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The present study aimed to evaluate under field conditions, the effect of genetically modified maize 
hybridsin control of Spodoptera frugiperda, Elasmopalpus lignosellus and Diatraea saccharalis, to 
identify Trais which is more efficient in controlling this complex caterpillars. The experiment was 
conducted in city of Lucas doRio Verde, State of Mato Grosso, Brazil, the experimental design was 
randomized blocks with six treatments consist of transgenic materials: Cry1Ab, Cry1F, Cry1A.105+ 
Cry2Ab2 and Vip3Aa, and the conventional material with and without insecticide application. For the 
environmental conditions of this study, the genetic materials with biotechnology Cry1F, Cry1A.105 
+Cry2Ab2 and Vip3Aa entered the hybrids were the highest yields of maize, as well as those with lower 
intensities damage from S. frugiperda. Regarding the control of E. lignosellus, only the conventional 
and hybrid technology Vip3Aa were susceptible to this insect pest incidence. All biotechnology 
inserted into maize hybrids were effective for control of D. saccharalis. 
 
Key words: Bacillus thuringiensis, Spodoptera frugiperda, Elasmopalpus lignosellus, Diatraea saccharalis. 

 

 
INTRODUCTION 
 
Maize is the most cultivated cereal in Brazil, extends from 
North to South, one of the largest producers, according to 
information from the Food and Agriculture Organization of 
the United Nations (FAO, 2012), which according to the 
Instituto Brasileiro de Geografia e Estatística the State of 
Mato Grosso is among the States with higher production, 
8.16 million megagrams in 2010 (Ibge, 2012). This high 
output is due to the importance of their grain for human 
consumption  (Fufa et al., 2003) and animal (Callegaro et  

al., 2005). 
One of the main factors that affect productivity and 

quality of output is the incidence of pests, which stresses 
the Spodoptera frugiperda, Elasmopalpus lignosellus and 
Diatraea saccharalis (Silva et al., 1968; Gallo et al., 
2002). An important tool in the management of these 
insect pests is the use of genetically modified maize 
hybrids developed through biotechnology techniques 
(Waquil   et  al.,  2002;  Bobrowski  et  al.,  2003).   These 
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Figure 1. Rainfall (mm) in the period from November 2011 to April 2012 in city of Lucas 
doRio Verde, State of Mato Grosso, Brazil, in crop year 2011/2012. 

 
 
 
plants expressing proteins of Bacillus thuringiensis (Bt) 
which has the characteristics of production of β-exotoxin 
and δ-endotoxin, both are highly specific toxic and therefore 
harmless to most other organisms, including beneficial 
insects (Ignoffo and Gregory, 1972; Herrero et al., 2001; 
Siegel, 2001; Ashfaq et al., 2010). The caterpillars, while 

feeding the leaf tissue of genetically modified maize, 
ingest this protein, which acts on epithelial cells of the gut 
of insects, thereby promotes osmotic disruption of these 
cells, which determines the death of the caterpillar, 
before the same occasion damage to the crop (Gill et al., 
1992; Gill, 1995). 

Despite the benefits of using Bt maize, potential risks 
should be considered (Capalbo and Fontes, 2004). The 
main concern is the placement of cultivars against the 
attack of insect control targets. For the control strategy 
works effectively, it is necessary to know which is the target 

of insect control for a given hybrid, since due to the 
specificity of these proteins and differences in 
susceptibility to pests, hybrids may be highly efficient for 
a given insect and almost no effect on other insects, 
though these are both from the same taxonomic class 
(Williams et al., 1997, 1998a, b; Vilella et al., 2002). 
However, there may be differential expression of the toxin in 
the different genotypes in which the gene is incorporated, 
this is, and the same crytoxin present in different hybrid 

variability may have opposite pest infestation (Waquil et 
al., 2002). 

MacIntosh et al. (1990) showed a specificity of pure 
toxin for different species of insects. Thus, it has been 
recorded for the main species of lepidopteran pests of 
maize the following toxins with greater activity: Cry 1D 
and Cry 1F to control S. frugiperda, Cry 1A(c) for 
Helicoverpazea,   Cry     1B    to      D.  saccharalis     and 

D. grandiosella (Bohorova et al., 1997) and Cry 1C for 
Spodopteraexigua (Visser et al., 1990). In study 
development by Williams et al. (1998a), which was added 
straw transgenic maize containing the toxin Cry 1A(b) 
showed 40% reduction in survival of 94% and biomass of 
larvae of S. frugiperda. As for the fall armyworm in maize 
plants expressing Bt toxins ranged from highly effective 
(Cry 1F), intermediate [Cry 1A(b) and Cry 1A(c)] and 
without any activity (Cry 9c) (Waquil et al., 2002). With 
respect to E. lignosellus all crytoxins [1F, 1A(b) 1A(c) and 
9C] were effective in accordance with results reported by 
Vilella et al. (2002). This evaluate the field of transgenic 
plants with the Bt gene in Brazil is low (Waquil et al., 
2004), which can cite the study of Fernandes et al. (2003) 
that studies conducted under field conditions for two 
years and in different places, and found that maize 
containing the protein Cry 1A(b) demonstrated an 
efficient control of armyworms. In this context, this study 
aims to evaluate the agronomic efficiency of different 
genetically modified maize hybrids in the complex control 
of caterpillars (S. frugiperda, E. lignosellus and D. 
saccharalis). 

 
 
MATERIALS AND METHODS 

 
Study site 

 
The experiment was conducted in the season of 2011/2012, in city 
of Lucas doRio Verde, State of Mato Grosso, Brazil, located in the 
geographic coordinates of latitude 12°58'07''S and longitude 
55°56'43''W with altitude mean of 390 m. According to Köppen 

classification, the climate is Aw, with the data of precipitation 
occurred during the experiment presented in Figure 1. The soil was 
classified  as  Typic  Yellow  eutroferric  (Embrapa,  2006),  with the  



 

 
 
 
 

Table 1. Percentage of plants with leaf damage of any kind, regardless of the intensity of the lesion by S. frugiperda and 
percent control efficiency (%Ce) in conventional maize hybrids and genetically modified in the region of Lucas do Rio Verde, 
State of Mato Grosso, Brazil, crop year 2011 / 2012. 
 

Hybrid 
Growth stage 

V2 %Ce V4 %Ce V6 %Ce V8 %Ce 

T1
(1)

 59.2
b(2)

 40.8 87.7
b
 12.3 64.6

b
 35.4 62.5

b
 36.5 

T2 54.4
b
 45.6 64.3

c
 35.7 17.1

c
 82.9 17.9

c
 81.8 

T3 14.3
c
 85.7 49.4

d
 50.6 1.9

d
 98.1 1.1

d
 98.9 

T4 6.2
c
 93.8 47.1

d
 52.9 0.8

d
 99.2 0.6

d
 99.4 

T5 99.7
a
 0.3 99.1

a
 0.9 74.2

b
 25.8 89.8

a
 8.7 

Control 100.0
a
  100.0

a
  100.0

a
  98.4

a
  

C.V. (%) 20.1  12.6  10.2  11.0  
 
(1)

T1: Cry1AB; T2: Cry1F; T3: Cry1A.105 + Cry2AB2; T4: Vip3Aa; T5: hybridwithconventionalinsecticide application; Control: 

conventional hybrid without insecticide application. 
(2)

Average followed by the same lower case letter in the column do not differ at 
5% probability by the test of Scott-Knott (1974). 

 
 
 
following chemical and textural characteristics in 0 to 0.20 m: pH in 
water of 5.5, 14.2 mg dm

-3
 of PMehlich1, 34 mg dm

-3
 of K

+
, 4.8 cmolc 

dm
-3

 of Ca
2+

, 2.2 cmolc dm
-3

 of Mg
2+

, 0.3 cmolc dm
-3

 of Al
3+

; 35 g kg
-

1
of organic matter and 650 g kg

-1
 clay. 

 
 
Treatments and experimental design 

 

The experimental plots consisted of six rows of plants, with 5.0 m 
length and spacing of 0.5 m. The experimental was conducted in 
randomized complete blocks designs, with six treatments and four 
replications, and the treatments by transgenic hybrids: Cry1Ab (T1), 
Cry1F (T2), Cry1A.105 + Cry2Ab2 (T3), Vip3Aa (T4); and hybrids 
with conventional insecticide application (T5) and no application 
(Control). The installation of the experiment was conducted on the 
dates of November 5, 2011, with the aim of evaluating E. 

lignosellus, and November 25, 2011, for evaluation of S. frugiperda 
and D. saccharalis, both in no-tillage (Aguiar et al. 2008), with 0.50 
m spacing between lines (Afférri et al., 2008), and population 
density of 70,000 plants ha

-1
 (Kappes et al., 2011).  

 
 
Crop management 

 
The maintenance of fertilization was performed with the application 

of 60 and 70 kg ha
-1

 P2O5 and K2O in the furrow, and 90 kg ha
-1

 of 
nitrogen top dressing applications in the V4 growth stage (Ritchie et 
al. 1993). Other cultural practices, fungicides and herbicides, were 
made in accordance with the technical recommendations for maize 
(FornasieriFilho, 2007). 
 
 
Evaluated characteristics 

 

Evaluations of E. lignosellus were performed every 2 days between 
the V1 to V5 growth stages (Ritchie et al., 1993). Plants with 
symptoms of caterpillar attack were removed from the plot, and in 
the end we calculated the percentage of loss (Silva et al., 1986). 
Evaluations of attack S. frugiperda and D. saccharalis, these growth 
stages were performed at V2, V4, V6 and V8 (Ritchie et al., 1993) 
recording the number of plants with either type of lesion intensity 
and damage (Fernandes et al., 2003), using the scale visual leaf 

damage by S. frugiperda (Davis et al., 1992). With this information, 
we calculated the index of damaged plants (Ceccon et al., 2004), in 
which   the  chemical  control  was  performed  as recommended by 

FornasieriFilho (2007), when leaf damage reached visual scale ≥ 4 
(Gallo et al., 2002). 

The damage caused by D. saccharalis were performed by 
opening the stem internodes for quantification of total and galleries, 
and its respective dimension (Araújo et al., 2011), then proceeded 
to the mean value, and this was converted to a percentage. Harvest 
was done manually on days 5 April 2012 (E. lignosellus) and on 
April 20, 2012 (S. frugiperda and D. saccharalis), with subsequent 

threshing, weighing of grain moisture content determination, and 
order conversion Mg ha

-1
. 

 
 
Data analysis 
 
The experimental data, after being analyzed to verify normality and 
homoscedasticity waste by use of the Shapiro-Wilk test (Shapiro 
and Wilk, 1965) and Levene (Box, 1953) to 1% probability, by use 
of statistical software (Sas, 2008), were subjected to analysis of 
variance and treatment means compared by Scott and Knott 
(1974), with 5% significance, using the statistical software SISVAR 
(Ferreira, 2011), and the efficiency of these treatments was 
calculated by using the formula recommended by Abbott (1925). 
 
 

RESULTS AND DISCUSSION 
 

Effects of S. frugiperda in leaf damage in Bt hybrids 
 

Assessments of leaf damage of any kind allowed to 
identify the intensity of damage to S. frugiperda 
treatments (Table 1). The conventional maize had higher 
intensity than genetically modified maize in all growth 
stages evaluated V2, V4, V6 and V8. According to the data 
in Table 1, it shows that there were some kind of damage 
"scraping" the leaves of Bt maize hybrids, since, to be 
controlled, the insect must ingest the toxin, at the 
herbivory (Buntin et al., 2001; Waquil et al., 2002). Thus, 
this caterpillar to feed maize containing Bt toxin, may 
have changed their biological cycle, with higher mortality 
of larvae, lower biomass and lower pupal mass 
(Fernandes et al., 2003). Buntin et al. (2001) studied the 
pattern   of  resistance  to  maize  MON810 S. frugiperda,  
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Table 2. Percentage of damaged plants leaf equal or above 4 on a visual scale of Davis et al. (1992) for S. frugiperda and percent 
control efficiency (%Ce) in conventional maize hybrids and genetically modified in the region of Lucas do Rio Verde, State of  Mato 
Grosso, Brazil, crop year 2011/2012. 
 

Hybrid 
Growth stage 

V2 %Ce V4 %Ce V6 %Ce V8 %Ce 

T1
(1)

 11.6
b(2)

 85.2 15.4
c
 80.4 40.3

b
 58.1 20.2

b
 70.5 

T2 8.7
b
 88.9 3.8

d
 95.2 3.4

c
 96.5 2.1

c
 96.9 

T3 2.9
c
 96.3 0.0

e
 100.0 0.0

c
 100.0 0.0

c
 100.0 

T4 0.0
c
 100.0 0.0

e
 100.0 0.8

c
 99.2 0.0

c
 100.0 

T5 67.1
a
 14.6 46.6

b
 40.8 43.8

b
 54.5 31.1

b
 54.5 

Control 78.6
a
  78.7

a
  96.2

a
  68.4

a
  

C.V. (%) 36.5  23.2  19.7  36.1  
 
(1)

T1: Cry1AB; T2: Cry1F; T3: Cry1A.105 + Cry2AB2; T4: Vip3Aa; T5: hybridwithconventionalinsecticide application; Control: conventional 

hybridwithoutinsecticide application. 
(2)

Average followed by the same lower case letter in the column do not differ at 5% probability by 
the test of Scott-Knott (1974). 

 
 
 
in different localities, observed a lower percentage of 
plants with damage to the cartridge of maize compared to 
conventional maize. The authors reported that in maize 
MON810, the percentage of plants with damage the 
cartridge reached a maximum of 35%, while 
inconventional maize were up 96.1% of damaged plants. 

With respect to genetically modified organisms, it was 
found that hybrids containing proteins 
Cry1A.105+Cry2Ab2 and Vip3Aa had the lowest 
incidence of S. frugiperda, which demonstrates the 
efficiency of these genes in these incorporated genetic 
material, with values near 100% efficiency control for 
these two hybrids (Table 1). Based on the data, it was 
found that genes Cry1F, Cry1A.105 + Cry2Ab2 and 
Vip3Aa showed resistance to S. frugiperda (Table 2), in 
which toxins were effective in protecting plants against 
infestation and damage promoted by this insect 
throughout the vegetative cycle. This fact demonstrates 
the occurrence of continuous expression of the toxin and 
its effectiveness on the pest, thereby adopting this 
technology ensured the best possible results and the 
reduction of insecticide application. The low intensity of 
leaf damage obtained in this study with treatment 
transgenic agree with the literature (Williams et al., 
1998a, b; Buntin et al., 2001; Waquil et al., 2002; 
Michelotto et al., 2011). 

Fernandes et al. (2003) studying the effect of 
genetically modified maize containing protein Cry 1A(b) 
observed that the percentage of plants with leaf damage 
caused by caterpillars throughout the growing cycle, was 
significantly higher in maize than in conventional 
transgenic maize in three experiments, with average 
values obtained for the conventional maize 72.7% of 
plants with damage, and the maize toxin Cry 1A(b) the 
average value was 33.8%. The insecticides were used to 
control the caterpillars when the percentage of leaf 
damage ≥4 scale Davis et al. (1992) were above 20% 
(Gallo et al., 2002).  Thus,  even the use of materials with 

Bt technology incorporated in their genetics, Cry1Ab, 
showed the need to use chemicals to aid in the control of 
caterpillars, which demonstrates the high population 
pressure S. frugiperda the experimental period (Table 2). 

For conventional hybrids with insecticide application 
(T5), these showed the need for control in all growth 
stages of evaluation, that is, until the emergence of the V8 
stage was performed applying chemicals for the control 
of caterpillars, increasing maize production cost. It is 
worth mentioning that it is between the V8 to V10 growth 
stage that plants are more susceptible to attack the 
caterpillar, which can cause reduction of up to 18.7% of 
the grain yield of maize (Cross and Turpin, 1982). 
Despite the conventional hybrid seeds possess 
commercial value greater account than the Bt hybrids, 
these savings in price seed is relative, since in some 
regions is common to use more than five applications of 
pesticides during the season (Figueiredo et al., 2006). In 
the present study, it took four applications of insecticides 
for the control of S. frugiperda, and still control efficiency 
of this was still lower than that of materials containing Bt 
protein in their genes, as shown in Table 2. The lower 
control efficiency results in low yield due to pest damage 
by plant, which will impair its maximum yield potential. 

Furthermore, the use of synthetic chemicals provides 
several problems as waste grains, destruction of natural 
enemies, poisoning of applicators and appearance of 
pest populations resistant to insecticides (Roel et al., 
2000; Asogwa and Dongo, 2009). According to Table 2, it 
appears that conventional maize plants had leaves the 
cartridge with greater signs of damage from the start of 
ratings (growth stage V2). In turn, the intensity of damage 
in the cartridge maize and conventional hybrids 
containing the gene Cry1Ab were significantly higher in 
the V6 growth stage, denoting the initial feeding behavior 
S. frugiperda, with losses to plant development. 

Zancanaro et  al. (2012), studying different percentages 
of  mixed  seeds of transgenic plants with conventional, in  



 

 
 
 
 

Table 3. Plant stand (PS), incidence of D. saccharalis(IDS), percent control efficiency (%Ce) and 
yield (YIELD) in conventional maize hybrids and genetically modified to D. saccharalis and S. 

frugiperda, in the region of Lucas do Rio Verde, State of Mato Grosso, Brazil, crop year 2011/2012. 
 

Hybrid PS (plants ha
-1
) IDS (cm) %Ce Yield (Mg ha

-1
) 

T1
(1)

 59028
a(2)

 2.3
c
 94.9 6.7

b
 

T2 59722
a
 2.1

c
 95.3 7.6

a
 

T3 59167
a
 1.3

c
 97.1 7.8

a
 

T4 56944
a
 0.0

c
 100.0 7.7

a
 

T5 56805
a
 11.4

b
 74.6 5.8

b
 

Control 51528
a
 44.8

a
  2.5

c
 

C.V. (%) 3.1 22.9  2.8 
 
(1)

T1: Cry1AB; T2: Cry1F; T3: Cry1A.105 + Cry2AB2; T4: Vip3Aa; T5: hybrid with conventional insecticide 
application; Control: conventional hybrid without insecticide application. 

(2)
Average followed by the same 

lower case letter in the column do not differ at 5% probability by the test of Scott-Knott (1974). 

 
 
 
which significant differences in the intensities of leaf 
damage caused by caterpillars, and the treatment of fully 
transgenic plants had the lowest intensity of damage, 
note the damage with 3.38, which agrees with the values 
of 2.10 and 2.64 reported by Fernandes et al. (2003) and 
Butin (2008), respectively. The low levels of damage 
notes obtained in this study agree with those reported by 
Williams et al. (1997), Buntin et al. (2001) and Waquil et 
al. (2002). 

Araújo et al. (2011) observed, regardless of the time of 
evaluation, a minor leaf damage in Bt hybrids compared 
to conventional. Regarding transgenic hybrids, these 
same authors found that the hybrid containing the toxin 
Cry 1F was more resistant to attack the caterpillar, in 
contrast, expressing Cry protein 1A(b) behaved as 
moderately resistant. 
 
 
Effects of S. frugiperda and D. saccharalis in 
productivity of the hybrids 
 
The incidence of D. saccharalis was higher in 
conventional hybrids, especially in control, no insecticide 
application, which demonstrates the need for pesticide 
use for the control of this insect pest, which can be seen 
from Table 3 that the use of pesticides obtained 
percentage of efficiency control over 70%. Regarding Bt 
hybrids, all showed resistance to this insect, independent 
of Bt protein embedded in their genes, this efficiency was 
above 94%, this is, the use of technology that effectively 
controls insects. 

Table 3 shows the values of yields obtained in the 
present study, in which it appears that varied according to 
the hybrids tested, with the highest values were observed 
in genetic materials that express the Bt gene, whereas 
conventional hybrids without application chemicals for the 
control of caterpillars provided the lowest productivity. 
The minor  leaf  damage  by  S. frugiperda, and  a   lower 

incidence of D. saccharalis seen in hybrids containing the 
genes Cry1F, Cry1A.105 + Cry2Ab2 and Vip3Aa warrant 
the highest yield for these hybrids, since the attacks of 
these pests cause the death of the plants and reduction 
in the initial stand and/or leaf damage by feeding 
parenchyma of the leaves, the central bud of the plant 
and grain spike (Cruz and Turpin, 1982, 1983; Cruz et al., 
1999; Sarmento et al., 2002), consequently, affects the 
number of production plants and the mass of spikes 
(Silveiraet al., 1998). 

With respect to conventional hybrids with insecticide 
application, even the use of pesticides was not able to 
increase the productivity of maize grains to values 
statistically equal to Bt hybrids, which was to be 
expected, since the results presented in Tables 1 and 2 
treatment with chemical control was lower in all 
parameters compared to treatment with genetic 
resistance (Bt). According to Koziel et al. (1993), 
Bobrowski et al. (2001, 2003), Pinto and Fiuza (2008) 
and Aziz et al. (2011), the use of insect-resistant plants is 
one of the ideal methods of control, due to maintenance 
of the pest population at levels below the economic 
injury. Moreover, this method does not cause harm to the 
environment and is compatible with other control 
methods (Gallo et al., 2002). 

The hybrid transgenic Cry1F, Cry1A.105 + Cry2Ab2 
and Vip3Aa showed a yield over other hybrids tested 
(Table 3). These results demonstrate that a significant 
increase in the production of maize can be achieved by 
incorporating the Bt gene expressing the toxin into 
genotypes with great potential for yielding. Thus, the 
most suitable for the producers are those who were less 
attacked by S. frugiperda and more productive. 

In the study by Araújo et al. (2011), observed that the 
grain yield were higher with the use of Bt maize, with a 
superiority of 0.59 Mg ha

-1
 compared to conventional 

hybrid, and Bobrowski et al. (2003) report promotes the 
adoption  of  technology  reduction  of  losses  in  yield  of  
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Table 4. Mean percentage of dead plants (%DP) by the attack E. slignosellus, percent control 
efficiency (%Ce) and yield (YIELD) in conventional maize hybrids and genetically modified in the 
region of Lucas do Rio Verde, State of Mato Grosso, Brazil, year Farm 2011/2012. 
 

Hybrid %DP %Ce Yield (Mg ha
-1

) 

T1
(1)

 1.8
b(2)

 97.7 6.3
a
 

T2 1.2
b
 98.5 6.6

a
 

T3 0.3
b
 99.6 6.5

a
 

T4 68.4
a
 12.2 1.0

b
 

Control 77.9
a
  1.1

b
 

C.V. (%) 26.69  6.7 
 
(1)

T1: Cry1AB; T2: Cry1F; T3: Cry1A.105 + Cry2AB2; T4: Vip3Aa; Control: conventional hybrid without 

insecticide application. 
(2)

Average followed by the same lowercase letter in the column do not differ at 
5% probability by the test of Scott-Knott (1974). 

 
 
 
about 20% due to better control of caterpillars that attack 
maize, besides providing reduction in the use of 
insecticides 

According to James (2003a, b) in the field experiments 
conducted in Brazil, found an average gain in yield for Bt 
maize around 24% compared to conventional maize. 
While in Argentina, Trigo and Cap (2003) and James 
(2003a) founded that yield was on average 5 to 10% 
higher than conventional plants, respectively. In the 
United States the increase in yield of transgenic hybrids 
was approximately 0.33 to 0.94 Mg ha

-1
 (Marra et al., 

2002). Gruère et al. (2007) observed that besides the 
increase in grain yield between 5 to 34% for transgenic 
maize, there is a reduction in the use of inputs that can 
reach 31.4%. Thus, the use of genetically modified crops 
provides increment in grain yield of maize and less use of 
chemical pesticides. 
 
 
Effect of E. lignosellus in productivity of the hybrids 
 
The damage caused by E. lignosellus in maize ranged 
between hybrid and conventional transgenics. For all 
hybrids containing the Bt gene the percentage of dead 
plants was less than 2% (Table 4), with the exception of 
the hybrid gene containing the Vip3Aa. The material 
showed a higher incidence of susceptibility to E. 
lignosellus was the hybrid gene containing the conven-
tional Vip3Aa and without addition of Bt protein, the 
values of dead seedlings were raised with the percentage 
of damage of 68.4 and 77.9%, respectively. Thus, it is 
observed that only 31.6 and 22.1% of desired plants can, 
if others do not suffer any direct and/or indirect, produce 
ears of maize. 

In general, the major damage caused by E. lignosellus 
occur during drought periods (All et al., 1979; Viana and 
Costa, 1995), in turn, despite a cumulative rainfall of 216 
mm in the month of November, there was a high 
population pressure  in  this insect pest in this study. 

Conclusions 
 
Biotechnology, Cry1F, Cry1A.105+ Cry2Ab2 and Vip3Aa, 
inserted in hybrids are the ones with better control to S. 
frugiperda and higher yields of maize compared 
technologies treated with insecticides and, with respect to 
the control of D. Saccharalis all hybrids containing Bt 
genes are efficient. The hybrid technologies Cry1Ab, 
Cry1F and Cry1A.105 +Cry2Ab2 are highly effective for 
controlling E. lignosellus, while the conventional hybrid, 
as the technology Vip3Aa are susceptible to incidence of 
E. lignosellus. 
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