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Abstract The aim of this study was to assess the biolog-
ical aspects and food preferences of Helicoverpa armigera
fed different sunflower genotypes and an artificial diet.
Tests were performed under multiple-choice and no-choice
conditions to evaluate the biological characteristics of H.
armigera. In addition, the biological data obtained were
used to determine parameters of fertility life tables. The
results showed that H. armigera does not have a feeding
preference among the sunflower genotypes tested. The
larval period on sunflower ranged from 15.0 to 16.2 days.
The maximum fecundity on sunflower was 542.6 eggs/fe-
male and that on the artificial diet was 794.5 eggs/female.
In general, insects feeding on Helio 250 consumed greater
quantities of leaves, had higher survival until the end of the
pupal stage, displayed high population growth rates, and
had low population doubling times, suggesting that in the
field populations will achieve greater population densities
when fed on Helio 250. Insects that fed on CF101 con-
sumed smaller leaf areas, had lower survival until the end
of the pupal stage, lower fertility rates, and lower popula-
tion growth rates, and may also have displayed lower
population densities and smaller reductions in field pro-
ductivity. This insect developed best on an artificial diet in
comparison to sunflower genotypes studied.
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Introduction

Sunflower, Helianthus annuus L. (Asteraceae), stands out
as one of the four largest oil-producing crops in the world,
along with soybeans, rapeseed, and cotton (USDA 2015).
Global production of sunflower seeds in the 2014-2015
harvest was estimated at approximately 40 million tons,
with the largest producers being Ukraine, countries in the
European Union, Russia, Argentina, and Turkey (USDA
2015). In Brazil, sunflower production in 2014-2015 was
estimated at 144,500 tons in a planted area of over 90,000
hectares. The state of Mato Grosso is Brazil’s largest
sunflower producer, accounting for 78.1% of the nation’s
production (CONAB 2015). In Brazil, sunflowers are
grown between the growing seasons of major crops, such
as soybeans and corn, and therefore pests occurring in these
crops may also attack sunflower (Lazzarotto et al. 2005).

As a pest of agriculture, Helicoverpa armigera (Hiibner)
(Lepidoptera: Noctuidae) larvae generally feed on plant
stems, leaf blades, and reproductive structures (Cunningham
et al. 1999), and can cause severe reductions in crop pro-
ductivity. Plants that are defoliated between 48 and 68 days
old may result in 72-85% reduced crop production (Paro
Janior and Nakano 1976). On average, 50-75% of flowering
plants are susceptible to defoliation, reducing grain yield by
43.6-91.1% (Villas Boas and Moscardi 1985).

In Brazil, H. armigera is on the list of quarantine pests
prepared by the Ministry of Agriculture, Livestock, and Supply
(MAPA-Agrofit 2015); however, there have been reports of this
pest from the states of Goias, Mato Grosso, and Bahia in soy-
bean, cotton, and volunteer soybean, respectively (Czepak et al.
2013). Additionally, this pest has been reported from the fol-
lowing states and crops: Mato Grosso do Sul, Minas Gerais,
Bahia, Para, Parana, Sdo Paulo, and Piaui in soybean, corn,
cotton, tomato, and citrus (Gabriel 2013; Bueno et al. 2014,
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Pratissoli et al. 2015). Currently, several chemical and biolog-
ical insecticides have been registered for the control of H.
armigera (Agrofit 2017), and damage caused to farmers has
been estimated at US$ 2.8 billion (Gottems 2014).

Studying the development of H. armigera in four sunflower
hybrids, Sharma and Singh (2001) observed five larval instars
over the course of development lasting between 9.1 and
15.2 days. The duration of the pupal period varied between
8.25 and 12.0 days and males weighed less (276.0 mg) than
females (287.05 mg). Adult females survived longer with a
maximum longevity of 7.3 days, whereas males had lower
values, with a maximum longevity of 6.0 days. Eggs hatched
between 2.7 and 3.5 days after being laid. Thus, the entire
lifecycle of H. armigera ranged from 32.5 to 35.6 days.

The use of chemical insecticides is the main method
employed to control H. armigera (Building and Arhabhata
2007), but insecticides are detrimental to the environment.
Insecticides can kill or repel bees during sunflower polli-
nation causing a reduction in grain production (Baptista
et al. 2009; Inacio et al. 2003).

Thus, the use of resistant and/or less susceptible and/or
less susceptible plants, are of great importance in Integrated
Pest Management (IPM) (Abrol 2013). Pest-resistant plants
is a control method used in IPM to decrease the pest popu-
lations below levels economic damage without causing
pollution or disturbance to the ecosystem, and without
causing further loss to the farmer (Lara 1991). Thus, the
objective of this study was to evaluate the biological aspects
and feeding behavior of H. armigera on different sunflower
genotypes and an artificial diet under laboratory conditions.

Materials and methods
Plant material and insects

Seeds of the sunflower (H. annuus) genotypes Helio 251
and CF 101, as well as the high oleic genotypes Helio 250,
Helio 253, and ADV 5504, were sown in an experimental
area (21°15'17"S 48°19'20"W) fertilized with 350 kg ha™"
of 08-28-16 fertilizer. Topdressing was conducted 30 days
after seedling emergence with 100 kg ha™' of urea. The
experimental area was weeded by hand and drip irrigated.

The insects used in the study were derived from Promip,
located in Engenheiro Coelho, SP. These larvae were col-
lected from soybean plantations in the soybean crops in the
county of Luis Eduardo de Magalhdes, BA, and from
tomato in Goiania, GO.

The H. armigera colony was maintained under labora-
tory-controlled conditions (temperature = 25 £ 1 °C, rel-
ative humidity = 70 & 10%, and photoperiod of 12-h
light: 12-h dark) on an artificial diet modified from Greene
et al. (1976).
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Feeding preference of Helicoverpa armigera larvae
by sunflower genotype (multiple-choice)

The experimental design consisted of randomized blocks
arranged in split plots with ten replications. Treatments
consisted of five sunflower genotypes (e.g., Helio 250,
Helio 251, Helio 253, CF101, and ADVS5504). Each
treatment was evaluated at nine time intervals (e.g., 5, 15,
25, 35, 45, 60, 1440, 2880, and 4320 min) after the larvae
were released.

At 40 days post emergence, sunflower leaves were
collected, taken to the laboratory, soaked in 5% sodium
hypochlorite for 5 min, washed in tap water, and blotted
with paper towels to remove excess water.

Leaf disks measuring 2.0 cm in diameter were cut from
the leaves of each genotype, arranged equidistantly on petri
dishes (15.0 cm diameter x 2.0 cm height), and lined with
filter paper that had been moistened with distilled water.
Ten first instar H. armigera were then released at the center
of each petri dish with backlog in the number of attracted
insects on each leaf disk in each evaluation time. The
larvae were recorded in each particular genotype, if the
larvae were present on the disk. We also evaluated several
times to determine the most suitable for use in future tests.

Feeding preference of Helicoverpa armigera larvae
by sunflower genotype (no-choice)

The experimental design was completely randomized with
ten replications and five treatments (e.g., Helio 250, Helio
251, Helio 253, CF 101, and ADV 5504). After 40 days
post emergence, leaves were collected, taken to the labo-
ratory, soaked in 5% sodium hypochlorite for 5 min,
washed in tap water, and blotted with paper towels to
remove excess water.

Leaf disks measuring 2.0 cm in diameter were removed
from the leaves of each genotype and were placed in the
center of a petri dish (6.0 cm diameter x 2.0 cm height) and
lined with filter paper that had been moistened with distilled
water. In each plate was a single leaf disk. Ten first instar H.
armigera were released on the filter paper and the number of
larvae attracted to the leaf disk was recorded at each evalu-
ation interval (e.g., 5, 15, 25, 35, 45, 60, 1440, 2880, and
4320 min) post release. We also evaluated several times to
determine the most suitable for use in future tests.

Biological aspects of Helicoverpa armigera fed
different sunflower genotypes and an artificial diet

These experiments were conducted under laboratory-con-
trolled conditions of temperature (25 £ 1 °C), relative
humidity (70 + 10%), and photoperiod (12-h light/12-h
dark).
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The experimental design was completely randomized
with fifty replicates, five treatments (e.g., Helio 250, Helio
251, Helio 253, CF 101, and ADV 5504), and an artificial
diet modified from Greene et al. (1976).

For each sunflower genotype, 50 newly hatched first
instar larvae (<24 h) were placed in petri dishes (6 cm
diameter x 2 cm height) lined with filter paper that had
been moistened with distilled water, and monitored until
the larvae reached the pupal stage. Leaf disks that had been
washed with 5% sodium hypochlorite, cleaned in running
water, and then dried were supplied to the larvae daily. The
following biological parameters were determined: larval
period, larval viability, pupal period, pupal viability, and
the leaf area consumed by larvae using a leaf area meter
(Model CI-202, Bio-Science ICD).

For the artificial diet, 50 newly hatched first instar larvae
(<24 h) were placed in petri dishes (6 cm diame-
ter x 2 cm height) and monitored until the larvae reached
the pupal stage. Cubes of artificial diet were replaced after
approximately 80% had been consumed. The biological
parameters evaluated for larvae fed the artificial diet were
the same described above, except for leaf area, which was
not applicable.

Pupae were separated by sex and were weighed 24 h
after reaching the pupal stage.

To house emerging adults, 15 cylindrical cages of PVC
(10.0 cm diameter x 20.0 cm height) were constructed for
each treatment. Each cage was closed at the top with voile
fabric, lined with paper towels, and supported on a plastic
cover (15.0 cm diameter x 2.0 cm height) lined with filter
paper. Two adult H. armigera that had emerged the same
day were released in each cage. Adults were fed with a
10% honey—water mixture on a piece of soaked cotton
packed inside a plastic top (3.0 cm diameter x 1.5 cm
height). Daily observations were conducted for the fol-
lowing parameters: pre-oviposition period, oviposition
period, female fecundity (i.e., number of eggs per female),
and longevity of male and female adults.

The duration of the embryonic period and the fertility of
the egg (i.e., viability) samples were analyzed by observing
50 eggs in each treatment. Eggs were placed in petri dishes
(15.0 cm diameter x 2.0 cm height). The number of hat-
ched larvae and the time required for hatching were
recorded.

We used the biological parameters obtained to construct
fertility life tables according to Birch (1948), Silveira Neto
et al. (1976), Southwood (1978), and Price (1984). The
values used for the life tables are listed as follows: x = age
of parental females; Ix = life expectancy to age ux,
expressed as a fraction per female; mx = specific fertility

or number of offspring produced per female at age x; and
Ix.mx = total number of females at age x. The growth
parameters resulting from life tables are as follows:
Ry = net rate of population growth; 7 = mean generation
time; r,,, = intrinsic rate of increase; and A = finite rate of
increase. In addition to these parameters, we also deter-
mined D¢, which is the time required for the population to
double in number (Krebs 1994).

The growth parameters (e.g., Ry, T, rm, A, and Dt) were
calculated using the following equations:

Ry = Z(lx - mMX)

T = Z(x -1x - mx)/ Z(lx - mMX)
Fm = In R()/T

A=e™

Dt = In(2)/rm.

Statistical analysis

Frequency data of H. armigera in each treatment were
analyzed using PROC FREQ and interpreted using the Chi-
square test (P < 0.05). All analyses were conducted using
SAS software (2002).

Leaf area consumed, egg incubation period, and the
longevity of male and female H. armigera relative to the
different sunflower genotypes and the artificial diet were
subjected to Kolmogorov and Bartlett tests to determine
normality and homogeneity of variance.

Data from the oviposition period were transformed by
the root of x 4 0.5 to meet the requirements of the analysis
of variance (ANOVA) and then analyzed using PROC
ANOVA. Means were compared by Tukey’s test
(P < 0.05).

Data for the larval period, pupal period, weight of
pupae, fecundity of females, pre-oviposition period, and
fertility of eggs did not meet the requirements for the
ANOVA and instead were compared using the Kruskal—
Wallis test (i.e., PROC Nparlway).

Survival data of the larval and pupal periods were
analyzed using the Chi-square test (i.e., PROC FREQ)
(P < 0.05). All analyses were conducted using SAS soft-
ware (2002).

Population parameters of fertility life tables were esti-
mated according to the Jackknife method for estimating the
confidence intervals of the parameters and for allowing
comparison between treatments as described by Maia et al.
(2000). Estimates were conducted using SAS software
(2002).
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Results Table 2 Per.centage of Heli- Genotypes Larvae (%)
coverpa armigera larvae on
each sunflower genotype in a
Feeding preference of Helicoverpa armigera larvae multiple-choice gtests )g all CF101 263 +£2784
by sunflower genotype (multiple-choice) evaluated times ADV5504 22£175a
Helio 250 212+ 243 a
The average percentage of first instar larvae feeding on Helio 253 172 £082a
Helio 251 13.1 £ 1.60 a

sunflower genotypes increased as a function of time. After
35 min, the number of larvae did not change among times
within a genotype, with values ranging from 10.3% to
14.6% (Table 1). This result suggests that 35 min was the
shortest time for H. armigera to discriminate between
sunflower genotypes. We also evaluated several times to
determine the most suitable for use in future tests.

There was no significant difference between the Helio
251 and CF101 genotypes despite Helio 251 attracting half
as many larvae (26.3% and 13.1%, respectively) (Table 2).

Feeding preference of Helicoverpa armigera larvae
by sunflower genotype (no-choice)

When first instar H. armigera larvae had no choice between
sunflower genotypes, the time required for evaluation was
60 min (Table 3) and was higher than that found for the
multiple-choice test (e.g., 35 min). Both of these time
periods corresponded to the intervals with the highest
percentages of larvae. Between the time intervals of 60 and
4320 min, no significant differences were observed among
times considering all the genotypes, with values ranging
between 11.9 and 14.0%.

The percentages of larvae in the no-choice tests showed
no significant difference between sunflower genotypes at
all evaluated times, with averages ranging from 17.4 to
22.3% of larvae per genotype (Table 4).

Table 1 Percentage of

. . Larvae (%)
Helicoverpa armigera larvae on

Time (min)

each sunflower genotype by 5 52 4 1.22 ¢

time interval in multiple-choice

tests 15 72+ 154c

ests
25 8.4 + 1.43 be
35 10.3 £ 2.56 abc
45 13.0 £ 2.21 ab
60 13.3 + 3.46 ab
1440 13.9 £ 2.43 ab
2880 14.6 £ 2.54 ab
4320 140 £ 326 a

? Mean = standard error values
followed by the same letter in
the column are not significantly
different (Tukey’s test,
P > 0.05)
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? Mean = standard error values
followed by the same letter in the
column are not significantly dif-
ferent (Tukey’s test, P > 0.05)

Table 3 Percentage of Heli-

. Larvae (%)
coverpa armigera larvae on

Time (min)

each sunflower genotype by 5 74+ 129 ¢

time interval in no-choice tests
15 9.1+ 195¢cd
25 9.9 £+ 2.28 bc
35 10.6 £ 2.76 be
45 11.2 £ 3.22 be
60 11.9 £ 223 ab
1440 140 £ 1.02 a
2880 140 £ 226 a
4320 119 £ 1.65 ab

% Mean = standard error values
followed by the same letter in the
column are not significantly dif-
ferent (Tukey’s test, P > 0.05)

Table 4 Percentage of Heli-

. Genotypes Larvae (%)

coverpa armigera larvae on

each sunflower genotype in no- CF101 22.3 4+ 3.75 a*

choice tests at all evaluated .

times Helio 250 20.6 £192a
ADVS5504 204 £3.11a
Helio 251 194 £ 281 a
Helio 253 174+ 139 a

% Mean = standard error values
followed by the same letter in the
column are not significantly dif-
ferent (Tukey’s test, P > 0.05)

Biological aspects of Helicoverpa armigera fed
different sunflower genotypes and an artificial diet

The results obtained for the larval period of H. armigera
suggested that there was an influence of the different
sunflower genotypes and artificial diet on developmental
parameters. Larvae fed with leaves of Helio 251 and the
artificial diet had the shortest larval period (ranging from
14.6 to 15.3 days) (Table 5), thereby favoring the devel-
opment, contributing to a reduction in the duration of the
lifecycle, and increasing the number of generations over
time.



Development and feeding behavior of Helicoverpa armigera...

801

Table 5 Duration and leaf consumption of the larval period of
Helicoverpa armigera on sunflower genotypes and an artificial diet

Diets Leaf consumption (sz) Larval period (days)
ADV5504 178.2 £ 3.79 b* 15.3 + 0.33 abc
CF101 122.1 £ 433 ¢ 162 £ 0.18 a
Helio 250 206.6 £+ 4.58 a 15.8 £ 0.33 ab
Helio 251 1295 £ 334 ¢ 15.0 £ 0.23 be
Helio 253 169.4 £ 449 b 159 £ 0.29 ab
Artificial diet - 146 £ 021 ¢

4 Mean =+ standard error values followed by the same letter in the
column are not significantly different (Tukey’s test, P > 0.05)

Leaf consumption by H. armigera was significantly
higher in Helio 250 with an average area of 206.6 cm”. In
the genotypes ADV5504 and Helio 253, consumption was
intermediate, with the values of 178.2 and 169.4 cm,
respectively. The genotypes Helio 251 and CF101 had the
lowest average leaf areas consumed, with the values of
129.5 and 122.1 cm?, respectively (Table 5).

When we compared preference data with leaf con-
sumption, we found that genotypes showed similar per-
centage of larvae (Table 2), but the genotypes CF 101 and
Helio 251 showed the lowest area of leaf consumption
(Table 5), suggesting resistance to these genotypes by
influencing the feeding process.

The survival of H. armigera larvae did not differ among
the sunflower genotypes or the artificial diet. However,
survival until the end of the pupal stage was significantly
higher for insects who consumed artificial diet (94.0%)
(Fig. 1). Only the Helio 250 genotype with 50.0% pupal
survival was similar to the artificial diet. All other geno-
types had significantly lower pupal survival percentages,

100 A,
N ] arval stage
[ Pupal stage
80 A A
A A A
QI
g ab
£ b A b
Z b
@ 404 b
20 A
0
Helio 251 CF 101 Helio 250 ADV 5504 Helio 253 Aurtificial diet

Fig. 1 Survival of the larval and pupal stages of Helicoverpa
armigera on sunflower genotypes and an artificial diet. Different
capital and lower case letters indicate significant differences in larval
and pupal survival, respectively (P < 0.05)

with values ranging between 34.0 and 44.0% (Fig. 1).
These values are significantly lower than those found by
Sharma and Singh (2001), where pupal survival ranged
between 65.0 and 93.3%.

Low survival at the end of the pupal stage may be
related to a nutritional deficiency in certain sunflower
genotypes, as deformed pupae were observed in these
treatments. According to Moretti and Parra (1983), low
pupal survival in noctuid moths has been attributed to low
nutritional quality.

There was no influence of sunflower genotypes or arti-
ficial diet on the pupal period of H.
(11.5-12.1 days) (Table 6).

Pupal weights had no difference among sunflower
genotypes. The weights of males (346.7 mg) and females
(354.6 mg) fed the artificial diet were not significantly
different from one another. In all sunflower genotypes, the
pupal weights of males and females were significantly
similar, ranging from 280.9 to 319.1 mg (Table 6). In both
the sunflower genotypes and artificial diet, pupal weights of
females were higher than those of males.

The values measured by Sharma and Singh (2001) also
showed increased pupal weight for females that fed on
sunflower. In their study, the largest observed weights for a
male and a female pupa were 276.0 mg and 287.05 mg,
respectively.

Male H. armigera larvae that fed on sunflower geno-
types showed no significant differences in longevity, which
ranged from 7.5 days for ADV5504, to 8.2 days for Helio
253. There was also no significant difference between
sunflower genotypes and the artificial diet where insects
had an average longevity of 8.3 days (Table 7).

Females survived longer compared to males in all the
treatments. However, there were no significant differences
between sunflower genotypes and the artificial diet. Insects
fed the sunflower genotypes had longevity values ranging
from 8.2 to 9.5 days, whereas those fed the artificial diet
averaged 9.5 days (Table 7).

The pre-oviposition and oviposition periods were not
significantly different between sunflower genotypes and the
artificial diet. Regarding the pre-oviposition period, there
were no significant differences between sunflower geno-
types and the artificial diet. Female moths fed the Helio
253 genotype took 1.3 days on average to start ovipositing,
whereas those fed the ADV5504 genotype took 1.5 days,
and those fed either CF101, Helio 250, or Helio 251 took
an average of 1.6 days. Insects fed the artificial diet had an
average pre-oviposition period of 1.9 days (Table 8).

For the oviposition period, there were no significant
differences between sunflower genotypes and the artificial
diet. Values ranged from 6.7 days for the insects from the
ADV5504 genotype, to 7.7 days for insects fed the Helio
251 genotype and the artificial diet (Table 8).

armigera
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Table 6 Duration of the pupal

stage and average weight of Diets Pupal period (days) Weight of pupae (mg)

Helicoverpa armigera pupae Male Female

reared on sunflower genotypes

and an artificial diet ADVS5504 11.9 £ 0.16 a* 2809 + 8.78 b 2937+ 472b
CF101 115+ 021 a 2955 £ 13.14 b 319.1 £ 8.00 b
Helio 250 115+ 0.18 a 2889 £9.23 b 2909 £+ 831 b
Helio 251 119 £ 0.19 a 2914 + 736 b 3180 £ 653 b
Helio 253 119+ 020 a 291.6 + 8.03 b 291.7£7.15b
Artificial Diet 12.1 £ 0.16 a 346.7 £ 854 a 3546 £ 10.72 a

# Mean =+ standard error values followed by the same letter in the column are not significantly different

(Tukey’s test, P > 0.05)

Table 7 Longevity (days) of male and female Helicoverpa armigera
reared on sunflower genotypes and an artificial diet

Diets Male longevity (days) Female longevity (days)
ADVS5504 7.5 £ 1.08 a* 82+ 132a
CF101 7.8 £1.02a 9.1 £090 a
Helio 250 7.6 £ 1.09 a 89+ 1.03a
Helio 251 81+£091a 95+ 173 a
Helio 253 82+ 0.84a 87+ 131a
Artificial diet 83 +0.80a 95+084 a

* Mean = standard error values followed by the same letter in the
column are not significantly different (Tukey’s test, P > 0.05)

Sharma and Singh (2001) found higher values for the
pre-oviposition period, ranging from 2.0 to 3.5 days, while
the oviposition period was generally shorter, with a max-
imum value of 3.7 days.

Female fecundity was not significantly different
between larvae fed sunflower genotypes and those fed the
artificial diet. The fecundity of females fed the artificial
diet was 794.5 eggs per female. Fecundity ranged from
439.4 to 542.6 eggs per female relative to the sunflower
genotype (Table 9).

According to Sharma and Singh (2001), fecundity val-
ues can range from 386.50 to 749.00 eggs per female,
whereas Shanower and Romeis (1999) mentioned that the
oviposition capacity of H. armigera can reach 3000 eggs.

The incubation period showed no significant difference
among treatments, with values ranging from 2.9 days in
Helio 250 and Helio 253 genotypes, to 3.0 days in the
genotypes ADV5504, CF101, and Helio 251. The incuba-
tion period for the artificial diet was 2.8 days (Table 10).

Egg fertility values were significantly different between
treatments. Eggs laid by females reared on the artificial diet
had an average survival of 73.8%. For females reared on
sunflower, the Helio 250 and Helio 251 genotypes showed
the highest values of 57.7% and 56.2%, respectively
(Table 10). Sharma and Singh (2001) reported that the
viability of eggs varied from 87.34 to 97.67%, which are
higher values than those found in this study.

The fertility life table was constructed with the results
obtained for the biological parameters of H. armigera and
showed differences between the parameters evaluated. The
net reproductive rate (Ry) was greater when the larvae were
fed the artificial diet, producing 255.9 females per female
in each generation. For sunflower genotypes, the highest R,
values were found for CF101, Helio 250, Helio 251, and
Helio 253 that had values between 83.5 and 135.6 females
per female in each generation. In relation to the average
generation time (T), the lowest values were found for
artificial diet (28.9 days) and sunflower genotype
ADV5504 (29.5 days), while the other genotypes showed
higher values compared to artificial diets ranging from 30.5
to 31.4 days. The intrinsic rate of increase (r,) and the
finite rate of increase (A) were significantly higher for the

Table 8 Duration (days) of the

Pre-oviposition period (days)

Oviposition period (days)

S A Diets

pre-oviposition and oviposition

periods of Helicoverpa ADV5504

armigera reared on sunflower

genotypes and an artificial diet CF101
Helio 250
Helio 251
Helio 253

Artificial diet

1.5 £ 027 a* 6.7+129a
1.6 £022a 75+ 096 a
1.6 £ 036 a 73 £0388a
1.6 £024 a 7.7 £ 1.67a
1.3£0.19a 74 £1.19a
19+£032a 7.7+£0.62a

% Mean =+ standard error values followed by the same letter in the column are not significantly different

(Tukey’s test, P > 0.05)
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Table 9 Fecundity (eggs/female) of Helicoverpa armigera reared on
sunflower genotypes and an artificial diet

Diets Fecundity (eggs/female)
ADV5504 460.5 £ 78.97 a*
CF101 4440 £ 7775 a

Helio 250 542.6 + 8422 a

Helio 251 4394 + 678 a

Helio 253 485.5 + 96.94 a

Artificial diet 794.5 &£ 142.4 a

4 Mean =+ standard error values followed by the same letter in the
column are not significantly different (Tukey’s test, P > 0.05)

Table 10 Fertility and incubation period of Helicoverpa armigera
eggs laid by females reared on sunflower genotypes and an artificial
diet

Diets Egg fertility (%) Incubation period of eggs (days)
ADV5504 524 £ 6.51b* 30£0.15a
CF101 537 +£361b 3.0+ 0.09 a
Helio 250 577 +321ab 294+008a
Helio 251 562 +544ab 3.0+0.11a
Helio 253 499 + 474 b 29+005a

Artificial diet 73.8 £ 2.96 a 2.8 £0.06 a

4 Mean =+ standard error values followed by the same letter in the
column are not significantly different (Tukey’s test, P > 0.05)

artificial diet at 0.193 female per female each day and
1.212 female per female each day, respectively. Among the
sunflower genotypes, the highest rates of population
growth were obtained for the Helio 250 genotype, with the
values of 0.161 females per female each day and 1.175
female per female each day, respectively. The time for the
population to double in size (Dr) was significantly shorter
for the artificial diet, and only 3.6 days were required for
population to double in number, which means that the
number of eggs that the females will oviposit in 3.6 days
will double the number of individuals of population. For

sunflower genotypes, the shortest doubling time was
obtained when the larvae were reared on genotype Helio
250 (4.3 days) (Table 11).

The fertility life table for H. armigera also shows that
the artificial diet resulted in a higher rate of reproduction,
indicating the production of a larger number of offspring
per generation. Among the sunflower genotypes, Helio 250
presented the highest net reproductive rate, the shortest Dt,
and the highest rate of population growth, compared to
other genotypes (Table 11).

In previous studies, the life table parameters of H.
armigera on soybean genotypes ranged from 16.0 to 270.0
females per female and 0.084 to 0.114 females per female
each day (Soleimannejad et al. 2010). These results indi-
cate that H. armigera produces progeny and their popula-
tion increases in both major crops such as soybean, as in
off-crops such as sunflower, in which R, values obtained
ranged from 62.9 to 255.9 females per female and r,,, 0.141
to 0.193 females per female each day, respectively.

The influence of host crop on insect growth could be due
to differential rates of growth on various host plants, because
of the differences in their nutritional quality and the amounts
of secondary metabolites (Kranthi et al. 2003; Safuraie-
Parizi et al. 2014). In the present study, the cultivars
ADV5504 and CF101 were the ones that affected the egg
fertility, production of offspring, and the population growth
of H. armigera, resulting in a lower population growth in
relation to other genotypes in the next generations of the
insect. The observed responses to the mentioned parameters
may be related to active chemical compounds metabolized
by the plant, which become physiological toxins and cause
the classic antibiosis or deterrent substances that avoid
feeding the insect, reducing their survival (Liu et al. 2006;
Shao-Ying et al. 2013). However, in the present work, no
chemical analyses of the cultivars were carried out to allow
conclusions on these aspects.

Development of improved crop varieties with resistance
or tolerance to H. armigera is highly desirable, particularly

Table 11 Fertility life table parameters of Helicoverpa armigera reared on genotypes sunflower and artificial diet

Diets Ry Tm A T Dt

ADV5504 62.9 + 27.67 ¢* 0.141 £ 0.0139 ¢ 1.151 £ 0.0160 ¢ 29.5 + 0.86 ab 494+ 049 a
CF101 83.5 + 33.07 be 0.145 £ 0.0139 ¢ 1.157 £ 0.0160 ¢ 305+ 1.58a 47+ 046 a
Helio 250 135.6 £ 4691 b 0.161 4+ 0.0087 b 1.175 £ 0.0103 b 305+ 150 a 43+023b
Helio 251 925+ 32.02b 0.144 4+ 0.0093 ¢ 1.155 £ 0.0107 ¢ 314 £295a 48 £030a
Helio 253 924 £+ 3589 b 0.146 + 0.0133 ¢ 1.157 £ 0.0153 ¢ 3l.1 £ 146 a 47 £043 a
Artificial diet 2559 + 53.24 a 0.193 £ 0.0206 a 1.212 £ 0.0246 a 289 +£1.26b 36 +039¢

? Means + confidence interval (95%) values followed by the same letter in the column are not significantly different (Student’s ¢ test to compare
group pairs, P > 0.05). Ry = Z (Ix.mx), female offspring per female per generation, when x = specific age, [x = proportion of mated females
alive at age x, x = number of eggs produced per female at age x multiplied by the sex ratio (sex ratio: 0.48, 0.47, 0.50, 0.39, 0.48, and 0.37 for
Helio 251, CF 101, Helio 250, ADV 5504, Helio 253, and the artificial diet, respectively); 7 = > (x.Ix.mx)/3}_ (Ix.mXx); rp, = In Ry/T; A = €™,

Dt = InQ)/ry,
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for the subsistence farming systems in the developing
countries (Paramasiva et al. 2014). Furthermore, in pest
management programs the host resistance is compatible
with the other control tactics as biopesticides (Jarrahi and
Safavi 2016), natural insecticide (Ahmad et al. 2015), and
chemical control (Voujoudi et al. 2017).

Conclusions

Helicoverpa armigera has no preference between the
sunflower genotypes evaluated. Thirty-five minutes in the
multiple-choice test and 60 min in the no-choice test were
the shortest time for larvae to discriminate among geno-
types. Sunflower genotypes negatively affected the larval
period and pupal weight of H. armigera compared with the
artificial diet, but did not compromise development. The
CF101 genotype had the lowest leaf area consumed and
displayed the lowest results for H. armigera development.
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