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Abstract 

Studies related to the allelopathic properties of plants have aroused great interest, since species that have 
compounds with allelopathic activity can be used as bioherbicides in the control of weeds. In this way, the aim of 
this study was to evaluate the allelopathic action of Dahlstedtia araripensis on the germination and growth of 
Calotropis procera and Zea mays. The bioassays were prepared using two 50 g portions of leaves, stem bark and 
D. araripensis roots, and each part of the plant received a hot treatment (1 L of distilled water at 100 °C) and one 
part cold (1 L of distilled water at 25 °C). The experimental design consisted of six treatments and the control 
group. The variables analyzed were: Index of Emergency Speed (IES), germinability, length and occurrence of 
necrotic radicles. The results indicated that the extracts interfered negatively on the germinability of the seeds, 
mainly on those of C. procera, since all extracts significantly inhibited its germination. In the seeds of C. 

procera and Z. mays there was delay in IES. The results indicated that the cold and hot extracts of the distinct 
parts of D. araripensis affected the development of the seedlings, besides promoting root necrosis. The observed 
effects may be due to the presence of secondary metabolites detected in the different extracts of D. araripensis. 
However, further research is required to prove the performance of such compounds, as well as their isolation, for 
future use asnatural herbicides. 

Keywords: allelochemicals, angelim, ciumeira, corn, fabaceae, Lonchocarpus araripensis 

1. Introduction 

Plants produce through their secondary metabolism, chemical substances called allelochemicals, which, when 
liberated in sufficient quantities in the environment, may interfere positively or negatively in the process of 
germination and development of other species that are around them, such phenomena is called allelopathy 
(Almeida, Zucoloto, Zetun, Coelho, & Sobreir, 2008). These allelochemicals are distributed in different 
concentrations in the different tissues of the plant, also varying throughout their life cycle (Goldfarb, Pimentel, & 
Pimentel, 2009). These substances are liberated from the various parts of the plant to the environment, either 
directly or indirectly, through volatilization, leaching, root exudation or decomposition of dead tissues (Gurevitch, 
Scheiner, & Fox, 2009; Silva, Medeiros Filho, Duarte, & Moreira, 2014). 

The allelochemicals may interfere in certain pathways of the metabolism of the recipient species, causing effects 
that include delay or inhibition of seed germination, growth and development of young plants, as well as induction 
of seedling growth abnormality (Moraes et al., 2014; Bezerra et al., 2018). These effects being capable of 
influencing natural or managed ecosystems, such as agricultural systems (Manoel, Doiche, Ferrari, & Ferreira, 
2009; Brito, 2010). 

Allelopathic studies are of great importance because they enable a better understanding of the chemical and 
biological interactions between plants and the mechanisms of action of various substances (Macias, Molinillo, 
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human and animal food and in the high technology industry (Simoneto & Cruz-Silva, 2010; B. E. C. Silva, & M. 
R. J. Silva, 2017). 

2.4 Preparation of Bioassays 

For the preparation of the extracts by hot and cold immersion, 100 g of each part of D. araripensis were crushed 
in isolation, which were subdivided into half parts (50 g) for each organ. Each part of the plant received a hot 
treatment (1 L of distilled water at 100 °C) and cold (1 L of distilled water at room temperature). The extraction 
period was 30 minutes, and after that time, each content was submitted to grinding in a domestic blender for 3 
min. Then, each extract was filtered with the aid of a glass funnel and cotton, for retention of all the fibrous 
material (Leandro et al., 2019). 

2.5 Treatments 

The bioassay consisted of six treatments: hot leaf infusion extract (EQF 100 °C), extract by cold infusion of 
leaves (EFF 25 °C), extract by hot infusion of bark (EQC 100 °C), extract by cold infusion of bark (EFC 25 °C), 
extract by hot root infusion (EQR 100 °C), extract by cold infusion of roots (EFR 25 °C) and a control group 
(distilled water) (Silva et al., 2018). 

Each treatment consisted of four replicates with 25 seeds of both species, per treatment. The experiments were 
conducted in greenhouse (shading rate of 70%), in plastic trays containing 100 cells. As a substrate was used 
river washed sand, duly sterilized. The seeds were distributed one in each cell. 

The volume of extract added in each cell corresponded to 60% of the field capacity of the substrate (Brasil, 
2009). In this way, 5 mL of the corresponding extract was added to each cell, just as the control group was 
moistened with equal amounts of distilled water. The experiment was evaluated for a period of seven days for 
both species, and water was added whenever necessary. 

2.6 Analyzed Variables 

2.6.1 Percentage of Germination 

The percentage of germination (PG) was determined at the end of the seven days of experiment. According to 
the following formula: 

PG = N/Nt × 100                                     (1) 

Where, N-refers to the total number of seeds sprouted at the end of the experiment and Nt refers to the total 
number of seeds sown. 

2.6.2 Emergency Speed Index (ESI) 

The germination was evaluated every 24 hours for seven days, counting the number of seeds germinated in each 
experimental plot. From this record the Emergency Speed Index (ESI) was obtained, which was calculated 
according to Maguire (1962) by the formula: 

ESI = E1/N1 + E2/N2 + ... + En/Nn                            (2) 

where, E1, E2 and En refers to the number of normal seedlings computed in the first, second and last count, and 
N1, N2 and Nn refers to the number of days of sowing at the first, second and last count. 

2.6.3 Length of Seedlings 

Seven days after sowing, five seedlings of C. procera and Z. mays were randomly selected in each repetition, 
which were subjected to measurement of roots and shoots length using a millimeter ruler. Results were expressed 
in centimeters. 

2.7 Physicochemical Analyzes of Extracts 

The extracts corresponding to each treatment were submitted to pH and Osmotic Potential (OP), using pH 
(Tecnal) and Osmometer (PZL-1000), respectively. The osmolality data were obtained in mOsm/kg and 
converted to osmotic pressure (MPa), according to the equation proposed by Larcher (2004): 

π = -W × 0.00832 × Tabs                               (3) 

where, π = Osmotic Pressure in MPa; W = Osmotic Pressure in Osm/kg; Tabs = Absolute temperature, expressed 
in degrees Kelvin.  

2.8 Phytochemical Characterization 

For the determination of secondary metabolites, lyophilized aqueous extracts were used for each treatment. The 
assays were carried out according to the method proposed by Matos (2009) aiming to identify the classes of 
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secondary metabolites present in the extracts, through color change and/or precipitate formation through 
cascades of chemical reactions after the addition of specific reagents. 

2.9 Statistical Analysis 

For the statistical analysis of the data, the program GraphPadPrism version 6.0 was used, with analysis of 
variance (ANOVA) of One-way and comparison of the means through the Tukey test at 5% of probability. 

3. Results and Discussion 

3.1 Physico-chemical Parameters 

It was found that the values of pH and osmotic potential of the extracts of the different treatments varied between 
6.0 to 6.8 and -0.02 MPa to -0.04 MPa, respectively (Table 2). These parameters are in accordance with 
acceptable standards for seedling germination and development in allelopathy experiments (Macias, Gallindo, & 
Molinillo, 2000). 

 

Table 2. Physicochemical values of the hot and cold extracts of different organs of D. araripensis used in the 
germination bioassays of C. procera and Z. mays 

Treatment pH Osmolarity (MPa) 

EFF 6.29 -0.029 

EQF 6.42 -0.040 

EFC 6.26 -0.027 

EQC 6.05 -0.024 

EFR 6.64 -0.036 

EQR 6.82 -0.036 

Note. EFF: Cold Leaf Extract; EQF: Hot Leaf Extract; EFC: Cold Peel Extract; EQC: Hot Peel Extract; EFR: 
Cold Root Extract; EQR: Hot Root Extract. 

 

For allelopathy tests, it is important that the osmolarity levels are as near as possible to 0 MPa, as the solute level 
in the solution may negatively affect seed germinability (Góis, Torres, & Pereira, 2008). High levels of 
osmolarity can exert an osmotic pressure between the solution and the seeds, as a consequence, the water will 
not penetrate them, leading to the inhibition or retardation of germination (Ortiz, Gomes, Urbano, & Strapasson, 
2014). Kappes, Andrade, Haga, Ferreira, and Arf (2010) observed that potentials above -0.3 MPa affect seed 
germination and vigor of Z. mays. Leal, Meiado, Lopes, and Leal (2013) found that saline stress negatively 
influenced the germinability of C. procera and completely inhibiting when the seeds were submitted to a 
concentration equal to or greater than -0.8 MPa. 

In germination tests it is recommended that the pH values of the extracts are in the range of 6.0 to 7.5 as this is 
the ideal pH range for seed germination and observation of allelopathic effects (Larcher, 2004; Brasil, 2009). 
Therefore, the pH values obtained in this study are close to neutrality, so as not to interfere in the germination 
process, since both germination and seedling development can be negatively affected in conditions where the 
medium is extremely acidic or highly alkaline (Yamashita, Guimarães, Silva, Carvalho, & Camargo, 2009; 
Pacheco et al., 2017). 

3.2 Percentage of Germination 

The extracts of D. araripensis interfered negatively in the germination of C. procera, since on the 7th day the 
control group presented 78±2.3% of germinated seeds, whereas for the seeds submitted to D. araripensis extracts 
the highest germination percentage was 38±16.8%, verified in the seeds submitted to the cold extract of the roots 
(Figure 3). It was observed that cold (24±13.4%) and hot (17±8.8%) extracts of the stem bark and warm root 
extract (18±9.5%) interfered negatively more significant in the germinability of C. procera (Figure 3). 

Similar results were obtained by Leandro et al. (2019) when analyzing the allelopathic effect of cold and hot 
extracts of the aerial parts and roots of Libidibia ferrea (Mart. ex Tul.) L.P. Queiroz (Fabaceae) on the 
germination and development of C. procera, where they observed the inhibition of the germination of the 
recipient species in all treatments tested. 
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According to Hoagland and Williams (2004), the delay in emergency speed is an indicator of the allelopathic 
effect on stretching and cell division. The same authors also observed that the delay can occur through the 
activation of mechanisms of cellular detoxification, so the time required for the activation of these mechanisms 
can lead to the retardation of germination. Changes in the speed of emergence can have serious ecological 
consequences, because seeds that germinate more slowly can give rise to small seedlings, thus increasing the 
probability of being attacked by microorganisms of the soil (Jefferson & Pennachio, 2003; Dadkhah & Asaadi, 
2010; Oliveira, Coelho, Maia, Diógenes, & Medeiros Filho, 2012). 

In the seeds of Z. mays, ESI delay was observed in all tested treatments, and this effect was more pronounced in 
the seeds submitted to the cold extract of the leaves and to the cold and hot extracts of the roots of D. 

araripensis, which differed statistically from the control group (4.61±0.22) (Table 1). 

 

Table 1. Emergency Speed Index (ESI) of seeds of Calotropis procera (Aiton) W. T. Aiton and Zea mays L. 
submitted to extracts of Dahlstedtia araripensis (Benth.) M.J. Silva & A.M.G. Azevedo 

Treatment 
ESI 

Calotropis procera Zea mays 

EFF 1.49±0.45b 1.65±0.55bc 
EQF 1.42±0.75b 2.81±1.62ac 
EFC 1.13±0.68b 3.42±0.77ac 
EQC 0.77±0.36b 3.12±1.17ac 
EFR 1.84±1.08b 2±0.82bc 
EQR 0.71±0.37b 2.13±1.21bc 

Control (H2O) 3.85±0.25a 4.61±0.22a 

Note. Means followed by the same column letter do not differ from each other at 5% probability, by the Tukey 
test. EFF: Cold Leaf Extract; EQF: Hot Leaf Extract; EFC: Cold Peel Extract; EQC: Hot Peel Extract; EFR: 
Cold Root Extract; EQR: Hot Root Extract. 

 

Silva and Santos (2010) suggest that an extract of a certain plant organ can be more efficient in reducing the 
speed of emergency in comparison to another. This fact can be explained by the concentrations of the secondary 
metabolites present in the organ. These authors also indicate in their study with Senna obtusifolia (L.) H.S.Irwin 
& Barneby that the difference observed between leaf extracts in relation to stems and roots may be due not only 
to the concentration ofthe allelochemicals but, together or not with qualitative differences of such metabolites. 

3.4 Growth of the Stem 

As can be observed in Figure 5, the extracts of D. araripensis interfered negatively in the development of the C. 

procera seedlings, and this effect was significant when compared to the control (2.12±0.1 mm) in the seedlings 
submitted to the hot extract (0.85±0.3 mm) and cold (1.26±0.04 mm) of the roots and the hot extract of the stem 
bark (1.24±0.4 mm) of the said species. 
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The allelochemicals can affect certain enzymatic activities and depolarize rapidly the membranes of the root 
cells, which results in the increase in the permeability of the membranes, thus blocking the absorption of 
nutrients by the plants, which consequently leads to a reduction of root growth (Yu, Ye, Zhang, & Hu, 2003; 
Weir, Park, & Vivanco, 2004; Santos & Resende, 2008; Rice, 2012). 

In the present study, it was found that for the length of the Z. mays radicle and for the other variables, the cold 
extract of the leaves of D. araripensis caused a more pronounced inhibitory effect on the recipient species 
compared to the other treatments. This shows the need to test different forms of preparation for the same plant, 
since, depending on the type of treatment used to extract the compounds, the results generated may be different, 
which provides more information on the performance of its secondary metabolites (Costalonga, 2009). 

3.6 Phytochemical Analysis 

The phytochemical analysis of the extracts of D. araripensis revealed the presence of condensed tannins and 
several constituents belonging to the flavonoid group in all extracts of the aerial parts and roots of the species 
(Table 3). 

Among the phenolic compounds belonging to the class of flavonoids, the phytochemical prospection of extracts 
revealed the presence of catechins, chalcones, aurones, flavones, flavonols, xanthones, flavonones, flavononols 
and leucoanthocyanidins (Table 3). 

 

Table 3. Class of secondary metabolites found in the extracts of D. araripensis used in the germination bioassays 
of C. procera and Z. mays 

Class 
Treatment 

EFF EQF EFC EQC EFR EQR 

Alkaloids - - - - - - 

Anthocyanins and Anthocyanidins - - - - - - 

Catechins + + + + + + 

Chalcones and Auronas + + + + + + 

Phenols - - - - - - 

Flavones, flavonols and xanthones + + + + + + 

Flavonones + + + + + + 

Flavononols + + + + + + 

Leucoantocianidines + + + + + + 

Condensed Tannins + + + + + + 

Hydrolysabletannins - - - - - - 

Note. (+): present; (-) absent. EFF: Cold Leaf Extract; EQF: Hot Leaf Extract; EFC: Cold Peel Extract; EQC: 
Hot Peel Extract; EFR: Cold Root Extract; EQR: Hot Root Extract. 

 

Studies on the phytochemical prospection of plant extracts of D. araripensis showed the presence of flavonoid 
substances (chalcones, flavones and flavanones) from researches with different parts of the plant (Lima, 2007; 
Almeida et al., 2015), corroborating with the results found in this study. 

Bibliographical research on chemical constituents already isolated from species of the genus Dahlstedtia, 
showed that flavonoids are among the compounds found in greater profusion, especially chalcones, flavones and 
flavanones (Magalhães, Tozzi, Magalhães, Blanco, & Soriano, 2004; Lima, 2007; Lima et al., 2009), and these 
compounds are characterized by the presence of prenylated groups, which are indicators of the evolution of these 
species (Garcez, Scramin, Nascimento, & Mors, 1988). According to Simões et al. (2010), flavonoids represent 
one of the most important and diverse groups among the secondary metabolites present in plants, since it plays a 
fundamental role in the protection of the plant in response to microbial attack and against ultraviolet irradiation, 
protecting the underlying photosynthetic tissues from damage (Harborne & Williams, 2000; Lattanzio, Kroon, 
Quideau, & Treutter, 2008; Ignat, Volf, & Popa, 2011). 

Flavonoids may interfere with pollen tube growth, influence plant development, control auxin transport, and 
have allelopathic effects, being able to inhibit seed germination and plant growth (Shimoji & Yamasaki, 2005; 
Peer & Murphy, 2007; Edwards et al., 2008; Agati & Tattini, 2010). 
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The tannins according to Monteiro, Albuquerque, Araújo, and Amorim (2005), are involved in the plant defense 
mechanism against attacks of fungi, viruses, bacteria and herbivores being the compounds with allelopathic 
properties more commonly found in plant extracts (Mendonça, 2008; Vaca-Sánchez, González-Rodríguez, 
Maldonado-López, Fernandes, & Cuevas-Reyes, 2017). The condensed tannins are composed of monomers 
known as flavonoids, and according to Rice (2012), may present allelopathic effects on seed germination and 
inhibition of seedling growth (Silva, 2007). 

Based on the results described, it is probable that the secondary metabolites of D. araripensis may be responsible 
for their ability to inhibit seed germination and seedling development of the test species (C. procera and Z. 

mays), being able to be used as natural herbicides. 

5. Conclusion 

In reforestation programs, D. araripensis seeds should not be sown near maize plantations, since the 
allelochemicals released into the environment may negatively interfere with the crop. Therefore, research is 
needed on the isolation and purification of these compounds in order to identify the specific substances for the 
action detected in the tests, with a view to their future use as a bioherbicide. 

References 

Agati, G., & Tattini, M. (2010). Multiplefunctional roles offlavonoids in photoprotection. New Phytologist, 

186(4), 786-793. https://doi.org/10.1111/j.1469-8137.2010.03269.x 

Almeida, G. D., Zucoloto, M., Zetun, M. C., Coelho, I., & Sobreir, F. M. (2008). Estresse oxidativo em Células 
vegetais mediante aleloquímicos. Revista Facultad Nacional de Agronomía Medellín, 61(1), 4237-4247. 

Almeida, J. R. G. S., Silva, J. C., Guimarães, A. L., Oliveira, A. P., Souza, G. R., Oliveira-Júnior, R., ... Botelho, 
M. A. (2015). 3, 6-Dimethoxy-6'', 6''-dimethyl-(7, 8, 2'', 3'')-chromeneflavone, a flavonoid isolated from 
Lonchocarpusar aripensis Benth. (Fabaceae), reduces nociceptive behaviour in mice. Phytotherapy 

Research, Phytotherapy Research, 29(10), 1622-1627. https://doi.org/10.1002/ptr.5418 

Amorim, R. M. F. (2013). Estudo da atividade e mecanismo antinociceptivo da lectina de sementes de 
Lonchocarpus araripensis (Dissertação de mestrado, Universidade Estadual do Ceará, Fortaleza, Ceará). 
Retrieved from http://www.uece.br/cmacf/index.php/arquivos/doc_details/119-estudo-da-atividade-e-mecan 
ismo-antinociceptivo-da-lectina-de-sementes-de-lonchocarpus-araripensis 

Barbosa, N. P. U., Fernandes, G. W., Uemura, G., Menezes, M. Â. B. C., Matos, L. V. S., Silva, M. A., ... 
Almeida-Cortez, J. S. (2013). Calotropis procera: A preliminarysurveyon its phyto extraction capabilities 
in Brazil. Biologia Neotropical e Conservação, 8(3), 150-155. https://doi.org/10.4013/nbc.2013.83.05 

Bezerra, J. W. A., Santos, M. A. F., Meiado, M. V., Linhares, K. V., Boligon, A. A., Leandro, C. S., ... Silva, M. 
A. P. (2018). Allelopathy of Aromatic Species on the Germination of Cereus jamacaru DC. subsp. 
jamacaru (Cactaceae). Journal of Agricultural Science, 10(11), 337-348. https://doi.org/10.5539/ 
jas.v10n11p337 

Brasil, Ministério da Agricultura, Pecuária e Abastecimento. (2009). Regras para análise de sementes (1st ed.). 
Secretaria de Defesa Agropecuária. Brasília, DF: Mapa/ACS. 

Brito, I. C. A. (2010). Alelopatia de espécies arbóreas da caatinga na germinação e vigor de sementes de feijão 

macaçar e de milho (Dissertação de mestrado, Universidade Federal de Patos, Campina Grande, Paraíba).  

Campos, D. A. (2008). Efeito gastroprotetor da 3, 6-dimetoxi-6'', 6''-dimetil-[2'', 3'': 7, 8]-cromenoflavona 

isolada de Lonchocarpus araripensis Bentham em camundongos e possíveis mecanismos (Dissertação de 
mestrado, Universidade Federal do Ceará, Fortaleza, Ceará). Retrieved from http://www.repositorio. 
ufc.br/handle/riufc/2315 

Córdula, E., Morim, M. P., & Alves, M. (2014). Morfologia de frutos e sementes de Fabaceae ocorrentes em 
uma área prioritária para a conservação da Caatinga em Pernambuco, Brasil. Rodriguésia-Instituto de 

Pesquisas Jardim Botânico do Rio de Janeiro, 65(2), 505-516. https://doi.org/10.1590/ 
S2175-78602014000200012 

Costalonga, P. A. S. (2009). Avaliação dos efeitos alelopáticos e mutagênicos de formas extrativas de Passiflora 

edulis Simspor meio do bioensaio Allium cepa (Dissertação de mestrado, Universidade Federal do Espírito 
Santo, Vitória, Espírito Santo).  



jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 14; 2019 

43 

Dadkhah, A., & Asaadi, A. M. (2010). Allelopathic effects of Eucalyptus camaldulensis on seed germination and 
growth seedlings of Acroptilon repens, Plantago lanceolata and Portulaca oleracea. Research of Journal 

Biologic Sciences, 5(6), 430-434. https://doi.org/10.3923/rjbsci.2010.430.434 

Edwards, W. R., Hall, J. A., Rowlan, A. R., Schneider-Barfield, T., Sun, T. J., Patil, M. A., ... Essenberg, M. 
(2008). Light filtering by epidermal flavonoids during theres istant response of cotton to Xanthomonas 
protects leaf tissue from light-dependent phytoalexintoxicity. Phytochemistry, 69(12), 2320-2328. 
https://doi.org/10.1016/j.phytochem.2008.05.021 

Felix, R. A. Z. (2012) Efeito alelopático de extratos de Amburana cearensis (Fr. All.) AC Smith sobre a 

germinação e emergência de plântulas (Tese de doutorado, Universidade Estadual Paulista, Botucatu, São 
Paulo). Retrieved from https://repositorio.unesp.br/handle/11449/102608. 

Fernandes, A. (1964). Leguminosas do município de Fortaleza-subfamília Papilionoideae. Bol. Soc. Cear. 

Agron., 5, 45-62. 

Ferreira, A. G. (2004). Interferência: Competição e alelopatia. In A. G. Ferreira, & F. Borghetti (Eds.), 
Germinação do básico ao aplicado (pp. 251-262). Porto Alegre, RS: Artmed. 

Ferreira, A. G., & Áquila, M. E. A. (2000). Alelopatia: Uma área emergente da ecofisiologia. Revista Brasileira 

de Fisiologia Vegetal, 12(Edição Especial), 175-204. 

Garcez, F. R., Scramin, S., do Nascimento, M. C., & Mors, W. B. (1988). Prenylated flavonoids as evolutionary 
indicators in the genus Dahlstedtia. Phytochemistry, 27(4), 1079-1083. https://doi.org/10.1016/0031-9422 
(88)80277-2 

Góis, V. A., Torres, S. B., & Pereira, R. A. (2008). Germinação de sementes de maxixe submetidas a estresse 
salino. Revista Caatinga, 21(4), 64-67. 

Goldfarb, M., Pimentel, L. W., & Pimentel, N. W. (2009). Alelopatia: Relações nos agroecossistemas. 
Tecnologia & Ciência Agropecuária, 3(1), 23-28. 

Gurevitch, J., Scheiner, S. M., & Fox, G. A. (2009). Ecologia vegetal (2nd ed.). Porto Alegre, RS: Artmed. 

Harborne, J. B., & Williams, C. A. (2000). Advances in flavonoid research since 1992. Phytochemistry, 55(6), 
481-504. https://doi.org/10.1016/S0031-9422(00)00235-1 

Hoagland, R. E., & Williams, R. D. (2004). Bioassays-useful tolls of the study of allelopathy. In F. A. Macias, J. 
C. G. Galindo, J. M. G. Molinillo, & H. G. Cutler (Eds.), Allelopathy: Chemistry and mode of action of 

allelochemicals (pp. 315- 341). Boca Raton, FL: CRC Press. https://doi.org/10.1201/9780203492789.ch16 

Ignat, I., Volf, I., & Popa, V. A. (2011). A critical review of methods for characterisation of polyphenolic 
compounds in fruits and vegetables. Food Chemistry, 126(4), 1821-1835. https://doi.org/10.1016/ 
j.foodchem.2010.12.026 

Jefferson, L. V., & Pennacchio, M. (2003). Allelopathic effects of foliage extracts from four Chenopodiaceae 
species on seed germination. Journal of Arid Environments, 55(2), 275-285. https://doi.org/10.1016/ 
S0140-1963(03)00028-4 

Kappes, C., Andrade, J. A. C., Haga, K. I., Ferreira, J. P., & Arf, M. V. (2009). Germinação, vigor de sementes e 
crescimento de plântulas de milho sob condições de déficit hídrico. Scientia Agraria, 11(2), 125-134. 
https://doi.org/10.5380/rsa.v11i2.16464 

Kremer, T. C. B. (2017). Potencial alelopático de extratos aquosos e alcoólicos de Stachytarpheta cayennensis 

(Rich.) Vahl: uma espécie da biodiversidade amazônica (Dissertação de mestrado, Universidade do Estado 
de Mato Grosso, Alta Floresta, Mato Grosso). Retrieved from http://portal.unemat.br/media/files/teli%20 
cristiane%20biekiwiec%20kremer.pdf 

Larcher, W. (2004). Ecofisiologia Vegetal (3rd ed.). São Carlos, SP: Rima Artes e Textos. 

Lattanzio, V., Kroon, P. A., Quideau, S., & Treutter, D. (2008). Plant phenolics - secondary metabolites with 
diverse functions. In F. Daayf, & V. Lattanzio (Eds.), Recent Advances in Polyphenol Research (pp. 1-35) 
West Sussex, UK: Wiley-Blackwell. https://doi.org/10.1002/9781444302400.ch1 

Lázaro, S. F., Fonseca, L. D., Fernandes, R. C., Tolentino, J. S., Martins, E. R., & Duarte, E. R. (2012). Efeito do 
extrato aquoso do algodão de seda (Calotropis procera Aiton) sobre a eficiência reprodutiva do carrapato 
bovino. Revista Brasileira de Plantas Medicinais, 14(2), 302-305. https://doi.org/10.1590/S1516-05722012 
000200008 



jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 14; 2019 

44 

Leal, L. C., Meiado, M. V., Lopes, A. V., & Leal, I. R. (2013). Germination responses of the invasive Calotropis 

procera (Ait.) R. Br. (Apocynaceae): comparisons with seeds from two ecosystems in northeastern Brazil. 
Anais da Academia Brasileira de Ciencias, 85(3), 1025-1034. https://doi.org/10.1590/S0001-37652013 
000300013 

Leandro, C. S., Bezerra, J. W. A., Rodrigues, M. D. P., Silva, A. K. F., Silva, D. L., Santos, M. A. F., ... Silva, M. 
A. P. (2019). Phenolic Composition and Allelopathy of Libidibia ferrea Mart. ex Tul. in Weeds. Journal of 

Agricultural Science, 11(2), 109-120. https://doi.org/10.5539/jas.v11n2p109 

Lima, A. F. (2007). Estudo fitoquímico das cascas das raízes de Lonchocarpus araripensis (Dissertação de 
mestrado, Universidade Federal do Ceará, Fortaleza, Ceará).  

Lima, A. F., Ferreira, D. A., Monte, F. J. Q., & Braz-Filho, R. (2014). Flavonoids from Lonchocarpusar 

aripensis (Leguminoseae)-isolation, unequivocal assignment of NMR signals ¹H and 13C and conformation 
alanalysis. Química Nova, 37(4), 672-676. https://doi.org/10.5935/0100-4042.20140109 

Lima, A. F., Mileo, P. G. M., Andrade-Neto, M., Braz-Filho, R., Silveira, E. R., & Pessoa, O. D. L. (2009). 1H 
and 13C NMR assignment sof new methoxylatedfuran of lavonoids from Lonchocarpus araripensis. 
Magnetic Resonance in Chemistry, 47(2), 165-168. https://doi.org/10.1002/mrc.2352 

Lottermoser, B. G. (2011). Colonisation of there habilitated Mary Kathleen uranium mine site (Australia) by 
Calotropis procera: Toxicity risk to grazing animals. Journal of Geochemical Exploration, 111(1-2), 39-46. 
https://doi.org/10.1016/j.gexplo.2011.07.005 

Macias, F. A., Gallindo, J. C. G., & Molinillo, J. M. G. (2000). Plant biocommunicators: Application of 
allelopathic studies. In J. C. Luijendijk (Ed.), Years of natural products research—Past, present and future 
(pp. 137-161). Leiden, NL: Phytoconsult. 

Macias, F. A., Molinillo, J. M. G., Varela, R. M., & Galindo, J. G. C. (2007). Allelopathy—A natural alternative 
for weedcontrol. Pest Management Science, 63(4), 327-348. https://doi.org/10.1002/ps.1342 

Magalhães, A. F., Tozzi, A. M. G. A., Magalhães, E. G., Blanco, I. S., & Soriano, M. D. P. C. (2004). 
Flavonoids from Lonchocarpus muehbergianus. Anais da Academia Brasileira de Ciências, 76(4), 651-661. 
https://doi.org/10.1590/S0001-37652004000400004 

Maguire, J. D. (1962). Speed of Germination—Aid in selection and evaluation for seedling emergence and vigor. 
Crop Science, 2(2), 176-177. https://doi.org/10.2135/cropsci1962.0011183X000200020033x 

Mano, A. R. O. (2006). Efeito alelopático do extrato aquoso de sementes de cumaru (Amburana cearensis S.) 

sobre a germinação de sementes, crescimento e crescimento de plântulas de alface, picão-preto e 

carrapicho (Dissertação de mestrado, Universidade Federal do Ceará, Fortaleza, Ceará). Retrieved from 
http://www.fitotecnia.ufc.br/Disserta%E7%F5es/2006_Ana_Raquel.pdf 

Manoel, D. D., Doiche, C. F. R., Ferrari, T. B., & Ferreira, G. (2009). Atividade alelopática dos extratos fresco e 
seco de folhas de barbatimão (Stryphnodendron adstringens (Mart.) Coville) e pata-devaca (Bauhinia 

forficata link) sobre a germinação e desenvolvimento inicial de plântulas de tomate. Semina: Ciências 

Agrárias, 30(1), 63-69. https://doi.org/10.5433/1679-0359.2009v30n1p63 

Maraschin-Silva, F., & Aquila, M. E. A. (2005). Potencial alelopático de Dodonaeaviscosa (L.) Jacq. Iheringia. 
Série Botânica, 60(1), 92-98. 

Matos, F. J. A. (2009). Introdução a fitoquímica experimental (3rd ed.). Fortaleza, CE: UFC. 

Mendonça, R. L. (2008). Determinação de aleloquímicos por HPLC/UV-VIS em extratos aquosos de sementes 

de Canavalia ensiformis e estudo da atividade alelopática (Dissertação de mestrado, Universidade de São 
Paulo, São Carlos, São Paulo). Retrieved from http://www.teses.usp.br/teses/disponiveis/75/75132/ 
tde-18042008-143135/pt-br.php 

Monteiro, J. M., Albuquerque, U. P., Araújo, E. L., & Amorim, E. L. C. (2005). Taninos: Uma abordagem da 
química à ecologia. Química Nova, 28(5), 892-896. https://doi.org/10.1590/S0100-40422005000500029 

Moraes, L. P. S., Gualtieri, S. C. J., Lima, M. I. S., Gatti, A. B., Pereira, V. C., & Miranda, M. A. F. M. (2014). 
Efeitos alelopáticos de Lafoensia glyptocarpa Koehne sobre Sesamum indicum L. e sobre o crescimento de 
coleóptilos de Triticum aestivum L. Iheringia, 69(1), 37-48, 

Navas, R., & Pereira, M. R. R. (2016). Efeito alelopático de Raphanus sativus em Urochloa decumbens e 
Lactuca sativa. Revista Agro@ambiente On-Line, 10(3), 228-234. https://doi.org/10.18227/1982-8470 
ragro.v10i3.3555 



jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 14; 2019 

45 

Oliveira, A. K., Coelho, M. F. B., Maia, S. S. S., Diógenes, F. E. P., & Medeiros Filho, S. (2012). Alelopatia de 
extratos de diferentes órgãos de mulungu na germinação de alface. Horticultura Brasileira, 30(3), 480-483. 
https://doi.org/10.1590/S0102-05362012000300020 

Oliveira, D. C. D., Soares, G. L. G., & Isaias, R. M. D. S. (2008). Phytotoxicity of the extracts of Lonchocarpus 

muehlbergianus Hassl. (Fabaceae) leaf lets and gallson seed germination and early development of lettuce. 
Acta Botanica Brasilica, 22(4), 1095-1100. https://doi.org/10.1590/S0102-33062008000400020 

Ortiz, T. A., Gomes, G. R., Urbano, M. R., & Strapasson, E. (2014). Water and salt stress in germinating seeds 
of pitaya genotypes (Hylocereus spp.). African Journal of Agricultural Research, 9(50), 3610-3619. 
https://doi.org/10.5897/AJAR2014.9114 

Pacheco, M. V., Felix, F. C., Medeiros, J. A. D., Nunes, S. L., Castro, M. L. L., Lopes, A. L. S., & Souza, W. M. 
A. T. (2017). Potencial alelopático dos extratos de folhas e frutos de Pityrocarpa moniliformis sobre a 
germinação de sementes de Mimosa caesalpiniifolia. Revista Agroecossistemas, 9(2), 250-262. 
https://doi.org/10.18542/ragros.v9i2.5029 

Peer, W. A., & Murphy, A. S. (2007). Flavonoids and auxin transport: modulators or regulators? Trends Plant 

Sciences, 12, 556-563. https://doi.org/10.1016/j.tplants.2007.10.003 

Pires, A. F., Rodrigues, N. V. F. C., Soares, P. M. G., Ribeiro, R. A., Aragão, K. S., Marinho, M. M., … Assreuy, 
A. M. S. (2016). A novel N-acetylglucosaminelectin of Lonchocarpus araripensis attenuate sacute cellular 
inflammation in mice. Inflammation Research, 65(1), 43-52. https://doi.org/10.1007/s00011-015-0889-7 

Prati, D., & Bossdorf, O. (2004). Allelopathic inhibition of germination by Alliaria petiolata (Brassicaceae), 
American Journal of Botany, 91(2), 285-288. https://doi.org/10.3732/ajb.91.2.285 

Rice, E. L. (2012). Allelopathy (2nd ed.). London, UK: Academic Press Inc. 

Rodrigues, N. V. F. C. (2012). Estudo da atividade anti-inflamatória da lectina de sementes de Lonchocarpus 

araripensis Benth (Dissertação de mestrado, Universidade Estadual do Ceará, Fortaleza, Ceará). 

Santos, S., & Resende, M. O. O. (2008). Avaliação do potencial herbicida de compostos secundários na 
germinação de sementes de plantas daninhas encontradas em pastagens. Revista Analytica, 32, 72-78. 

São-Mateus, W. M. B., Cardoso, D., Jardim, J. G., & Queiroz, L. P. D. (2013). Papilionoideae (Leguminosae) na 
Mata Atlântica do Rio Grande do Norte, Brasil. Biota Neotropica, 13(4), 315-362. https://doi.org/10.1590/ 
S1676-06032013000400028 

Shimoji, H., & Yamasaki, H. (2005). Inhibitory effects of flavonoids on alternative respiration of plant 
mitochondria. Biology Plantarum, 49(1), 117-119. https://doi.org/10.1007/s10535-005-7119-z 

Silva, B. E. C., & Silva, M. R. J. (2017). Viabilidade econômico-financeira da implantação da cultura do milho 
no município de Santa Teresa-ES. Revista Univap, 23(43), 17-25. https://doi.org/10.18066/ 
revistaunivap.v23i43.1773 

Silva, D. L., Santos, M. A. F., Bezerra, J. W. A., Leandro, C. S., Rodrigues, M. D. P., Silva, A. K. F., ... Silva, M. 
A. P. (2018). Cordia oncocalyx (Allemão) Baill. (Boraginaceae) Chemical Composition and Alelopathic 
Effect Against Weeds. Journal of Agricultural Science, 10(12), 262-271. https://doi.org/10.5539/ 
jas.v10n12p262 

Silva, J. R. B., & Santos, A. F. (2010). Efeito alelopático de extratos aquosos de Senna obtusifolia (L.) H. Irwin e 
Barneby. Floresta e Ambiente, 17(2), 90-97. https://doi.org/10.4322/floram.2011.011 

Silva, M. A. P., Medeiros Filho, S., Duarte, A. E., & Moreira, F. J. C. (2014). Potencial alelopático de Caryocar 

coriaceum Wittm na germinação e crescimento inicial de plântulas de alface. Caderno de Cultura e Ciência, 

13(1), 16-24. https://doi.org/10.14295/cad.cult.cienc.v13i1.819 

Silva, M. J. (2010). Filogenia e biogeografia de Lonchocarpus s. l. e revisão taxonômica dos gêneros Muellera 

L.f. e Dahlstedtia Malme (Leguminosae, Papilionoideae, Millettieae) (Tese de Doutorado, Universidade 
Estadual de Campinas, Campinas).  

Silva, P. S. S. (2012). Atuação dos aleloquímicos no organismo vegetal e formas de utilização da alelopatia na 
agronomia. Biotemas, 25(3), 65-74. https://doi.org/10.5007/2175-7925.2012v25n3p65 

Silva, W.A. (2007). Potencial alelopático de extratos do cumaru (Amburana cearensis A.C. Smith) e da 

jurema-preta (Mimosa tenuiflora (Willd.) Poir) na germinação e crescimento do sorgo (Sorghum bicolor 



jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 14; 2019 

46 

L.), milho (Zea mays L) e feijão guandu (Cajanus cajan L.) (Dissertação de Mestrado, Universidade Federal 
de Campina Grande, Patos, Paraíba).  

Simões, C. M. O., Schenkel, E. P., Mello, J. C. P., Mentz, L. A. & Petrovick, P. R. (2010). Farmacognosia: do 

Produto Natural ao Medicamento (6th ed.). Porto Alegre, RS: Editora da UFRGS. 

Simoneto, E. L., & Cruz-Silva, C. T. A. (2010). Alelopatia de sálvia sobre a germinação e o desenvolvimento do 
milho, tomate e girassol. Revista Cultivando o Saber, 3(3), 48-56. 

Souza Filho, A. P. S., & Alves, S. M. (2002). Alelopatia: Princípios básicos e aspectos gerais (3rd ed.). Belém, 
PA: Embrapa Amazônia Oriental. 

Suzuki, L. S., Zonetti, P. C., Ferrarese, M. L. L., & Ferrarese-Filho, O. (2008). Effects of ferulic acid on growth 
and lignification of conventional and glyphosate-resistant soybean. Allelopathy Journal, 21(1), 155-163. 

Tokura, L. K., & Nóbrega, L. H. (2006). Alelopatia de cultivos de cobertura vegetal sobre plantas infestantes. 
Acta Scientiarum Agronomy, 28(3), 379-384. https://doi.org/10.4025/actasciagron.v28i3.973 

Turk, M. A., & Tawaha, A. M. (2002). Inhibitory effects of aqueous extracts of black mustard on germination 
and growth of lentil. Pakistan Journal of Agronomy, 1(1), 28-30. https://doi.org/10.3923/ja.2002.28.30 

Vaca-Sánchez, M. S., González-Rodríguez, A., Maldonado-López, Y., Fernandes, W. G., & Cuevas-Reyes, P. 
(2017). Importancia de los taninos enespecies del género como Quercus metabolitos secundarios asociados 
a defensa contra insectos herbívoros. Biológicas Revista de la des Ciencias Biológico Agropecuarias, 18(1), 
10-20.  

Weir, T. L., Park, S. W., & Vivanco, J. M. (2004). Biochemical and physiological mechanisms mediated by 
allelochemicals. Current Opinion in Plant Biology, 7(4), 472-479. https://doi.org/10.1016/j.pbi.2004.05.007 

Yamashita, O. M., Guimarães, S. C., Silva, J. L., Carvalho, M. A. C., & Camargo, M. F. (2009). Fatores 
ambientais sobre a germinação de Emilia sonchifolia. Planta Daninha, 27(4), 673-681. https://doi.org/ 
10.1590/S0100-83582009000400005 

Yu, J. Q., Ye, S. F., Zhang, M. F., & Hu, W. H. (2003). Effects of root exudates and aqueous root extracts of 
cucumber (Cucumis sativus) and allelochemicals, on photosynthesis and antioxidant enzymes in cucumber. 
Biochemical Systematics and Ecology, 31(2), 129-139. https://doi.org/10.1016/S0305-1978(02)00150-3 

 

Copyrights 

Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 


