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Abstract

Natural products with biological activity, such as essential oils, can be used in the search for and development of
ecological herbicides as an alternative to reduce the damage caused by synthetic herbicides. This work to aimed to
determine the chemical composition and phytotoxic properties of the essential oils, at concentrations of 3000, 1500,
750, 375 and 187.5 pg/mL, of four cultivars of Psidium guajava (guava) evaluated on germination and root growth of
plant models Lactuca sativa and Sorghum bicolor, as well as in the L. sativa cell cycle. Exposure to essential oils
reduced germination and root growth in bioassays, especially at the highest concentration (3000 pg/mL). The essential
oils interfered in the normal dynamics of the cell cycle of L. sativa at most concentrations, causing a decrease in the
mitotic index and increasing of chromosomal alterations, evidencing aneugenic and clastogenic action. The biological
activity of the oils was associated with the presence of sesquiterpenes and monoterpenes found here, such as
caryophyllene oxide, (E) -caryophyllene, and limonene. Thus, the essential oils of cultivars of guava demonstrated the
promising potential for use as natural herbicides.

Keywords: Biological activity; Bioherbicides; Chromosome; Plant bioassay; Terpenes; Mitotic index.

Resumo

Produtos naturais com atividade biol6gica, como o0s OGleos essenciais, podem ser utilizados na busca e
desenvolvimento de herbicidas ecoldgicos como alternativa para reduzir os danos causados pelos herbicidas
sintéticos. Este trabalho teve como objetivo determinar a composi¢do quimica e propriedades fitotoxicas de dleos
essenciais, nas concentragdes de 3000, 1500, 750, 375 e 187,5 pg/mL, de quatro cultivares de Psidium guajava
(goiaba) avaliadas na germinacéo e crescimento radicular das plantas modelos Lactuca sativa e Sorghum bicolor, bem
como no ciclo celular de L. sativa. A exposi¢do aos 0leos essenciais reduziu a germinacédo e o crescimento radicular
nos bioensaios, especialmente na concentracdo mais elevada (3000 pg/mL). Os 6leos essenciais interferiram na
dindmica normal do ciclo celular de L. sativa na maioria das concentragdes, causando diminuicao do indice mitético e
aumento das alteragcdes cromossdmicas, evidenciando acdo aneugénica e clastogénica. A atividade bioldgica dos dleos
foi associada a presenca de sesquiterpenos e monoterpenos aqui encontrados, como éxido de cariofileno, (E) -
cariofileno e limoneno. Assim, 0s 6leos essenciais de cultivares de goiaba demonstraram potencial promissor para uso
como herbicidas naturais.
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Palavras-chave: Atividade biol6gica; Bioherbicidas; Cromossomos; Bioensaio vegetal; Terpenos; indice mitético.

Resumen

Los productos naturales con actividad biolégica, como los aceites esenciales, pueden utilizarse en la bisqueda y
desarrollo de herbicidas ecol6gicos como alternativa para reducir el dafio causado por los herbicidas sintéticos. Este
trabajo tuvo como objetivo determinar la composicién quimica y propiedades fitotoxicas de los aceites esenciales, a
concentraciones de 3000, 1500, 750, 375 y 187.5 pg/mL, de cuatro cultivares de Psidium guajava (guayaba)
evaluados en la germinacion y crecimiento radicular de modelos vegetales Lactuca sativa y Sorghum bicolor, asi
como en el ciclo celular de L. sativa. La exposicion a los aceites esenciales redujo la germinacion y el crecimiento de
las raices en los bioensayos, especialmente a la concentracién mas alta (3000 pg/mL). Los aceites esenciales
interfirieron en la dinamica normal del ciclo celular de L. sativa en la mayoria de concentraciones, provocando
disminucion del indice mitético y aumento de alteraciones cromosomicas, evidenciando accion aneugénica y
clastogénica. La actividad bioldgica de los aceites se asoci6 con la presencia de sesquiterpenos y monoterpenos que se
encuentran aqui, como el dxido de cariofileno, (E) -cariofileno y limoneno. Asi, los aceites esenciales de cultivares de
guayaba demostraron el potencial prometedor para su uso como herbicidas naturales.

Palabras clave: Actividad biolégica; Bioherbicidas; Cromosoma; Bioensayo vegetal; Terpenos; indice mitético.

1. Introduction

The use of synthetic herbicides in crop fields has been questioned due to the environmental impact and toxicological
implications caused to farmers and consumers by the application of these products (Jabran et al., 2015; Ribas & Matsumura,
2009). Additionally, weeds are becoming increasingly resistant due to the few modes of action present in herbicides, increasing
the demand for more efficient, sustainable, and safe active ingredients (Dayan & Duke, 2014).

Allelopathy is a biochemical strategy in which plants negatively influence or benefit the growth and development of
other plants by the action of allelochemicals (secondary metabolites) released into the environment (Inderjit et al., 2011; Rice,
2012). These compounds found in natural products, such plant extracts and essential oils, are biodegradable and have a wide
structural diversity with a wide variety of modes of action (Jana & Biswas, 2011). In this context, natural substances that have
allelopathic activity have already been recognized as an alternative for the control of agricultural pests and the development of
new herbicides (Dayan & Duke, 2014).

Essential oils are a complex mixture of volatile and lipophilic substances produced by secondary metabolism of
individual plants. They have associated the adaptations to the environment, like the attraction of pollinators and seed
dispersers, interactions with microorganisms and other plants, protection against predators, and abiotic stresses (Boaro et al.,
2019). The literature presents several works that report on the biological activity of essential oils as herbicides, pesticides and
biocidal agents (Giunti et al., 2021; Grulova et al., 2020; Hazrati et al., 2017; Navarro-Rocha et al., 2020; Rajkumar et al.,
2020; Taban et al., 2020). These effects are related to the complex interaction between the compounds present in essential oil,
being mostly monoterpenes and sesquiterpenes. These interactions allow each compound to modulate or alter the effects of
other ones (Sharifi-Rad et al., 2017).

Myrtaceae is an important family of pantropical plants with some species rich in essential oils (Beech et al., 2017;
Wilson, 2010) known for its allelopathic potential and the biological activity (Caputo et al., 2020; Durazzini et al., 2019;
Habermann et al., 2017; Scalvenzi et al., 2017). The genus Psidium is one of the most representative of the family with about
more than 150 species of plants (Hayes, 1953). However, little is known about the allelopathic activity of its species, especially
with regard to essential oils. Recently, studies of essential oils from different species of the genus Psidium, Psidium
cattleianum (araca-vermelho), P. myrtoides (araga-roxo), P. friedrichsthalianum (aragd-azedo), P. gaudichaudianum (araca)
and P. guajava (guava), reported the ability of these oils to inhibit the germination of seeds and the growth of other plants, as
Lactuca sativa, Sorghum bicolor and Lycopersicum esculentum, being considered potential sources of natural herbicides
(Almeida et al., 2019; Vasconcelos et al., 2019).

Psidium guajava L. (Myrtaceae), popularly known as guava, is one of the most studied species of the genus. With
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pleasant taste and high nutritional value rich in antioxidant compounds and also has antimicrobial properties, guava stands out
in the food industry and in popular medicine (Shu et al., 2012). Studies with the essential oil of P. guajava leaves showed the
antimicrobial, antiproliferative, antiparasitic, anti-inflammatory, antioxidant and cytotoxic effects of the species (Chaturvedi et
al., 2019; Jerdnimo et al., 2021; Lee et al., 2013; Weli et al., 2019).

Essential oils extracted from leaves of different P. guajava cultivars grown under the same conditions and in similar
environments have shown differential larvicidal activity on the Aedes aegypti L. (Mendes et al., 2017). It has also been shown
that the genetic and environmental factor are an important constituent of the composition of the essential oils of guava (Souza
et al., 2017). These studies show that the use of these oils can be enhanced by choosing the appropriate genotype. Different
genotypes can promote variation in the composition of essential oils, leading to different properties and, therefore, are of great
interest in the management and control of weeds.

Contemplating the above, this work aimed to (a) investigate of the chemical constituents of the essential oil from the
leaves from four guava cultivars (Cortibel Branca LG, Cortibel VII, Paluma and Século XXI), (b) evaluate the allelopathic
effects on the germination and initial development of the model plants Lactuca sativa L. and Sorghum bicolor (L.) Moench,

and (c) assess of the cytogenotoxicity of the respective oils on the cell cycle of L. sativa.

2. Methodology
2.1 General experimental procedures

The chromatographs used in essential oil analysis were by gas chromatography with flame ionization detector (GC-
FID) model Shimadzu GC-2010 Plus and gas chromatography coupled to mass spectrometry (GC-MS) model Shimadzu
GCMS-QP2010 SE. Seeds of L. sativa (commercial cultivar Crespa Grand Rapids — TBR) obtained from ISLA Sementes and
S. bicolor (commercial cultivar Al Precious) from BRSEEDS. The 2% (w.v) acetic orcein dye was purchased from Sigma-
Aldrich.

2.2 Plant material

Leaves were collected from cultivars Cortibel Branca LG (C4), Paluma (PAL), Século XXI (SEC), and the superior
genotype of guava Cortibel VII (C7) in the experimental area of the Federal University of Espirito Santo in Alegre, ES- Brazil,
altitude 254 m, coordinates 20° 45' 50" S 41° 31' 58" W, subtropical climate by Koppen-Geiger climate classification: Cwa, in
the morning at breast height (1.3 m) and around the canopy diameter. The experiment followed a randomized block design
(RBD) with three blocks. Samples were collected around treetop using young and old leaves from all plants and blocks in order

to randomize any differences between them. After, the leaves were dried in the shade and at room temperature for one week.

2.3 Chemical characterization of essential oils

The essential oils were extracted from 500 g of dry leaves of the C4, C7, PAL, and SEC guava cultivars by
hydrodistillation technique in Clevenger apparatus. The samples were divided and placed in two round-bottom volumetric
flasks of 2000 mL with distilled water and distilled for approximately 4 h. The extractions used about 250 g of leaves in
approximately 1000 mL of water. The hydrolate obtained was centrifuged at 5000 RPM (rotations per minute) for 5 min to
separate the aqueous and oily phases. The essential oils (supernatant) were removed with a Pasteur pipette and stored in amber
glass bottles in a freezer at -20°C.

The chemical composition of the essential oils was determined by gas chromatography coupled to mass spectrometry
(GC-MS) and the quantification by gas chromatography with flame ionization detector (GC-FID). The analyses were
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performed using a fused silica capillary column (30 m x 0.25 mm) with the stationary phase RTX®-5MS (0.25 pm internal
diameter). Helium was used as the carrier gas with flow and linear rate of 2.80 mL min-1 and 50.80 cm seg-1 (GC-FID); and
1.98 mL min-1 and 50.90 cm seg-1 (GC-MS), respectively. The temperature of the injector was 220°C and FID and MS
detector temperature of 240 °C and 200 °C, respectively. The initial temperature of the furnace was 40°C, which remained for
3 min and then gradually increased by 3°C/min until reaching 180°C. Chemical constituents were identified by mass spectra
obtained compared with data of spectral library, retention index (RI), and literature data (Adams, 2007; NIST, 2011). The GC-
MS and GC-FID analyses were performed as described by Mendes et al. (2017).

2.4 Phytotoxicity analyses

The phytotoxicity effects of the essential oils of the cultivars of P. guajava was evaluated against the selected plants,
L. sativa (dicot) and S. bicolor (monocot), in laboratory bioassays. These model plants have been widely used to verify the
effects of chemical compounds on germination and initial development, as they are highly sensitive to toxic substances, have
fast germination and low cost (Alves et al., 2018; Vasconcelos et al., 2019). The solutions of essential oils of P. guajava were
prepared by intense mixed and agitation with the solvent composed of distilled water, acetone (2% v.v), and Tween 80®
(0.05% v.v). Five oil concentrations were tested: 3000, 1500, 750, 375 and 187.5 pg/mL. The solvent used in the preparation
of the solutions was previously compared with water, and both presented the same statistical results. So, the water was applied
as a negative control in the analysis, omitting the solvent. The herbicide glyphosate was used as positive control, at 0.01%
(v.v), the same concentration recommended for commercial use. Petri dishes were lined with filter paper and treated with 2 mL
of the solutions of essential oils and negative and positive controls. In each treatment, 25 seeds of each plant model were used,
with five replications each. The plates were wrapped with plastic film and incubated in a germination chamber (BOD), under
photoperiod with 16 h of light, at 24+2°C where they remained for 120 h.

The germination percentage (GP) — number of germinated seeds after 48 h of exposure to the treatments, calculated by
the ratio between the number of germinated seeds times 100 divided by the total number of exposed seeds per repetition;
germination speed index (GSI) — number of germinated seeds counted every 8 h during the first 48 h of exposure to the
treatments, calculated by formula (N1 * 1) + (N2 - N1) * 1/2 + (N3 - N2) * 1/3 + ... (Ny - (Ny-1)) * 1/y , where: Ny refers to
the number of seeds germinated within a given period; y: represents the total number of time intervals; and root growth (RG) —
measured (in mm) with the aid of a digital caliper after 48 h of exposure to the treatments of model plants exposed to the

essential oils of P. guajava cultivars were evaluated.

2.5 Cytotoxicity analyses

To evaluate the cytotoxicity of the essential oils of the different guava cultivars, meristematic cell slides of L. sativa
(lettuce) roots were prepared. Only lettuce roots were used because they are considered a suitable model for microscopic
analysis (cytotoxic analysis) to test the toxic effect of chemical compounds (Silveira et al., 2017). In addition, lettuce is
highlighted because it presents high proliferative activity, rapid growth, high number of seeds, large chromosomes, high
sensitivity to mutagenic and genotoxic compounds, and easily manipulated roots (Andrade-Vieira et al., 2014; Aragdo et al.,
2017). Lettuce roots were collected at 48 h of exposure in the phytotoxicity assays and fixed in ethanol: acetic acid (3:1) and
stored at -20°C to perform the analysis. The fixer was changed once after 10 min and once after 24 h. Lettuce is one of the
most common species used in the evaluation of the toxic effects of substances. Besides the advantages mentioned earlier in this
work, it presents a small number of chromosomes (2n = 2x = 18) with easy visualization under the microscope, and roots easy
to manipulate for slide preparation and microscopic analyses (Matoba et al., 2007; Silveira et al., 2017).

The previously fixed roots were washed with distilled water and hydrolyzed in 5N HCI for 18 min at room
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temperature. We prepare the slides using the crushing technique, stained with 2% (w.v) acetic orcein, before being covered by
a coverslip and observed under the light microscope. The mitotic index (MI) was obtained by observation of 5000 cells in
mitosis per treatment and controls (1000 cells per lamina). The frequency of nuclear alterations (NA) and chromosomal
alterations (CA) in the cells observed was also evaluated according to Pinheiro etal. (2015).

2.6 Statistical analyses

The experiments were conducted in a completely randomized design (CRD) with five replications for each treatment
(3000, 1500, 750, 375, and 187.5 pg/mL) and control (distilled water and glyphosate). The results of the analyses on phyto-
and cytogenotoxicity were further inspected in an analysis of variance (ANOVA), and the resulting mean values in a Dunnett’s
test at 5% significance for compared the treatments with the controls. All statistical analyses were performed using the R

computing environment (R Development Core Team, 2020).

3. Results and Discussion
3.1 Chemical characterization of essential oils

Twenty-nine compounds were identified in the essential oils from leaves of guava cultivars in GC-MS analyses.
Were only considered compounds with a relative area above 1% after normalization, which accounted for 96.8% to 98.4% of
the total compounds present in the four cultivars. The compounds that had a relative area above 10% were considered major
compound; these are presented in Table 1 adapted from Mendes et al. (2017). Our analyses showed that most of the chemical
constituents of the all essential oils were sesquiterpenes, which more of 70% in their composition and smaller amounts of
monoterpenes, varying between 1.4% and 22.9% (Table 1). Other chemical characterizations of essential oils of P. guajava
with the same terpenic nature were found in others works (Satyal et al., 2015; Souza et al., 2017).

The oil of the cultivar SEC was the only one constituted of 100% sesquiterpenes, of which 51,5% were hydrogenated
and 48,5% oxygenated. Among the major compounds found, stand out (E)-caryophyllene (26.6%) and caryophyllene oxide
(15.5%) in SEC. Similar to SEC, PAL oil showed (E)-caryophyllene (19.4%) and caryophyllene oxide (16.6%) in the highest
amounts. The chromatographic profile of C4 presented the highest concentration of monoterpenes among all oils with 23,7%
limonene (17.8%) and B-bisabolol (19.5%) were majority compounds. In the superior genotype C7, the most prominent
compounds in the oil were a-humulene (20.8%), (E)-caryophyllene (19.8%) and selin-11-en-4a-0l (10.9%). The major
compounds identified here (limonene, (E)-caryophyllene, a-humulene, caryophyllene oxide, selin-11-en-4a-0l, and f-
bisabolol) corresponded to chemical characterizations reported in other studies on essential oils of P. guajava (Khadhri et al.,
2014; Soliman et al., 2016; Souza et al., 2017).
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Table 1. Chemical identification and relative peak area (%) of the compounds present in the essential oils of four cultivars of

Psidium guajava.

Cultlvar / Arel (%)d

a b c

N Compound Rlcal® RItab SEC PAL ca c7
1 Benzaldehyde 960 952 - - 1.7 -

2 Limonene 1028 1024 - - 17.8 -

3 1,8-Cineole 1031 1026 - 8.4 5.1 4.1
4 a-Terpineol 1190 1186 - 1.4 - -

5 o—Copaene 1375 1374 1.8 1.2 - -

6 (E)-Caryophyllene 1417 1417 26.6 194 7.6 19.8
7 Aromadendrene 1438 1437 4.3 2.9 - -

8 a—Humulene 1452 1452 3.3 2.5 - 20.8
9 a-Curcumene 1484 1487 - - 45 -

10 B-Selinene 1486 1489 7.6 5.6 - 7.8
11 o —Selinene 1495 1498 6.5 4.9 2.2 7.1
12 -Bisabolene 1509 1505 - - 5.6 -

13 B-Himachalene 1511 1500 - - 29 -

14 B-Sesquiphellandrene 1523 1521 - - 2.8 -

15 o -Bisabolene 1533 1536 - - 2.6 -

16 (E)-Nerolidol 1566 1561 3.8 3.4 6.9 5.7
17 Caryophyllene oxide 1582 1582 155 16.6 3.2 5.4
18 Ledol 1600 1602 1.3 1.3 - -

19 Humulene epoxide 1608 1608 - - - 4.0
20 Selina-6-en-4-ol 1612 1615 - - 1.6 -

21 epi-Cubenol 1629 1627 2.7 2.8 2.8 -

22 y-Eudesmol 1632 1630 3.2 3.7 - 7.0
23 Aromadendrene epoxide 1639 1639 8.1 9.2 - -

24 1 —Cadinol 1643 1640 1.6 1.6 - 4.5
25 o -Muurolol 1648 1644 1.8 1.9 - -

26 Selin-11-en-4a-ol 1658 1658 6.7 7.4 35 10.9
27 B-Bisabolol 1673 1674 2.7 2.4 19.5 1.3
28 a-Bisabolol 1685 1685 - - 1,6 -

29 (Z,E)- o -Bergamotol 1688 1690 - - 4,9 -
Total Identified 975 96.6 96.8 98.4
Hydrocarbon monoterpenes - - 18.4 -
Oxygenated monoterpenes - 10.1 53 4.2
Hydrocarbon sesquiterpenes 514 378 29.1 56.4
Oxygenated sesquiterpenes 48.6 52.1 455 39.4
Others - - 1.7 -

aCompounds listed in the elution order using column of Rtx®-5MS. PRetention index calculated. cTabulated retention
index (Adams, 2007). 9Compounds were identified with areas related to >1%. Cultivars: Século XXI (SEC), Cortibel
Branca LG (C4), Paluma (PAL) e Cortibel VII (C7).
Source: Authors.

In this study, the hydrogenated sesquiterpene (E)-caryophyllene was the main chemical constituent found in guava

cultivars oils, appearing as a major component in three of the four oils evaluated. Differences in the chemical profile of

essential oils are common in many works. The quantity and chemical composition of oils is influenced by several factors that

can cause significant changes in the production of specialized metabolites. These can be determined by genetic characters, or

by biotic and abiotic factors (Aslam et al., 2017; Souza et al., 2017). The stimuli resulting from the environment where the

plant is located can redirect the metabolic route, leading to biosynthesis of different compounds, however genetic variations are

very important factors for these variations in the composition of essential oils (Boaro et al., 2019).


http://dx.doi.org/10.33448/rsd-v10i9.17710

Research, Society and Development, v. 10, n. 9, 6110917710, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i9.17710

3.2 Phytotoxicity effects

The phytotoxic potential was tested of the essential oils of P. guajava cultivars by evaluating the inhibition of seed
germination, germination speed index, and root growth of lettuce and sorghum. Phytotoxic analyzes in the model plants
showed that for all oils, in general, the highest concentrations had the most significant effects on the evaluated variables,
reducing them. C7 and C4 oils caused more evident effects. These oils significantly reduced the percentage germination of
lettuce at 375, 750 and 3000 pg/mL compared to the water, and of sorghum at 3000 pg/mL compared to both controls (water
and glyphosate). SEC caused effects in percentage germination of lettuce only at 3000 pg/mL, and sorghum at 750 pg/mL,
concerning glyphosate and water, respectively (Figure 1a, 2a, 3a, 4a).

Figure 1. Effect of Século XXI (SEC) essential oil on (a) germination, (b) germination speed index (GSI), and (c) root growth
of Lactuca sativa and Sorghum bicolor. The lowercase letters above boxplots indicates significant differences. Boxplots
followed by the letter a are statistically identical to water, boxplots followed by b are statistically identical to glyphosate and
boxplots not followed by letters are statistically different from water and glyphosate by Dunnett's test (P < 0.05).
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Regarding the GSI, all concentrations of the oils of the tested cultivars negatively interfered in the GSI of the lettuce
seeds, presenting statistical similarity with the glyphosate, except for 187.5 pg/mL of C7 and 1500 pg/mL of SEC. In lettuce,
SEC oil caused the highest inhibition in the GSI with a reduction of 69.35% at 3000 pg/mL, whereas sorghum showed

significant reduction only at 3000 pg/mL of C4 and 375 pg/mL of PAL, compared to the water (Figure 1b, 2b, 3b, 4b).
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Figure 2. Effect of Paluma (PAL) essential oil on (a) germination, (b) germination speed index (GSI), and (c) root growth of
Lactuca sativa and Sorghum bicolor. The lowercase letters above boxplots indicates significant differences. Boxplots followed
by the letter a are statistically identical to water, boxplots followed by b are statistically identical to glyphosate and boxplots
not followed by letters are statistically different from water and glyphosate by Dunnett's test (P < 0.05).
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In RG evaluation, the roots of lettuce treated with essential oils of C7 and C4 presented drastic reduction. The effect
of the concentrations was comparable to the glyphosate, except for the lowest concentration (187.5 pg/mL) of C4. In sorghum,
C7 oil interfered negatively in the root growth at 3000 and 1500 pg/mL, while C4 oil caused a reduction of 47.29% at 3000
pg/mL (Figure 1c, 2c). The seedlings of lettuce and sorghum also suffered negative effects on root growth from the oils of
PAL and SEC. At a concentration of 3000 pg/mL, the PAL and SEC oils caused a severe reduction of root growth in lettuce
(31.67%) and sorghum (56.45%) in comparison to the water (Figure 3c, 4c).
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Figure 3. Effect of Cortibel Branca LG (C4) essential oil on (a) germination, (b germination speed index (GSI), and (c) root
growth of Lactuca sativa and Sorghum bicolor. The lowercase letters above boxplots indicates significant differences.
Boxplots followed by the letter a are statistically identical to water, boxplots followed by b are statistically identical to
glyphosate and boxplots not followed by letters are statistically different from water and glyphosate by Dunnett's test (P <
0.05).
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The chemical composition of essential oils provides clues about their phytotoxic effects. Based on the obtained results
of bioassays involving germination and root growth of L. sativa and S. bicolor, we found that the oils affected the variables
GP, GSI, and RG these models, principally in the highest concentration. These effects may be associated with the terpenic
nature of essential oils. According to Harborne and Tomas-Barberan (1990), these substances in contact with the soil inhibit
the development of other plants, causing decomposition, volatilization, leaching, and exudation of compounds present in the

vegetable tissues.
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Figure 4. Effect of Cortibel VI (C7) essential oil on (a) germination, (b) germination speed index (GSl), and (c) root growth
of Lactuca sativa and Sorghum bicolor. The lowercase letters above boxplots indicates significant differences. Boxplots
followed by the letter a are statistically identical to water, boxplots followed by b are statistically identical to glyphosate and
boxplots not followed by letters are statistically different from water and glyphosate by Dunnett's test (P < 0.05).
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Among the terpenoids, the sesquiterpenes were the most abundant chemical constituents found in the essential oils of
guava cultivars. They are considered a source of active compounds with important biological activity that can act as herbicides
(Duke et al., 2000). (E)-caryophyllene, hydrocarbon sesquiterpene present in all essential oils evaluated, except for C4, have
allelopathic effects reported for seedlings of Brassica campestris and Raphanus sativus (Ruilong et al., 2009). Phytotoxic and
cytotoxic effects of the essential oil of Psidium species on L. sativa and S. bicolor were associated with the presence of (E)-

caryophyllene (Vasconcelos et al., 2019).

Caryophyllene oxide, which is a product of the oxidation of (E)-caryophyllene, oxygenated sesquiterpene found in all
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cultivars, was reported for its allelopathic potential, significantly affecting the germination and development of L. sativa (Dias
et al., 2009). The sesquiterpenes to affect plant growth through oxidative stress in conjunction with effects on physiological
processes (Duke & Oliva, 2004). Effects on mitochondrial respiration, distribution, and organization of microtubules are also
reported (Araniti et al., 2016; Ibrahim et al., 2013).

Monoterpenes are identified as compounds present in essential oils of plants with greater allelopathic potential, as
Eucalyptus genus, influencing seed germination, and inhibition of root growth (Amri et al., 2013). The low germination, GSI,
and reduction of RG observed for seeds treated with essential oils of C4 and C7 in this study can be justified by the presence of
these substances. Essential oils with higher monoterpene content are known for their high ability to suppress weeds (Fagodia et
al., 2017). The hydrogenated monoterpene limonene, found mostly in cultivar C4, is known to blocking the nitrogen cycle and
inhibiting cytochrome respiration, seed germination and growth in neighboring plants (Maffei et al., 2011). Limonene is used
as a leading compound in various formulations of commercial herbicides, such as GreenMatch O, GreenMatch EX, and
Avenger® (Dayan et al., 2009).

Vokou et al. (2003) suggest that the herbicide effect of essential oils is due to the combined reactions of various
chemical compounds, which can act in an additive, synergistic, and antagonistic way. In this sense, the herbicide activity found
in the essential oils of P. guajava cultivars can be attributed mainly to the presence of sesquiterpenes and monoterpenes.

Considering the importance of essential oils due to the great applicability they possess, it is essential to know the
chemical compounds present in them, since they are responsible for the phytotherapeutic and biological properties. In
larvicidal assays with Aedes aegypti, performed with the essential oils SEC, C4, C6, PAL and PET, the cultivar SEC presented
itself as the most efficient for this purpose, which was attributed to a large amount of sesquiterpene present in the oils (Mendes
etal., 2017). When comparing this to the results of this study for the cultivar SEC, was observed that the germination of lettuce
and sorghum as well as their root growth were affected only when the highest oil concentration (3000 pg/mL) of the oil was
used. So, while SEC on the one hand presented high larvicide activity acting on A. aegypti in past studies, our results show that
the phytotoxic activity of SEC is less favorable than those of other genotypes. This proves that performing these tests on the
potentials of each essential oil, are important to direct them to the most appropriate use.

For all the oils tested the effects were more evident in L. sativa, a eudicot, than S. bicolor, a monocot. Differences in
sensitivity among target species are commonly reported in studies that verify the allelopathy and phytotoxicity of plants
(Hazrati et al., 2017; Vasconcelos et al., 2019). These differences are related to the variation of the mechanisms of absorption,
translocation, and the place of action of substances among different target species, which may explain the differences in

selectivity among the species tested in this work (Oliveira Jr., 2011).

3.3 Cytotoxicity effects

Cytotoxicity analyses were performed to investigate the toxic effect of the essential oil of P. guajava cultivars on the
cell cycle of lettuce and to determine the mode of action involved in the inhibition of the germination variables (GP and GSI)
and root growth of lettuce and sorghum. Based on MI, as well as NA and CA were founded low cytotoxicity effects of the
essential oils of P. guajava cultivars when compared to the positive control. The exposure to the highest concentrations of the

evaluated oils caused the greatest damage to the meristematic lettuce cells (Table 2).
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Table 2. Analysis of meristematic root cells of Lactuca sativa treated with different concentrations (pg/mL) of the essential oil

of cultivars of Psidium guajava.

Cultivar Concentration MI% NA% CA%
(Mg/mL)

C4 water *9.60+£0.35a 0.00+0.00 a 8.73+163a
glyphosate 2.76+0.62b 1.03+£0.32b 33.15+7.55b
187.5 829+114a 0.00+0.00 a 5.83+4.43a
375 8.10+0.49a 0.1+0.14a 992+1.19a
750 7.8310.40 a 0.1+0.14a 15.66 +1.84 a
1500 844+081la 0.06 +0.09 a 15.21+2.89a
3000 5.80 £ 0.92 0.0+0.00a 22.16 + 3.91b

C7 water 8.66+1.10a 0.00+£0.00 a 8.79+5.03a
glyphosate 1.58+0.92b 0.06+0.12b 13.89+11.35h
187.5 8.00£2.20a 0.08 £0.16 ab 17.29+2.15ab
375 752+0.76 a 0.00 £0.00 ab 16.73+3.71 ab
750 7.19+0.79a 0.00 £0.00 ab 14.02+2.35ab
1500 7.14+125a 0.74+1.48 ab 15.88 +3.21 ab
3000 6.78+1.06 a 1.00 £ 0.63 ab 19.30 £ 6.04 ab

PAL water 9.7+0.08 a 0.00£0.00a 11.01+276a
glyphosate 1.63+0.44b 0.33£0.28h 38.44+£13.76 b
187.5 9.1+0.16a 0.00 £ 0.00 ab 9.18+5.18a
375 86+0.24a 0.00 £ 0.00 ab 457+323a
750 7.23+0.86 0.1+0.14 ab 15.56 + 1.06 a
1500 7.06 £1.09 0.06 £0.09 ab 18.46 £3.71 a
3000 6.46 + 0.40 0.06 £ 0.09 ab 10.70 £ 3.89 a

SEC water 9.9+045a 0.00+0.00 a 7.79+127a
glyphosate 1.83+0.65b 0.1+0.14b 47.77+9.17b
187.5 8.03+0.28 0.00 £0.00 ab 7.92+325a
375 8.67+0.18 a 0.00 £0.00 ab 10.01+£2.78 a
750 7.49+0.73 0.1+0.14 ab 14.26 £0.26 a
1500 8.93+0.40a 0.16 £0.12 ab 16.22+7.45a
3000 8.01+0.22 0.00 + 0.00 ab 1791+4.16a

MI% = mitotic index, CA% = chromosome alterations out of the total of cells, NA% = nuclear alterations out of the
total of cells. Cultivars: C4 (Cortibel branca LG), C7 (Cortibel 7), PAL (Paluma) and SEC (Século XXI). * Means in
the columns followed by the letter a are statistically identical to water, means followed by b are statistically identical
to glyphosate and means not followed by letters are statistically different from water and glyphosate, by Dunnett's test
(p< 0.05).

Source: Authors.

In general, MI was the variable most affected by the essential oils, differing statistically from the negative and
positive controls at the concentration 3000 pug/mL. We could observe a decrease in MI with increasing PAL concentrations,
showing a decline at 750 (25.47%), 1500 (27.22%), and 3000 pg/mL (33.41%) concerning the negative control. For NA, the
negative and positive controls showed little difference, with zero or low frequency of alterations. For CA, only the highest
concentration of cultivar C4 showed the statistical difference to the negative control, with an increase of approximately 54% in
alterations. The other tested essential oils were statistically equal to the two controls (C7) or only to the negative control (PAL
and SEC). This result may be related to the reduction of the macroscopic variables found in the phytotoxic analyses.

According to Harashima & Schnittger (2010), cell division and plant growth are associated with cell proliferation,
where changes in the cell cycle act directly on the percentage of germination, germination speed index, and root growth. The
reduction of MI is the result of the blockade of the mitotic division, preventing the beginning of the prophase and,
consequently, the cell division (Sousa et al., 2009). The MI is a parameter used to indicate the cytotoxic effect of substances
(Leme & Marin-Morales, 2009). Ml reduction was also observed in meristematic cells of L. sativa treated with the essential oil

of Psidium cattleianum, P. myrtoides, P. friedrichsthalianum and P. gaudichaudianum (Vasconcelos et al., 2019).

12


http://dx.doi.org/10.33448/rsd-v10i9.17710

Research, Society and Development, v. 10, n. 9, 6110917710, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i9.17710

Sesquiterpenes and monoterpenes are allelochemical compounds reported for causing the reduction of mitotic activity
and formation of lipid cells in plants, causing inhibition of germination and root growth in several species (Vaughn & Spencer,
1993). In plants, these substances derived from secondary metabolism act as phytoalexins — substances synthesized anew by
plants, and responsible for chemically combating the growth and propagation of parasitic bacteria and fungi (Barbosa et al.,
2007).

Table 3 shows the frequency of chromosomal alterations found in the meristematic cells of L. sativa. We observed
that the exposure to essential oils caused the occurrence of chromosome loss, chromosomal breaks, adherent chromosomes, c-
metaphases and bridges (Figure 5). A significant increase in the frequency of alterations, however, was observed only at the
highest concentrations. Cultivar C4 caused the highest frequency of adherent chromosomes at a concentration of 1500 pg/mL
and of bridges at 3000 ug/mL, differing from the negative control. In C7, the highest concentration of the oil (3000 pg/mL) led
to an increase in the frequency of c-metaphases, but without being statistically different from the positive control. The oil of
the PAL cultivar led to an increase in the percentage of adherent chromosomes in relation to the negative control at
concentrations of 750 and 1500 pug/mL. The SEC oil led to the increase of adherent chromosomes and bridges concerning the
negative control at the highest concentration. For chromosome breaking, chromosomal alterations and lost chromosomes, all

essential oils caused very low or zero frequencies and were statistically not different from negative and positive control.

Figure 5. Examples of the main cell cycle alterations in meristematic cells of Lactuca sativa exposed to different
concentrations of the essential oils of the cultivars of Psidium guajava. (a) and (b) anaphase with bridge, (c) telophase with

bridge, (d) chromosomic fragment in anaphase, () chromosome loss and (f) adherent chromosome.
a b c
e

L
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Source: Authors.
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Table 3. Chromosomal alterations observed in meristematic root cells of Lactuca sativa treated with different concentrations

of the essential oil of cultivars of Psidium guajava.

Cultivar Concentration Lost% Breakage% Adherent% C-met% Bridge%
(pHg/mL)

C4 water *0.00+0.00 a 0.00+0.00a 0.36+051a 6.99+1.27a 1.04+121a
glyphosate 251+1.95hb 0.00+0.00 b 0.00+0.00 b 26.84+9.98 b 1.28+181b
187.5 0.73+051ab  0.00+0.00 ab 1.48+1.40ab 2.88+33la 2.39+0.50 ab
375 0.00+0.00ab  0.00+0.00ab 331+152a 531+3.05a 1.23+1.10ab
750 1.23+097ab 0.88+0.00ab 334+146a 6.80+1.14a 1.29+0.97 ab
1500 0.00+0.00ab  0.00+0.00ab 6.68 +1.15 528+152a 0.35+0.21ab

3000 0.74+1.04ab 0.52+0.74ab 3.04+1.19ab 13.79+28la 4.05+ 0.62
Cc7 water 0.00+0.00a 0.00+0.00a 1.60+2.19a 587+3.34a 1.08 £ 0.66a
glyphosate 090+1.81b 0.00+0.00 b 0.00+0.00 b 1298 +10.77 b 0.00+0.00b
187.5 0.21+043ab 055+1.11ab 1.76 £ 2.06 ab 11.00+1.31ab 221+1.87ab
375 024+048ab 0.24+0.49ab 2.07+2.28ab 10.03+2.39ab 2.35+1.60ab
750 0.00+0.00ab  0.63+1.26ab 0.89+1.21ab 10.76 £ 3.02 ab 0.57+0.70 ab
1500 0.00+0.00ab 0.46+0.93ab 0.79+0.65 ab 11.09+1.79 ab 2.71+286ab
3000 0.00+0.00ab 1.05+2.10ab 0.92+0.80 ab 1470 £3.98 b 1.43+1.29ab
PAL water 0.00+0.00a 0.00+0.00a 0.68+0.97a 894+1.99a 137+0.73a
glyphosate 0.00+0.00b 0.00+0.00 b 0.00+0.00 b 35.41+14.84 b 0.00+0.00b
187.5 0.00+0.00ab  0.00+0.00ab 293+140a 7.19+3.22 0.35+0.50 ab
375 0.38+054ab 0.37+0.52ab 0.38+0.54 ab 3.03+231 0.00 £ 0.00 ab
750 090+1.27ab  0.00+0.00ab 421+0.52 95+190a 0.40 £ 0.57 ab
1500 1.09+154ab 153+217ab 6.27 £2.14 6.91+3.22a 0.77 £1.09 ab
3000 0.49+0.69ab  0.00+0.00ab 1.96 £1.83ab 719+1.20a 0.49 + 0.69 ab
SEC water 031+044a 0.00+0.00a 0.70+1.00a 750+2.00a 1.04+0.86a
glyphosate 196+2.77b 0.00£0.00b 1.23+1.74b 39.59+8.77b 1.96+2.77b
187.5 0.39+056ab  0.00+0.00ab 2.12+222ab 5.00+1.13 0.00 £ 0.00 ab
375 0.76£0.53ab  0.00+0.00 ab 2.33+1.67ab 5.00 + 3.06 1.52 £ 0.50 ab
750 0.83+059ab 0.52+0.73ab 3.65+0.92ab 751+112a 1.33+1.00 ab
1500 116+164ab 0.00+0.00ab 411+238ab 8.23+0.80a 1.15+0.94 ab
3000 0.74+1.04ab 052+0.74ab 3.04+1.19ab 13.79+2.81 405+0.62b

Lost% = chromosome loss, Breakage% = chromosomal breaks, Adherent% = adherent chromosomes, C-met% = c-metaphases and Bridge%
= chromosome bridges. Cultivars: C4 (Cortibel branca LG), C7 (Cortibel 7), PAL (Paluma) and SEC (Século XXI).*Means in the columns
followed by the letter a are statistically identical to water, means followed by b are statistically identical to glyphosate and means not
followed by letters are statistically different from water and glyphosate, by Dunnett's test (p< 0.05).

Source: Authors.

The presence of chromosomal alterations shows the genotoxic effect while the nuclear alterations show the mutagenic
effect, these alterations modify the structure and/or quantity of chromosomes (Fiskesj6, 1985). In this study, it was possible to
observe a higher incidence of chromosomal alterations of the bridge type, c-metaphase, and adherent chromosomes,
demonstrating the genotoxic effect of essential oils.

Chromosomal bridges are clastogenic alterations that indicate some action in the structure of the DNA. They usually
occur in anaphase and telophase and are related to terminal breaks (telomere loss) in both chromatids of a chromosome
followed by the union of the same (Leme & Marin-Morales, 2009; Matsumoto et al., 2006). The adherent chromosomes and c-
metaphases are alterations that indicate the aneugenic mode of action. The adherent chromosomes reflect a change in the
chromosomal structure, leading to the loss of the normal characteristics of condensation and the formation of agglomerates.
This change is irreversible and can lead to cell death, thus evidencing a strong cytotoxic effect (Babich, 1997; EI-Ghamery et
al., 2003). The c-metaphases are alterations that point to the action toxic compounds in the spindle fibers, paralyzing the
mitotic cycle in metaphase. This alteration is characterized by scattered and condensed chromosomes with very well-defined

centromeres in the interior of the cell (Fiskesjo, 1985; Leme & Marin-Morales, 2009).
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Essential oils of cultivars C4 and SEC presented both modes of action, aneugenic and clastogenic since was observed
a higher frequency of alterations of type bridges, adherent chromosomes, and c-metaphase compared to the negative control.
The essential oils of C7 and PAL presented a higher frequency of chromosomes in c-metaphase, characterizing them as
aneugenic essential oil. Given the above, the terpene constitution of essential oils and the interactions between these
compounds inducing several chromosomal abnormalities, which are responsible for inhibition of germination, germination

speed index and root growth of the model plants.

4. Conclusions

This study showed the allelopathic potential of P. guajava cultivars essential oils in plant bioassays lettuce and
sorghum. The effects were more evident in L. sativa than S. bicolor, demonstrating greater sensitivity of lettuce to the tested
compounds. The exposure of the tested species to the essential oils caused the reduction of germination, root growth, and
mitotic index in L. sativa. In general, the highest concentrations (3000 pg/mL) of the oils caused more evident effects in the
analyses performed.

We also observed an increase in the percentage of chromosomal changes, such as bridges, c-metaphase and adherent
chromosome in L. sativa meristematic cells. These alterations reveal the aneugenic and clastogenic mode of action associated
with the oils. Phytotoxic, cytotoxic and genotoxic activity of essential oils may be associated with the terpene constitution of
essential oils and the interactions between these compounds, mainly by the presence of caryophyllene oxide, (E)-caryophyllene
and limonene. Given the above, the essential oils of guava cultivars are potential sources for the development of natural and
sustainable herbicides due to their inhibitory activity in plants.
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