Journal of Agricultural Science; Vol. 6, No. 7; 2014
ISSN 1916-9752 E-ISSN 1916-9760
Published by Canadian Center of Science and Education
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Abstract

Farmers from family farming faces serious problems of pest attack, both in their production on the field and in
storage. The weed species with insecticidal action were identified through toxicity tests to insects. The species of
plants tested were Ageratumm conyzoides, Euphorbia heterophylla, Sida rhombifolia and Sida spinosa and the
insects were Leucoptera coffeella, Macrosiphum rosae, Atta sexdens rubropilosa, Solenopsis invicta and
Sitophilus zeamais. The aim of this study was to identify weeds with insecticide activity against agricultural
pests, extract the active compounds of weeds and perform bioassays with hexane and ethanol extracts of weeds
on agricultural pests and stored grain. The plant material was subjected to extraction with ethanol and hexane.
The mortality bioassays were conducted in a completely randomized design with four replications in triple
factorial design (4 x 5 x 2). The data of mortality were subjected to analysis of variance and the differences
among means were compared by Tukey's test (p < 0.05). We detected significant differences between the
mortality rates for the different species of plants, insect species and between the types of solvents and also in the
interactions between insect species x types of solvents, plant species x types of solvents, plant species x insect
species and between plant species x species of insects and types of solvents. In general, the hexane extracts of
the plant species 4. conyzoides and S. rhombifolia were the most toxic. The most susceptible insects species
were L. coffeella, S. invicta and M. rosae.
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1. Introduction

Family farming is responsible for about 40% of Brazilian agricultural production and has a large capacity to
generate foreign exchange earnings, employment and income, contributing to maintaining the quality of life of
rural populations. Family farming uses a system of ecologically-based production which gathers techniques that
aim to reduce dependence on foreign energy and environmental impact, obtaining better quality products,
valuing the producer, their social bases, their work, their culture and their territory.

One of the main problems faced by farmers of family farming is the attack of pests, both in their production on
the field and in storage. Thus, the producers use control practices, being the application of the most widely used
organosynthetic insecticides. This method of control raises the cost of production due to the high value of these
inputs and can result in ecotoxicological problems such as environmental pollution, poisoning of farmers and
food contamination produced. A viable alternative to this situation is the use of botanical insecticides. These
compounds have a low cost (and may even be produced by the farmers themselves), low environmental impact
and are of low toxicity to humans and non-target organisms (Macias, Castellano, & Molinillo, 2000).

The plants have a large diversity of compounds with insecticidal action, acaricidal, fungicidal and bactericidal,
which have been used by botanical extracts as commercial products or as a source of molecules for the synthesis
of pesticide by industries. Particularly the biodiversity of native plants is high in the Cerrado (Savannah) biome
of Brazil, hence, the flora of this area has high potential of substances with insecticidal effects (Barbosa &
Fearnside, 2004).

Natural products from plants can be used the pattern for the synthesis of synthetic pesticides with desirable
features such as greater efficiency, biodegradability and lower toxicity to non-target organisms. Among these
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substances may be mentioned polyphenols and phenolic compounds, quinones, flavonoids, tannins, coumarins,
terpenoids, essential oils, alkaloids, lectins, polypeptides, among other compounds. Some plants with pesticidal
activity have been studied. Plants of the families Meliaceae, Rutaceae, Asteraceae, Annonaceae, Labiatac and
Canellaceae are considered the most promising (Jacobson, 1990).

Some plants such as Melliaceae (Azadirachta indica, Trichilia pallida and Melia azadarach), Asteraceae
(Chrysanthemum cinerariaefolium and C. cineum), Fabaceae (Lonchocarpus spp., Derris spp.), Melanthiaceae
(Schoenocaulon officinale), Salicaceae (Ryania speciosa), Solanaceae (Lycopersicon spp. and Nicotiana
tabacum), Citrus spp., Cucurbitaceae (Piper spp.), Alliaceae (Allium sativum), Myrtaceae (Eucalyptus citriodora),
and Euphorbiaceae (Manihot esculenta) have recognized toxic activity to insect (Moura et al., 2005).

In relation to weeds, purple nutsedge (Cyperus rotundus) is the main weed specie in cultivated soils in tropical
regions. According to Borella and Pastorini (2009), and Arantes et al. (2005) C. rotundus is rich in alkaloids,
anthraquinones, coumarins, steroids and triterpenes, flavonoids, saponins, tannins and resins capable of
presenting insecticide effect and/or repellents to arthropods. The billy goat-weed Ageratum conyzoides L.
(Asteraceae) is a plant known in Brazil and in other countries of America. The extract of this plant has properties
such as phytotherapics, analgesic, healing, allelopathic, antimicrobial and insecticides (Magalhaes et al., 1998;
Bouda, Tapondjou, Fontem, & Gumedzoe, 2001; Moura et al., 2005). Several classes of compounds have been
described as mono and sesquiterpenes, triterpenes, flavonoids, sterols and alkaloids essential oil, consisting of
precocenos (I and II) variants 30-93% (Ming, 1999). Other species like Sida spinosa and S. rhombifolia are rich
in alkaloids, which are extremely toxic to arthropods. Fuphorbia heterophylla has been considered toxic to
insects having in their chemical constitution undiscovered insecticide molecules (Guerra, 1985).

Although weeds are seen as harmful to human activity, these plants can contain important insecticide molecules
for the control of pests. Thus, the identification of weeds with insecticidal activity through testing the toxicity to
insects should be investigated. This study aimed to identify weeds of the Cerrado with insecticide activity against
agricultural pests and extract active compounds of weeds and performs bioassays with hexane and ethanol
extracts of weeds on agricultural pests and stored grain.

2. Materials and Methods

The study was conducted in the laboratory of Chemistry and Entomology, at the Universidade Federal de Vigosa
- Campus Rio Paranaiba, State of Minas Gerais, Brazil, from August 2011 to June 2012. The weed species from
the Cerrado were tested (Table 1). These plant species were selected based on data from literature, popular
knowledge by chemotaxonomy, whereas plants of the same family or immediate families may have similar
active compounds (Guerra, 1985; Moreira et al., 1995). The insect species which were studied are key pests of
agricultural crops and storage (Pedigo & Rice, 2006). The pest insects used were obtained from laboratory
rearing or crops in the field.

Table 1. Common name, family, species and phenological stage of weed species.

Common Name Family Species Phenological Stage
Prickly sida Malvaceae Sida spinosa Reproductive
Billy goat weed Asteraceae Ageratum conyzoides Reproductive

Wild poinsettia  Euphorbiaceae  Euphorbia heterophylla  Vegetative

Arrow leaf sida Malvaceae Sida rhombifolia Reproductive

The agricultural pests were: Macrosiphum rosae (L.) (Hemiptera: Aphididae) (key pest of rose plants).
Leucoptera coffeella (Guérin-Méneville & Perrottet) (Lepidoptera: Lyonetiidae) (key pest of coffee plant). The
lemon leaf-cutting ant, Atta sexdens rubropilosa (Forel) (Hymenoptera: Formicidae) and the fire ant Solenopsis
invicta (Hymenoptera: Formicidae) (key pest of several crops) (Table 2). We use only for stored grain the maize
weevil Sitophilus zeamais (Motsch.) (Coleoptera: Curculionidae) (Key pest of corn) (Tables 1 and 2).

To obtain extracts of the plant material was weighed fresh and subjected to extraction with hexane and ethanol in
1000-2000 mL glass Erlenmeyer flask. The hexane extraction aims at extracting non-polar substances, on the
other hand ethanolic extraction aims at extracting polar substances. The amount of solvent used was a 1L,
sufficient to fully immerse the plant material. After 48 hours, hexane and ethanol solution were removed under
filtration. The extracts were concentrated on a rotary evaporator at low pressure and low temperature (<50 °C).
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The resulting extracts were stored over the refrigerating in ultra-low temperature until the realization of the
bioassays (Moreira, Picanco, Barbosa, Guedes, & Silva, 2004).

Table 2. Order, family, species and stage of species of agricultural insect pests and stored grain

Order Family Species Stage
Coleoptera Curculionidae  Sitophilus zeamais Adult
Hemiptera Aphididae Macrosiphum rosae Nymph
Hymenoptera Formicidae Atta sexdens rubopilosa  Adult
Hymenoptera Formicidae Solenopsis invicta Adult
Lepidoptera  Lyonetiidae Leucoptera coffeella Caterpillar

2.1 Bioassays of Mortality

The experimental design was completely randomized with four replications in triple factorial (4x5x2), four
species of plants x five species of insects x two solvents of different polarity. Each plot consisted of a Petri dish
(9 cm diameter by 2 cm height) containing insects.

The hexane extracts were diluted in acetone. It was distributed 0.5 mL of extract into filter paper of 9 cm
diameter which was placed in a glass Petri dish. The control was treated only with 0.5 mL of the respective
solvents. After evaporation of the solvent, 10 insects were added for each experimental unit. After 48 hours of
exposure we evaluated the number of live and dead individuals (Moreira et al., 2004). In all assessments the
insects were considered dead when they showed no mobility. Mortality data of insects in each botanical extract
were subjected to analysis of variance and means were compared by Tukey p <0.05.

3. Results and Discussion

Many studies have worked on the extraction and the insecticidal properties of plants (Gakuru & Foua-Bi, 1996;
Kimura, Mori, Susuki, & Kobayashi, 1981; Meehan, 1980). We work report the insecticide activity in weeds,
and we detected significant differences between the mortality depending on the plant species (Fs 120 = 10.16, p
<0.0001), insect species (F4, 120 = 31.30, p <0.0001) and between types of solvents (F; 120 = 89.73, p <0.0001).
Significant differences were also detected in the interactions between insect species x types of solvents
(F4, 120 = 29.25, p <0.0001), plant species x types of solvents (F3 150 = 22.65, p <0.0001), plant species x insect
species (Fi2, 120=4.91, p <0.0001) and between plant species x insect species and types of solvents (Fy 120 = 4.35;
p <0.0001). Thus, the extracts showed variable toxicity depending on the plant species and insect species for
each type of solvent.

It was found that the ethanolic extract of S. spinosa showed significantly higher mortality only for
lemon leaf-cutting ant, A. sexdens rubropilosa (87.50%). Already, hexane extracts, the most susceptible species
were L. coffeella, S. invicta (both 100%) followed by M. rosae (80%) (Table 3). The A. conyzoides was toxic to
L. coffeella, S. invicta and M. rosae. The S. rhombifolia was toxic to S. invicta and L. coffeella, with mortality
rates above 80% as required by the ministry of agriculture Agency.

Table 3. Mean mortality (%) of species of insect pests according to the ethanol extracts obtained from weeds

Insect species !

Plant species
Leucoptera coffeella  Sitophilus zeamais ~ Macrosiphum rosae  Atta sexdens rubropilosa ~ Solenopsis invicta

Euphorbia heterophylla  22.50 aA 5.00 aA 40.00 aA 47.50 aA 12.50 aA
Ageratum conyzoides 25.00 aA 7.50 aA 30.00 aA 30.00 aA 5.00 aA
Sida rhombifolia 5.00 aA 2.50 aA 17.50 aA 40.00 aA 2.50 aA
Sida spinosa 12.50 aB 5.00 aB 5.00 aB 87.50 aA 2.50 aB

"Means followed by the same uppercase letter on the line and lowercase in column do not differ by Tukey test at
p <0.05.
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The hexane solvent showed higher mortality of the insect species than the ethanol solvent. The S. invicta, M.
rosae and L. coffeella were the insects more susceptible to hexane solvent (Tabels 4 and 5). The plant extract of
E. heterophylla caused a higher mortality of insect species. The hexane extract caused (60%) mortality to M.
rosae, followed by the ethanol extract to the A. sexdens rubropilosa (47.5%). The hexane extract of the plant
species A. conyzoide, compared to the same ethanol extract, caused greater mortality to L. coffeella (100%), S.
invicta (97.5%) and M. rosae (80%). The plant species S. rhombifolia showed higher mortality with the hexane
extract insect species S. invicta (100%) and L. coffeella (97.5%) compared to the ethanol extract. Regarding to
plant extract of S. spinosa we had the highest mortality for ethanolic extract to the 4. sexdens rubropilosa
(87.5%) followed by a hexane extract to the S. invicta (60%), and M. rosae (47.5%) (Table 6). Similar results
were reported by Moreira et al. (2007), testing eight plants, verify that only the hexane extract of A. conyzoides
showed insecticide activity to R. dominica, at 4 and 24 hours after the exposure. The higher toxicity of the
hexane extracts to insects may be due to polarity of this solvent, since nonpolar compounds have a higher
affinity for the insect cuticle and plant extracts have a high toxicity to insects via the cuticle. The azadirachtin
(apolar compound), for example, causes changes in tissue differentiation (for example, the ommatidia and
marginal discs wings) causing melanization of the cuticle and in mitosis by interfering similarly colchicine
(Schliiter, 1985; Malczewska et al., 1988).

Table 4. Mean mortality (%) of species of insect pests according to the hexane extracts obtained from weeds

Insect species !

Plant species
Leucoptera coffeella  Sitophilus zeamais Macrosiphum rosae  Atta sexdens rubropilosa  Solenopsis invicta

Euphorbia heterophylla  17.50bBC 0.00 aC 60.00 aA 30.00 aB 20.00cBC
Ageratum conyzoides 100.00 aA 2.50aC 80.00 aAB 47.50 aB 97.50 aA
Sida rhombifolia 97.50 aA 0.00 aC 67.50 aB 50.00 aB 100.00aA
Sida spinosa 12.50 bBC 5.00 aC 47.50 aAB 22.50 aBC 60.00 bA

! Means followed by the same uppercase letter on the line and lowercase in column do not differ by Tukey test at
p <0.05.

Table 5. Effect of the solvent used in the extraction of compounds from the plant species (Ageratum conyzoides,
Euphorbia heterophylla, Sida rhombifolia and Sida spinosa) in the mean mortality (%) of species of insect pests

Insect species !

Solvents  Leucoptera coffeella  Sitophilus zeamais ~ Macrosiphum rosae  Atta exden rubropilosa  Solenopsis invicta

Ethanol  16.25 bB 5.00 aB 23.12bB 51.25 aA 5.62 bB
Hexane  56.87 aAB 1.87 Ac 63.75 aAB 37.50 aB 69.37 aA

! Means followed by the same uppercase letter on the line and lowercase in column do not differ by Tukey test at
p <0.05.

Table 6. Effect of solvents and plant extracts on insect mortality

Plant species / Solvents

Insect species Euphorbia heterophylla  Ageratum conyzoides  Sida rhombifolia Sida spinosa
Ethanol Hexane Ethanol ~ Hexane Ethanol Hexane  Ethanol Hexane
Leucoptera coffeella 2250 a 17.50 a 25.00 b 100.00a  5.00b 97.50 a 1250a 12.50a
Sitophilus zeamais 5.00a 17.50 a 7.50 a 2.50a 2.50a 0.00 a 5.00a 5.00a
Macrosiphum rosae 40.00 b 60.00 a 30.00 b 80.00 a 17.50b 67.50a 5.00b 4750 a

Atta sexdens rubropilosa  47.50 a 30.00 a 30.00 a 4750 a 40.00a 50.00 a 87.50a 22.50b

Solenopsis invicta 12.50 a 20.00 a 5.00b 97.50 a 250b 100.00a 2.50b 60.00 a

' Means followed by the same lowercase in the row for ethanol and hexane solvents in each plant species do not
differ by Tukey test at p <0.05.
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The toxicity of plant species to L. coffeella, S. invicta and M. rosae is related to the collection time, plant age,
soil type, nutrition and climatic conditions of the biome that these plants were collected. The Billygoat-weed A.
conyzoides has caused mortality in insects of the orders Lepidoptera, Hymenoptera, Coleoptera, Hemiptera and
Diptera, which include the species studied in this work (Moreira et al., 2007; Aragjo et al., 2008; Soares et al.,
2011). The S. rhombifolia have also shown toxicity to several insect orders (Guerra, 1985; Laca-Buendia &
Branddo, 1988). We conclude that hexane extracts of the plant species 4. conyzoide and S. rhombifolia were the
most toxic. The species most susceptible insects were L. coffeella, S. invicta and M. rosae.

The use of some botanical extracts containing phytochemicals in the control of pest is promising. However, more
studies, both laboratory and plantations, are needed to make more definitive conclusions regarding safety and
efficacy.
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