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The species used in urban afforestation can present 
phytotoxicity - a case of study of Schinus molle L.

Espécies utilizadas em arborização urbana podem apresentar 
fitotoxicidade - um estudo de caso em Schinus molle L.
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ABSTRACT

The aim of this study was to test the phytotoxicity and cytotoxicity of ethanolic and aqueous extracts of 
different structures of Schinus molle L., an ornamental species commonly used in urban afforestation 
in Brazil, using seeds of lettuce (Lactuca sativa L.) as its plant model. The extracts were prepared from 
samples of leaves, inflorescence, green and ripe fruits collected in fields located in Alfenas, state of 
Minas Gerais, Brazil. The parameters assessed were germination (G), germination velocity index (GVI), 
root elongation (RE), fresh biomass (FB), dry biomass (DB), normal seedlings (NP), mitotic index (MI) and 
chromosomal abnormalities (CA). According to results, for the aqueous extract, we found interactions 
between concentration and plant structures in relation to G, GVI, RE, DB, and CA. There were no 
statistically significant differences among structures in relation to the percentage of normal seedlings, 
except among concentrations. However, the interaction for all parameters was statistically significant 
in relation to ethanolic extracts, except the chromosomal abnormalities. Therefore, the increasing of 
concentration leads to the reduction of the parameters assessed, showing a concentration-dependent 
effect. The ethanolic and aqueous extracts of Schinus molle showed phytotoxic effect, indicating the 
need for reassessment and care in the use of this species for reforestation. 
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RESUMO

O objetivo deste estudo foi estudar a fitotoxicidade e citotoxicidade de extratos etanólico e aquoso das 
diferentes estruturas de Schinus molle L., uma espécie ornamental, comumente usada em arborização 
urbana no Brasil, utilizando sementes de alface (Lactuca sativa L.) como planta modelo. Os extratos 
vegetais foram preparados a partir de amostras de folhas, inflorescências, frutos verdes e maduros 
coletados em Alfenas, Minas Gerais, Brasil. Os parâmetros avaliados foram germinação (G), índice de 
velocidade de germinação (GVI), comprimento radicular (RE), biomassa fresca (FB), biomassa seca (DB), 
porcentagem de plântulas (PS), índice mitótico (MI) e anomalias cromossômicas (CA). De acordo com 
os resultados, para o extrato aquoso, encontramos interações entre as estruturas e as concentrações 
utilizadas em relação a G, GVI, RE, DB, e CA. Não houve diferença significativa entre as estruturas 
vegetais em relação à porcentagem de plântulas normais, exceto para as concentrações. No entanto, 
para todos os parâmetros foi encontrada diferença significativa em relação ao extrato etanólico, 
exceto para anormalidades cromossômicas. O aumento da concentração leva à redução de todos os 
parâmetros avaliados, mostrando o efeito concentração-dependente. Os extratos etanólico e aquoso 
de Schinus molle mostraram efeito fitotóxico, indicando a necessidade de reavaliação e cuidado no uso 
dessa espécie para o reflorestamento.

Palavras-chave: Alelopatia; Citotoxicidade; Fitotoxicidade

1 INTRODUCTION

Schinus molle L. is a plant species from Anacardiaceae family originating from 

Latin America. In Brazil, it can be found from Minas Gerais to Rio Grande do Sul states. 

Popular named as Aroeira-salsa, Aroeira-mansa or Aroeirinha, this species has a 

xerophytic habit, surviving in steep areas and dry environments, and has been used 

in popular medicine, landscaping and logger purposes (FENNER et al., 2006) and in 

the phytoremediation (PEREIRA et al., 2013b). In the pharmaceutical industry, Schinus 

molle is important by having leaves and fruits containing essential oils with a variety of 

properties such as antimicrobial, antioxidant, antifungal, antispasmodic, antipyretic, 

anti-inflammatory and wound healing (SANTOS et al., 2007; MARTINS et al., 2014). Plants 

in general ha capacity of competing with other plants and with other organisms using 

special chemical compounds called secondary metabolites, which play an important 

role in the species adaptation, organization and composition of plant communities 

(FERREIRA; ÁQUILA, 2000; REIGOSA et al., 2013). When these chemicals interact with 

other plants, impacting the surrounding environment, they are called allelochemicals 
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and can cause direct or indirect effect, harmful or beneficial between plants and other 

organisms.

Allelochemicals can be found in all plant organs, and can be released into the 

environment by leaching tissues, dissolved into water, either from aerial parts or from 

roots, and through volatilization of aromatic compounds (RICE, 1984; GOBBO-NETO; 

LOPES, 2007; NASCIMENTO et al., 2012; GOVÊA et al., 2020). There are few papers 

dealing with the biological effect of allelochemicals from Schinus molle (ZAHED et al., 

2010; PAWLOWSKI et al., 2012; NOGUEIRA et al., 2017). In this context, to investigate 

the phytotoxic effect of secondary compounds of this plant species, as well as its effect 

toward cytogenetic aspects, one may provide very important information about its use 

in the re-arborization of degraded areas or its potential use in bioherbicide production. 

Therefore, the aim of this work was to investigate the effect of ethanolic and aqueous 

extracts from different structures of Schinus molle, in different concentrations, in 

bioassay with lettuce (Lactuca sativa L.).

2 METHODOLOGY

2.1 Sample Collection

The plant material was collected in Alfenas, state of Minas Gerais, Brazil. 

Collections were performed from September to November 2012 in areas located 

between (21°25’44”S and 45°56’49”W), and at 768 m of mean altitude. Leaves completely 

expanded were collected in the absence of any reproductive structure. Inflorescences 

were collected during flowering time and fruits in different stages (green and ripe 

fruits). The dried specimen with fertile material is available in the herbarium of the 

Federal University of Alfenas, under the number 2529.

All collected material was dried in oven at 40°C until mass stabilization. Then, the 

distinct structures were separately triturated, sieved at 20 fine sieve in order to obtain 

the ethanolic and aqueous extracts. The ethanolic extract was prepared by macerating 
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and adding pure ethanol to the plant material until total exhaustion of the macerated 

product and, then, concentrated in a rotary evaporator. The 5% aqueous extract was 

prepared using the infusion method, as outlined by Brasil (2010) and then lyophilized. 

2.2 Phytotoxic Test

The phytotoxicity test was carried out as described by Ribeiro et al. (2012) and 

Simões et al. (2013), using 3 replicates of 50 seeds of lettuce (Lactuca sativa cv. Grand 

rapids), in Petri dishes containing 5 ml of the different concentrations (0, 5, 10, 20 e 40 

mg.mL-1) of ethanolic and aqueous extracts of all Schinus molle structures tested. 

The experiment was performed in a germination chamber under a 12-hour 

photoperiod at 25°C. The germination was assessed each 12 hours, during 7 days, 

which allowed determining the germination velocity index, as follows:

GVI = (G1/N1) + (G2/N2) + ... + (Gn/Nn)      (1)

in where: GVI = germination velocity index; G = number of seeds germinated in the i 
counting (i= 1, 2, 3,…, n), and N = number of days until the i counting (i= 1, 2, 3,…, n).

In the 7th day, the germination rate (G), normal seedlings (NP), root elongation 

(RE), and fresh biomass (FB) were assessed. For measuring RE, FB and dried biomass 

(DB), 10 normal seedlings were used, randomly selected from each Petri dish.In cases 

of Petri dishes with less than 10 normal seedlings, the mean weight of the existing 

ones was calculated. After FB collection, the seedlings were placed into the oven with 

air circulation at 45°C, until mass stabilization for assessing DB.

2.3 Cytotoxicity Test

The experiment was performed aiming to assess the effect of Schinus molle 

extracts in the cell cycle, and chromosomal complement of the target-plant as outlined 

by Ribeiro et al. (2012) and Pereira et al. (2013a). Thirty seeds of lettuce were incubated in 

Petri dishes containing 3 mL of ethanolic and aqueous extracts, in the same conditions 

of the phytotoxicity test. Then, 3000 cells per treatment were checked aiming to assess 
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the mitotic index (MI) and chromosomal abnormalities (CA) as described by Andrade-

Vieira et al. (2014). The assessed CA were chromosomal bridges, micronucleus, missing 

chromosomes, C-metaphase and sticky chromosomes. 

2.4 Data Analysis

Two experiments were performed in completely randomized blocks, with three 

replicates; one aiming to test the effect of aqueous extract, and another aiming to test 

the effect of ethanolic extract. Both were performed in 4×5 factorial scheme, with four 

plant structures (leaf, inflorescence, green fruit, and ripe fruit), and five concentrations 

(0, 5, 10, 20 and 40 mg.mL-1).

The analysis of variance (ANOVA) was carried out to determine the statistical 

significance of the plant structure means. The normality test was run and, when data 

were considered with no Gaussian normal distribution, they were transformed in order 

to attend the assumptions of ANOVA through square root transformation. Means 

were compared by Scott-Knot test at 5% significance level using R statistical software 

(R DEVELOPMENT CORE TEAM, 2013). For assessing the effect of concentration, 

regression models were adjusted in all cases when possible.

3 RESULTS AND DISCUSSION

When seeds of lettuce were exposed to aqueous extracts of Schinus molle, it was 

possible to find the interaction effect among structures and extracts concentration for 

GVI (p=0.0015), G (p=0.0025), RE (p=0.0029) and DB (p<0.0001). There was no interaction 

among variation sources (p=0.17) for FB. However, when concentration (p<0.0001) and 

extract (p=0.011) were assessed separately, a statistic significance could be observed. 

For NP, there was no interaction (p=0.16), but statistically significant difference only 

among concentrations (p<0.0001) was found.

The aqueous extracts obtained from ripe fruits had the least interferences, in 

relation to G, GVI, RE and DB (Table 1). In relation to G, the effect of extracts obtained 
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from different plant structures were only different at 20 and 40 mg.mL-1. For all the 

other concentrations, all extracts had the same interference pattern. At 20 mg.mL-1, 

the extract obtained from green fruits had the highest negative effect in relation to 

G. For 40 mg.mL-1 the highest interferences were found in the extracts obtained from 

leaves and inflorescence (Table 1).

Table 1 – Mean of Germination (%), Germination Velocity Index, Root Elongation (mm) 

and Dry Biomass (mg) of Lactuca sativa exposed to different concentrations of aqueous 

extracts obtained from distinct plant structures from Schinus molle

Plant structure
Concentrations (mg.mL-1)

0 5 10 20 40

Germination (%)

Ripe Fruit 93 a 97 a 100 a 91 a 33a

Green Fruit 97 a 97 a 91 a 71 b     45 a

Leaf 100 a 96 a 91 a 86 a     9 b

Inflorescence 98 a 98 a 95 a 96 a     21 b

Germination Velocity Index

Ripe Fruit 23,55 a 23,26 a 21,13 a 13,97 a 2,2 a

Green Fruit 22,87 a 22,62 a 18,52 a 9,67 b 2,17 a

Leaf 23,47 a 16,32 b 10,42 b 4,76 c 0,39 a

Inflorescence 21,63 a 18,97 b 13,57 b 4,75 c 1,09 a

Root Elongation (mm)

Ripe Fruit 40,71 a 26,03 a 19,91 a 3,33 a 3,43 a

Green Fruit 49,93 a 20,27 a 8,92 b 3,35 a 0,00 a

Leaf 47,39 a 12,21 b 7,56 b 5,25 a 0,00 a

Inflorescence 46,28 a 20,82 a 15,43 a 8,21 a 0,00 a

Dry Biomass (mg)

Ripe Fruit 0,081 a 0,085 a 0,093 a 0,083 a 0,059 a

Green Fruit 0,092 a 0,089 a 0,083 a 0,069 a 0,000 b

Leaf 0,086 a 0,084 a 0,081 a 0,074 a 0,000 b

Inflorescence 0,077 a 0,081 a 0,071 a 0,068 a 0,003 b

Source: Authors (2015)

In where: Averages followed by the same letter in the columns do not differ by Scott-
Knot test at 5% significance level.

For GVI and RE, the distinction between the tested structures was possible, even 
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at the lowest concentration of extracts. However, in high concentrations there was no 

statistically significant differences. This was probably due to high interference of the high 

concentrations. Indeed, for GVI, means were close to zero and, for RE, they were statistically 

equal to zero, both at 40 mg.mL-1. In relation to GVI, the greatest reductions were found 

in extracts obtained from leaves and inflorescence and, in relation to RE, it was found in 

extracts obtained from leaves and green fruits (Table 1).

The DB was found to be less sensitive to differences among structures, with 

statistically significant differences only at 40 mg.mL-1, when obtaining of seedlings was 

almost null (Table 1). For FB, regardless the concentration, the least interference was 

found when the extract obtained from ripe fruits (1.1 mg) was considered. There was no 

statistically significant differences among extracts obtained from green fruits (0.89 mg), 

leaves (0.84 mg) and inflorescence (0.93 mg).

When lettuce seeds were exposed to aqueous extracts obtained from different 

structures of Schinus molle, the increasing of concentration leads to reduction in the 

response for all parameters, showing a concentration dependent effect (Figure 1).

Figure 1 – Relation among aqueous extract concentrations of different Schinus molle 

structures

Continued ...
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Figure 1 – Conclusion

Source: Authors (2015)

In where: A: G% (Ripe Fruit=93,01+1,29X-0,069X², R²=0,99; green fruit= 100-1,4X, R²=0,97; 
leaf=96,74+0,65X-0,07X², R²= 0,98; inflorescence=94,86+1,4X-0,08X², R²=0,98); B: GVI (ripe fruit=25,32-
0,56X, R²=0,98; green fruit= 23,56-0,56X, R²=0,96; leaf=23,70(-0,08X), R²=0,99; inflorescence=23,13(-

0,062X), R²=0,95); C: NP% (Y= 43,33-1,19X, R²=0,97); D: RE (ripe fruit=41,02(-0,87X), R²=0,97; green 
fruit=49,73(-0,173X), R²=0,99; leaf=46,96(-0,233X), R²=0,97; inflorescence=44,73(-0,116X), R²=0,97); E: FB 
(Y=1,239-0,0048X-0,0005X², R²=0,98) and F: DB (ripe fruit =0,081+0,001X-0,00004X², R²=0,93; green 
fruit=0,0911-0,000053X², R²= 0,99; leaf= 0,083-0,00007X², R²=0,99; inflorescence=0,076-0,00006X², 
R²=0,98).

When seeds of lettuce were exposed to ethanolic extracts of Schinus molle, we 

found a significant effect of interaction among structures and extract concentrations 

for GVI (p=0.0016), G (p=0.033), NP (p<0.0001), RE (p=0.0013), FB (p=0.014) and DB 

(p=0.004). In the highest concentration, we found high toxicity of the extract obtained 

from green fruits (Table 2).

Table 2 – Germination (%), germination velocity index, normal seedlings (%), root 

elongation (mm), fresh and dry biomass (mg) of Lactuca sativa seeds exposed to 

different concentrations of ethanolic extracts, obtained from distinct plant structures 

of Schinus molle

Plant structure
Concentrations (mg.mL-1)

0 5 10 20 40
Germination (%)

Ripe Fruit 100 a 100 a 98 a 94 a 74 a

Green Fruit 91 a 97 a 88 a 71 b 51 b

Continued ...
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Table 2 – Continuation

Plant structure
Concentrations (mg.mL-1)

0 5 10 20 40
Germination (%)

Leaf 98 a 93 a 90 a 85 a 41 b

Inflorescence 100 a 89 a 91 a 84 a 33 b

Germination Velocity Index

Ripe Fruit 23,52 a 21,16 a 19,89 a 17,05 a 9,18 a

Green Fruit 23,52 a 20,79 a 18,32 a 11,56 b 3,84 b

Leaf 23,81 a 18,40 a 15,92 a 9,24 b 3,31 b

Inflorescence 22,18 a 20,70 a 18,06 a 10,95 b 4,41 b

Normal Seedlings (%)

Ripe Fruit 87 a 92 a 91 a 83 a    21 a

Green Fruit 90 a 92 a 79 a 44 b 0 b

Leaf 96 a 88 a 82 a 51 b 5 b

Inflorescence 97 a 88 a 81 a 22 a 1 b

Root Elongation (mm)

Ripe Fruit 43,34 a 42,26 a 38,24 a 18,73 a 6,21 a

Green Fruit 49,03 a 37,38 a 14,15 b 4,17 b 0,00 c

Leaf 52,68 a 34,55 a 23,82 b 7,88 b 2,19 b

Inflorescence 53,28 a 34,65 a 19,68 b 12,83 a 0,67 c

Fresh Biomass (mg)

Ripe Fruit 1,18 a 1,32 a 1,16 a 1,19 a 0,77 a

Green Fruit 1,19 a 1,21 a 1,01 a 1,02 a 0,00 b

Leaf 1,22 a 1,02 a 1,07 a 0,82 b 0,25 b

Inflorescence 1,19 a 1,27 a 0,93 a 0,85 b 0,17 b

Continued ...
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Table 2 – Conclusion

Plant structure
Concentrations (mg.mL-1)

0 5 10 20 40
Dry Biomass (mg)

Ripe Fruit 0,077 a 0,088 a 0,088 a 0,085 a 0,08 a

Green Fruit 0,084 a 0,082 a 0,08 a 0,084 a 0,00 c

Leaf 0,079 a 0,079 a 0,079 a 0,065 a 0,03 b

Inflorescence 0,084 a 0,077 a 0,069 a 0,072 a 0,023 b

Source: Authors (2015)

In where: Averages followed by the same letter in the column do not 
differ from another by Scott-Knott test at 5% of significance level.

With the increasing of extract concentration, we found a reduction in the 

response for all parameters, showing a concentration dependent effect, except DB for 

the extract obtained from ripe fruits. For DB, we did not found statistically significant 

differences, i.e., the ethanolic extract of ripe fruits did not cause interference in the DB 

of lettuce seedlings (Figure 2F).

Figure 2 – Relation among ethanolic extract concentrations of Schinus molle different 

structures

Continued ...
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Figure 2 – Conclusion

Source: Authors (2015)

Where: A: G% (ripe fruit=100-0,67X, R²=0,92; green fruit=96,97-1,14X, R²=0,93; leaf=96,45-
0,025X-0,034X², R²=0,99; Inflorescence=95,72+0,09X-0,04X², R²=0,97 ); B: GVI (ripe 
fruit=4,88-0,045X, R²=0,98, green fruit =4,91-0,074X, R²=0,99, leaf=4,74-0,075X, R²=0,98, 
inflorescence=4,82-0,075X, R²=0,98); C: NP% (ripe fruit= 86,73+1,25X-0,07X² , R²0,99; green 
fruit=100-2,34X, R²=0,91; leaf=99,63-2,34X, R²=0,99; Inflorescence =99,45-2,49X, R²=0,98); D: 
RE (ripe fruit=6,88-0,11X, R²=0,97, green fruit=51,37(-0,104X), R²=0,95;  leaf = 52,94(-0,085X), R²=0,99; 
Inflorescence =52,85(-0,086X), R²=0,98); E: FB (ripe fruit =1,3-0,011X, R²=0,75; green fruit =1,17-
0,00087X², R²=0,97; leaf =1,23-0,023X, R²=0,96; inflorescence=1,29-0,027X, R²=0,94); F: DB (ripe 
fruit=0,0836 [there was no effect], green fruit=0,079-0,00009X², R²=0,97; leaf=0,08-0,0012X, 
R²=0,92; inflorescence =0,086-0,014X, R²=0,88).

In relation to MI, the interphase, prophase, metaphase, anaphase and telophase 

were quantified. Regarding to CA, in this analysis we assessed chromosomal bridges, 

micronucleus, missing chromosomes, C-metaphase and stickiness (Figure 3).

In the cytotoxicity test, we found interaction among extracts concentrations 

and structures, when assessed CA in meristematic tissues of roots exposed to 

aqueous extracts (p<0.0001). There was no statistically significant interaction among 

concentrations and structures (p=0.46), in relation to MI. However, either concentration 
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(p<0.0001) or plant structures (p=0.010) effects were statistically significant, when 

assessed separately.

Mean of MI hints that the aqueous extract also showed concentration dependent 

effect, so that the increasing of concentration led to the index reduction, adjusted to 

the regression model: [Y= 35,69-1,07X (R²=0,98)]. The highest reduction of MI means 

was found when meristematic cells were exposed to green fruits extracts (27.4%), 

regardless to concentration, with no statistically significant differences among extracts 

of ripe fruits (32.05%), leaves (31.19%) and inflorescence (30.77%).

Figure 3 – Phases of cellular division used to obtain the mitotic index and chromosomal 

abnor malities quantified

Source: Authors (2015)

In where: A: interphase; B: prophase; C: metaphase; D: anaphase; E: telophase; F: micronucleus; G: 
C-metaphase; H: missing chromosomes; I: chromosomal bridges; J: stickiness.

Percentage of abnormalities at 5 mg.mL-1 was statistically equal in all aqueous 

extracts. At concentration 10 mg.mL-1 aqueous extracts of Leaf, Green fruit and 

Inflorescence were no active compare to the control, except for the extract from the 

ripe fruit, that showed an increase of CA in the same concentration (Table 3).

Differing from the results observed for aqueous extracts, for ethanolic extracts 

we found statistically significant interaction among concentrations and structures, in 
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relation to MI (p=0.0088). However, the same interaction was not significant, in relation 

to CA (p=0.0650), but statistically significant either for concentration (p<0.0001) or for 

plant structures (p=0.0009), when assessed separately.

Table 3 – Chromosomal abnormalities (%) in meristematic cells of the radicular apex 

of Lactuca sativa exposed to different concentrations of Schinus molle aqueous extracts 

obtained from distinct structures

Plant structure
Concentrations (mg.mL-1)

0 5 10
Ripe Fruit 1,70 Ba 2,67 Aa 2,87 Aa

Green Fruit 1,87 Aa 2,40 Aa 0,90 Bb

Leaf 1,63 Ba 2,80Aa 0,35 Cb

Inflorescence 1,67 Aa 2,17 Aa 0,57 Bb

Source: Authors (2015)

In where: Averages followed by the same capital letter in the row, and 
lowercase letters in the column do not differ from another by Scott-Knot 
test at 5% significance level.

The ethanolic extract obtained from leaves showed the lowest MI, regardless 

concentration (Table 4). All extracts showed negative effect, with no statistical 

differences among extract concentrations of the green fruit, leaf and inflorescence. 

However, for ripe fruit extract, both concentrations showed a decrease in MI compared 

to control, where for 5 mg.mL-1 the lowest mitotic activity was observed.

The percentage of abnormalities observed for the ethanolic extracts was 

greater for the extracts obtained from ripe fruits (1.81%) and leaves (1.68%) than those 

obtained from green fruits (1.1%) and inflorescence (1.22%). No statistically significant 

differences were detected among the control (1.81%) and 5 mg.mL-1 (1.72%), but both 

were higher than that of 10 mg.mL-1 (0.83).

In order to outperform the abiotic pressures exerted in the environment and 

the competition among plants, some species have developed defense mechanisms 

through biosynthetic pathways. They synthesize and accumulate a variety of 

secondary metabolites, which play an important role in the ecological interactions. 
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These metabolites, also called allelochemicals, may affect the establishment and 

development of plant species that occur in same areas (FERREIRA; AQUILA, 2000; 

SANTOS, 2007;NASCIMENTO et al., 2012). These substances can be synthesized in 

all plant structures, varying in content and composition (ALVES; ARRUDA; SOUZA 

FILHO, 2002). Generally, young tissues tend to produce higher quantities of secondary 

metabolites than senescent tissues, even metabolites that cause toxicity in the 

structure that produce them, which can help plants to avoid the herbivory (SINIMBU; 

COLEY; LEMES, 2012). Then, the more evident toxicity in young tissues was also found 

in this study, since aqueous and ethanolic extracts of green fruits were found to have 

higher toxicity than the other structures in the majority of parameters. 

Table 4 – Mitotic index (%) in meristematic cells of the radicular apex of Lactuca sativa 

exposed to different concentrations of ethanolic extracts obtained from distinct 

Schinus molle structures

Plant structure
Concentrations (mg.ml-1)

0 5 10
Ripe Fruit 36,37 Aa 22,50 Ca 30,83 Ba

Green Fruit 37,20 Aa 23,13 Ba 26,18 Ba

Leaf 35,10 Aa 16,10 Bb 13,73 Bb

Inflorescence 40,43 Aa 23,30 Ba 26,83 Ba

Source: Authors (2015)

In where: Averages followed by the same capital letter in the row, and 
lowercase letter in the column do not differ one another by Scott-Knot 
test at 5% of significance level. 

Zahed et al. (2010), working with Schinus molle found that the essential oil of 

fruits collected at the fruiting period showed less interference on the seed germination 

and root elongation of Triticum aestivum L., in relation to the essential oil obtained 

from leaves. We found a similar result, in relation to the aqueous extract, where RE at 

40 mg.mL-1 was equal to zero for the extract obtained from leaf, and equal to 3.43 mm 

for that obtained from ripe fruit.



  Nogueira, M. L.; Campos, N. A.; Santos, S. C.; Beijo, L. A.; Barbosa, S. | 80

Ci. Fl., Santa Maria, v. 31, n. 1, p. 66-84, jan./mar. 2021

Similar characteristics were found for both aqueous and ethanolic extracts, in 

relation to G of Lactuca sativa, when exposed to high concentration of the extract, with 

9% of germination for ripe fruits and 33% for leaves, in case of aqueous extract. It 

stands out, however, that even in different solvents and methodological procedures of 

extraction, all results show the potential phytotoxicity of Schinus molle.

Borella, Martinazzo and Aumonde (2010) and Nogueira et al. (2017), investigating 

the allelopathic activity of leaf extract of Schinus molle, in seeds of Raphanus sativus 

L. cv. Crimsom Gigante and seeds of Lactuca sativa, respectively, found reduction of 

germination, germination velocity index, velocity of germination and root elongation. 

These results showed the species toxicity and they are a hint that the phytotoxic effect 

of Schinus molle is regardless of the methodology of compounds extraction, at least 

those tested so far, and of the structures used in the experiment. Besides, papers 

approaching about Schinus spp. also showed the toxic effect of this plant species 

against other plants (PAWLOWSKI; SOARES, 2007; SOUZA et al., 2007; PAWLOWSKI et 

al., 2012).

According to our results, we found that RE was more sensitive parameter, 

since at 5 and 10 mg.mL-1, either from ethanolic or from aqueous extracts, we found 

a differentiated effect among the structures. These is probably due to the fact of 

roots stays in direct contact with allelochemical compounds in the substrate (CHON; 

COUTTS; NELSON, 2000). Chung, Ahn and Yun (2001) also suggest that due to this 

contact, the response may have higher intensity in the parameters related to that 

structure. Moreover, different types of extracts may promote differentiated effects in 

the roots growth (BELINELO et al., 2008).

There is a relation between MI and RE (ANDRADE; DAVIDE; GEDRAITE, 2010), since 

plant growth is directly related to cellular multiplication (HARASHIMA; SCHNITTGER, 

2010). This relation is also shown here, once there was reduction of MI and RE in all 

treatments.

 In the same way as Andrade, Davide and Gedraite (2010),Pereira et al. (2013b), 
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Andrade-Vieira et al. (2014), Nogueira et al. (2017) and Govêa et al. (2020), working 

with Lactuca sativa, we also identified changes in the cell cycle as well as we quantified 

structural abnormalities in the chromosomal complement, which are both aneugenics 

as clastogenic. These abnormalities are directly related to toxicity of the plant 

specimen. Pawlowski et al. (2012), also found different structural abnormalities in the 

DNA of onion and lettuce, and affirm that these were caused by substances found in 

the essential oil of the Schinus molle.

Although the use of Schinus molle in projects of reforestation in degraded areas 

as well its use in urban afforestation has been recommended (BACKES; IRGANG, 2002), 

this practice must be carefully seen, since we showed the phytotoxicity of this species, 

fact that can influence the growth of other plants and organisms in the region, affecting 

the environment composition. 

4 CONCLUSIONS 

All assessed parameters showed phytotoxic effect of Schinus molle. The 

concentrations of ethanolic and aqueous extracts showed a correlation for the most 

of the tested plant structures, except the ethanolic extract of the ripe fruits, in relation 

to dry biomass, which did not have any interference. Comparing leaves, inflorescence, 

green fruits, and ripe fruits, the green fruits had the highest toxicity. Therefore, Schinus 

molle was phytotoxic in the experiment involving lettuce, regardless the solvent and 

methodology used in the extraction of compounds and plant structures.
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