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The present study was motivated by a lack of information on how to control Helicoverpa armigera in
soybean fields in Brazil. Nine chemical and four biological treatments were tested. Control efficiency
was evaluated at 3, 7, 10, and 14 days after spraying. Moreover, the cost benefit ratio by the yield and
cost of insecticide application and the economic injury level (EIL) were used to calculate the chemical
and biological treatments. Chemical insecticides chlorantraniliprole, flubendiamide, chlorfenapyr,
spinosad and acephate with 90.9, 90.9, 90.9, 72.7 and 90.9% of control efficiency, respectively, were
efficient to control H. armigera along the evaluations. Bt Control® was efficient controlling small and
large larvae, with 100 and 66.7% of control efficiency, respectively. Gemstar® and HzNPV CCAB® were
efficient against small larvae. The treatments acephate (1:10), chlorantraniliprole (1:6.6), flubendiamide
(1:5.3), Bt Control® (1:6.6), Gemstar® (1:5) and HzNPV CCAB® (1:5.7) had higher cost benefit ratio (ratios
are indicated in parentheses after the treatments names). The EIL is flexible and vary according to the
control efficiency, cost of treatment application and market value of soybean. The lowest value of EIL
was DipeI® (0.2) and the highest value was chlorfenapyr (2.3). These findings support a decision of
when, which treatment, and dose to spray to control H. armigera on soybean with a high cost benefit
ratio.
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INTRODUCTION

The confirmation of the presence and invasion of
Helicoverpa armigera (Hubner) (Lepidoptera: Noctuidae)
in Brazil (Czepak et al., 2013) and in South and Central
America (Murda et al., 2014; Smith, 2014; Arnemann et
al., 2016) brought serious implications in terms of the
management of this pest for the main agricultural crops

cultivated in these areas. Furthermore, Kriticos et al.
(2015) alerted about the extraordinary spread potential of
this pest to North America and in July 2014,
USDA/APHIS and Florida Department of Agriculture and
Consumer Services (FDACS) confirmed the first
detection of H. armigera in USA.

*Corresponding author. E-mail: jonasarnemann@gmail.com.

Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution

License 4.0 International License



http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US

Table 1. Chemical and biological treatments and rate per hectare.
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Chemical treatment Trademark Rate (g ha')! Biological treatment Trademark Rate (g ha"')
1. Chlorantraniliprole Premio® 200 SC 10.0 B. thuringiensis Dipel® SC 4.5x 101

2. Flubendiamide Belt® 480 SC 336 B. thuringiensis Bt Control® SC 2.5x1013*

3. Indoxacarb Avatar® 150 CE 60.0 H. zea nucleopolyhedrovirus Gemstar® SC 4.0 x 1011**

4. Chlorfenapyr Pirate® 240 SC 240.0 H. zea nucleopolyhedrovirus HzNPV CCAB® SC 1.5 x 1012"

5. Spinosad Tracer® 480 SC 33.6 Control treatment - -

6. Chlorfluazuron + Methomyl Atabron® 50 CE + Lannate® 215 SL 25.0+215.0 - - -

7. Methoxyfenozide Intrepid® 240 SC 96.0 - - -

8. Lambda-cyhalothrin + Chlorantraniliprole Ampligo® 50 + 100 SC 37+75 - - -

9. Acephate Orthene® 750 PS 750.0 - - -

10. Control treatment -

'Rate of active ingredient per hectare. *Rate of spore/crystal. **Rate of polyhedral inclusion bodies.

The management of H. armigera populations
poses great challenges for the Brazilian soybean
farmers, because there is little information
available on the chemical and biological control of
this pest in Brazil. These difficulties led the
Brazilian Ministry of Agriculture and Food Supply
to take immediate measures, such as the
emergency registration of insecticides for the
control of H. armigera. It makes the control
recommendations susceptible to doubt and errors.
The lack of regional control results still leaves the
technical assistants, industry, farmers, and
researchers without information to establish the
management of this pest during recent crop
production cycles. Therefore, to evaluate the role
of chemical and biological insecticides used to
control larvae of H. armigera under soybean field
conditions, two experiments were accomplished at
two locations wunder different environmental
conditions.

MATERIALS AND METHODS

Two experiments were performed during the 2013/2014
growing season in Restinga Seca and Santa Maria, State

of Rio Grande do Sul (RS), Brazil. In Restinga Seca,
treatments were sprayed on the 3rd of February 2014 at
the full pod (R4) growth stage and densities of H. armigera
were 1.2 and 3.7 small (< 1.5 cm) and large (> 1.5 cm)
larvae m?, respectively. In Santa Maria, treatments were
sprayed on the 10th of February 2014 at the beginning
seed (R5.1) soybean growth stage, with densities of 2.5
and 1.0 small and large larvae m?, respectively. The
soybean variety on both areas was BMX Potencia RR. The
species of Helicoverpa occurring on these experiments
were identified at the Laboratory of Integrated Pest
Management (LabMIP) of the Federal University of Santa
Maria using the identification key of Hardwick (1965) from
adults and larvae collected during the experiments’
evaluations. The voucher specimens were deposited at
LabMIP.

The experiment was carried out in a randomized
complete block design with four replications and plot sizes
of 4 x 6 m (24 m?, distributed randomly with 0.5 m
between each other on the field. Nine chemical and four
biological insecticides were sprayed (Table 1; all
insecticides were obtained from commercialized market
insecticides). In both experiments, treatment applications
were performed after 6:00 PM with a CO, pressurized
backpack sprayer and a flow rate of 150 L ha™. The
evaluations were conducted with a vertical beat sheet
(Guedes et al., 2006) in order to count the number of small
and large larvae collected on a 1.0 m? area per plot at 3, 7,
10, and 14 days after spraying (DAS). Control efficiency

(E) of treatments was calculated according to the equation
(Abbott, 1925):

E= Controltreatment - insecticide treatment *100

Controltreatment

In the Restinga Seca experiment, grain yield was obtained
by harvesting 2 km? of each plot on the 5™ of April 2014.
The cost benefit ratio (C:B - how many dollars returned per
dollar invested) of each treatment were calculated with
additional yield over control treatment, the cost of
insecticide application and net income. The Economic
Injury Level (EIL) were calculated considering the yield loss
(kg/ha) of one H. armigera larvae/m? of 58 kg/ha (Rogers
and Brier, 2010). The number of larvae (x) was
transformed to the square root of x + 0.5 and submitted to
joint analysis. The means were grouped using the Scott-
Knott test (P>0.05).

RESULTS AND DISCUSSION
Chemical control of H. armigera in soybean

Most chemical treatments significantly reduced
density of H. armigera larvae compared to the
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control treatment. At 3 DAS, control efficiency was the
highest for chlorantraniliprole (83.3%), chlorfenapyr
(90%), and acephate (83.3%; percent of control efficiency
are indicated in parentheses after the treatments names;
Table 2). At 7 DAS, control efficiency of larvae was above
90% for flubendiamide (93.1%), indoxacarb (96.6%),
chlorfenapyr (100%), spinosad and acephate (93.1%).
Chlorantraniliprole reduced the population density of H.
armigera by 82.8%. At 10 DAS, chlorantraniliprole,
flubendiamide, chlorfenapyr, spinosad, lambda-
cyhalothrin + chlorantraniliprole, and acephate controlled
the larvae >80%. Chlorantraniliprole, flubendiamide,
chlorfenapyr, and acephate maintained >90% mortality of
larvae at 14 DAS.

Chlorfenapyr (240 g a.i. ha'l) always had the highest
control efficiency (at all evaluations). This insecticide
uncouples oxidative phosphorylation in mitochondria,
thereby interrupting ATP production (Raghavendra et al.,
2011). Thereby, this insecticide can be used as an
alternative mode of action during the same crop season,
delaying or mitigating development of insecticide
resistance on this pest.

Chlorantraniliprole and flubendiamide at tested doses
of 10 and 33.6 g a.i. ha’, respectively, had similar
efficiencies against H. armigera consistent with their
chemical group (anthranilic diamides). In cotton,
flubendiamide 60 g a.i. ha™ reduced the H. armigera
larval population by decreasing crop damage by 96%
(Thilagam et al., 2010). Furthermore, doses of
chlorantraniliprole (31.5 to 52.5 g a.i. ha'l) effectively
controlled H. armigera in cotton in Australia (Leven et al.,
2011). Therefore, in the present study, doses of
chlorantraniliprole and flubendiamide lower than those
recommended elsewhere effectively controlled H.
armigera. It demonstrates the importance of local
evaluation of insecticides. It was found out that spinosad
(33.6 g a.i. ha™) was effectively >80% at 7 and 10 DAS.
Similarly, it has high control efficiency (>90%) in cotton,
albeit, at greater doses than those used in the present
study (range: 72 to 96 a.i. ha‘l) (Leven et al., 2011). The
use of higher doses of spinosad was suspected to be
related to larval resistance, as reported in Pakistan
(Ahmad et al., 2003), India (Kranthi et al., 2000), and
Australia (Gunning and Balf, 2002). Improved metabolism
by cytochrome P450 oxidase may be predisposed to
rapid development of resistance to spinosad (Wang et al.,
2006). Indoxacarb had limited residual effects in our
results. Vinaykumar et al. (2013) reported reductions
within seven DAS on soybean. However, this insecticide
had a low residual effect due to its high photodegradation
(DTso = 4.5 days at pH 5 and 25°C; FAO). Therefore,
indoxacarb requires applications at 7 to 10 days intervals,
due to low persistence, despite high initial efficacy.

Biological control of H. armigera in soybean

The mortality varied according to size of larvae and DAS.

Therefore, results of biological treatments are separately
shown. At 3 DAS, all treatments had efficiencies <70%,
attributed to delayed pathologg of Baculovirus or Bacillus
thuringiensis (Table 3). Dipel” and Bt Control® had the
highest control of small larvae (63.3%). Gemstar®
controlled 47.4% of large larvae. At 7 DAS, Bt Control®
and HzNPV CCAB® controlled 85.7 and 100%,
respectively, of small larvae, whereas Dipel® and Bt
Control® had a higher control of large larvae é86.8 and
73.3%, respectively). At 10 DAS, Bt Control™ (100%),
HzNPV CCAB® (100%), and Gemstar® (87.5%) had the
highest control of small larvae. However, for large larvae,
Bt Control® and HzNPV CCAB® had control efficiency of
84.2 and 78.9%, respectively. At 14 DAS, Bt Control®,
HzNPV CCAB®, and Gemstar® had control efficiency of
100%.

Biological insecticides only had a significantly larvae
mortality after 7 DAS, due to its contamination and action
mechanism, in which the insecticide needs to be ingested
by the larvae to become pathogenic to the insect. Bt
Control® had a higher mortality, mainly of small larvae of
H. armigera compared to Dipel®. Dipel® and Bt Control®
had faster mortality to large larvae than Gemstar® and
HzNPV CCAB®, which can be attributed to the median
lethal time (LTso). Dipel® has a LTg of 6.3 h for first instar
larvae of H. zea (Junior et al., 2009), whereas for
baculovirus it exceeds 3 days (Castro et al., 1999). Even
though Dipel® and Bt Control® have the same active
ingredient, the commercial products tested had distinct
efficiencies due to their amount of B. thuringiensis
spores/ml. Thereby, the dose of Dipel® to control H.
armigera has to be increased.

Mortality also depends of larval stage and dose
sprayed. The control efficiency of Bt Control®, Gemstar®,
and HzNPV CCAB®, was higher to small larvae. Likewise,
for the quantity of spores/ml, the amount of OBs on
HzNPV CCAB® is higher than Gemstar®. Because of this,
the control efficiency of HZNPV CCAB® reached 100%
early for small larvae. These present findings were
consistent with previous findings on larval stage and dose
sprayed. Increase in the dose of OBs applied per larvae
results in faster mortality and shorter survival time
(Georgievska et al., 2010).

Soybean yield and benefit cost ratio from chemical
and biological treatments

The active ingredients acephate (2,643 kg ha™), spinosad
(2594 kg ha'), chlorfenapyr (2,576 kg ha™),
chlorantraniliprole (2,447 kg ha™), and flubendiamide
(2,497 kg ha™) had the highest soybean yield (Table 4),
attributed to larvae control efficiency. In this way, the
benefit cost ratio was higher for acephate (1:10.0),
chlorantraniliprole (1:6.6), and flubendiamide (1:5.3),
because of low cost of insecticide application and high
soybean yield. Although, acephate had higher benefit
cost ratio, should lead to the highest vyield,
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Table 2. Number of H. armigera larvae (+SD) and efficiency (E) of the chemical treatments.

'Rate Number of larvae m™
Treatment 1 2 3 r

(g ha™) 3 DAS t E (%) 7 DAS t E (%) 10DAS t E (%) 14 DAS t E (%)
1. Chlorantraniliprole 10.0 0.6 (£0.9) a 83.3 0.6 (x0.5) a 82.8 0.4 (x0.5) a 88.9 0.3(x0.5) a 90.9
2. Flubendiamide 33.6 1.0 (x1.2) a 73.3 0.3 (x0.5) a 93.1 0.3(x0.5) a 92.6 0.3(x0.5) a 90.9
3. Indoxacarb 60.0 0.9 (£1.0) a 76.7 0.1 (+0.4) a 96.6 1.0(x0.8) a 70.4 15(x06) b 45.5
4. Chlorfenapyr 240.0 0.4 (x0.7) a 90.0 0.0 (x0.0) a 100.0 0.1(x0.4) a 96.3 0.3(x0.5) a 90.9
5. Spinosad 33.6 0.9 (£1.4) a 76.7 0.3 (£0.5) a 93.1 0.4 (¢05) a 88.9 0.8(x1.0) a 72.7
6. Chlorfluazuron + Methomyl 25.0 +215.0 1.8 (¢1.3) b 53.3 0.8 (x0.7) a 79.3 0.8(x0.7) a 77.8 15(x06) b 45.5
7. Methoxyfenozide 96.0 2.8 (£2.1) b 26.7 1.4 (x1.5) a 62.1 10(x1.1) a 70.4 1.0(x0.8) a 63.6
8. Lambda-cyhalothrin + Chlorantraniliprole 37+75 1.6 (£0.7) b 56.7 0.9 (x0.6) a 75.9 0.3(x0.5) a 92.6 0.8(x1.0) a 72.7
9. Acephate 750.0 0.6 (+0.5) a 83.3 0.3 (x0.5) a 93.1 0.5(x0.5) a 85.2 0.3(x0.5) a 90.9
10. Control treatment - 3.8 (¢1.3) b - 3.6 (x1.2) b - 34(x13) b - 28(x1.00 b -
CV (%)* - 34.1 - - 30.9 - - 42.1 - - 24.4 - -

'Rate of active ingredient for hectare. 2Days after spray of treatment. *Means separated by the Scott-Knott test (t). Values followed by the same letter do not differ significantly at the 5% probability level.

“Coefficient of Variation. *Evaluation means of Santa Maria.

because it had a similar control efficiency of
chlorantraniliprole  and flubendiamide. The
insecticide acephate has to be retested.
Conversely, even with excellent control efficiency
and high productivity, the benefit cost ratio of
chlorfenapyr and spinosad insecticides was only
1:.3.7 and 1:4.3, respectively, because of their
high spray cost.

The ®yre|d of the biological treatments Bt

Control™ (286 kg ha Y, Gemstar® (297 kg ha™),
and HzNPV CCAB® (301 kg ha Y, differed from
control treatment and Dipel® (Table 3). The
benefit cost ratio was similar between Gemstar®
and HzNPV CCAB® (baculovirus treatments)
1:5.0 and 1:5.7, respectively. Bt Control® had the
highest benefit cost ratio (1:6.6). These biological
insecticides had a similar benefit cost ratio to the
chemical treatments acephate, chlorantraniliprole,
and flubendiamide.

This result supports that an application of a
biological insecticide affect the selectivity to
natural enemies which naturally control the

pests.

H. armigera economic injury level (EIL)

Once the density and population distribution of H.
armigera have been determined, the next step is
to decide whether a control program is required by
EIL. The EIL is the population density of an insect
that causes economic loss equal to the control
cost (Pedigo and Rice, 2006). The EIL depends
on cost of insecticide application, value of
soybean kilogram, the damage (in kg), and the
efficiency of the control method/treatment used.
The insecticide D|pel had a mean efficiency of
60%, with a spray cost of US$13.20. Considering
the soybean bag value of US$15.00, the EIL for
Dlpel is much lower (0.5 larvae m’ ) mainly
because of its low control efficiency (Table 5),
moreover, to its low cost of insecticide application
ha® (C). In general the blolo%lcal insecticides
(Dipel®, Bt Control®, Gemstar®, and HzNPV

CCAB®) had lower EILs compared to chemical
insecticides. Therefore, biological insecticides
should be applied in the beginning of an
infestation by H. armigera. Conversely, the
insecticide chlorfenapyr had the highest control
efficiency among the evaluated insecticides. It
means control efficiency of 94%, with the high
cost of insecticide application ha™ (US$35.90),
soybean value of US$15.00 mcreased the EIL to
2.3 H. armigera larvae m? It means that an
efficient treatment can support higher pest density
and each soybean field has to be sampled to
know the density of pest and to decide the correct
time to start the control.

These findings support how to manage H.
armigera on soybean in Brazil, looking at the
control data from chemical and biological
insecticides, the cost benefit ratio and the EIL.

Monitoring of H. armigera during all the soybean
growth stages are essential to make decisions
from these results on when to control, which
insecticide, and the dose that will result in a higher
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Table 3. Number of small and large H. armigera larvae (+SD) and efficiency (E) of the biological treatments.

Treatment Rate Number of small larvae m™

(g ha™) 3 DAS' t*  E (%) 7 DAS t  E(%) 10 DAS t E (%) 14 DAS t E (%)
1. Dipel®™ 45x 10" 0.5 (+0.8) a 636 0.6 (+0.7) a 64.3 0.5(+0.8) a 50.0 0.3 (+0.5) a 50.0
2. Bt Control® 2.5x10% 0.5 (+0.8) a 636 0.3 (+0.7) a 85.7 0.0 (0.0) a 100.0 0.0 (+0.0) a 100.0
3. Gemstar®® 4.0 x 10" 0.6 (+0.5) a 545 0.8 (£1.2) a 571 0.1(x0.4) a 87.5 0.0 (+0.0) a 100.0
4. HzZNPV CCAB®® 1.5 x 10% 1.0 (+0.8) a 273 0.0 (+0.0) a  100.0 0.0 (+0.0) a 100.0 0.0 (+0.0) a 100.0
5. Control treatment - 1.4 (x0.9) a - 1.8 (x1.7) a - 1.0 (x0.5) a - 0.5 (+0.6) a -
CV (%)° - 19.8 - - 38.3 - - 31.9 - - 24.0 - -

Number of large larvae m™

1. Dipel®™ 45 x 10" 2.3 (£1.8) a 53 0.3 (+0.5) a 867 0.8(x0.9) a 68.4 1.0 (+0.0) a 55.6
2. Bt Control® 2.5x 10" 1.6 (+1.1) a 316 0.5 (+0.5) a 733 0.4 (x05) a 84.2 0.8 (+1.0) a 66.7
3. Gemstar®® 4.0 x 10" 1.3 (+0.7) a 474 1.4(x0.9) a 267 1.4 (¥1.8) a 42.1 0.5 (+0.6) a 77.8
4. HZNPV CCAB®® 1.5 x 10% 2.0 (+1.4) a 158 1.0 (+1.8) a 467 05(x05) a 78.9 0.8 (+0.5) a 66.7
5. Control treatment - 2.4 (x1.4) a - 1.9 (+0.6) a - 2.4 (x1.2) a - 2.3 (x1.3) a -
CV (%) - 42.8 - - 40.8 - - 44.4 - - 24.8 - -

'Days after spray treatment. 2Values followed by the same letter do not differ significantly at the 5% probability level. *Coefficient of Variation and the data transformed to square root of x + 0.5.
“Rate of commercial product = 500 mL ha™. °Rate of commercial product = 200 ml ha™*. *Evaluation means for Santa Maria only.

Table 4. Soybean yield and benefit cost ratio of chemical and biological treatments.

Additional yield

Additional income

Cost of insecticide

Treatment Rat(i Yleld_l over control over control application Netincome  Cost benefit
(g ha™) (kg ha™) (kg ha'®) (US$ ha'))* (USS$ ha')* (UsS$ ha™) ratio
1. Chlorantraniliprole 10.0 2447° 349 122.64 16.11 106.53 1:6.6
2. Flubendiamide 33.6 2497° 399 140.20 22.28 117.92 1:5.3
3. Indoxacarb 60.0 2370° 272 95.52 19.81 75.70 1:3.8
4. Chlorfenapyr 240.0 2576% 478 167.95 35.86 132.08 1:3.7
5. Spinosad 33.6 25942 496 174.18 33.00 141.18 1:4.3
6. Chlorfluazuron + Methomyl 25.0 +215.0 2326° 229 80.24 41.70 38.54 1:0.9
7. Methoxyfenozide 96.0 2200 103 36.08 20.31 15.77 1:0.8
8. Lambda-cyhalothrin + Chlorantraniliprole 3.7+75 2342° 244 85.68 17.50 68.18 1:3.9
9. Acephate 750.0 2643 545 191.47 17.35 174.13 1:10.0
10. Control treatment - 2098° 0 0.00 0.00 0.00 -
CV (%) 3.3
1. Dipel™ 45 x 10" 2197° 99 34.77 13.23 21.54 1:1.63
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2. Bt Control®* 2.5 x 10" 2384° 286 100.35
3. Gemstar®? 4.0 x 10" 23952 297 104.38
4. HZNPV CCAB®? 1.5 x 10% 2399° 301 105.79
5. Control treatment 2098° 0 0.00
CV (%) 3.4 - -

13.23 87.12 1:6.58
17.35 87.04 1:5.02
15.70 90.09 1:5.74
0.00 0.00 -

*Price per kilogram of soybeans (US$ 0.351). **Insecticide's cost plus operational application cost of US$5.00. 'Dose of commercial product = 500 ml ha™. Dose of commercial product = 200 ml ha™.

Table 5. Economic injury level (EIL) estimated for chemical and biological treatments.

Cost of insecticide

Value of a 60 kg soybean bag (US$)

Treatments E (%) application 15.00 20.00 25.00 30.00 35.00 40.00
(US$ ha) Larval population of H. armigera m™”
chlorantraniliprole 85 16.1 0.9 0.7 0.6 0.5 0.4 0.4
flubendiamide 86 22.3 1.3 1.0 0.8 0.7 0.6 0.5
indoxacarb 76 19.8 1.0 0.8 0.6 0.5 0.4 0.4
chlorfenapyr 94 35.9 2.3 1.7 1.4 1.2 1.0 0.9
spinosad 85 33.0 1.9 15 1.2 1.0 0.8 0.7
chlorfluazuron + methomyl 64 24.3 11 0.8 0.6 0.5 0.5 0.4
methoxyfenozide 57 20.3 0.8 0.6 0.5 0.4 0.3 0.3
lambda-cyhalothrin + chlorantraniliprole 75 175 0.9 0.7 0.5 0.5 0.4 0.3
acephate 86 17.3 1.0 0.8 0.6 0.5 0.4 0.4
Dipel® 60 13.2 0.5 0.4 0.3 0.3 0.2 0.2
Bt Control® 76 13.2 0.7 0.5 0.4 0.3 0.3 0.3
Gemstar® 63 17.3 0.8 0.6 0.5 0.4 0.3 0.3
HzNPV CCAB® 65 15.7 0.7 0.5 0.4 0.4 0.3 0.3

*Mean control efficiency of two experiments (percentage). **Consumption by one H. armigera m-2 is 58 kg ha-1 (ROGERS & BRIER, 2010). ***EIL = [(C /
VD) * E] (adapted from PEDIGO & RICE 2006); “C”: control cost (sum of the values of insecticide and application); “V”: soybean value per kilogram; “D”:
damage (kg) caused by the pest; “E”: efficiency of the method/treatment used for control.

benefit cost ratio.

Conclusions

The objectives of this study were supported with
efficient alternatives of chemicals and biological

insecticides to control H. armigera on soybean.
Five chemical treatments are efficient to control H.
armigera, from 3 to 14 DAS chlorantraniliprole,
flubendiamide, chlorfenapyr, spinosad, and
acephate. The biological treatment Bt Control® is
efficient to control small and large larvae.
Gemstar® and HzNPV CCAB® are efficient to

control  small larvae. The  treatments,
chlorantraniliprole, flubendiamide and acephate
provided the highest yield and cost benefit ratio,
which are similar to Bt Control®, Gemstar®, and
HzNPV CCAB®. The EIL is flexible and range
from 2.3 larvae m™ to chlorfenapyr up to 0.2
larvae m to Dipel®.



1432 Afr. J. Agric. Res.

Conflict of Interests

The authors have not declared any conflict of interest.

REFERENCES

Abbott WS (1925). A method of computing the effectiveness of an
insecticide. J. Econ. Entomol. 18:265-267.

Ahmad M, Arif MI, Ahmad Z (2003). Susceptibility of
Helicoverpa armigera (Lepidoptera: Noctuidae) to new chemistries in
Pakistan. Crop Prot. 22:539-544.

Arnemann JA, James WJ, Walsh TK, Guedes JVC, Smagghe G,
Castiglioni E, Tay WT (2016). Mitochondrial DNA COI
characterization of Helicoverpa armigera (Lepidoptera: Noctuidae)
from Paraguay and Uruguay. Gen. Mol. Res. V. 15:1-8.

Castro MEB, Souza ML, Sihler W, Rodrigues JCM, Ribeiro BM (1999).
Biologia molecular de baculovirus e seu uso no controle biolégico de
pragas no brasil. Pesqg. Agropec. Bras. Bras. 34:1733-1761.

Czepak C, Albernaz KC, Vivan LM, Guimaraes HO, Carvalhais T
(2013). Primeiro registro de ocorréncia de Helicoverpa armigera
(Hibner) (Lepidoptera: Noctuidae) no Brasil. Pesq. Agropec. Trop.
43:110-113.

Georgievska L, Hoover K, Werf WVD, Mufioz D, Caballero P, Cory JS,
Vlak JM (2010). Dose dependency of time to death in single and
mixed infections with a wildtype and egt deletion strain of Helicoverpa
armigera nucleopolyhedrovirus. J. Invertebr. Pathol. 104:44-50.

Guedes JVC, Farias JR, Guareschi A, Roggia S, Lorentz LH (2006)
Capacidade de coleta de dois métodos de amostragem de insetos-
praga da soja em diferentes espagamentos entre linhas. Ciénc. Rural
36:1299-1302.

Gunning RV, Balfe ME (2002). Spinosad resistance in Australian
Helicoverpa armigera (Hubner) (Lepidoptera: Noctuidae). In:
Proceedings 10th IUPAC International Congress Chemistry of Crop
Protection, 10, 2002, Basel. Anais... Basel: Wiley Europe P 290.

Hardwick DF (1965). The corn earworm complex. Ofttawa:
Entomological Society of Canada 247 p.

Junior HIGS, Marques EJ, Polanczyk RA, Pratissoli D, Rondelli VM
(2009). Suscetibilidade de Helicoverpa zea (Boddie) (Lep.:
Noctuidae) a Bacillus thuringiensis Berliner (Bacillaceae). Arg. Inst.
Biol. 76:635-641.

Kranthi KR, Ali SS, Banerjee SK (2000). Baseline toxicity of spinosad
on the cotton bollworm, Helicoverpa armigera (Hubner), in India.
Resist. Pest Manage. Newsl. 11:9-12.

Kriticos DJ, Ota N, Hutchinson WD, Beddow J, Walsh T, Tay WT,
Borchert DM, Paula-Moreas SV, Czepak C, Zalucki MP (2015). The
potential distribution of invading Helicoverpa armigera in North
America: is it just a matter of time? PLoS ONE 10:1-24.

Leven T, Mensah R, Sequeria R, Wilson L, Dillon M (2011). Key insects
and mite pest of Australian cotton. Toowoomba: CSIRO’s cotton
research. (Cotton pest management guide 2011-12) 40 p.

Murda MG, Scalora FS, Navarro FR, Cazado LE, Casmuz A, Villagran
ME, Lobos E, Gastaminza G (2014) First record of Helicoverpa
armigera (Lepidoptera: Noctuidae) in Argentina. Florida Entomol.
97:854-856.

Pedigo LP, Rice ME (2006). Entomology and pest management.
Columbus: Pearson Prentice Hall 749 p.

Raghavendra K, Barik TK, Sharma P, Bhatt RM, Srivastava HC,
Sreehari U, Daah AP (2011). Chlorfenapyr: a new insecticide with
novel mode of action can control pyrethroid resistant malaria vectors.
Malar. J. 10:16.

Rogers DJ, Brier HB (2010). Pest-damage relationships for Helicoverpa
armigera (Hubner) (Lepidoptera: Noctuidae) on soybean (Glycine
max) and dry bean (Phaseolus vulgaris) during pod-fill. Crop Prot.
29:47-57.

Smith E (2014). Detection of Old World Bollworm (Helicoverpa
armigera) in Puerto Rico. North American Plant Protection
Organization, 28 out. 2014. Official Pest Reports. Available at:
http://lwww.pestalert.org/oprDetail.cfm?oprID=600.

Thilagam P, Sivasubramanian P, Kuttalam S (2010). Bioefficacy of
Flubendiamide 480 SC against American bollworm in Cotton and
Biochemical changes. Ann. Plant Prot. Sci. 18:384-387.

Vinaykumar MM, Raghvani KL, Krishana NL, Biradar AK,
Chandrashekar GS (2013). Management of Spodoptera litura (Fabr.)
and Helicoverpa armigera (Mats.) in soybean with newer insecticides.
Int. J. Green Herbal Chem. 2:665-674.

Wang W, Mo JC, Cheng JA, Zhuang PJ, Tang ZH (2006). Selection and
characterization of spinosad resistance in Spodoptera exigua
(Hubner) (Lepidoptera: Noctuidae). Pest. Biochem. Physiol. 84:180-
187.



