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Abstract

A treatment based on the acetogenin fraction of the methanol extract of Rollinia occidentalis seeds
was applied to soybean crops for three consecutive years. In relation to the control population, the
treatment reduced the population of Anticarsia gemmatalis, Rachiplusia nu, Pseudoplusia inclu-
dens, Loxostege bifidalis and Spodoptera frugiperda to 52% and 65% after 48 h of application at
concentrations of 500 and 750 pg/mL respectively, while low toxic effects were detected on natu-
ral enemies. The extract treatment at 500 pg/mL and a solution of the annonaceous acetogenin,
squamocin, at 50 and 100 pg/mL, were also applied to a corn field to produce 75%, 93% and
100% mortality rates on the population of S. frugiperda, respectively, after 72 h of application. In
addition, damages caused by lepidopterans in treated crops were lower than those observed in
non treated fields, evaluated by residual biomass. This statement is based on data from trials with
the commercially available insecticides lufenuron and cypermethrin.
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1. Introduction

Insecticidal and toxic effects of annonaceous acetogenins (ACG) isolated from several Annonaceae family
members, have been reported on several insect species [1]-[8]. Natural products with insecticidal activity are an
interesting alternative for pest control because they biodegrade rapidly and are beneficial for both man and en-
vironment.

Spodoptera frugiperda (J.E. Smith) is a polyphagous lepidopteran commonly called fall armyworm, a major
pest in corn fields where it feeds on leaves, tassels and ears of corn [9]-[11]. It has become one of the most se-
rious problems for corn crops in tropical and subtropical regions of Latin America for the important damages it
produces. S. frugiperda displays a very wide host range with over 80 plants recorded, though grasses are pre-
ferred. Severe damages are particularly caused during its last two larval stages [12]-[15].

A previous publication, informed that the methanol extract of Rollinia occidentalis R.E. Fr. seeds collected in
Tucuman (Argentina), incorporated to the larval diet at 100 and 250 pg/g displayed toxic effects on S. frugiper-
da. On the other hand, five pure acetogenins isolated from the mentioned plant collection, sylvaticin, rollini-
astatin-1, rolliniastatin-2, motrilin and desacetyluvaricin, produced nutritional alterations and mortality close to
90% on early larval instars of S. frugiperda at 50 and 100 pug per g of diet [16].

New control methods are necessary for crop pest management programs due to the widespread problems of
insecticide-resistant populations and the increasing consumer concern regarding pesticide residues in food
products. Thus, this study evaluated the bioactivity of the annonaceous acetogenin, squamocin, isolated from
Annona cherimolia (Annonaceae) [17], and the acetogenin fraction of the methanol extract of R. occidentalis
seeds against S. frugiperda, which is a primary insect pest of corn.

Particularly the seeds, are a promising source of ACG that can be used as a prototype model and/or a biora-
tional insecticide for the control of S. frugiperda. The commercial insecticides lufenuron (LUF) and cypermetrin
(CYP) at 250 pg/mL were used as positive controls. This is the first report on the treatments mentioned on soy-
bean and corn pests in a field assay.

2. Experimental

Plant material: R. occidentalis fruits were collected in Tucuman, Argentina, in March 2005. A voucher sam-
ple (No. 604639) was deposited at the Herbarium of Instituto Lillo of Tucuman.

A. cherimolia fruits were collected in January 2008, in Tucuman, Argentina. A voucher specimen (LIL
515092) was deposited at the Herbarium of Instituto Lillo of Tucuman.

Acetogenin extraction and purification: The dried and powdered seeds of A. cherimolia and R. occidentalis
were macerated with methanol. The methanolic extracts were evaporated and the residue partitioned in a mix-
ture of CHCIs/H,O (1:1). The subextracts in chloroform and H,O were obtained by vacuum evaporation. The
chloroformic subextract was partitioned with a mixture of hexane/methanol (1:1). Squamocin was isolated from
A. cherimolia methanolic subextract after treatment with semipreparative RP-HPLC with MeOH/H,0 (80:20).
The characterization was assessed by spectroscopic techniques (IR, *H-NMR, *C-NMR, and MS) as well as ap
determination, in comparison with previously reported data [5]. Acetogenins represent around 0.07% of the seed
weight. The acetogenin fraction of the R. occidentalis methanol seed extract was selected for the present study.

2.1. Treatment Formulations

Test solution. The acetogenin fractions of the R. occidentalis methanol seed extract were prepared at 42.5,
125, 250, 500 and 750 pg/mL with destilled water and polysorbate 80 as nonionic surfactant. The pure aceto-
genin solutions were prepared at 50 and 100 pg/mL under the same conditions.

Test products. Lufenuron and Cypermethrin were applied in this study. The first one is a registered trademark
of Syngenta Agro S.A. The formulation in Cypermethrin, the active ingredient of several commercial products
available in the crop protection market, is produced by Chemotecnica, Buenos Aires, Argentina. Both test solu-
tions contained 250 pg/mL of destilled water. These solutions served as toxic reference treatments and destilled
water served as benign control treatment.

Test plants. Ten Zea mays L. seeds were individually placed in their seed-holes. After germination, seedlings
were removed and carried to separate test cages. The pots were then connected to a drip irrigation system, en-
suring a regular water supply. During their development the plants were not treated with protection products.
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Field assay. It was conducted in a 0.5 ha experimental plot divided into 12 microplots of 10.0 x 2.5 m, leav-
ing a 5.0 m bordure on each side. We evaluated the insecticidal effect of R. occidentalis methanol seed extract at
five different doses (42.5, 125, 250, 500 and 750 pg/mL). We compared the performance of insecticidal effects
of the extract with two commonly used insecticides in soybean pest control: LUF and CYP and left an untreated
patch as control. Each treatment had 3 replicates grouped in a randomized block design in two rows with their
respective controls. The plots were hand sprayed with the products from a 20 liter portable pack. The number of
arthropods found on a 1 m long strip of cloth extended between rows after severe shaking was recorded. Each
plot was swept 30 times. This treatment was repeated before and after 48 h of the applications. The treatment
was applied to soybean crops for three consecutive years.

Semi-field assay. A semi-field approach was devised to test ACG effects against S. frugiperda second instar
larvae that were individually enclosed in 10 seedlings placed in 0.25 m? meshed cages completely isolated from
any other insects. The assays were performed in triplicate for each dose of all products tested. After 24 h, each
cage was sprayed with ACG at 50 and 100 pg/mL, respectively, as well as with the commercial insecticide, LUF
at 250 pg/mL. Mortality was evaluated in each cage at 24, 48 and 72 h after fumigation.

After 10 days each seedling was cut and wrapped in labelled papers in a stove at 50°C for 48 h. The damage
caused by S. frugiperda feeding was estimated by determining the percentage of leaves that were damaged or
punctured in each sample through the visual evaluation of each plant. Subsequently, leaf weight loss (%) was
estimated based on the residual biomass (g).

2.2. Statistical Analysis

Results are reported as Mean + SD. Differences in the mean values were evaluated by analysis of variance
(ANOVA). The Tukey test was used for all pair wise multiple comparisons of groups. In all statistical analysis P
values > 0.05 were considered not significant.

3. Results

Toxicity of R. occidentalis methanol seed extract on soybean pests in field assays: The results obtained from
the three field assays on soybean, showed that treatment with the R. occidentalis extract at 500 y 750 pg/mL re-
duced Lepidoptera population 52% and 65% respectively after 48 h of application when compared with the con-
trol population. The treatment with LUF and CYP decreased Lepidoptera population 61% and 63%, respectively
(Table 1).

The extracts displayed low toxic effects on natural enemy populations (spiders, Coleoptera, Pentatomidae and
beetles). The results in all plots sprayed with the extract were similar to those treated with the commercially
available insecticides (50%), while pest population control was 100%. The phytophagous lepidopterans Anticar-
sia gemmatalis, Rachiplusia nu, Pseduplusia includens, Loxostege bifidalis, Spodoptera frugiperda and S. cos-
mioides were found in the field, as well as the natural predators, Nabis capsiformis (Nabiidae) and Podisus con-
nexivus (Pentatomidae), commonly present in soybean crops. The results obtained with the toxic referent prod-
ucts LUF and CYP (at 125 and 70 g a.i./l, respectively) showed that larval mortality was high enough to be sta-
tiscally significant.

Toxicity of R. occidentalis methanol seed extract and squamocin on S. frugiperda in corn Semi-field assay:
We describe a semi-field cage test specifically designed to test effects of plant protection products on S. frugi-
perda. We evaluated the insecticidal activity of R. occidentalis methanol seed extract (acetogenin fraction) and
bis-THF ACG, squamocin on S. frugiperda. Also, we studied the damage caused by the lepidopteran in treated
and control crops, quantifying the residual biomass (g).

The acetogenin fraction of R. occidentalis methanol seed extract (500 pg/mL) and squamocin (50 and 100
png/mL) produced a mortality of 75%, 93% and 100% in the population of S. frugiperda after 72 h of treatment
while LUF produced a 100% mortality (Table 2). Note the importance of natural products that exert their toxic-
ity in early instar larvae, when so much damage has not been produced yet.

The damage caused by lepidopterans in treated and control crops was quantified by evaluating the residual
biomass after treatment with R. occidentalis (500 mg/ml), squamocin (50 y 100 mg/ml) and LUF as positive
control (250 mg/ml). The results were 0.42, 0.46, 0.60 and 0.80 g, respectively and 0.22 g for the control (Table
2).

The test proved to be useful to evaluate the effects of the plant protection products sprayed on the crops.
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Table 1. Percentage of arthropod populations after 48 h of application.

Compounds Conc. pg/mL 1% Field test* 48 h 2" Field test® 48 h 3"“Field test® 48 h

Ex. R.0. 42.5 83.0x+13 ND ND

Ex. R.o. 125 68.0+2.3 59.0+14 ND

Ex. R.0. 250 56.1+29 46.1+3.7 57.1+38

Ex. R.0. 500 ND 40.7+35 48.0 +3.3

Ex. R.0. 750 ND ND 350+£35
LUF 250 50.1+4.6 405+2.1 39.0+3.1
CYP 250 45.0+49 33.0+£23 37.0+35

%(%) arthropod population after 48 h with respect to control. ND: Not determined.

Table 2. Larval mortality of S. frugiperda and residual biomass in a semi-field approach (10 seedlings).

Control Extract R.o. Squamocin Squamocin LUF
(500 pg/mL) (50 pg/mL) (100 pg/mL) (250 pg/mL)

Larval mortality (%) 20 75 93 100 100
Residual biomass (g) 0.22 +0.01 0.42 £0.01 0.46 £0.12 0.60 +0.10 0.80+0.13

The idea of the trial was to prepare groups of test plants to evaluate the action of different products 24 h after
placing the larvae. A group remained untreated for control. The relatively small size of the test units and the
high degree of standardization achieved with the set-up made the test highly reproducible in a test design with
various replicates per treatment (three in our trial). Mortality was assessed on a daily basis throughout the expe-
riment. All dead lepidopterans were counted and removed. Overall conditions during the bioassay period were
very good. Temperature averaged 25°C (from 20°C at night to 27°C in the daytime) with almost no rain and a lot
of sunshine. The plants inside the cages were connected to a drip irrigation system, so that watering of the plants
occurred with minimal lepidopteran disturbance.

Mortality effects were analyzed by comparing the number of dead lepidopterans found in the different treat-
ment groups. As illustrated by the data presented in Table 2, differences among treatment groups were observed
immediately after the exposure was initiated. Mortality levels in the toxic reference cages remained high and
statistically significant throughout the trial period.

The results obtained in corn semi-field and soybean field tests with formulations containing acetogenins were
promising to control lepidopteran pests. Given the problems of environmental pollution by the use of highly
toxic synthetic chemicals, it is necessary to find new ecologically friendly alternatives for insect control. Treat-
ment with R. occidentalis acetogenin fraction is environmentally selective and shows an excellent degree of se-
lectivity towards beneficial insects minimizing the detrimental effects of pesticides on natural enemies, allowing
their survival and sustainable control of pests.
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