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ABSTRACT

Among the options to control Alabama argillacea (Hiibner, 1818) and Heliothis virescens (Fabricius, 1781)
on cotton, insecticide spraying and biological control have been extensively used. The GM ‘B’ cotton has
been introduced as an extremely viable alternative, but it is yet not known how transgenic plants affect
populations of organisms that are interrelated in an agroecosystem. For this reason, it is important to know
how the spatial arrangement of pests and beneficial insect are affected, which may call for changes in the
methods used for sampling these species. This study was conducted with the goal to investigate the pattern
of spatial distribution of eggs of A. argillacea and H. virescens in DeltaOpal™ (non-Bt) and DP9OB™
Bt cotton cultivars. Data were collected during the agricultural year 2006/2007 in two areas of 5,000 m>,
located in in the district of Nova América, Caarap6é municipality. In each sampling area, comprising 100
plots of 50 m’, 15 evaluations were performed on two plants per plot. The sampling consisted in counting
the eggs. The aggregation index (variance/mean ratio, Morisita index and exponent k of the negative
binomial distribution) and chi-square fit of the observed and expected values to the theoretical frequency
distribution (Poisson, Binomial and Negative Binomial Positive), showed that in both cultivars, the eggs
of these species are distributed according to the aggregate distribution model, fitting the pattern of negative
binomial distribution.
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INTRODUCTION

Alabama argillacea (Hiibner, 1818) and Heliothis
virescens (Fabricius, 1781) (Lepidoptera,
Noctuidae) are important pests of cotton that can
cause considerable damage (Peres et al. 2012).
Traditionally, these pests have been controlled with
insecticides. Pesticide applications, however, have
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negative environmental effects, such as killing
beneficial organisms and creating insecticide-
resistant moths. A viable alternative to insecticides
is the use of transgenic, as Bacillus thuringiensis
Berliner Bf cotton varieties.

Transgenic Bt technology has enabled an
effective control of lepidopteran pests of cotton
in Brazil and in many other cotton-producing
countries. Currently, it is one of the most
widespread GMOs in the world (2013), third only
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to soybean and corn (James 2013). Besides being
effective in pest control, Bf- modified crops are an
economically viable alternative toreduce the need
for chemical insecticide applications (Baker et al.
2008, Brookes and Barfoot 2007, Fitt 2008). For
this reason, these GMOs are also believed to be
a more environmentally friendly alternative (Pray
et al. 2002, Qaim and Zilberman 2003) when
compared with conventional pest control methods.

Genetically modified plants
revolutionized agriculture by creating crops that

have

are resistant to certain insects (Shelton et al.
2002). In the case of Bt crops, insect resistance is
achieved by incorporating, into the plant’s DNA,
the gene for toxin production from the bacterium
Bacillus thuringiensis Bt (Berliner) (Romeis et al.
2006). This gene enables the plant to produce the
Bt protein, which is toxic to the larvae of many
insects. The Bt protein is short-lived and does not
linger in the environment. Furthermore, it is not
toxic to many non-target insects, or to vertebrates
(Glare and O’Callaghan 2000). Despite these
desirable characteristics, however, it is not known
with certainty whether the Bt protein of modified
cotton affects the populations of several organisms
in agroecosystems. For this reason, studies that aim
to detect alterations in the spatial distribution of
target and non-target insect populations in response
to Bt cotton are extremely desirable.

In order to determine the patterns of spatial
distribution of a species in a given ecosystem, it is
necessary to obtain individual count data, as defined
in (Young and Young 1998). This data can be used
to make inferences about the spatial distribution of
the sampled population.

Because transgenic plants seem to alter the
distribution of insects in the environment, it is
important to devise sampling techniques that can
be used in these crops. In order to accomplish the
latter, however, we first need to understand how
insect populations are distributed in the trangenic
and non-trangenic crop fields.
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The spatial patterns of organisms in the field
fall into three patterns: aggregated, uniform, or
random (Ricklefs 2003). Placing the distribution
of an organism into one of these three categories
can be achieved through dispersion indexes and
the theoretical distribution of their frequencies
(Barbosa 1992). Although aggregation and
dispersion indexes do not mathematically describe
the distribution of the population studied (Elliot
1977), they provide data for an approximation
of reality. It is important to note that knowing
the distribution of frequencies (which describe
mathematically the spatial distribution of the pest)
is important to determine the adequate sampling
criterion, for decision to control (Ruesink 1980,
Taylor 1984).

Generally, it is important to know the
particularities of the infestations caused by these
pests in order to determine suitable management
strategies for them, for instance, their type of
spatial distribution in the field. It is, thus, necessary
to have data to count these pests and to determine
their spatial distribution patterns, which define the
behavioral patterns of the population.

This study was conducted to compare the
patterns of spatial distribution of eggs of 4.
argillacea and H. virescens between the cotton
cultivar DeltaOpal™ (convencional cotton- Cv) and
DP90B™ (Bt-cotton). We aimed to contribute to the
understanding of the impact of the Bt-technology
on the behavior of target adults, particularly with
regards to their oviposition behavior.

MATERIALS AND METHODS

DESCRIPTION OF THE SAMPLING AREA

The experiment was conducted between 2006/2007
at Cuiabazinho Farm, a commercial area located in
the district of Nova América, Caarap6 municipality,
southern Mato Grosso do Sul, where no cotton
had been planted for eight years. The study area
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includes 300 ha, irrigated with center pivot. Sowing
was conducted as follows: 80% for the cultivar
DP90B™ Bt express the toxin CrylAc protein and
20% cotton cultivar with DeltaOpal™ (conventional
- Cv). The first Bt cotton emerged on December 13
and the first Cv cotton on December 27.

SAMPLING

The sampling was organized as follows: two areas
of 5000 m® were demarcated in the sampling area,
one with Bt cotton and another with Cv cotton.
Each field was divided into 100 plots of 50 m* (5
m X 10 m). In each plot we assessed two plants,
totaling 200 plants in each field. Assessments in
both cultivars were conducted weekly until the
appearance of the first flower. From the emergence
of the first flower to the first boll, we conducted
two assessments per week. After the onset of the
first boll, we performed one evaluation every week.
We counted the eggs of the pests from
January 10" 2007 to March 27", 2007, totaling
15 assessments in each cultivar. We searched the
entire plant, from the pointer to the lowest leaves,
recording the number of eggs of 4. argillacea and
H. virescens in each plant. During the evaluation
period, no chemical pest control was performed.

AGGREGATION INDEXES

The rates of aggregation used to determine the
oviposition behavior of the moths A. argillacea
and H. virescens were: Ratio Variancie/Mean (1)
(Rabinovich 1980), Morisita index (I,) (Morisita
1962, Rabinovich 1980) and K exponent of the
negative binomial distribution I, (Elliot 1977,
Silveira Neto et al. 1976, Southwood 1966).

THEORETICAL DISTRIBUTION OF FREQUENCIES

The theoretical distribution of the frequencies used
to evaluate the spatial distribution of the species
observed were: Poisson, Positive and Negative
Binomial. We used the chi-square test of adhesion

to make adjustments to the theoretical frequency of
distributions (Young and Young 1998).

RESULTS AND DISCUSSSION

OVIPOSITION OF 4. argillacea

The first evaluation was conducted on January 10",
2007, on both cultivars. This corresponds to the
28" DAE (days after emergence) of the Bt cultivar,
and the 15" DAE of the Cv cultivar. In this first
assessment, we only found eggs of 4. argillacea
in the Bt cultivar (Table I). (Fernandes et al. 2003)
also recorded A. argillacea in Dourados from the
30" DAE until the end of the crop cycle.

The aggregation indices calculated, indicate
that the values of the variance/mean ratio were
greater than 1 in 15 of the evaluations, conducted
in both cultivars (Table I). Thus, it is observed that
the eggs of A. argillacea are laid both individually
and in aggregates, in both the Bf and Cv cultivars.
However, the average number of eggs found in
the Bt cultivar was always very low. When this
happens, i.e. when the density of eggs in the field
is low, the rate of aggregation may be unreliable.
Nevertheless, with the data obtained, it is observed
that that eggs of A. argillacea have aggregate
distribution in the field, because whenever the
average was high enough to perform statistical
analyses, the values obtained confirmed this type
of spatial distribution. Based on the results of
Morisita index, it is obvious that in all the tests, the
values were also higher than the unit, allowing us
to confirm that the arrangement of the eggs on both
crops is aggregate.

Analyzing the K exponent, we found support
for the hypothesis that the eggs on the conventional
crop have aggregate distribution, because the
K values varied between 0 and 7 (Table II). The
same assessment of the Bz cotton field revealed
significantly lower K values, between 0 and 1.5,
except on the 4th assessment, when a value of
4.2042 was obtained, also indicating an aggregate
distribution (Table I).
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The exponent K, when calculated for the Cv
cultivar, was always above zero, indicating an
aggregate disposition, corroborating the results
of the Morisita index and the variance/mean
ratio. However, in two instances the exponent
K calculated for the B¢ cultivar resulted in
values above one. These data demonstrate that
the distribution of the eggs on the Cv cotton is
aggregate. By contrast, even though eggs are laid in
aggregates on the Bt cotton, there is a tendency for
a uniform distribution, as shown by the values near
zero, absent in the calculations for the Cv cultivar.

THEORETICAL FREQUENCY OF THE DISTRIBUTIONS

With one exception, the 5" sampling, the data
pertaining to A. argillacea eggs on the Cv cotton
did not fit the Poisson distribution (Table III). In

TATIANA R. RODRIGUES, MARCOS G. FERNANDES, PAULO E. DEGRANDE and THIAGO A. MOTA

addition, the first three samples did not achieve
sufficient degrees of freedom for us to test their fit
to this type of distribution.

On the Bt cotton field, data on four of the
samplings fit the Poisson distribution. Among the
samplings that did not, ten were significant at the
1% level probability using the chi-square. Data
on only one sampling in each cultivar, the 13" Cv
sample and the 10™ Bt sample resulted significant
at 5% probability.

The tests of the adjustment of the classes
obtained for the eggs of A. argillacea fit the negative
binomial distribution (Table IV) well: among the
15 assessments made, 12 of those for the Cv cotton,
and all of those for the Bt cultivar had sufficient
degrees of freedom for the chi-square test to be
performed. Nine samples from the DeltaOpal™
cultivar and 11 samples from the DP90OB® cultivar

TABLE III
Chi-square test to Alabama argillacea and Heliothis virescens eggs (Poisson)
on cotton cultivars in Caarapd, MS, 2007.

DeltaOpal™ DP9OB™
Alabama Heliothis Alabama Heliothis
argillacea virescens argillacea virescens
Sample X? DF(nc-2) X’ DF(nc-2) X’ DF(nc-2) X? DF(nc-2)

I 0 - 0 - 12,07 1 0 -
on 0,22! 0 126,60 5 32,96 2 257,56" 9
3 0,22 0 114,79" 5 2,83™ 1 335,04 10
4™ 14,00 3 108,617 9 142,60 14 2,16™ 3
5t 2,48™ 1 251,22 6 21,64" 2 532,47 10
6" 14,47" 1 171,19 3 1,21 1 1033,62" 15
7" 12,61 2 42,77 5 39,67 2 176,97 11
8" 28,91™ 5 24,78 4 28,79™ 2 60,09 3
9" 39,64" 3 26,35" 2 512 2 436" 1
10" 19,08™ 2 24,82" 2 5,84" 1 20,30" 2
1" 31,517 5 41,39" 3 10,92™ 1 15,32" 2
12" 31,65 6 0,26 0 2,20 2 8,53" 1
13" 13,25 4 10,57 1 70,65 3 28,62 2
14" 76,44 7 3,99 0 20,59" 2 0,32° 0
15" 29,05 3 1,25° 0 15,34" 2 0,21" 0

ns

— non-significant at 5% probability, * - significant at 5% probability, ** - significant at 1% probability, ' = insufficient

of classes, X* — value of the calculated chi-square, DF — degree of freedom, nc — number of classes observed at field.

An Acad Bras Cienc (2015) 87 (4)



SPATIAL DISTRIBUTION OF PESTS ON COTTON CROPS

fit the negative binomial distribution. As the
values of the chi-square of most samples were not
significant for the negative binomial distribution,
the spatial distribution found for the eggs of 4.
argillacea is aggregate.

The chi-square test of adherence to the positive
binomial distribution (Table V) showed that adults
of this noctuid do not have any tendency to lay eggs
in a manner that fits such distribution: of the 15
samples taken from the Cv and Bf varieties, none
fit this distribution.

The same spatial distribution patterns of posture
described in this paper showed that 4. argillacea
female, does not distinguish between Bt cotton
and non-Bt, due to the proposed differentiation in
volatiles produced by plants (Yan et al. 2004). As
reported in a previous study Lima and Torres (2011)
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the female of 4. argilacea presents no preference in
laying eggs on Bt and non-B¢ cotton.

OVIPOSITION OF H. virescens

The first evaluation of the Bt and Cv crops (Table I)
did not indicate the presence of eggs of H. virescens
in the sampled area, which were first found only in
the second evaluation. The greatest amount of eggs
was found from the 2™ to the 7" samplings in both
cultivars. In this context, the higher incidence of
postures during the first assessments was mainly due
to favorable conditions of the host plant during that
period. This finding confirms the results obtained
by Fernandes et al. (2007) who showed that moths
of H. virescens prefer to lay eggs on the upper third
part of the plant, where plant structures are newer
and are more appropriate to the younger larvae.

TABLE IV
Chi-square test to Alabama argillacea and Heliothis virescens eggs (Negative Binomial)
on cotton cultivars in Caarapo, MS, 2007.

DeltaOpal™ DP90OB™
Alabama Heliothis Alabama Heliothis
argillacea virescens argillacea Virescens
Sample X’ DF(nc-3) X’ DF(nc-3) X? DF(nc-3) X’ DF(nc-3)

1% 0 - 0 - 2,75™ 3 0 -
on 0 - 5,69 ™ 7 6,14 ™ 4 10,90 ™ 12
3 0 - 6,28 ™ 8 0,36 0 13,20 ™ 13
4™ 440" 2 21,97" 9 142,59 15 2,157 ™ 3
5t 2,06™ 1 9,17™ 10 0,94 ™ 2 1533 ™ 13
6" 1,20™ 2 33,42" 5 1,04 ™ 1 39,29 18
7" 7,27 2 9,92" 5 1,42 3 18,17 ™ 13
g 832™ 5 2,87 ™ 2 8,63 2 7,37"™ 6
9" 5,94 ™ 4 8,64 2 1,91™ 1 0,41 ™ 1
10" 472" 2 2,06 ™ 2 0,10™ 1 3,08™ 3
" 11,76" 5 4,71 ™ 4 0,48 ™ 3 423" 3
12" 2227 5 0,88’ 0 2,20 1 8,52™ 0
13" 6,59 ™ 3 7,54" 1 11,09° 3 6,34 2
14" 8,87 ™ 9 0 - 3,74 ™ 2 0 -
15" 531 ™ 3 1,12 0 4,24 2 0,02 -

NS _ non-significant at 5% probability, * - significant at 5% probability, ** - significant at 1% probability, ' = insufficient
of classes, X* — value of the calculated chi-square, DF — degree of freedom, nc — number of classes observed at field.

An Acad Bras Cienc (2015) 87 (4)



2250

TATIANA R. RODRIGUES, MARCOS G. FERNANDES, PAULO E. DEGRANDE and THIAGO A. MOTA

TABLE V
Chi-square test to Alabama argillacea and Heliothis virescens eggs (Positive Binomial)
on cotton cultivars in Caarapé, MS, 2007.

DeltaOpal™ DP90B™
Alabama Heliothis Alabama Heliothis
argillacea virescens argillacea virescens
Sample X? DF(nc-3) X’ DF(nc-3) X? DF(nc-3) X? DF(nc-3)

I 0 - 0 - 0,36 - 0 -
on 241,16 0 9,61 - 0,36 - 32,49 -
3¢ 241,16 0 10,24 - 18,16 0 38,44 -
40 4,8333" 0 44,68 - 79,28 - 23,111 0
5t 113,91 - 14,44 - 221421 - 4225 -
6" 0,16' 0 2,89 - 63,77 0 86,49 -
7" 457,73" 0 384,521 0 17,38 - 74,94 -
8" 73,02° 0 0,01 - 215,04 - 39,32 -
9" 1275,23 - 3195,80' 0 773,58 - 242947 -
10" 102,54 0 0,36 - 493,56 - 0,49 -
" 22,051 0 512,96 - 0,09 - 519,10 -
12" 52,84 0 80,65" 0 286,56 - 167,86 0
13" 7,63 0 5764,40' 0 126,98 - 236,49 -
14" 30,72 0 0,01 - 1442,92° 0 698,57" 0
15" 2,56 - 2492,69' 0 0,09 - 176,99' 0

ns

— non-significant at 5% probability, * - significant at 5% probability, ** - significant at 1% probability, ' = insufficient

of classes, X — value of the calculated chi-square, DF — degree of freedom, nc — number of classes observed at field.

The aggregation indexes for eggs of H.
virescens indicate that the values variance/mean
were greater than 1 in all 14 evaluations, and the
means differing from zero for both the Cv and the
Bt varieties (Table 1), in view of the probability of
99% accuracy. However, it appears that, from the
9" assessment on, very low means were observed,
resulting in unreliable conclusions about the levels
of aggregation.

The Morisita index and the chi-square values
for the randomness were also greater than 1,
allowing us to confirm the aggregate distribution
of this pest in both cultivars. The 4™ sampling
carried out in the Bt cultivar and the 12" sampling
carried out in the Cv cultivar were exceptions, with
a 95% confidence level. Thus, we expect a greater
probability of adjusting the frequencies found in
the field to the existing theoretical distributions

An Acad Bras Cienc (2015) 87 (4)

for this type of spatial arrangement, not discarding
the possibility of obtaining a fit to non-aggregated
distributions, since some samples resulted in very
low averages. It should be noted that these results
conform to those observed for the variance/mean
ratio.

The values of the exponent K were between
0.0459 and 4.5002 (Table I) in all evaluations of the
transgenic crop, indicating an aggregate distribution
among-plants for the eggs of this insect. The eggs
of this pest also tended to be aggregate on the Cv
cultivar, with K values between 0.0194 and 3.3930
(Table I), but as most values were close to zero,
there is a slight tendency to a uniform distribution.

Of the 15 total evaluations, 11 and 12 on the
Cv and Bt cultivars, respectively, had sufficient
number of classes for the Poisson distributions to
be adjusted by Chi-square test (Table I11). However,
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almost all assessments resulted in no adjustment,
except for the 4™ sampling of the Bt cultivar. This
result, however, may be considered unreliable,
because the average number of eggs found on the
plants examined was very low. It should also be
noted that, as in all other assessments, there was no
adjustment to the Poisson distribution, proving that
the oviposition of H. virescens is not random on
either variety of cotton.

The adjustment tests to the negative binomial
distribution (Table IV) show that the distribution
of eggs fit to this type of distribution very well,
as most samples taken, showed sufficient number
of classes for the test to be adjusted: 11 samplings
from the cultivar DeltaOpal™, and 12 samplings
from the cultivar DP9OB™. Of those samples, six
from the Cv cultivar and 10 from the transgenic
cultivar obtained to this distribution.

There were no sufficient degrees of freedom
to adjust to the positive binomial distribution, in
any of the samples taken (Table V). Therefore, it
was not possible to perform the chi-square test to
this pattern of distribution, thus showing that the
eggs of this noctuid do not have any tendency for a
uniform distribution. Thus, the spatial distribution
of eggs of H. virescens was found to be aggregated
for both crop varieties. The observed and expected
frequencies for the number of eggs in both
cultivars only conformed to the negative binomial
distribution. Torres and Ruberson (2006) also
compared the oviposition behavior of H. virescens
between Bt and non-Bf cotton in a commercial
area and concluded that there was no significant
difference among cultivars with respect to the
temporal distribution of eggs.

Given these observations, the spatial
distribution of eggs of 4. argillacea and H.
virescens was found to be aggregated in both
cultivars, in agreement with Maruyama et al.
(2002), who stated that the distribution of insects
in the field, in general, tends to be aggregate. The
observed and expected frequencies for the number

of eggs of 4. argillacea and H. virescens fit the
negative binomial distribution in the vast majority
of samples taken.

According to these observations, one can
conclude that the spatial distribution of the eggs
of A. argillacea on the Bt the cultivar follows the
pattern of an aggregate distribution tending to a
uniform distribution, being aggregated on the
Cv cotton. The spatial distribution of the eggs of
H. virescens, on the other hand, is aggregate on
both crops. This type of distribution requires a
larger number of sampling units than any spatial
distribution when accessing the distribution of the
eggs of this species. This assessment can be very
important, since, according to Pray et al. (2002),
H. virescens is becoming resistant to Bollgard I
technology in China. Thus, we suggest that future
studies develop sequential sampling plans for eggs
of these species in Cv cotton.

It should also be noted that the Bt cultivar did
not have a major impact on the spatial distribution
of the eggs of H. virescens and A. argillacea, since
the same distribution pattern was observed on both
cotton varieties. This indicates that transgenic
plants do not alter the characteristic oviposition
pattern of these insects, which are the target pests
of the Bt technology.

Thus, we recommend the application of
insecticides that have ovicidal action, whenever
necessary, in localized areas of a culture. This
decreases the amount of pesticides sprayed in the
environment, reducing the risk of human poisoning,
and enables the development of natural enemies of
pests. In this sense, Metcalf (1980) stated that it
is important to provide refuges for the survival of
populations of beneficial insects in agro-ecosystems
and that localized applications are environmentally
preferable in relation to the total area, a practice
widely used in IPM programs in several countries
as, for example, in China. The same author points
out some examples in the literature of cases of
biological control of mealybugs in California’s
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Citrus orchards, that have improved due to spraying
on alternate lanes, every six months, and spraying
on stretches of streets lanes, thus providing refuges
for natural enemies.

In conclusion, we did not observe changes
in the spatial distribution of posture 4. argillacea
and H. virescens in two tested cotton cultivars (Bt
and non-Bt). Thus, suggest the development of a
sequential sampling plan calculated starting from
model aggregated spatial distribution (negative
binomial), and therefore monitoring for decision
making for pest control in question, does not
discriminate cotton cultivars, which implies saving
time.
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RESUMO

Dentre as opgdes para o controle de lagartas de Alabama
argillacea (Hubner, 1818) e Heliothis virescens
(Fabricius, 1781) na cultura algodoeira, aplicagdes de
inseticidas e o controle bioldgico tém sido amplamente
usados. O algodao transgénico ‘Bf’tem se inserido como
uma alternativa extremamente vidvel, porem nao se
sabe com exatiddo como as plantas transgénicas afetam
as populagdes de organismos que se inter-relacionam
em um agroecossistema. Nesse sentido, ¢ importante
saber como a disposi¢ao espacial de insetos pragas
ou benéficos ¢ afetada, pois pode alterar o método de
amostragem dessas espécies na cultura, além de sua
forma de controle. Este estudo foi conduzido buscando
investigar o padrdo da distribuigdo espacial de ovos de
A. argillacea e de H. virescens em cultivar DeltaOpalR
(convencional) e DP90BR (algoddo-Bf). A coleta dos
dados ocorreu durante o ano agricola 2006/2007 em
duas areas de 5.000 m’ localizada na regido do distrito
de Nova América, municipio de Caarap6. Em cada area
amostral, composta por 100 parcelas de 50 m’, foram
realizadas 15 avaliagdes com contagens dos ovos das
pragas em analise, em duas plantas por parcela. Os
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indices de agregagdo (razdo varidncia/media, indice
de Morisita ¢ Expoente k da Distribui¢do Binomial
Negativa) ¢ o teste de qui-quadrado, com o ajuste
dos valores encontrados e esperados as distribuigdes
tedricas de frequéncia (Poisson, Binomial Negativa e
Binomial Positiva), mostraram que em ambas cultivares
a distribuicao espacial de posturas dessas espécies estdo
distribuidas de acordo com o modelo de distribui¢do
espacial agregada, ajustando-se ao padrdo da distribui¢@o
binomial negativa.

Palavras-chave: Curuqueré-do-algodoeiro, Gossypium
hirsutum, Lagarta-das-macas, OGM.
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