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Abstract  

Salicylic acid has one of its characteristics the allelopathic potential. The present paper, is a research quantitative in 

nature aimed to assess the allelopathic potential of salicylic acid to identify the best concentration range for other pure 

substances. The bioassays were performed in a BOD incubator, seeking to assess the seedling growth by measuring 

the radicle and hypocotyl length. Each bioassay occurred for 12 days. The concentrations of salicylic acid used in the 

bioassays were: 1000, 750, 500, 250, 125, and 62.5 ppm and control. The obtained data were submitted to the tests: 

Kolmogorov-Smirnov normality, the two-way ANOVA with repetition, and Tukey. Based on the results obtained, it 

was possible to observe that several concentrations demonstrated significant differences, i.e., there is an allelopathic 

activity in both species (Euphorbia heterophylla and Bidens pilosa). The highlights were for the concentrations of 750 

and 1000 ppm for E. heterophylla and 500, 750 and 1000 ppm for B. pilosa. However, there was no significant 

difference between these concentration groups. The radicle’s length was the part most negatively affected. These 

results can be used to identify better concentrations for other pure substances, which are usually obtained in small 

quantities, being useful in the formulation of a product with characteristics of bio-herbicides. 

Keywords: Allelochemicals; Bio-herbicide; Phytotoxicit; Seedling growth. 
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Resumo  

O ácido salicílico tem como uma de suas características, o potencial alelopático, além de ser um produto sintetizável, 

podendo substituir outras substâncias, que possuem a mesma característica, porém de difícil obtenção. Utilizado para 

o estudo de potencial alelopático em teste preliminar para determinação de faixa de concentração (pesquisa de 

natureza quantitativa), de substâncias puras, que influenciem negativamente em plantas alvos selecionadas. Os 

bioensaios foram realizados em incubadora BOD. Sendo avaliado o crescimento das plântulas, medindo-se o 

comprimento da radícula e do hipocótilo. As sementes utilizadas como plantas alvos, foram a leiteira (Euphorbia 

heterophylla) e o picão-preto (Bidens pilosa). Cada bioensaio ocorreu por 12 dias, sendo que as medidas da radícula, 

bem como do hipocótilo foram realizadas de 3 em 3 dias para as concentrações de ácido salicílico: 1000, 750, 500, 

250, 125 e 62,5 ppm e controle (água destilada). Os dados foram submetidos, inicialmente ao teste de normalidade de 

Kolmogorov-Smirnov e posteriormente aos testes de ANOVA de dois fatores com repetição e Tukey. Baseado nos 

resultados obtidos foi possível observar que diversas concentrações apresentaram diferenças significativas, ou seja, 

houve atividade alelopática, ocasionando diferença entre os comprimentos tanto de radícula como de hipocótilo. 

Houve uma brusca redução no crescimento de ambas as espécies. Os destaques foram para as concentrações de 750 e 

1000 ppm para E. heterophylla e 500, 750 e 1000 ppm para B. pilosa. Porém, entre esses grupos não apresentaram 

diferença significativa. O comprimento da radícula foi a parte mais afetada negativamente, pois é onde ocorre a 

absorção dos nutrientes. Com esses resultados, é possível determinar a melhor faixa de concentração e posteriormente 

aplicar aos bioensaios com outras substâncias puras, viabilizando a formulação de um produto com características de 

bio-herbicida.  

Palavras-chave: Aleloquímicos; Fitotoxicidade; Bioensaio de germinação; Bio-herbicida. 

 

Resumen  

El ácido salicílico tiene una de sus características el potencial alelopático. El presente trabajo (investigación de 

carácter cuantitativo), tuvo como objetivo evaluar el potencial alelopático del ácido salicílico para identificar el mejor 

rango de concentración para otras sustancias puras. Los bioensayos se realizaron en una incubadora de DBO, 

buscando evaluar el crecimiento de la plántula midiendo la longitud de la radícula y el hipocótilo. Cada bioensayo se 

realizó durante 12 días. Las concentraciones de ácido salicílico utilizadas en los bioensayos fueron: 1000, 750, 500, 

250, 125 y 62,5 ppm y control. Los datos obtenidos se sometieron a las pruebas: normalidad de Kolmogorov-Smirnov, 

ANOVA bidireccional con repetición y Tukey. Con base en los resultados obtenidos, se pudo observar que varias 

concentraciones demostraron diferencias significativas, es decir, existe una actividad alelopática en ambas especies 

(Euphorbia heterophylla y Bidens pilosa). Los aspectos más destacados fueron para las concentraciones de 750 y 

1000 ppm para E. heterophylla y 500, 750 y 1000 ppm para B. pilosa. Sin embargo, no hubo diferencias significativas 

entre estos grupos de concentración. La longitud de la radícula fue la parte más afectada. Estos resultados pueden 

servir para identificar mejores concentraciones para otras sustancias puras, que generalmente se obtienen en pequeñas 

cantidades, siendo útiles en la formulación de un producto con características de bioherbicidas. 

Palabras clave: Aleloquímicos; Bioherbicida; Fitotoxicidad; Crecimiento de plántulas. 

 

1. Introduction  

Allelopathy is the phenomenon in which an organism produces allelochemicals. They are released into the 

environment, directly or indirectly benefiting or harming another organism, influencing survival, development, growth and 

reproduction. Furthermore, they can act as growth regulators, as herbicides, as insecticides and protect against antimicrobial 

cultures (Cheng & Cheng, 2015; Chung et al., 2018).  

Some plants have the ability to release allelochemicals in order to eliminate possible herbivore predation and/or 

competition with other plants (Ooka & Owens, 2018; Kong et al., 2019). Besides, it can increase allergic effects on plants and 

influence plants chlorophyll content (Ming et al., 2020). Allelopathic compounds can reduce the germination of seeds and/or 

affect the growth of weeds. Thus, it is possible to replace herbicides or even reduce intensive applications in crops (Gerhards & 

Schappert, 2020).  

Salicylic acid (SA) is produced by some plants, releasing through the rhizosphere, functioning as an allelopathic 

compound, having the potential to inhibit the growth of neighboring plants. Moreover, the SA can negatively influence the 

growth, interfere in seed germination, cell growth, respiration, and seedling establishment. Finally, they can act as a 

mechanism for regulating thermogenesis and disease resistance (Rizzini, 1970; Raskin, 1992; Vlot et al., 2009). 

The recipient plants E. heterophylla and B. pilosa are considered feared in agriculture due to their high proliferation, 
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harming the desired culture (Lorenzi, 1991; Kissmann & Growth, 1993). The seeds of B. pilosa have thorns that stick to 

clothing, facilitating large-scale distribution. These seeds do not need depth to germinate, generating an unwanted high 

propagation (Kissmann & Growth, 1993; Elshamy et al., 2019) 

Herbicides are produced with an increasing degree of toxicity. Thus, it is necessary to reduce their use in order to 

improve environmental safety, decrease risks to human health and minimize the expansion of herbicide-tolerant plant biotypes 

(Iqbal et al., 2020). Chemical control is one of the most used methods. However, weeds are showing increasing resistance to 

herbicides, creating ongoing problems for farmers. Thus, there is a need to develop new products to combat these pests (Ooka 

& Owens, 2018; Farooq et al., 2020).  

The bio-herbicides are being used as a new and more sustainable alternative for weed management (Campos et al., 

2019). To ensure food security, it is essential to promote sustainable control. Allelopathic control via bio-herbicides has 

become a good alternative for the elimination of pests, due to biodiversity, the reduction of various risks to the environment, 

and the improvement of human health (Ooka & Owens, 2018; Farooq et al., 2020). 

Based on the above, this paper, is a research quantitative in nature (Pereira et al., 2018), aimed to assess the 

allelopathic potential of the salicylic acid (SA) on the weeds E. heterophylla and B. pilosa. We seek to identify the best 

concentration range that negatively influences the development of these target plants. This range of salicylic acid concentration 

in this study can be used as a reference for other pure substances that are difficult to obtain and with allelopathic potential. Pure 

substances can be useful in the formulation of a product with characteristics of bio-herbicides. 

 

2. Methodology  

Weed species 

The seeds of the weed species E. heterophylla and B. pilosa, were provided by the UTFPR Agronomy Department – 

Campus Pato Branco. The seeds were submitted to the asepsis process, being deposited in a laminar flow chamber (H1) with 

UV lamp (254 nm), for about 15 minutes. Next, 25 seeds were placed in each Petri dish (100x15 mm), containing qualitative 

filter paper, with 2 mL of distilled water. Finally, the plates were deposited in a BOD (Biochemical Oxygen Demand) camera 

to start germination. With this choice, we seek less interference, as a seed in a latent state will not germinate through the 

substance, but through the state of the seed. 

 

Seed growth bioassay 

Weed seeds that presented radicle extension equal or greater than 2 mm (Junttila, 1973) were selected. In each new 

Petri dish (100X15 mm) 5 of these seeds were deposited and 2 mL of the SA solution were added. 

A stock solution of 1000 ppm SA was prepared. Next, 5 dilutions were prepared: 750, 500, 250, 125, and 62.5 ppm. 

For the control, distilled water (0 ppm) was used. For each of these concentrations, tests were carried out in triplicates for the 

two species evaluated.  

The test was carried out in a BOD incubator, under controlled temperature conditions, at 30 oC in the day and 25 oC 

at night, with a 12-hour photoperiod, for both analyzed plants (Gonçalves et al., 2016). The tests took place over 12 days by 

measuring the length of radicle and hypocotyl, being performed every 3 days. 

At the end of the test, it was possible to determine the following variables: percentages of normal (PN), abnormal 

(PA) and mortality (PM) seedlings, which were obtained using the following equations (Oliveira et al., 2010; Silva, 2014):  

          (1) 
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        (2) 

        (3) 

Where: nr = number of normal seedlings; A = number of abnormal seedlings; M = number of mortality seedlings; 

and T = total number of seeds to be germinated. 

 

Statistical treatment 

The results obtained were submitted to several statistical tests with the support of the Statistica® software, with a 

significance level of 5% for all tests. First, the normality of the data was verified using the Kolmogorov-Smirnov test. With the 

confirmation of the normality of the data, two-way ANOVA (ANalysis Of VAriance) with replication tests were applied. 

Finally, for tests that rejected the null hypothesis, the Tukey test was applied. 

 

3. Results and Discussion  

Statistical tests 

Initially, normality was verified via Kolmogorov-Smirnov, evaluating the p-value for variables radicle and hypocotyl 

length, for both species. All variables showed p < 0,01. Subsequently, two-way ANOVA was performed with repetition. From 

the obtained values, it was observed that the data present significant differences p < 0,05. 

Additionally, pre-tests visual were carried out to assess the existence of significant differences among groups. 

Through the confidence interval graphs, it has identified which concentrations proved significant differences at the level of 5%. 

For the species E. heterophylla, shown in Figure 1a, it was observed that the radicle’s length decreased with the 

increasing salicylic acid concentration. However, between the two pairs of concentrations 125 and 250 ppm and 750 and 1000 

ppm, there were no significant differences between them. On the other hand, for the hypocotyl’s length, represented in Figure 

1b, the concentrations 0, 62.5, and 125 ppm and 750 and 1000 ppm did not show significant differences. 

 

Figure 1 - Confidence intervals for the length averages for the species E. heterophylla. 

 

Source: Created by the authors in Statistica  software. 
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For the species B. pilosa, Figure 2a, the same behavior of E. heterophylla was observed for the radicle, which showed 

a reduction with the increase of the SA concentration. However, the concentration 62.5 and 125 ppm and 500, 750, and 1000 

ppm did not show significant differences. For the hypocotyl’s length, represented in Figure 2b, there was no significant 

difference in the concentration 0 and 250 ppm; 62.5 and 125 ppm; and 750 and 1000 ppm. 

 

Figure 2 - Confidence intervals for the length averages for the species B. pilosa. 

 
Source: Created by the authors in Statistica software. 

 

A possible interference factor in the hypocotyl’s length (Figures 1b and 2b) is the hormone effect, i.e., some toxic 

substances can stimulate growth and increase productivity when in small quantities. This paradoxical effect is beneficial in low 

doses of stress (Calabrese & Baldwin, 2002; Ji, 2002; Pereira & Souza Jr, 2005). 

The increase in the concentration directly interfered in the radicle’s length over time, illustrated in Figure 3. The 

concentrations 750 and 1000 ppm were those with the lowest variation rate in the averages and a low rate of growth during the 

test for both species receivers. 
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Figure 3 - Confidence interval of the average radicle’s length as a function of the time and concentration for species: (a) E. 

heterophylla and (b) B. pilosa. 

 
Source: Created by the authors in Statistica software. 

 

The radicle is the most sensitive part of the seedling to allelopathic effects. Due to contact of the root with the 

solution and the better absorption of allelochemicals occur. In this case, allelochemicals link to plant membranes or penetrate 

cells, interfering with the plant’s development and growth (Souza Filho et al. 1997; Ferreira & Aquila 2000).  

The Tukey tests confirmed the results presented by the visual tests. However, both the time (days) and concentration 

(ppm) were assessment. The Table 1 shown the evaluation the radicle’s length concerning time for the species E. heterophylla., 

There were no significant differences between 6 and 9 days; and 9 and 12 days, and for concentrations 125 and 250 ppm and 

750 and 1000 ppm. On the other hand, for the hypocotyl’s length compared to time, all showed significant differences. The 

concentrations 0, 62.5, and 250 ppm and the 750 and 1000 ppm did not show significant differences. 

 

Table 1 - Produced Data via Tukey test for the species E. heterophylla. 

Time (days) Radicle’s length (cm) Hypocotyl’s length (cm) 

T0 0,20d 0,10e 

T3 3,43c 4,50d 

T6 4,24b 5,01c 

T9 4,60ab 5,38b 

T12 4,95a 5,78a 

Concentration (ppm)   

C0 7,53a 4,96a 

C62,5 5,34b 4,91a 

C125 4,29c 4,45b 

C250 3,68c 5,10a 

C500 2,11d 3,95c 

C750 0,85e 2,93d 

C1000 0,56e 2,93d 

Source: Authors. 
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For the species B. pilosa, shown in Table 2, the radicle’s length compared to time, 3 and 6 days and 6, 9 and, 12 

days not showed significant differences. The concentrations 62.5 and 125 ppm and 500, 750, and 1000 ppm not showed 

significant differences. For the hypocotyl’s length, comparison to time, 6 and 9 days and 9 and 12 days, and for the 

concentrations 0 and 250 ppm; 62.5 and 125 ppm; and 750 and 1000 ppm not showed significant differences. 

 

Table 2 - Produced Data via Tukey test for the species B. pilosa. 

Time (days) Radicle’s length (cm) Hypocotyl’s length (cm) 

T0 0,20c 0,10d 

T3 1,64b 1,56c 

T6 1,94ab 1,78b 

T9 2,14a 1,90ab 

T12 2,28a 2,00a 

Concentration (ppm)   

C0 3,10a 1,55b 

C62,5 2,50b 1,81a 

C125 2,46b 1,90a 

C250 1,60c 1,61b 

C500 0,74d 1,28c 

C750 0,56d 1,04d 

C1000 0,52d 1,10d 

Source: Authors. 

 

Through the analysis and interpretation of these results, it is possible to determine the best concentrations to be used 

in future allelopathic tests with pure substances. On this context, we guide the use of concentrations that showed significant 

differences among them. On the other hand, we recommend using the lowest concentration that did not show significant 

differences. In this case, we can reduce the amount of pure substance, considering the difficulty of obtaining it. In this way, we 

reduced the cost of developing the test. 

So far, we have evaluated the growth rate. However, the abnormalities and mortality of seedlings remain to be 

assessed. With this, we can evaluate the potential of SA in terms of seedling growth and mortality. For this, we will evaluate 

the percentages of normal (PN), abnormal (PA), and mortality (PM) seedlings. 

 

PN, PA and PD 

On the last day of analysis (12), normal, abnormal, and mortality seedlings were counted. Abnormal seedlings are 

considered to have partial or total necrosis and/or some malformation. 

For the species E. heterophylla, represented in Figure 4, the control (0) and 62.5 ppm do not present abnormality 

and mortality due to the absence or low concentration of SA. When the concentration increases, abnormalities begin to appear, 

even if small, usually oxidations (necrosis) in the radicle’s extension. At high concentrations (750 and 1000 ppm), it was 

observed the emergence of mortality and abnormalities to a greater extent, i.e., necrosis in the entire radicle and, in some cases, 

in the hypocotyl as well. 
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Figure 4 - Evaluation of PN, PA and PM in different concentrations for the species E. heterophylla. 

 

Source: Created by the authors in Statistica  software. 

 

For the species B. pilosa, shown in Figure 5, as it is a more sensitive plant than E. heterophylla, since the 

concentration 62.5 ppm, the appearance of abnormalities was already observed. Mortality occurred only at concentrations 

above 750 ppm. These concentrations showed a higher rate of abnormality, with a greater extent of necrosis. 
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Figure 5 - Evaluation of PN, PA and PM in different concentrations for the species B. pilosa. 

 

Source: Created by the authors in Statistica software. 

 

It was observed that the greatest damage to the seedlings was due to abnormality, presenting total or partial necrosis. 

In this context, concerning the total number of seeds, the observed rates were 55.24% and 52.8% for the species B. pilosa and 

E. heterophylla, respectively. 

The greatest abnormalities occurred in the radicle, the site of nutrient absorption. As already discussed about nutrient 

absorption, any minimal damage is desirable. The radicle damage will influence nutrient absorption and seedling growth in the 

future (Souza Filho et al. 1997). 

Any inhibition that occurs, even if small, reduces the competitiveness among plants, favoring the development of the 

species of interest. This favor increasing productivity, being of great importance for the economy. Furthermore, it presents 

favorable ecological implications due to reduced use of herbicides. 

 

4. Conclusion  

Salicylic acid (SA) was efficient when tested as an allelopathic compound, mainly for reducing the radicle’s length, 

being inversely proportional to the concentration. Another relevant result was related to abnormalities and mortality, mainly in 

the concentrations 750 and 1000 ppm, being important factors for reducing or eliminating weeds. The species B. pilosa was the 

most influenced, in terms of abnormalities and mortality, due to its greater sensitivity, when compared to E. heterophylla. The 

results were promising, since they showed significant differences between them, mainly in the radicle’s length. Based on these 

results, it is possible to determine an efficient concentration range. That results can be used in similar bioassays with other pure 

substances with characteristic allelopathic. When choosing concentrations that did not differ significantly from each other, we 
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recommend using the lowest concentration in order to reduce costs. In the future, we will carry out bioassays with pure 

substances of interest, with the same target plants, enabling the formulation of a product with characteristics of bio-herbicides. 

It is important to emphasize that, from the results of this work, new research can be developed in order to know the 

different possibilities that pure substances, secondary metabolites obtained from living organisms and/or their analogues, with 

allelopathic potential can provide, both as products for the biocontrol of harmful species, such as providing model molecules 

for the synthesis of bio-herbicides, or even facilitating the understanding of the mechanism of action of these bioactive 

metabolites. 
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