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Abstract

The objective of this study was to evaluate the mortality of Aphis craccivora Koch (Hemiptera: Aphididae)
submitted to different extracts with different concentrations of leaves of the native forest species:
Tetragastris altissima (Aubl.) Swart (Burseraceae), Metrodorea flavida K. Krause (Rutaceae) and
Cheiloclinium cognatum (Miers) AC Sm (Celastraceae) under laboratory conditions. Adults of Aphis
craccivora were collected in Gliricidia sepium (Jacg.) Kunthe Walp. (Fabaceae), and separated into groups of
ten individuals, transferred to Petri dishes and exposed to topical application of aqueous, alcoholic and leaf
infusion extracts of Cheiloclinium cognatum, Metrodorea flavida and Tetragastris altissima. The extracts
were applied at concentrations of: 3, 6, 9, 12 and 15%, with 1% dimethylsulfoxide (DMSO), using a control
treatment 1 (distilled water + DMSO 1%) and control treatment 2 (fipronil). Evaluations were performed at
24, 48 and 72 hours after the application of the extracts by counting the dead insects. The experimental
design was completely randomized, with five replicates, three types of extracts and five concentrations with
controls. In all the studied species, the aqueous and infusion extracts presented a lower mortality (less than
52%), whereas the alcoholic extract in higher concentrations of Cheiloclinium cognatum, Metrodorea flavida
showed a mortality of up to 100%. The species Tetragastris altissima reached an average mortality of 92%.
The lethal concentration for the alcoholic extract of Cheiloclinium cognatum was LCsg 6.43% and LCg0 12.22%,
Metrodorea flavida LCso was 3.08% and LCqp 7.05% and that for Tetragastris altissima LCsp 5.58% and LCgo
17.47%, after 72 hours. The use of the alcoholic extract of the species Metrodorea flavida at a concentration
of 9% in the control of Aphis craccivora is indicated.

Keywords: Aphid. Insecticide Botanic. Plant Extracts.

1. Introduction

Aphis craccivora Koch (Hemiptera: Aphididae), commonly known as black aphid, causes damage to
different species of plants and is considered an important pest, mainly because during feeding, it injects
toxins and can be a virus transmitter. The aphids live in colonies, under leaves, new shoots and flowers
(Fazolin et al. 2016), and can cause the leaves to shrink and the deformation of the shoots due to their high
capacity to suck sap (Gallo et al. 2002). This high feeding capacity is based on the presence of a differentiated
arrangement in the region of the digestive tract, known as filter chamber, allowing the continuous suction
of sap, eliminating excess liquid sucked, a sugary substance called honeydew (Camargo et al. 2011). This
substance facilitates establishment of a fungus, commonly referred to as fumagina (Capnodium sp.),
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characterized by the darkening of the attacked tissues (Laamari et al. 2008) damaging the mechanisms of
photosynthesis and respiration due to the coverage of part or all of the leaf surface.

Aphis craccivora is one of the most common species of aphids and considered an important pest in
the tropics (Latinovic et al. 2017). It feeds on several families of plants, but preferring species of the family
Fabaceae, being considered one of the most important cause of damages in the cowpea (Vigna unguiculata
(L.) Walp), one of the main crops grown on family farms (Bandeira et al. 2015; Melville et al. 2016; Rodrigues
et al. 2012). This species has already been recorded in weeds (Solanum americanum Mill. and Amaranthus
hybridus L.) (Sturza et al. 2011), orchids (Catasetum sp.) (Leite et al. 2017) and alfalfa (Medicago sativa L.)
(Cunha et al. 2016).

Black aphid is usually controlled with commercially available chemical insecticides with broad action
spectrum such as pyrethroids and neonicotinoids (Agrofit 2018). However, inappropriate use may cause
adverse effects on the environment, such as mortality of beneficial organisms, and frequent use of
insecticides with the same mechanism of action increases selection pressure in the population, selecting
individuals resistant to insecticide used or to others with the same principle. It also presents high toxicity to
humans, domestic animals, and wildlife. There is, therefore, a need for the development of alternative
control methods.

In this way, the interest for the development of alternatives pest control measures is growing, either
using natural enemies or insecticides of botanical origin (Carvalho et al. 2008), since plant have a diversity
of active compounds (Navarro-Silva et al. 2009). Plant extracts may have different potentials of activity
against different pests (Rizvi et al. 2012), which may interfere with the development, negatively affecting
the females' posture, as well as with the population growth rate (Carvalho et al. 2014), actions of repellency,
deterrence to oviposition and food (Silva et al. 2012; Fonseca et al. 2018), causes various effects on insects,
including mortality. Species of Anonaceae family, for example, possess acetogenins, substances that act in
the mitochondria, inhibiting the NADH — ubiquinona oxidorredutase and causing the death of the insects
(Krinski et al. 2014).

The Amazon, because of its rich and diverse flora, presents many species that are considered
potential sources of substances that can be used as insecticides. Their constituents can potentially be used
as botanical insecticides, prompting studies with species native to Southern Amazonia. Therefore, in this
research the choice of species was based on preliminary tests that demonstrated the presence of secondary
metabolites with possible insecticidal action, in addition, they are species that occur frequently in this region.

The objective of this study was to evaluate the mortality of Aphis craccivora submitted to three types
of extracts with different concentrations, obtained from leaves of native forest species: Cheiloclinium
cognatum (Miers) A.C.Sm (Celastraceae), Metrodorea flavida K. Krause (Rutaceae) and Tetragastris altissima
(Aubl.) Swart (Burseraceae), at different periods of exposure and under laboratory conditions.

2. Material and Methods

The experiment was carried out in the laboratories of the State University of Mato Grosso, Campus
Alta Floresta-MT. Three species of plants were evaluated: Cheiloclinium cognatum, Metrodorea flavida and
Tetragastris altissima, collected in May 2017 in the city of Alta Floresta-MT (56°3’'43,972”W, 9°57°1,312"S).

The plant extracts were prepared by drying the material in a forced air circulation oven at 65 °C for
72 hours, followed by crushing in a Willey type mill. Subsequently, 100g of dried leaves were added to 500
mL of cold distilled water (aqueous extract), alcohol 92.82 (alcoholic extract) and distilled water at 902C
(extract by infusion), corresponding to the concentration of 20% (w/v). From this concentration, the other
concentrations were produced via dilution in distilled water. The solutions were stored in glass jars wrapped
with aluminum foil to protect them from light, kept at room temperature for 72 hours, filtered and stored
again in closed containers, and finally kept under refrigeration and protected from light until analysed.

The bioassay was performed with adult aphids collected from natural infestation sites in the forest
specie Gliricidia sepium (Jacq.) Kunthe x Walp. (Fabaceae), who mainly attacked new shoots and flowers.
The infested leaves and flowers were collected, and individuals with a size of approximately 2 mm were
separated, corresponding to the adult phase. These were transferred in groups of ten, for each Petri dish,
constituting one replicata. The plates were lined with moistened filter paper to preserve the turgidity of the
food. As food, we used leaves from the species Gliricidia sepium, a cotton swab dipped in distilled water was

Bioscience Journal | 2021 | vol. 37, e37018 | https://doi.org/10.14393/BJ-v37n0a2021-48182



SANCHES, L.A., etal.

added to the petiole to avoid leaf dryness during the evaluation period of the experiment and moistened
when necessary.

With the use of a fine-tipped brush, the adult aphids were placed on the Petri dish on the sheet and
topical application was performed with the aid of a hand sprayer, with 0.2 mm of extract at concentrations
of 3%, 6%, 9%, 12% and 15%, with 1% concentration of dimethylsulfoxide (DMSO) added at each
concentration for the solubilization of the extracts. The control treatment 1 (distilled water + 1% DMSO) and
control 2 (chemical insecticide (Fipronil, ia: 2.5% p/v)) were also used. The petri dishes containing the aphids
were then sealed with plastic PVC film and conditioned in a Biochemical Oxigen Demand (BOD) chamber,
with a temperature of 25 °C and a photoperiod of 12 hours.

The experiment was conducted in a completely randomized experimental design with five replicates,
and each experimental unit consisted of ten aphids, totalling 50 aphids per treatment. Each treatment
consisted of a different concentration, totalling 17 treatments and 850 aphids. The evaluations were
performed daily until the 3rd day (24, 48 and 72 hours) after the application of the extracts.

i
Mortality data were transformed and adjusted via the formula vx+1 to meet the normality

parameter, submitted to analysis of variance (ANOVA) in a 3x7 factorial scheme (three forms of obtaining
and five concentrations with another control treatment 1 (distilled water + DMSO) and a control 2 (chemical
insecticide). Means were compared by the Scott Knott test (p <0.05), using the package ExpDes.pt (Ferreira
et al. 2013) software R version 3.4 (R Development Core Equipe 2017).

Lethal concentrations (LC;s) were obtained by Probit analysis, using the Ecotoxicology package (Gama
2015) of software R, with mortality correction performed by Abbott's formula (1925) (EQUATION 1) and
compared based on the respective confidence intervals at the 95% probability level (Finney 1971; Carvalho
et al. 2017). The LCsp and LCq values were calculated only for extracts that caused a mortality equal to or
greater than 90% and variation of mortality between the tested concentrations. Lethal concentrations were
calculated only for the period in which all the extracts of the evaluated forest species presented mortality

rates of 90% to compare between the different species.

MT — MC
MCorr= —— = 100
100

EQUATION 1:
Where: MCorr = corrected mortality (%); MT = treatment mortality (%) and MC = control mortality (%).

3. Results

There was an interaction between the extracts (aqueous, alcoholic and infusion) of the species
Cheiloclinium cognatum, Metrodorea flavida and Tetragastris altissima and their concentrations on the
mortality of Aphis craccivora. The mean accumulated mortality values of Aphis craccivora after 24, 48 and
72 hours of exposure to the aqueous, alcoholic and leaf infusion extracts of Cheiloclinium cognatum are
presented in table 1.

Comparing the concentrations within each exposure period to the extracts of Cheiloclinium cognatum
(Table 1), in the 24 hours period, the aqueous extract showed no difference in relation to the control 1,
causing an average mortality of up to 10%. After 48 and 72 hours, there was a difference in relation to the
control 1 at all concentrations evaluated, except at the concentration of 9%. In the 48 hours period, mortality
was up to 16%, and after 72 hours, mortality reached 24%. In all the evaluated periods, the average mortality
of the aqueous extract was different from that of the control 2.

For the alcoholic extract, there was a difference in relation to the control 1 in all the evaluated
periods. In the 24 hours period, mortality was higher in the concentrations from 9%, ranging from 24 to
100%. In the period of 48 and 72 hours, there was no difference in mortality between the concentrations,
with mean mortality ranging from 10 to 100% after 48 hours and from 20 to 100% after 72 hours. In all
evaluated periods, the mean accumulated mortality in the concentrations of 12 and 15% of the alcoholic
extract was similar to that of the control 2 (Table 1).

In the infusion extract, there was a difference in relation to the control 1 in all evaluated periods,
after 24 hours in the concentrations of 6 and 9% (8 and 10% of mortality) and in the other periods in all
concentrations. In the period of 48 hours, there was no significant difference between the concentrations,
with a mean mortality of up to 18%, but after 72 hours, mortality reached 18 to 30% at concentrations from
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9%. In all evaluated periods, the average mortality of the infusion extract was different from that of the
control 2 (Table 1).

Table 1. Mean accumulated mortality (%) of Aphis craccivora after 24, 48 and 72 hours of application of
aqueous, alcoholic extracts and infusion of Cheiloclinium cognatum leaves at different concentrations.

Conc? (%) 24 Hours* 48 Hours* 72 Hours*
Aqu? Alct Inf! Aqu? Alct Inf! Aqu? Alct Inf!
Control 1 08 o¢ o¢ 0¢ QoP o¢ 4¢ 4b 4P
3 loBa 2Cb OCb 16Ba 12Ca SBa 268a 20Ca 14Ca
6 GBa 6Ca 8Ba 1zBa 10Ca 14Ba 188a 28Ca 16Ca
9 4Bb 24Ba loBb 6Cb 3083 1883 zoBb 64Ba 30Bb
12 485 962 2Ck 128b 10072 188b 2485 10042 2880
15 8s8b 10072 4% 1080 100A2 1080 248 10072 1880
Control 2 100A 100A 1004 100A 1007 1004 100A 100A 1004
CV (%) 30.72 29.43 24.45
1Concentration (Conc), Aqueous Extract (Aqu), Alcoholic Extract (Alc) and Infusion (Inf). *For statistical analysis, the data were

e
transformed into YT 1. Averages followed by the same letter, uppercase in the column and lower case in the row for each
evaluation period, do not differ statistically from one another by the Scott Knott test (p < 0.05).

Regarding the method of obtaining Cheiloclinium cognatum extracts, concentrations of 3 and 6%
showed no mortality difference in the evaluated periods, except in the concentration of 3% in the 24 hours
period, with a higher mortality in the aqueous extract. In all periods evaluated at concentrations of 9, 12 and
15%, the alcoholic extract presented a higher average mortality, although it did not differ from that of the
infusion extract at the 9% concentration after 48 hours. On the other hand, the aqueous and infusion extracts
did not significantly differ (Table 1).

The mean accumulated mortality of concentrations 3, 6, 9, 12 and 15% after an exposure of 24, 48
and 72 hours to the extracts of Metrodorea flavida on Aphis craccivora is shown in table 2.

Table 2. Mean accumulated mortality (%) of Aphis craccivora after 24, 48 and 72 hours of application of
aqueous extracts, alcoholic and infusion of leaves of Metrodorea flavida in different concentrations.

Conc? (%) 24 Hours* 48 Hours* 72 Hours*
Aqu? Alct Inf! Aqu? Alct Inf! Aqu? Alct Inf!
Control 1 28 2¢ 2¢ 6° 6° 6° 14¢ 14¢ 148
3 ZBa 4Ca 2Ca 1zBa 1oBa 8Ba 528a 58Ba 3sz
6 4Bb 62Ba 2Cb 1sz 64Aa 6Bb 388b 82Aa 28Bb
9 2Bb 94Aa 2Cb 1sz 96Aa 1oBb 44Bb 98Aa 26Bb
12 OBb 90Aa 4Cb 6Bb 90Aa 128b 26Cb 98Aa 26Bb
15 48¢ 10072 128 1080 100A2 1880 52680 10072 4280
Control 2 787 788 787 1007 1007 1007 1007 1007 100*

CV (%) 25.35 26.94 26.9
1Concentration (Conc), Aqueous Extract (Aqu), Alcoholic Extract (Alc) and Infusion (Inf). *For statistical analysis, the data were

e
transformed into V¥ T 1. Averages followed by the same letter, uppercase in the column and lower case in the row for each
evaluation period, do not differ statistically from one another by the Scott Knott test (p < 0.05).

Analyzing the extracts of Metrodorea flavida (Table 2), in the periods of 24 and 48 hours, the aqueous
extract did not differ in relation to the control 1. Additionally, there was no difference between the
concentrations, with a mortality of up to 4% after 24 hours and up to 12% after 48 hours. In the 72 hours
period, the concentrations tested reached a mortality of 52%, with a difference in relation to the control 1,
except in the concentration of 12%.

For the alcoholic extract in all the evaluated periods, the concentrations differed from those in the
control 1, except for the concentration of 3% after 24 and 48 hours. In the 24 hours period, the mortality
rates differed among the tested concentrations, with 62% in the concentration of 6%, similar to the control
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2, which obtained 78%. In the 24 hours period, at the concentration of 9%, mortality rates ranged from 94
to 100% and were higher than the control 2. After 48 hours, at a concentration of 6%, mortality rates were
higher than 64% and similar to that of the control 2 (100% mortality). In the 72 hours period, mortality
ranged from 58 to 100%, and concentrations of 6% (above 80% mortality) were not significantly different
from the control 2 (Table 2).

In the evaluated periods, the infusion extract showed no difference among the concentrations or in
relation to the control 1, except in the concentration of 15% in the 24 hours period, which reached a
mortality of 12%. After 48 hours, mortality varied from 6 to 18%, reaching 32% after 72 hours. In addition,
in all the periods evaluated in the different concentrations tested, there was no similarity to the control 2.

There were no differences in mean mortality at the concentration of 3% for the extracts of
Metrodorea flavida, except after 72 hours, where the aqueous and alcoholic extracts presented a higher
mortality. The alcoholic extract presented a higher average mortality from the concentration of 6% in all
evaluated periods. However, the aqueous and infusion extracts presented similar results, differing only in
the concentration of 15% after 24 hours, where the infusion extract obtained higher mortality when
compared to the agueous extract (Table 2).

Table 3 shows the average accumulated mortality of Aphis craccivora after 24, 48 and 72 hours of
application of aqueous extracts, alcoholic and infusion of leaves of Tetragastris altissima at different
concentrations.

Table 3. Mean accumulated mortality (%) of Aphis craccivora after 24, 48 and 72 hours of application of
aqueous extracts, alcoholic and infusion of leaves of Tetragastris altissima in different concentrations.

Conc? (%) 24 Hours* 48 Hours* 72 Hours*
Aqu? Alct Infl Aqu? Alc? Infl Aqu? Alct Inf?
Control 1 28 2P 28 48 4P 48 10¢ 10¢ 10¢
3 4Ba 4Da 6Ba 188a 12Ca 24Ba 4oBa 42Ba 388a
6 1083 ODb sz 1833 6D? 14Ba 3833 44Ba 34Ba
9 6Ba 12Ca oBb 128a 20Ca 1oBa 388b 82Aa 328b
12 8Bb 3683 4Bb 188b 44Ba 6Bb 488b 92Aa 28Bc
15 sz 38Ba sz 1oBb 4oBa 1sz 328b 84Aa 44Bb
Control 2 74A 74A 74A 100* 100* 1007 100* 100* 1007

CV (%) 39.6 35.75 27.25
1Concentration (Conc), Aqueous Extract (Aqu), Alcoholic (Alc) and Infusion (Inf). *For statistical analysis, the data were

i,
transformed into V¥ T 1. Averages followed by the same letter, uppercase in the column and lower case in the row for each

evaluation period, do not differ statistically from one another by the Scott Knott test (p < 0.05).

In the analysis of extracts of Tetragastris altissima (Table 3), in the 24 hours period, the agueous
extract presented a mortality of up to 10%, while in the period of 48 hours, mortality was up to 18%, in the
two periods evaluated, no differences occurred between the concentrations. Only from 72 hours onwards,
the aqueous extract showed a significant difference in mortality in relation to the control 1, varying from 32
to 48%. The mean mortality of the aqueous extract was not similar to that of control 2 in any of the evaluated
periods.

The alcoholic extract in all periods presented a difference in relation to the control 1, being in the
period of 24 hours from the concentrations of 9% with mortalities above 12% and after 48 hours in the
concentrations of 3, 9, 12 and 15% with mortalities from 12 to 44%. In both periods, there was no similarity
to control 2. There was a significant increase in mortality in the evaluation of 72 hours, providing a mortality
from 42 to 92%, and in the concentrations from 9%, mean mortality was similar to that of control 2 (Table
3).

In the infusion extract in the 24 and 48-hours evaluation, there was no difference in relation to
control 1 or between the concentrations, with mortality up to 6% in the first period and up to 24% in the
second evaluation period. However, after 72 hours, the mean mortality at different concentrations differed
from that of control 1, varying from 28 to 44%, with no difference between the concentrations. In all periods,
the mean mortality of the infusion extract was not similar to that of control 2 (Table 3).
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Regarding the methods of extracting the extracts, we observed no difference in mean mortality at
the 3% concentration in all evaluated periods. We also observed no difference in mortality at the
concentration of 6%, except in the 24 hours period, in which the aqueous extract presented a higher
mortality. For the concentration of 9% in the period of 24 hours, the alcoholic extract obtained higher
mortality, not differing from that of the aqueous extract, this was also the case for the period of 72 hours.
At concentrations of 12 and 15%, the alcohol extract also caused a higher mortality in all the evaluated
periods, and there was no difference between the aqueous and the infusion extracts, except for the
concentration of 12% in the period of 72 hours, in which the aqueous extract presented a higher mortality
(Table 3).

Table 4 shows the concentration-response results of the alcoholic extract for Cheiloclinium
cognatum, Metrodorea flavida and Tetragastris altissima regarding Aphis craccivora.

Table 4. Lethal concentration of alcoholic extract of leaves Cheiloclinium cognatum, Metreodora flavida,
Tetragastris altissima in Aphis craccivora, in the 72 hours period.

Spel N Slope (+EP) LCso (ICos) % (*) LCoo (ICos) % (*) X2 GL  p-valor
Cc 250 4,598+1,511 6,43 (5,25; 7,54)° 12,22 (10,14; 16,61)® 28,947 3 0,9999
Mf 250 3,562 +0,476 3,08 (1,80; 4,02)? 7,05 (5,53; 10,64)2 2,614 3 0,5449

Ta 250 2.58610,824 5,58 (3,77; 7,15)2° 17,47 (12,45; 37,65)° 15,341 3 0,9984
1Species (Spe.); Cheiloclinium cognatum (Cc), Metreodoraflavida (Mf), Tetragastrisaltissima (Ta); N: Number of insects used; Cl:
Confidence interval; X2: Chi-square; (*): Significant difference based on confidence intervals at 95% probability.

The median lethal concentration (LCso) of the alcoholic extract of Cheiloclinium cognatum was 6,43%,
that of Metreodora flavida was 3,08%, and that of Tetragastris altissima was 5,58% (Table 4). Angular
coefficients were different, with the coefficient of Cheiloclinium cognatum (4,598) higher than the other
species, followed by Metreodora flavida (3,562) and Tetragastris altissima (2,586) (Table 4), showing that
small changes in concentrations for Cheiloclinium cognatum result in a faster response of the mortality of
aphids. However, the Metreodora flavida species had lower LCso and LCqo values, which implies that this
species shows higher mortality of Aphis craccivora with lower concentrations than the other species studied.
The LCso of the species Tetragastris altissima was similar to that of the other ones, based on the confidence
interval at the 95% probability level. For the LCq, an inversion was observed, with the species Cheiloclinium
cognatum presenting similar results when compared to the other species (Figure 1).

40 - CLgy (IC95inf - IC93sup)

12 —| CLs, (IC95inf - IC95sup)

Congentragfes (%)
o
1

Espécies Espécies
Figure 1. Comparison of lethal concentrations (LCso and LCgo) of the alcoholic extracts of Cheiloclinium
cognatum (Cc), Metreodora flavida (Mf), Tetragastris altissima (Ta). Mean [lower IC95 and higher IC95]
accompanied by the same letter do not differ from each other based on the overlap of confidence
intervals.
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Figure 2 shows that the slope of the Cheiloclinium cognatum curve is greater than that of the
Metreodora flavida, in addition, when the curves of the species Cheiloclinium cognatum and Tetragastris
altissima overlap, LCqp inversion occurs.

Probabilidade (%)

0,48
0,78
0,95
1,08
1,18

Logyy [Concentragdes (%0)]
Figure 2. Concentration-mortality curves of the alcoholic extracts of leaves of Cheiloclinium cognatum (Cc),
Metreodora flavida (Mf), Tetragastris altissima (Ta) for Aphis craccivora, after correction of mortality by
the Abbott formula.

4. Discussion

In general, mortality of Aphis craccivora after the topical application of aqueous, alcoholic and
infusion extracts of the species Cheiloclinium cognatum, Metrodorea flavida and Tetragastris altissima
increased with the increase of the evaluation period. In all studied species, the aqueous and infusion extracts
presented lower mortality (less than 52%), whereas the alcoholic extracts in the highest concentrations of
Cheiloclinium cognatum and Metrodorea flavida had a mortality of up to 100% and for the species
Tetragastris altissima, mortality reached 92%.

This higher mortality observed in the alcoholic extract in all the evaluated species can be attributed
to the solvent used. Alcohol may have contributed to the extraction of metabolites that are not obtained
with the water solvent or are extracted in larger amounts. The chemical nature of these compounds varies
from simple to highly polarized, with a great variety of bioactive compounds in the plants and different
amounts present, besides the possibility of interaction of the compounds with carbohydrates, proteins and
other components. Some of these complexes, as well as some phenolics with high molecular weight, are
highly insoluble in water (Andreo and Jorge 2006).

The type of solvent and the concentration are relevant factors that can influence the extraction of
metabolites (Andreo and Jorge 2006). Silva et al. (2017a) verified that there were differences in the results
when they compared different types of extracts (solvent: distilled water; alcoholic solvent: absolute ethanol;
and hydroalcoholic solvent: water and absolute ethanol (1: 1)).

In this study, for the aqueous extract and infusion, the evaluated species presented a mortality of up
to 52% in concentrations of up to 15%. Ghanim and Ghani (2014), studying the effects of aqueous extracts
of plants on Aphis gossypii Glover under laboratory conditions, found that at the concentration of 6%, after
72 hours of application, the aqueous extract of leaves of Pelargonium zonale caused a mortality of 96%, and
Melia azedarach fruit extract obtained 91,8%. The species evaluated by these authors showed higher
mortality, demonstrating that in the conditions evaluated in this study, the aqueous and infusion extracts
were not efficient for aphid nymphs.
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The alcoholic extract had a mortality of 100% after 24 hours for the Cheiloclinium cognatum and
Metrodorea flavida species, and for Tetragastris altissima, mortality reached 92% after 72 hours. Rabelo and
Bleicher (2014) in an experiment carried out in a greenhouse, also studied alcoholic extracts of seeds of
atemoia (Annona cherimolamill x Annona squamosa L.) and ata (Annona squamosa) (Anonaceae) at 0,5%
and verified efficiencies of 98,18 and 99,27%, respectively, after 48 hours of application, attributing such
effect to the active control of the black aphid. As for Rabelo and Bleicher (2014), the alcoholic extract of
leaves of the species studied also present a higher mortality, but in higher concentrations and different plant
parts.

The calculated lethal concentrations for the species studied were as follows: LCs0=6,43%
(Cheiloclinium cognatum), LCs0=3,08% (Metrodorea flavida), LCs0=5,58% (Tetragastris altissima). These
results reinforce the evidence that for the species Metreodora flavida, the lowest concentration tested was
able to control at least 50% of the Aphis craccivora population, while the species Cheiloclinium cognatum
and Tetragastris altissima require higher concentrations in the 72 hours period. A study carried out by
Bandeira et al. (2017) obtained an LCsp of 7,69% after 48 hours of application of the hydroethanolic extract
of Annona montana, on Aphis craccivora under greenhouse conditions. The lethal concentrations calculated
for the alcoholic extract of the species studied after 72 hours under laboratory conditions were smaller when
compared with those obtained by Bandeira et al. (2017), but in a longer evaluation period.

The insecticidal potential of Metrodorea flavida can be attributed to the fact that this species belongs
to the family Rutaceae, commonly known as the citrus family. These plants have highly fragrant flowers,
some are constituents of essential oils such as citronella. Rutaceae is one of the families that are the main
sources of terpenes with insecticidal activity, for example, limonoids (Viegas Jr 2003), phenols, flavonoids,
tannins (Loizzo et al. 2018). Spletozer et al. (2015) qualitatively analyzed the presence of secondary
metabolites in Metrodorea flavida and phytochemical tests were positive for tannins, alkaloids, saponins
and flavonoids. Also, this family presents species with insecticidal properties, for example, the essential oil
of leaves of Murraya exotica L. which is a promising source against Aedes aegypti L., Anopheles stephensi
Liston and Culex quinquefasciatus Say (Krishnamoorthy et al. 2015), macerated leaves of Ruta graveolens L.,
which have effects on larvae of Spodoptera frugiperda (J. E. Smith) (Tagliari et al. 2010), the essential oil of
Citrus aurantium L., which presents fumigation toxicity against Spodoptera littoralis (Boisd.) Larvae (Laarif et
al. 2013) and others (Tagliari et al. 2010; Barakat 2011; Baskar et al. 2012; Krishnappa and Elumalai 2012).

Cheiloclinium cognatum, as mentioned above, has shown that small changes in concentrations result
in a more rapid response. This species was reported with potential, because when it is cultivated in vitro, it
is an important source of raw material to obtain pentacyclic triterpenes and quinona methides (Pina et al.
2017). It is inferred here that the presence of these substances may have caused a higher mortality when
the concentration of the extract increased. Numerous species of the Celastraceae family are known,
especially in China and Latin America, for their use as insecticide in traditional agriculture (Spivey et al. 2002).
Several species of this family have been studied for pharmacological purposes since they present
sesquiterpenos, alkaloids, flavonoids and other important secondary metabolites (Silva et al. 2014), being
considered a source of important secondary bioactive metabolites.

The species Tetragastris altissima took longer to present higher mortality compared to the other
species, that is, it presented a low mortality in the initial period (24 hours). A study carried out with resin
extract of Protium sp. (Breu-white), a species belonging to the same family (Burseraceae), at concentrations
of 10% on Brevicoryne brassicae (L.) nymphs, also provided a lower mortality rate of 15,9% within 24 hours
(Silva et al. 2017b). This shows that this species has a slower effect on aphids. However, it still is a potential
species, because studies with resins obtained from different parts of Burseraceae species, such as leaves,
fruits and wood, demonstrate a chemical composition, mainly terpenic, with large amounts of
monoterpenes, sesquiterpenes and triterpenes. In addition, other secondary metabolites, such as
coumarins, flavonoids and lignoids, have also been reported for this family (Rudiger et al. 2007; Gadir and
Ahmed 2014).

The alcoholic extract resulted in a higher mortality, and considering that the aphids reproduce
quickly, the control is sought in a shorter period. In addition, the immediate action of the product is also an
important aspect, reducing the risk of loss of the product via rain events. Therefore, the alcoholic extract at
the concentration of 12% for Cheiloclinium cognatum caused a mortality above 90%. The species Metrodorea
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flavida also presented a mortality above 90% within 24 hours from a concentration of 9%. The species
Tetragastris altissima took more time to present similarities to the control, with a mortality above 80% at
the concentration of 9%, with results after 72 hours.

The species evaluated in this study are promising. They can be studied at the level of identification of
classes and substances present, besides being indicated studies of other parts of the plants to identify, where
these species present larger amounts of the metabolites and also the isolation to identify which substance
is responsible for the effect on aphids.

5. Conclusions

The mortality of Aphis craccivora increases with the increasing period of exposure to leaf extracts of
the species Cheiloclinium cognatum, Metrodorea flavida and Tetragastris altissima. The lethal concentration
for the alcoholic extracts of Cheiloclinium cognatum are LCso 6,43% and LCqo 12,22%, while for Metrodorea
flavida, they are LCso 3,08% and LCqo 7,05% and Tetragastris altissima LCsq of 5,58% and LCq of 17,47%, after
72 hours. The use of the alcoholic extract of the species Metrodorea flavida in the concentration of 9% in
the control of Aphis craccivora is indicated.

Authors' Contributions: SANCHES, L.A.: conception and design, acquisition of data, analysis and interpretation of data, and drafting the
manuscript; OLIVEIRA, S.B. and SASAYA, M.K.: acquisition of data, and drafting the manuscript; GARLET, J.: conception and design, analysis and
interpretation of data, and drafting the manuscript. All authors have read and approved the final version of the manuscript.

Conflicts of Interest: The authors declare no conflicts of interest.
Ethics Approval: Not applicable.

Acknowledgments: The authors would like to thank CAPES (Coordenagdo de Aperfeicoamento de Pessoal de Nivel Superior - Brasil) and
FAPEMAT (Foundation of Support to the Research of the State of Mato Grosso) for the scholarship granted to the first three authors, Finance
Code 001.

References

ABBOTT, W.S. A method for computing the effectiveness of an insecticide. Journal of Invertebrate Pathology. 1925, 18, 265-267.

AGROFIT - Sistema de Agrotoxicos Fitossanitarios. Inseticidas registrados para controle de Aphis craccivora. Available from:
http://agrofit.agricultura.gov.br/agrofit_cons/principal_agrofit_cons

ANDREO, D. and JORGE, N. Antioxidantes naturais: técnicas de extragdo. Boletim do Centro de Pesquisa de Processamento de Alimentos. 2006,
24(2), 319-336. http://dx.doi.org/10.5380/cep.v24i2.7489

BANDEIRA, H.F.S,, et al. Preferéncia do pulgdo-preto e da cigarrinha-verde em diferentes genétipos de feijao caupi em Roraima. Revista
Agro@mbiente. 2015, 9(1), 79-85. http://dx.doi.org/10.18227/1982-8470ragro.v9i1.1998

BANDEIRA, H.F., et al. Bioactivity of Annona Montana Macfad extracts on the black cowpea aphid (Aphiscraccivora Koch). Revista Brasileira de
Ciéncias Agrdrias. 2017, 12(1), 41-46. http://dx.doi.org/10.5039/agraria.v12i1a5419

BARAKAT, D.A. Insecticidal and antifeed ant activities and chemical composition of Casimiroa edulis La Llave & Lex (Rutaceae) leaf extract and
its fractions against Spodoptera littoralis larvae. Australian Journal of Basic and Applied Sciences. 2011, 5(9), 693-703.

BASKAR, K., et al. Ovicidal activity of Atalantia monophylla (L) Correa against Spodoptera litura Fab. (Lepidoptera: Noctuidae). Asian Pacific
Jjournalof tropical biomedicine. 2012, 2(12), 987-991. http://dx.doi.org/10.1016/52221-1691(13)60011-8.

CAMARGO, R.S., et al., 2011. Morfologia interna. In: FUJIHARA, R. T. et al., eds. Insetos de importdncia econémica: guia ilustrado para
identificagdo de familias. Botucatu: Fepaf., pp. 43-61.

CARVALHO, G.A,, et al. Eficiéncia do éleo de nim (Azadirachta indica A. Juss) no controle de Brevicoryne brassicae (Linnaeus, 1758) e Myzus
persicae (Sulzer, 1776) (Hemiptera: Aphididae) em couve-manteiga Brassica oleracea Linnaeus var. Acephala. Arquivos do Instituto Bioldgico.
2008, 75(2), 181-186.

CARVALHO, G.S., et al. Mortalidade e comprometimento do desenvolvimento de Zabrotes subfasciatus Boh. (Coleoptera: Chrysomelidae),
induzido pelo extrato de sangra d'agua Croton urucurana Baill (Euphorbiaceae). Comunicata Scientiae. 2014, 5(3), 331-338.
https://doi.org/10.14295/cs.v5i3.471

CARVALHO, J.R., et al. Andlise de probit aplicada a bioensaios com insetos. Colatina: IFES, 2017.

CUNHA, S.B.Z,, et al. Predators of the Alfalfa Aphis Acyrthosiphon pisum (Harris), Aphis craccivora Koch, and Therioaphis trifolii (Monell)
(Hemiptera: Aphidoidea) as determined by the Serological Technique. EntomoBrasilis. 2016, 9(2), 120-123.
http://dx.doi.org/10.12741/ebrasilis.v9i2.595

Bioscience Journal | 2021 | vol. 37, 37018 | https://doi.org/10.14393/BJ-v37n0a2021-4


http://dx.doi.org/10.5380/cep.v24i2.7489
http://dx.doi.org/10.18227/1982-8470ragro.v9i1.1998
http://dx.doi.org/10.5039/agraria.v12i1a5419
http://dx.doi.org/10.1016/S2221-1691(13)60011-8
https://doi.org/10.14295/cs.v5i3.471
http://dx.doi.org/10.12741/ebrasilis.v9i2.595

Extracts of native forest species of the southern amazon in the control of Aphis craccivora Koch (Hemiptera: Aphididae)

FAZOLIN, M., et al., 2016. Feijdo. In: SILVA, N.M., ADAIME, R. and ZUCCHI, R.A., eds. Pragas Agricolas e Florestais na Amazénia. Brasilia, DF:
Embrapa, pp. 323-343.

FERREIRA, E.B., CAVALCANTI, P.P. and NOGUEIRA, D.A. ExpDes.pt: Experimental Designs package (Portuguese). R packageversion 1.1.2, 2013.
FINNEY, D. J. Probit Analysis, 3rd. ed. London: Cambridge University Press, 1971.

FONSECA, J., et al. Efeito de extratos metandlicos de Stryphnodendron adstringens (Mart) coville na alimentagdo e reproducdo de Plutella
xylostella L. (Lepidoptera: Plutellidae). Interciencia. 2018, 43(3), 182-187.

GADIR, A. and AHMED, I.M. Commiphora myrrha and Commiphora african a essential oils. Journal of Chemical and Pharmaceutical Research.
2014, 6(7), 151-156.

GALLO, D., et al. Entomologia Agricola. Piracicaba: FEALQ, 2002.
GAMA, J. Ecotoxicology: methods for ecotoxicology. R packageversion 1.0.1, 2015.

GHANIM, N.M. and GHANI, S.B.A. Controlling Tuta absoluta (Lepidoptera: Gelechiidae) and Aphis gossypii (Hemiptera: Aphididae) by aqueous
plant extracts. Life Science Journal. 2014, 11(3), 299-307.

KRINSKI, D., MASSAROLI, A. and MACHADO, M. Potencial inseticida de plantas da familia Annonaceae. Revista Brasileira de Fruticultura. 2014,
36(1), 225-242. http://dx.doi.org/10.1590/50100-29452014000500027

KRISHNAMOORTHY, S., et al. Identification of chemical constituents and larvicidal activity of essential oil from Murraya exotica L. (Rutaceae)
against Aedes aegypti, Anopheles stephensi and Culex quinquefasciatus (Diptera: Culicidae). Parasitology Research. 2015, 114(5), 1839-1845.
http://dx.doi.org/10.1007/s00436-015-4370-x

KRISHNAPPA, K. and ELUMALAI, K. Larvicidal and ovicidal activities of Chloroxylons wietenia (Rutaceae) essential oils against Spodoptera litura
(Lepidoptera: Noctuidae) and their chemical compositions. International Journal of Current Research in Life Sciences. 2012, 1(1), 3-7.

LAAMARI, M., KHELFA, L. and D’ACIER, A.C. Resistance source to cowpea aphid (Aphis craccivora Koch) in broad bean (Vicia faba L.) Algerian
landrace collection. African Journal of Biotechnology. 2008, 7(14), 2486-2490. http://dx.doi.org/10.4314/ajb.v7i14.59055

LAARIF, A., et al. Chemical composition and insecticidal activity of essential oil from Citrus aurantium (Rutaceae) fruit peels against two green
house insects; Spodoptera littoralis (Noctuidae) and Tuta absoluta (Gelechiidae). Advances in Agriculture, Sciences and Engineering Research.
2013, 3(5), 825-830.

LATINOVIC, N., KARAMAOUNA, F. and KAVALLIERATOS, N.G. First record of Aphis craccivora Koch (Hemiptera: Aphididae) on aronia crop in
Montenegro. Hellenic Plant Protection Journal. 2017, 10(2), 67-69. http://dx.doi.org/10.1515/hppj-2017-0007

LEITE, D.M., GARLET, J. and KARSBURG, I.V. First report of the Aphis craccivora Koch on Catasetum sp. in Brazil. EntomoBrasilis. 2017, 10(3),
251-253. http://dx.doi.org/10.12741/ebrasilis.v10i3.701

LOIZZO, M.R., et al. Ruta chalepensis L. (Rutaceae) leaf extract: chemical composition, antioxidant and hypoglicaemic activities. Natural
product research. 2018, 32(5), 521-528. http://dx.doi.org/10.1080/14786419.2017.1326491

MELVILLE, C.C., et al. Preferéncia do pulgdo-preto, Aphis craccivora Koch (Hemiptera: Aphididae), a genétipos de feijdo-caupi. Revista
Agroambiente. 2016, 10(2), 153-160. http://dx.doi.org/10.18227/1982-8470ragro.v10i2.3042

NAVARRO-SILVA, M.A., MARQUES, F.A. and DUQUE, J.E.L. Review of semiochemicals that mediate the oviposition of mosquitoes: a possible
sustainable tool for the control and monitoring of Culicidae. Revista Brasileira de Entomologia. 2009, 53(1), 1-6.
http://dx.doi.org/10.1590/5S0085-56262009000100002

PINA, E.S., et al. Improved production of quinone-methide triterpenoids by Cheiloclinium cognatum root cultures: possibilities for a non-
destructive biotechnological process. Plant Cell, Tissue and Organ Culture (PCTOC). 2017, 128(3), 705-714. http://dx.doi.org/10.1007/s11240-
016-1151-x

R DEVELOPMENT CORE TEAM. R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna,
Austria, 2017. Available from: http://www.Rproject.org

RABELO, J.S. and BLEICHER, E. Controle de pulgdo-preto em feijdo-caupi com o uso de sementes de Annonaceae e a bioatividade das sementes
em diferentes épocas de armazenamento. Agropecudria cientifica no Semi-Arido. 2014, 10(4), 5-8. http://dx.doi.org/10.30969/acsa.v10i4.603

RIZVI, R., et al. Effect of some botanicals for the management of plant-parasitic nematodes and soil-inhabiting fungi infesting chickpea. Turkish
Journal of Agriculture and Forestry. 2012, 36(6), 710-719. http://dx.doi.org/10.3906/tar-1201-45

RODRIGUES, S.R., et al. Preferéncia do pulgdo preto Aphis craccivora Koch, 1854 (Hemiptera: Aphididae) por Genétipos de Feijdo-Caupi
Vignaun guiculata (L.) Walp. (Fabaceae). Bioscience Jounal. 2012, 28(5), 30-32.

RUDIGER, A.L., SIANI, A.C. and VEIGA Jr., V.F. The Chemistry and Pharmacology of the South America genus Protium Burm. f. (Burseraceae).
Pharmacognosy Review. 2007, 1(1), 93-104.

SILVA, F.C., DUARTE, L.P. and VIEIRA FILHO, S.A. Celastraceas: fontes de triterpenos pentaciclicos com potencial atividade bioldgica. Revista
Virtual de Quimica. 2014, 6(5), 1205-1220. http://dx.doi.org/10.5935/1984-6835.20140079

Bioscience Journal | 2021 | vol. 37, e37018 | https://doi.org/10.14393/BJ-v37n0a2021-48182



http://dx.doi.org/10.1590/S0100-29452014000500027
https://link.springer.com/journal/436/114/5/page/1
http://dx.doi.org/10.1007/s00436-015-4370-x
http://dx.doi.org/10.4314/ajb.v7i14.59055
http://dx.doi.org/10.1515/hppj-2017-0007
http://dx.doi.org/10.12741/ebrasilis.v10i3.701
http://dx.doi.org/10.1080/14786419.2017.1326491
http://dx.doi.org/10.18227/1982-8470ragro.v10i2.3042
http://dx.doi.org/10.1590/S0085-56262009000100002
http://dx.doi.org/10.1007/s11240-016-1151-x
http://dx.doi.org/10.1007/s11240-016-1151-x
http://dx.doi.org/10.30969/acsa.v10i4.603
http://dx.doi.org/10.3906/tar-1201-45
http://dx.doi.org/10.5935/1984-6835.20140079

SANCHES, L.A., etal.

SILVA, J.P.G.F., et al. Repeléncia e deterréncia na oviposi¢do de Bemisia tabaci bidtipo B pelo uso de extratos vegetais em Cucurbita pepo L.
Revista Brasileira de Plantas Medicinais, 14(1), 76-83. http://dx.doi.org/10.1590/51516-05722012000100011

SILVA, S.C.S., et al. Perfil fitoquimico, susceptibilidade antibacteriana e capacidade antioxidante das folhas de Croton urucurana Baillon
(Euphorbiaceae). Infarma-Ciéncias Farmacéuticas. 2017a, 29(3), 264-270. http://dx.doi.org/10.14450/2318-9312.v29.e3.22017.pp264-270

SILVA, T.S.A,, et al. Potencial inseticida de plantas medicinais encontradas na Amazénia Central contra o pulgdo-da-couve Brevicoryne
brassicae (L.) (Hemiptera: Aphididae). EntomoBrasilis. 2017b, 10(2), 106-111. http://dx.doi.org/10.12741/ebrasilis.v10i2.697

SPIVEY, A.C., WESTON, M. and WOODHEAD, S. Celastraceae sesquiterpenoids: biological activity and synthesis. Chemical Society Reviews.
2002, 31(1), 43-59. http://dx.doi.org/10.1039/b000678p

SPLETOZER, A.G., SOARES-LOPES, C.R.A. and PERON, M. Estrutura populacional e analise fitoquimica de Metrodorea flavida k. Krause
(Rutaceae) em dois fragmentos florestais do municipio de Alta Floresta, Mato Grosso. Enciclopédia Biosfera. 2015, 11(22), 1194-1205.

STURZA, S.V.S,, et al. Primeiro registro de Aphis craccivora Koch 1854 (Hemiptera: Aphididae) sobre plantas daninhas em Santa Maria, RS.
Ciéncia Rural. 2011, 41(11), 1863-1866. http://dx.doi.org/10.1590/50103-84782011001100001

TAGLIARI, M.S., KNAAK, N. and FIUZA, L.M. Efeito de extratos de plantas na mortalidade de lagartas de Spodoptera frugiperda (J. E. Smith)
(Lepidoptera: Noctuidae). Arquivos do Instituto Bioldgico. 2010, 77(2), 259-264.

VIEGAS Jr, C. Terpenos com atividade inseticida: uma alternativa para o controle quimico de insetos. Quimica Nova. 2003, 26(3), 390-400.
http://dx.doi.org/10.1590/50100-40422003000300017

Received: 15 April 2019 | Accepted: 17 March 2020 | Published: 27 April 2021

@ This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
= distribution, and reproduction in any medium, provided the original work is properly cited.

Bioscience Journal | 2021 | vol. 37, e37018 | https://doi.org/10.14393/BJ-v37n0a2021-48182



http://dx.doi.org/10.1590/S1516-05722012000100011
http://dx.doi.org/10.14450/2318-9312.v29.e3.a2017.pp264-270
http://dx.doi.org/10.12741/ebrasilis.v10i2.697
http://dx.doi.org/10.1039/b000678p
http://dx.doi.org/10.1590/S0103-84782011001100001
http://dx.doi.org/10.1590/S0100-40422003000300017

