues, or Glyphosate®, in comparison to the positive control (distilled water). The chalcones are identifi ed in fi gure 
2. *Indicates a signifi cant diff erence in relation to the control, p<0.05.
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seedlings, the results indicate that these compounds may 
present common characteristics, producing a stimulating 
eff ect on initial plant growth.

One aspect to be taken into consideration is the structural 
similarity of compounds 10 and 11, due to the presence of 
the phenyl group as a substituent in the position para of 
the fragment derived from ketone. However, the methoxy 
groups (OMe) proved to be highly important due to the 
fact that there was a pronounced stimulus of root growth 
by the compound 11.  Compound 12, as it belongs to the 
nitro group (NO2), may be acting less intensely since the 
electronic characteristics of this group are totally diff erent 
from those of the methoxy group. Considering that most 
studies of phytotoxicity and allelopathy describe inhibitory 
eff ects of extracts and compounds on the germination and 
initial growth of the target species (Reigosa et al. 2013), 
it becomes particularly interesting to identify products 
which produce a positive eff ect on the germination and/or 
growth of plants (Santos et al. 2002, Cândido et al. 2010, 
Silva et al. 2011). These fi ndings open perspectives for 
the development of products which focus on stimulating 
plant growth. 

Similar to their eff ects on the shoot growth (fi g. 3), 
chalcones 3 and 13 inhibited the root growth of sesame 
seedlings (fi g. 4). Such eff ects reveal a consistent dose-
response response, with the chalcone 13 presenting 
an inhibitory eff ect equivalent to that of the herbicide 
Glyphosate®. Phytotoxic effects which respond 
progressively to the increase in the concentration of the 
tested solution follow a pattern which is well documented 
in the literature (Gatti et al. 2004, Oliveira et al. 2004, Pina 
et al. 2009, Reigosa et al. 2013). In a broader analysis of 
the eff ects of chalcones on the initial growth of sesame, 
we found that the shoot growth was aff ected by a larger 
number of chalcones than was the root growth. These results 

suggest that shoot growth is more susceptible to the action 
of these compounds than root growth; this fi nding contrasts 
the literature on the subject, which normally describe that 
root growth is more susceptible to phytotoxic action than 
shoot growth (Reigosa et al. 2013).

In general, compounds 3 and especially 13 presented 
consistent results, inhibiting both shoot as well as 
root growth of sesame seedlings. Therefore, these two 
compounds were selected to test their eff ects on the initial 
growth of one particular invasive species often found 
in pastures due to its hardiness and tolerance to adverse 
conditions – the African grass Urochloa decumbens 
(brachiaria). This species was selected for these studies 
due to the fact that it has become invasive in degraded and 
native areas in many regions of the Brazilian ecosystems 
(Pivello et al. 1999). Thus, the identifi cation of strategies 
which seek to mitigate the eff ects of this invasive species 
on the dynamic of native environments and to control it in 
cultivated areas has become relevant for the conservation 
and resilience of natural ecosystems.

The inhibition of shoot growth of brachiaria by chalcone 
3 and, to a greater extent, by chalcone 13 (fi g. 5) was 
less pronounced than that on the sesame growth (fi g. 3), 
thus suggesting that the exotic species present a stronger 
tolerance to the eff ects of chemical substances than the 
cultivated species.

Compounds 3 and 13 signifi cantly inhibited the root 
growth of brachiaria in a dose-response pattern and similar 
to the inhibitory eff ects generated by Glyphosate® (fi g. 6). 

The percentage of inhibition of root growth of brachiaria 
and sesame by compounds 3 and 13 presented overlapping 
values, suggesting a high level of consistency in the action 
of such compounds on the initial growth of a dicotyledonous 
species and of a monocotyledonous species. The eff ects 
generated by Glyphosate® on the shoot growth of brachiaria 

Fig. 5. Percentage of growth inhibition/stimulus of shoot parts of brachiaria seedlings [Urochloa decumbens (Stapf) R.D. Webster] grown for fi ve 
days in water solutions containing the chalcones, or analogues, or Glyphosate®, in comparison to the positive control (distilled water). The chalcones 
are identifi ed in the fi gure 2. *Indicates a signifi cant diff erence in relation to the control, p<0.05.
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(fi g. 5) were similar to those generated on sesame (fi g. 3); 
both presented an inhibition of shoot growth between 40 
and 70% in relation to the growth observed in distilled 
water. The eff ects of this commercial herbicide on the 
root growth of brachiaria (fi g. 6) were also similar to that 
observed for sesame (fi g. 4), with inhibition percentages 
reaching values close and even above 70% in comparison 
to the control.

In contrast with the observed effects on sesame, 
the eff ects generated by chalcones 3 and 13 were more 
pronounced on the root than on the shoot growth of 
brachiaria seedlings. The eff ects of compounds absorbed 
by plants may vary depending on the plant tissue in which 
they act. Certain substances may provoke inhibitory eff ects 
in some tissues and stimulating eff ects in others within the 
same plant, or even of diff erent plants depending on their 
mechanism of action, patterns of translocation, among 
other variables (Chung et al. 2001, Correia et al. 2005, 
Maraschin-Silva & Aquila 2006).

The comparison of the eff ects generated by chalcones 
3 and 13 with those generated by Glyphosate® (table 1) 
reveals that the commercial herbicide has a greater eff ect 
on shoot and root growth of seedlings, although the values 
are quite similar. We did not fi nd statistical diff erences in 

respect to the shoot growth (100 ppm) between chalcones 
3 and 13, and in respect to the root growth by chalcone 
3 (400 ppm) in comparison with the eff ects produced 
by Glyphosate® (table 1). The others concentrations and 
treatments presented statistical diff erences.  

The approximate eff ective doses (ED50) for a 50% 
reduction in seedling growth indicate that root growth can 
be inhibited in concentration ranges which are well below 
those of shoot growth; in contrast, Glyphosate® inhibits 
the growth of brachiaria in concentration ranges below to 
that presented by chalcone 3 and 13 (table 2). 

The present study indicates that chalcones 3 and 13 may 
be potential structural bases for the development of (new) 
substances which control plant growth; these chalcones 
presented signifi cant action against both dicotyledonous 
and monocotyledonous species, especially against a species 
known for its vigorous growth and high resistance to 
adverse conditions. Chalcones 10 and 11 may also be 
of interest due to their specifi c action of inhibiting shoot 
growth while simultaneously stimulating root growth of 
sesame. Such fi ndings help strengthen the need for fruitful 
investigation in the development of new herbicides and 
plant growth regulators based on simple substances of low 
production cost. Among the advantages of this approach is 

Fig. 6. Percentage of growth inhibition/stimulus of root parts of brachiaria seedlings [Urochloa decumbens (Stapf)  R.D. Webster] grown for fi ve days 
in water solutions containing the chalcones, or analogues, or Glyphosate®, in comparison to the positive control (distilled water). The chalcones are 
identifi ed in the fi gure 2. *Indicates a signifi cant diff erence in relation to the control, p<0.05.

Table 1. Average length (cm) of the shoot and root parts of seedlings of Urochloa decumbens (Stapf) R.D. Webster (brachiaria) grown under the 
infl uence of chalcones 3 and 13, as well as under the infl uence of Glyphosate®. *Indicates a signifi cant diff erence in relation to the Glyphosate®, 
p<0.05.

Concentration
Shoots Roots

Chalcone 3 Chalcone 13 Gliphosate Chalcone 3 Chalcone 13 Gliphosate

100 ppm 3.20 2.88 2.22 5.40* 4.67* 2.60

200 ppm 3.20* 2.48* 1.79 4.05* 3.36* 2.45

400 ppm 3.00* 2.37* 1.19 2.09 2.56* 1.84
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its synthetic aspect, since the reagents employed as stock 
material in the synthesis of chalcones is of low aggregate 
commercial value, making this process economically viable. 
In addition, they do not produce organophosphate toxic 
residues, which are difficult to dispose of, such as those 
generated by Glyphosate®. 
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Table 2. Effective doses for a 50% inhibition (ED50) of the growth 
of shoot and root parts of U. decumbens seedlings grown under the 
influence of chalcones 3 and 13 as well as under the influence of 
Glyphosate®.

Chalcone
ED50 (μM)

Root growth shoot growth

Chalcone 3 204.6 ± (32.2) 24700 ± (79700)

Chalcone 13 163.9 ± (36.5) 1163.6 ± (1115.4)

Glyphosate 15.7 ± (31.4) 162.0 ± (38.9)


