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1. Introduction

The Cerrado is the second-largest Brazilian biome, 
the largest savanna in South America, and home to many 
medicinal plants. Among these, Byrsonima intermedia 
A. Juss (Malpighiaceae), locally known as “murici,” 
has antiseptic, anti-hemorrhagic, antimicrobial, anti-
diarrheal, anti-inflammatory, healing, and antimutagenic 
properties (Michelin et al., 2008; Guilhon-Simplicio and 
Pereira, 2011; Moreira et al., 2011), while Moquiniastrum 
polymorphum (Less.) G. Sancho (Asteraceae), popularly 
known as “cambará,” has antioxidant, antimicrobial, 
anti-inflammatory, antiviral, and anticancer properties 

(Gonçalves  et  al., 2019). The chemical composition 
and the pharmacological and toxicological activities of 
M. polymorphum have been studied for the development 
of new medicinal drugs and insecticides (Rojas de 
Arias et al., 1995; Simões et al., 1999; Moreira et al., 2000; 
Gonçalves et al., 2019). Another medicinal species from the 
Cerrado is Luehea candicans Mart. (Tiliaceae), popularly 
known as “açoita-cavalo,” which has potent antiproliferative 
activity in human kidney cancer cells (Silva et al., 2012). 
Miconia chamissois Naud. (Melastomataceae), commonly 
known as “folha-de-bolo,” is considered a natural source of 
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and the solvent evaporated to obtain the hexane extract. 
The plant residue was then extracted three times with 
ethyl acetate using the same procedure. The plant residue 
resulting from these extractions was extracted three times 
with methanol. The organic extracts were solubilized in 
their respective solvents to obtain concentrations of 1.25, 
2.5, 3.17, and 5.00 mg mL-1 for the phytotoxicity bioassays.

2.2. Physicochemical attributes of extracts

To eliminate possible interference during the bioassays, 
the physicochemical attributes of the crude organic 
extracts were determined: pH (with a pH meter, Tecnal, 
model TEC-2) and osmotic potential (using an Abbe 
refractometer with PEG 6000 solutions with different 
osmotic potentials). They were calculated with the following 
equation: refractive index in Brix = -3.7765x2 – 10.237x + 
0.195 (Villela et al., 1991).

2.3. Bioassays with organic extracts in Cucumis sativus L.

A total of 10 mL of each organic extract in hexane, 
ethyl acetate, and methanol at concentrations of 1.25, 
2.5, 3.17, and 5.00 mg mL-1 were added to Petri dishes 
(100 mm diameter) containing two sheets of filter paper. 
The solvent was evaporated for 24 h at room temperature 
and protected from light, and then 10 mL of distilled water 
and 20 previously germinated cucumber seeds (2 mm 
of root protrusion) were added (three dishes, n = 60). 
Cucumber was used as a model seedling since it is highly 
sensitive to phytotoxicity bioassays (Rice, 1979; Ferreira 
and Aquila, 2000). Distilled water was used as a negative 
control. The Petri dishes were incubated in a germination 
chamber (model 102 FC; Eletrolab) at 25 ± 1 °C with a 
photoperiod of 12 h for 120 h. The length of the seedlings’ 
main root and shoot were then measured. The growth 
parameters were calculated as the mean percentage 
difference compared to the negative controls (Chung et al., 
2001) using the following Formula 1:

( ) negative control organic extract Percentage difference % x1 00
negative control

−
= 	(1)

Positive values represent stimulation, while negative 
values represent inhibition relative to the control.

2.4. Preliminary phytochemical analysis

A qualitative phytochemical analysis was performed 
on the hexane, ethyl acetate, and crude methanol extracts 
to determine the main chemical classes of the secondary 
metabolites (alkaloids, anthraquinones, coumarins, 
steroids, triterpenoids, flavonoids, saponins, and tannins) 
following Matos (1997).

2.5. Statistical analysis

The experimental design was completely randomized. 
The normality of the residuals (Shapiro-Wilk test, p>0.05) 
and the homogeneity of variances (Cochran test, p>0.05) 
of the data were tested. A one-way ANOVA followed by 
Dunnett’s test (p<0.05) was used to determine significant 
differences between the organic and control extracts, and 
a factorial ANOVA followed by Tukey’s test (p≤0.05) was 

bioactive molecules for the development of new anticancer 
drugs (Silva et al., 2020; Rosa et al., 2021), while Qualea 
cordata Spreng. (Vochysiaceae), known as “carvãozinho”, 
has antioxidant properties (Carnevale Neto et al., 2013) 
as well as antimicrobial, antiulcer, anticonvulsant, and 
analgesic activity (Carli et al., 2013).

Thanks to their production of a high variety of secondary 
metabolites (Qasem, 2002), medicinal plants are frequently 
also used as natural herbicides (Teerarak  et  al., 2010; 
Petrova et al., 2015; Algandaby and El-Darier, 2018). Weeds 
have a major impact on agriculture and are a leading cause 
of drops in food quality and agricultural productivity 
(Reddy  et  al., 2019). As cases of herbicide resistance 
increase worldwide, there is an increasing demand for 
new substances that are effective and inexpensive with 
a low environmental impact. Natural phytotoxins often 
act on unexplored molecular targets (Duke et al., 2000; 
Reigosa et al., 2013) or unlike synthetic ones (Dayan et al., 
2009). The phytotoxicity of aqueous extracts from the 
five Cerrado species mentioned earlier – B. intermedia, 
M. polymorphum, L. candicans, M. chamissois, and Q. cordata 
– have been established in the literature (Pinto and Kolb, 
2016). However, as the solvent polarity partially controls the 
solubility of chemical compounds, meaning that solvents 
directly influence the effectiveness of metabolite extraction, 
with organic solvents often more effective than aqueous 
ones (Cecchin et al., 2017), studies conducted with these 
solvents become important for a better understanding of 
the phytotoxicity of the species.

Therefore, this study aims to evaluate the phytotoxic 
effects of different organic extracts to characterize their 
composition and level of phytotoxicity and analyze the 
effects of different concentrations and solvents with varying 
levels of polarity on the early growth of cucumber seedlings.

2. Materials and Methods

2.1. Botanical material and extraction method

Healthy and completely expanded leaves of Byrsonima 
intermedia, Moquiniastrum polymorphum, Luehea candicans, 
Miconia chamissois, and Qualea cordata were collected from 
at least five randomly chosen individuals in the rainy season 
in the Ecological Station of Assis, municipality of Assis, 
São Paulo, Brazil (22°33’20” to 22°37’41”S and 50°24’48” 
to 50°21’27”W). The species were identified by Dr. Renata 
Giassi Udulutsch. Voucher specimens of B. intermedia (HASSI 
2586), M. polymorphum (HASSI 2587), L. candicans (HASSI 
2588), M. chamissois (HASSI 2589), and Q. cordata (HASSI 
2590) were deposited at Herbarium Assisense (HASSI), 
Laboratory of Plant Systematics, Biological Sciences, 
Universidade Estadual Paulista, UNESP, Assis, SP, Brazil, and 
registered in SisGen within registration number AFD1429. 
Afterward, leaves were dried in the shade, ground in a 
Wiley mill, and submitted to maceration in the dark, with 
mechanical agitation in hexane for two hours at 24 °C in a 
ratio of 1:10 w/v (dried leaves: hexane). The procedure was 
repeated two more times with the same plant material. 
After complete maceration, the extract was vacuum filtered 
through 14 µm porosity qualitative filter paper (Qualy), 
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performed to assess the interaction between the effects of 
organic extracts and concentrations. All statistical analyses 
were performed on absolute values.

3. Results

3.1. Physicochemical attributes of extracts

The pH values of the organic leaf extracts (hexane, 
ethyl acetate, and methanol) ranged from 3.90 to 6.35, 
while the potential osmotic values of the extracts ranged 
from -0.0005 to 0.0019 MPa. These values are within the 
ideal limits described in the literature (Eberlein, 1987; 
Pinto and Kolb, 2016), meaning that these factors did not 
affect the extracts’ phytotoxicity.

3.2. Organic extract bioassays on cucumber seedlings

The statistical analyses showed significant differences in 
cucumber growth parameters across organic leaf extracts 
and concentration levels, as well as with respect to the 
interaction between the two. However, there was no 
significant interaction between extract and concentration 
for cucumber shoot length with Q. cordata extracts. For this 
species, there were differences across organic extracts, 
with the methanol extract being the only one to cause 
inhibition, and across concentration levels, with the lowest 
concentration of extract causing the greatest inhibition 
(data not shown).

All organic extracts and concentrations of B. intermedia 
significantly inhibited main cucumber root length except for 
hexane extracts at 1.25 and 2.50 mg mL-1, which stimulated 
root growth, and ethyl acetate extract at 1.25 mg mL-1, 
which did not affect root growth compared to the control 
(Table 1). The greatest inhibition of cucumber main root 
length was observed in the presence of methanol extracts 
at a concentration of 2.50 mg mL-1. The organic extracts 
had no significant effect on cucumber shoot length, except 
for the ethyl acetate extract at 2.50 mg mL-1, which led to 
a 13% increase compared to the control (Table 1).

All organic extracts of M. polymorphum significantly 
inhibited cucumber main root length at all concentrations, 
except for hexane extracts at 1.25 and 2.50 mg mL-1, 
which had no effect relative to the control (Table  1). 
The greatest inhibition of main root length was observed 
in the presence of the methanol extract at a concentration 
of 5.00 mg mL-1. The organic extracts had no significant 
effect on cucumber shoot length, except for the ethyl 
acetate extract at 5.00 mg mL-1 (Table 1).

The methanol and ethyl acetate extracts of L. candicans 
significantly inhibited the cucumber main root length 
at all concentrations compared to the control (Table 1). 
The greatest inhibition of main root length was observed 
in the presence of methanolic extracts at concentrations 
of 3.75 and 5.00 mg mL-1. The hexane extracts did not 
affect root development compared to the control (Table 1). 
Organic extracts had no significant effect on cucumber 
shoot length, except for the hexane extract at 5.00 mg mL-1, 
which stimulated shoot growth, and the ethyl acetate 
extract at 1.25 mg mL-1, which inhibited shoot growth 
compared to the control (Table 1).

The hexane and methanol extracts of M. chamissois 
significantly inhibited cucumber main root length at all 
concentrations, except for hexane extract at 1.25 mg mL-1, 
which did not affect root growth compared to the control 
(Table 1). The ethyl acetate extracts had no significant effect 
on the length of the main root of the target species, except 
at a concentration of 5.00 mg mL-1 (Table 1). The greatest 
inhibition of cucumber main root length was observed 
in the presence of the hexane extract at 5.00 mg mL-1. 
The organic extracts had no significant effect on cucumber 
shoot length, except for the hexane extracts at 3.75 and 
5.00 mg mL-1 and the methanol extract at 5.00 mg mL-1, 
which inhibited shoot growth in comparison to the control 
(Table 1).

The ethyl acetate and methanol extracts of Q. cordata 
significantly inhibited cucumber main root length at 
all concentrations, except for the ethyl acetate extract 
at 1.25 mg mL-1, which was not different from the 
control. The hexane extracts had no significant effect 
on the main root length, except for a concentration of 
1.25 mg mL-1 (Table 1). The greatest inhibition of main 
root length was observed in the presence of the methanol 
extract at 5.00 mg mL-1. Organic extracts had no significant 
effect on shoot length, except for the hexane extract 
at 5.00 mg mL-1, which boosted shoot growth, and the 
methanolic extract at 1.25 mg mL-1, which reduced shoot 
length compared to the control (Table 1).

3.3. Preliminary phytochemical analysis

Phytochemical screening was performed on the organic 
extracts of the five Cerrado species studied for eight classes 
of secondary metabolites (Table 2), of which only alkaloids 
were detected in the hexane extract of M. chamissois. 
Meanwhile, the methanolic extracts of at least one Cerrado 
species were positive for alkaloids, anthraquinones, 
coumarins, steroids, triterpenoids, flavonoids, saponins, 
and tannins.

Only the methanol extract of L. candicans tested positive 
for coumarins, while flavonoids were detected in the 
methanol extracts of M. polymorphum and L. candicans 
(Table 2). Meanwhile, triterpenoids, saponins, and tannins 
were found in the methanol extracts of B. intermedia, 
L. candicans, and Q. cordata (Table  2). The methanol 
extracts of B. intermedia, M. chamissois and Q. cordata 
showed positive results for alkaloids and anthraquinones. 
In addition, the presence of steroids was confirmed in the 
methanolic extract of M. polymorphum (Table 2).

4. Discussion

We extracted secondary metabolites in a series of 
solvents with increasing polarity to determine the effects 
of organic extracts of five representative medicinal species 
from the Cerrado. The data show that the methanolic 
extracts of B. intermedia, M. polymorphum, L. candicans, 
Q. cordata, and the hexane extract of M. chamissois were 
the most phytotoxic on the initial growth of cucumber 
seedlings. The effects of organic extracts on root 
development were more pronounced than on shoot growth. 
Root growth is generally suggested as a better indicator of 
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Table 1. Effect of concentration of organic extracts from leaves of medicinal species of Cerrado on the growth of cucumber seedlings. 
Data of extracts are presented as the mean percentage difference compared with the negative control (=100%) ± standard deviation. 
Absolute values for the negative control (distilled water) were presented in cm units’ ± standard deviation.

Species Extract Concentration (mg mL-1) Main root length (%) Shoot length (%)

Byrsonima intermedia Hexane 1.25 14.1 ± 12.4 (*f) -3.9 ± 14.5 (ab)

2.50 9.6 ± 16.3 (*f) 6.9 ± 22.2 (abc)

3.75 -7.8 ± 11.4 (de) 1.4 ± 14.3 (abc)

5.00 -21.1 ± 13.2 (*ac) 1.4 ± 14.6 (abc)

Ethyl Acetate 1.25 0.4 ± 11.1 (e) 6.1 ± 16.7 (abc)

2.50 -13.4 ± 14.7 (*cd) 13.0 ± 22.2 (c)

3.75 -20.5 ± 16.2 (*ac) -6.5 ± 25.8 (a)

5.00 -24.1 ± 14.5 (*a) 1.0 ± 26.6 (abc)

Methanol 1.25 -23.9 ± 13.1 (*a) 9.2 ± 19.9 (bc)

2.50 -61.5 ± 10.6 (*b) -3.1 ± 28.6 (ab)

3.75 -58.6 ± 15.4 (*b) 5.6 ± 24.1 (abc)

5.00 -67.3 ± 9.9 (*b) 3.6 ± 17.3 (abc)

Negative Control - 8.47 ± 1.16 cm 2.25 ± 0.34 cm

Moquiniastrum polymorphum Hexane 1.25 6.4 ± 15.4 (f) 11.3 ± 21.4 (c)

2.50 -2.6 ± 15.0 (f) 9.6 ± 26.5 (c)

3.75 -14.9 ± 19.5 (*e) 1.4 ± 26.3 (bc)

5.00 -18.4 ± 18.4 (*ce) 4.8 ± 29.2 (bc)

Ethyl Acetate 1.25 -13.8 ± 16.5 (*e) -10.3 ± 29.6 (ab)

2.50 -14.1 ± 13.4 (*e) -10.6 ± 22.8 (ab)

3.75 -26.9 ± 11.2 (*cd) -8.0 ± 27.8 (b)

5.00 -34.6 ± 12.8 (*bd) -25.6 ± 26.7 (*a)

Methanol 1.25 -20.1 ± 12.8 (*ce) -0.7 ± 24.8 (bc)

2.50 -37.3 ± 11.4 (*b) 12.8 ± 29.0 (c)

3.75 -39.0 ± 12.8 (*b) 10.9 ± 27.8 (c)

5.00 -49.1 ± 10.5 (*a) 16.3 ± 20.5 (c)

Negative Control - 7.82 ± 1.73 cm 2.08 ± 0.56 cm

Luehea candicans Hexane 1.25 0.0 ± 12.1 (d) 6.9 ± 21.3 (cde)

2.50 -1.7 ± 12.8 (d) 11.0 ± 15.4 (de)

3.75 -0.6 ± 11.8 (d) 3.0 ± 11.5 (cdf)

5.00 -1.9 ± 11.1 (d) 16.2 ± 18.2 (*e)

Ethyl Acetate 1.25 -20.8 ± 13.2 (*c) -13.2 ± 21.4 (*a)

2.50 -24.2 ± 12.0 (*bc) 1.8 ± 17.9 (bcd)

3.75 -27.1 ± 12.7 (*bc) -4.9 ± 21.7 (abf)

5.00 -30.3 ± 13.2 (*b) -9.6 ± 21.3 (ab)

Methanol 1.25 -25.7 ± 15.6 (*bc) 4.8 ± 17.8 (cdef)

2.50 -29.9 ± 14.4 (*b) -2.0 ± 18.5 (abc)

3.75 -43.0 ± 11.3 (*a) 1.0 ± 14.6 (bcd)

5.00 -44.3 ± 13.0 (*a) 5.3 ± 17.1 (cdef)

Negative Control - 9.15 ± 0.92 cm 2.61 ± 0.32 cm

Miconia chamissois Hexane 1.25 -9.1 ± 14.9 (fg) -2.2 ± 25.4 (cd)

2.50 -14.8 ± 14.4 (*efg) -7.3 ± 21.1 (bcd)

3.75 -39.2 ± 19.2 (*b) -27.4 ± 19.0 (*a)

5.00 -55.5 ± 28.5 (*a) -25.2 ± 34.7 (*a)

Ethyl Acetate 1.25 -8.5 ± 12.9 (fg) 6.5 ± 20.1 (d)

2.50 -6.2 ± 12.6 (g) 6.1 ± 20.3 (d)

3.75 -5.8 ± 12.1 (g) 6.1 ± 22.7 (d)

5.00 -16.9 ± 11.7 (*ef) -7.1 ± 35.9 (bcd)

Methanol 1.25 -20.1 ± 9.0 (*de) 6.1 ± 22.0 (d)

2.50 -28.0 ± 10.9 (*cd) 0.7 ± 25.6 (cd)

3.75 -33.3 ± 16.2 (*bc) -15.1 ± 23.2 (abc)

5.00 -29.6 ± 13.0 (*bcd) -20.9 ± 23.4 (*ab)

Negative Control - 9.52 ± 1.69 cm 2.21 ± 0.47 cm

Qualea cordata Hexane 1.25 14.7 ± 13.2 (*i) -4.6 ± 17.7 (-)

2.50 10.4 ± 10.6 (hi) 7.9 ± 17.9 (-)

3.75 0,2 ± 13.7 (gh) 5.6 ± 14.5 (-)

5.00 -7.9 ± 12.7 (fg) 12.7 ± 17.3 (*-)

Ethyl Acetate 1.25 -8.1 ± 17.7 (fg) -0.7 ± 16.8 (-)

2.50 -11.3 ± 17.3 (*ef) 2.2 ± 21.8 (-)

3.75 -27.6 ± 24.5 (*cd) 2.3 ± 20.1 (-)

5.00 -35.1 ± 25.3 (*c) 4.8 ± 21.1 (-)

Methanol 1.25 -21.4 ± 9.3 (*de) -19.0 ± 17.5 (*-)

2.50 -35.6 ± 12.5 (*c) -6.4 ± 17.0 (-)

3.75 -48.5 ± 15.3 (*b) -9.2 ± 15.8 (-)

5.00 -63.3 ± 11.9 (*a) -1.8 ± 22.3 (-)

Negative Control - 8.86 ± 1.09 cm 2.51 ± 0.39 cm

Note:  *Significant difference between the negative control and the treated according to ANOVA and Dunnett’s test. Significant differences among treatments are 
indicated by different letters according to factorial ANOVA and Tukey’s test for the interaction among extracts and concentrations (p≤0.05). (-) No interaction among 
extracts and concentrations. All statistical tests were performed on absolute values.
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the phytotoxicity of plant extracts. This trend of greater 
sensitivity in the roots has been widely reported in the 
literature (Chon  et  al., 2000; Habermann  et  al., 2016; 
Anwar et al., 2020; Lima et al., 2021). This is likely because 
the roots are in direct contact with the extracts and are 
therefore exposed to higher doses of chemical compounds 
(Tanveer et al., 2012; Alves et al., 2022).

Differences in the effectiveness of plant extracts may be 
related to the fact that specific compounds are extracted 
in greater amounts based on their affinity with different 
solvents (Luthria and Mukhopadhyay, 2006; Corrêa et al., 
2008). Thus, the effectiveness of extracting chemical 
compounds from plant materials and the phytotoxicity 
of extracts depends on the different solvents used for 
extraction (Luthria  et  al., 2007; Ladhari  et  al., 2020). 
In the present study, we observed that the phytotoxic 
effects of organic extracts that had already undergone 
the extraction process in less-polar organic solvents 
were more effective than those only extracted in less-
polar solvents. For example, the methanolic extracts of 
B. intermedia, M. polymorpha, L. candicans, and Q. cordata 
showed higher phytotoxicity than the hexane and 
ethyl acetate extracts. Removing non-active chemical 
compounds may increase the concentration of active 
chemical compounds in the final extract and accentuate 

its phytotoxicity (Athmouni et al., 2015). However, this 
pattern was not observed for M. chamissois, the hexane 
extract that showed higher phytotoxicity than more polar 
solvents. Therefore, our results show that phytotoxicity 
varies according to the solvent used and that using solvents 
with different polarities can result in different extraction 
yields of bioactive compounds and different phytotoxic 
effects (Athmouni et al., 2015).

The hexane extract of M. chamissois showed a strong 
positive result for alkaloids, while other classes of 
secondary metabolites were not detected, suggesting 
that these compounds are responsible for the phytotoxic 
effects observed. This chemical class was also detected in 
the hexane extract of the other study species; however, 
the literature provided support for alkaloids presence 
only for related taxa of M. moquiniastrum (Faustino et al., 
2017). Nebo et al. (2014) evaluated the phytotoxicity of 
two alkaloids isolated from Ruta graveolens on the growth 
parameters of four target species. The authors observed that 
the alkaloids had a potent phytotoxic effect comparable 
with the effects of a commercial herbicide.

The methanolic extracts of B. intermedia and Q. cordata 
exhibited positive results for five chemical classes. 
Our findings are supported by previous reports, which 
described some of the same chemical classes in these 

Table 2. Preliminary phytochemical analysis of leaf extracts of medicinal plants of Cerrado.

Extract
Chemical test

As AQs CMs STs TRPs FLVs SPs Ts

B. intermedia

Hexane +++ - - - - - - -

Ethyl acetate + + - - + - ++ ++

Methanol + + - - +++ - +++ ++

M. polymorphum

Hexane +++ - - - - - + -

Ethyl acetate ++ - - - - - ++ -

Methanol - - - ++ - + - -

L. candicans

Hexane +++ - - - - - + -

Ethyl acetate + - - ++ - - - -

Methanol - - + - +++ + ++ +

M. chamissois

Hexane +++ - - - - - - -

Ethyl acetate ++ + - - + - - -

Methanol ++ +++ - ++ - - - ++

Q. cordata

Hexane +++ - - - - - - -

Ethyl acetate +++ +++ - ++ - - - ++

Methanol +++ +++ - - + - + ++

Note: (-): Negative test; (+): Weak positive test; (++): Positive test and (+++): Test strongly positive. The terms used were: As: Alkaloids (R. 
Dragendorff); AQs: Anthraquinones; CMs: Coumarins; STs: Steroids; TRPs: Triterpenoids; FLVs: Flavonoids; SPs: Saponins; Ts: Tannins.
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species. Specifically, triterpenoids were described for 
several Qualea species (Carnevale Neto et al., 2011), and 
triterpenoids, saponins, and tannins for B. intermedia 
(Orlandi  et  al., 2011). Thus, the high phytotoxicity on 
cucumber root growth may be associated with the 
presence of these compounds. Matsumoto et al. (2010) 
tested the effects of Annona glabra extracts on some 
target species and attributed the deleterious effects on 
plant growth to the action of triterpenes, tannins, and 
flavonoids. Also, several isolated saponins from different 
species have been shown to inhibit the growth of target 
plants (Hernández-Carlos et al., 2011; Scognamiglio et al., 
2012). It has been proposed that saponins inhibit plant 
development by forming high-molecular-weight matrices 
around the radicle, which prevents water uptake by plants 
(Waller et al., 1999).

The methanolic extract of M. polymorphum tested 
positive for two chemical classes, one of which is flavonoids. 
This finding is consistent with a previous report of the 
presence of flavonoids in this species (Gonçalves et al., 
2019; Moreira et al., 2000), confirming our result. Therefore, 
this chemical class may be related to the phytotoxic effects 
observed on cucumber growth. A study has shown the 
phytotoxic potential of flavonoids isolated from species 
of Rutaceae, which were toxic to Lepidium sativum 
(Nebo et al., 2014).

The constituents of the methanolic extract of L. candicans 
leaves included triterpenoids, and flavonoids, as suggested 
by Tanaka et al. (2005) for related taxon. These chemical 
compounds or changes in their concentrations may be 
related to the high phytotoxicity at the early growth stage 
of cucumber. In addition, our study suggested the presence 
of anthraquinones in extracts of B. intermedia, saponins 
in M. polymorphum, coumarins, flavonoids, saponins, and 
tannins in L. candicans, anthraquinones, triterpenoids, and 
tannins in M. chamissois, and anthraquinones, saponins, 
and tannins in Q. cordata, as well as steroids for most of 
the species evaluated. However, there is a lack of studies 
with unequivocal analytical methods for confirming these 
substances in these taxa.

The phytotoxicity of the chemical classes found in the 
present study has been widely reported in the literature. 
Alkaloids affect the ultrastructure of root apices by 
promoting organelle disorganization, the occurrence 
of lipid droplets, and increases in size and number of 
vacuoles (Liu and Lovett, 1993). This may be due to their 
ability to interact with lipids, causing disturbances in 
cell membranes, and negatively affecting root growth 
(Lebecque et al., 2018). Recently, some authors have shown 
that the root caps of primary and lateral roots form a 
cuticle in the early stages of development. This structure 
is present in the primordia of the lateral roots and, when 
defective, causes delayed emergence and root deformation 
(Berhin et al., 2019). Since the cuticle is formed by lipids, 
alkaloids may impair the integrity of this cuticle, causing 
a reduction in the number of lateral roots formed, as 
observed for some of the extracts studied here. Among 
the phenolic compounds, tannins are responsible for the 
formation of superoxide anions and hydroxyl radicals by 
donating electrons to molecular oxygen, which alters the 
permeability of the membrane and cellular components, 

such as DNA and proteins. Flavonoids have been reported 
to trigger the accumulation of reactive oxygen species, 
leading to the calcium ion signaling cascade and the death 
of the root system (Martins  et  al., 2021). Additionally, 
these compounds can alter the transport of minerals in 
plants, besides altering the structure of chloroplasts and 
mitochondria.

The present study demonstrates the phytotoxicity of 
different concentrations of organic extracts from leaves of B. 
intermedia, M. polymorphum, L. candicans, M. chamissois, and 
Q. cordata. The phytotoxic effect was mainly characterized 
by the inhibition of root development. The extracts with 
the greatest phytotoxicity were the methanol extracts of 
B. intermedia, M. polymorphum, L. candicans, and Q. cordata 
and the hexane extract of M. chamissois. We also provide 
an opportunity to characterize and purify the chemical 
compounds responsible for the phytotoxic effects of the 
most active extracts. Identifying these chemical compounds 
can contribute to a better understanding of the phytotoxicity 
of the Cerrado species and provide opportunities for 
environmentally friendly weed management.
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