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Abstract
Characteristics of preferred or alternative host plants can impact the population dynamics of polyphagous insects. Chryso-
deixis includens has become an important pest in economically important crops such as sunflower, cotton, soybean, and 
beans. In the present study, we evaluated the effects of basil cultivars Ocimum basilicum (alternative host) on C. includens. 
For this, larvae were fed daily with bean leaves (preferred host-control) and five basil cultivars (Maria Bonita, Mr. Burns, 
Italian Large Leaf, Vermelho Rubi, and Cinnamon). Subsequently, development, survival, pupae body mass, reproductive 
parameters, and life table parameters of insects were evaluated. The populations of C. includens fed with leaves of the Italian 
Large Leaf cultivar showed similar performance to the preferential host (beans). The other host plants prolonged the duration 
of the larval stage and negatively affected the reproductive and demographic parameters of C. includens. Mr. Burns negatively 
affected the development and reduced the reproductive potential of the insect. The cultivars Maria Bonita, Vermelho Rubi, 
and Cinnamon had a negative effect on the development and reproductive potential of this insect. The results indicate that 
basil cultivars have a negative effect on the development, longevity, and reproduction of C. includens. The use of basil host 
plants may be a safe alternative to be used concomitantly with other strategies for the management of C. includens.
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Introduction

Plants have a great diversity of direct and indirect defense 
mechanisms that can affect the performance and mainte-
nance of their consumer populations (Fürstenberg-Hägg 
et al. 2013; Schuman and Baldwin 2016; War et al. 2012). 
On the Other hand, herbivorous insects have developed 
different life histories in relation to the use of their hosts, 
which can range from monophagous feeding habits, which 
include the consumption of phylogenetically related plants 
(e.g., specialists), to the polyphagous habit, which consists 
of consuming of plants from different families (e.g., gen-
eralists) (Ali and Agrawal 2012; Forister et al. 2012). The 
nutritional quality of alternative hosts can be a major factor 
for the growth of populations of polyphagous insects (Tik-
kanen et al. 2000).

Polyphagous herbivores tend to tolerate a wider range 
of different defensive compounds when at low levels 
(Zhang et al. 2014). Thus, polyphagy allows herbivores 
to occur simultaneously in several plants, persisting 
throughout the growth period of their hosts, even at low 
population densities (Specht et al. 2015). However, since 
defenses vary greatly between individuals, cultivars, and 
plant species; the availability of hosts can interfere in the 

population dynamics of generalist herbivores. The quality 
of alternative host plants can change the selection for use 
by insects, either as food and/or shelter. When alterna-
tive hosts are chosen by insects, these can to some degree 
affect their fecundity, the hatching rate of their eggs, the 
development of the immature forms (larvae or nymphs), 
and the emergence and longevity of adults (Andrade et al. 
2016; Schuman and Baldwin 2016).

Integrated Pest Management (IPM) systems have consid-
ered host plant characteristics as one of the insect control 
strategies (Fathipour et al. 2019; Jha et al. 2014; Moonga 
and Davis 2016). Several studies suggest that plants and 
their compounds act efficiently in the control of arthropod 
pests (Fathipour et al. 2019; Golikhajeh et al. 2016; Lima 
et al. 2020; Melo et al. 2018; Pereira et al. 2021). Between 
the wide range of pests that require control strategies, Chrys-
odeixis includens (Lepidoptera: Noctuidae)—a polyphagous 
insect that attacks several crops, with wide distribution in 
America (Alford and Hammond Junior 1982)—has become 
a serious phytosanitary problem in areas agricultural in Bra-
zil (EMBRAPA 2013). The increase in attacks by this pest is 
mainly due to the expansion of planting areas, climatic mod-
ifications, indiscriminate use of insecticides and the use of 
pesticide mixtures for its control (Sosa-Gómez et al. 2010).
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Basil plants have been recorded as one of the alterna-
tive hosts used by C. includens (Specht et al. 2015). The 
basil (Ocimum basilicum) is an herbaceous plant, cultivated 
worldwide, which has a great diversity of cultivars, with 
distinct physical, morphological, and chemical characteris-
tics (Blank et al. 2004; Costa et al. 2015; Sousa et al. 2021). 
This plant is recognized for its great bioactive potential, 
either as an antimicrobial agent (Avetisyan et al. 2017; 
Oxenham et al. 2005), anthelmintic (Sousa et al. 2021), 
antioxidant (Avetisyan et al. 2017), and for its insecticidal 
activity (Chang et al. 2009; Murugan et al. 2007). Given 
these characteristics, there is no information on the effects 
of this alternative host plant (O. basilicum) on the biology 
and reproductive parameters of phytophagous insects such 
as C. includens.

Thus, the hypothesis of this research was that cultivars of 
basil can be used by C. includens as alternative hosts, can 
these cause negative effects on the performance and biol-
ogy of this species. Thus, the objective of this study was 
to evaluate the biological development, reproductive and 
demographic parameters of C. includens fed with O. basili-
cum cultivars, aiming to understand the effect of alternative 
host plants on the population dynamics of this pest.

Materials and methods

Cultivation of host plants

To evaluate the development and reproductive and demo-
graphic parameters of C. includens, five basil cultivars and 
a variety of one of its preferred hosts—common bean (Pha-
seolus vulgaris) were used. Basil cultivars were selected 
based on visual variations in color and morphology, includ-
ing: Maria Bonita, Mr. Burns, Italian Large Leaf, Vermelho 
Rubi, and Cinnamon. In addition, they are cultivars com-
monly grown in the region.

The cultivar Maria Bonita comes from accession PI 
197442, from the North Central Regional PI Station Germo-
plasm bank, Iowa State University, USA. Currently, this cul-
tivar has been maintained in the Germoplasm bank located 
at the Fazenda Experimental Campus Rural of the UFS, in 
the Municipality of São Cristóvão, SE. Initially, seeds of 
this cultivar were obtained, which were subsequently sown 
to obtain the plants to be used in the experiments. The other 
varieties composed by Mr. Burns, Italian Large Leaf, Cinna-
mon (Richters Herbs™), and Vermelho Rubi (Isla sementes 
LTDA) were commercially obtained.

The sowing of basil cultivars was carried out in 128-cell 
seedbeds with substrate in the proportion of 2:1 (coconut 
powder and humus) and maintained for 15 days. Subse-
quently, the seedlings were transplanted into 300 ml pots 
with substrate in the proportion of 2:1 (sterilized soil in 

oven at 100 °C) and humus (worm humus—3 kg GNÚ-
MUS™). The beans were sown directly in 300 ml pots, 
following the same substrate proportion. The plants were 
sprinkled daily twice a day (5  min/irrigation), in the 
morning and afternoon and were kept in a greenhouse for 
45 days until use in the experiments.

Rearing of Chrysodeixis includens

The insects used in the experiments were collected in the 
municipality of Fatima in Bahia—Brazil (10° 36′ 00″ S 
and 38° 13′ 00″ W). To make the sample representative, 
more than 1000 insects including eggs, larvae, pupae, 
and adults of C. includens were collected from five dif-
ferent cultivation areas in the municipality. Then all this 
material was packed in polyethylene plastic bags and sub-
mitted to the laboratory. Upon arrival from the field, the 
insects were kept in air-conditioned rooms (25 ± 1 °C, RH 
70 ± 5%, 12 h photoperiod) in the Integrated Pest Manage-
ment laboratory, at the Universidade Federal de Sergipe 
(UFS), São Cristóvão-SE (10° 54’ S, 37° 04’ W, 7 m alti-
tude), Brazil. Before the insects were used in the experi-
ments, they were quarantined to verify that they were not 
parasitized or contaminated with any type of pathogen.

Adults of C. includens were kept in 2 L plastic pots 
fully lined with sulfite paper (oviposition substrate). The 
bottom of the pot consisted of a Petri dish (14 × 1.5 cm) 
and the top sealed with organza-like fabric. 10% honey 
solution was provided ad libitum for adult feeding. Eggs 
were removed daily and placed in fully sealed 2 L plastic 
containers until the larvae hatched. When hatching the 
larvae were individualized in 50 ml plastic pots where 
they were fed with an artificial diet (Greene et al. 1976). 
When they reached the pupa stage were sexed after 24 h 
and placed in 2 L plastic pots lined with paper towels, 
staying in these until the emergence of adults, to start a 
new cycle began.

Experiments

Development, survival, pupae body mass, reproductive 
parameters, and life table parameters were evaluated in 
cohorts of C. includens fed with different cultivars of basil 
(Maria Bonita, Mr. Burns, Italian Large Leaf, Vermelho 
Rubi, and Cinnamon) and the preferred host (bean). The 
experimental design was completely randomized with 10 
repetition, with each repetition composed of four individu-
als, each experiment was repeated 3 times in space and 
time, totaling 120 individuals per host plant (720 individu-
als in total).
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Development and reproduction

The eggs and later the larvae were placed individually in 
a Petri dish (9 × 1.5 cm) containing filter paper moistened 
with distilled water (300 μl) and leaf discs (587.9 mm2) of 
the host plants. The discs were provided ad libitum for lar-
val feeding. The plates were kept in an acclimatized room 
(25 ± 1 °C, RH 70 ± 5%, and 12 h photoperiod). The period 
of development and longevity were evaluated daily until the 
death of all tested insects.

After 24 h reaching the pupal stage, the individuals of 
C. includens were sexed and weighed. Adult females and 
males were kept isolated for two days until sexual maturity. 
Subsequently, ten couples from each of the treatments were 
separated into 2 L pots and fed ad libitum wih a 10% honey 
solution. Chrysodeixis includens adults were monitored 
daily until all individuals died. The following were recorded: 
i) the pre-oviposition, oviposition, and pos-oviposition peri-
ods, ii) the longevity of females and males, iii) the numbers 
of eggs and neonatal larvae per female, iv) the incubation 
period of the eggs, and v) the viability of eggs.

Life table parameters

From the survival and reproduction data of C. includens fed 
with the different host plants, the parameters were calcu-
lated: x = average age of insects (from egg stage), lx = sur-
vival rate (from age zero to initial age x), mx = specific fertil-
ity (number of females produced per surviving female in the 
age range x); lx.mx = total number of females born at age x.

For the fertility life table were calculated: the net repro-
ductive rate (R0) (number of females added per female dur-
ing her lifetime), the intrinsic rate of increase (rm) (rate of 
population increase per unit time), the finite rate of increase 
(λ), and the mean generation time (T) (time between the birth 
of parents and children) (Krebs 2009). The parameters were 
calculated by the following equations:

R
0
=

∑

(lx. mx)

T = (
∑

x. lx. mx)∕(
∑

lx. mx)

Statistical analysis

For all analyses, the Kolmogorov–Smirnov test was initially 
applied to verify the normality of the data and the Levene 
test to verify the homogeneity of the variance. Data on 
the duration of larval stages, instars (1st to 9th), pre-pupa, 
pupa, and adults; and the mass of females and males of C. 
includens were submitted to analysis of variance (ANOVA) 
followed by Dunnett’s test (p < 0.05) to compare basil culti-
vars with the preferred host (beans), using the PROC GLM 
procedure, with Dunnett (SAS Institute 2008). To verify dif-
ferences between the mass of female and male pupae, for 
the same host plant, the paired t test was used (p < 0.05). 
The effects of host plants on reproductive and demographic 
parameters (life table) were compared using the 95% con-
fidence interval (95%CI). Means were compared using the 
non-overlapping CI95 criterion with the origin of the inter-
val. The life table parameters were estimated using the Jack-
knife technique in the SAS statistical program (Maia et al. 
2000).

Results

Development and longevity

The duration of the larval stages (Fig. 1a) (F5,136 = 45.95; 
p < 0.001), pre-pupa (Fig. 1b) (F5,136 = 14.09; p < 0.001), 
pupa (Fig. 1c) (F5,136 = 7.38; p < 0.001), and adult (Fig. 1d) 
(F5,136 = 7.01; p < 0.001) of C. includens varied between host 
plants.

All basil cultivars increased the duration of the larval 
stage of C. includens, except Italian Large Leaf, which did 
not differ from the control (bean). On average, the Maria 
Bonita, Mr. Burns, Vermelho Rubi, and Cinnamon increased 
by 8.9; 3.4; 1.8; and 5.4 days the duration of the larval stage 
(Fig. 1a).

Chrysodeixis includens larvae fed on bean plants origi-
nated pre-pupa with 1.75 ± 0.054 days of duration. This 
phase was increased by 20.5% and reduced by 24.3%, in 
the cultivars Maria Bonita and Vermelho Rubi, respectively, 
when compared to the control (Fig. 1b). Differences in the 
duration of the pupal stage were observed only for the cul-
tivar Italian Large Leaf, with an increase of about 2 days 
(Fig. 1c). The longevity of adults originating from larvae 
that fed on Mr. Burns, Vermelho Rubi, and Cinnamon was 
reduced by 2.2; 4.1; and 3.9 days, respectively (Fig. 1d).

rm = ln (R0)∕T

� = e
rm

Fig. 1   Duration of larval (a), pre-pupa (b), pupa (c) stages, longev-
ity of adults (d) and larvae from 1st to 9th instars of Chrysodeixis 
includens (e) fed with bean leaves (CB) (control) and five basil cul-
tivars (MBo Maria Bonita, MBu Mr. Burns, ILL Italian Large Leaf, 
VR Vermelho Rubi, and Ci Cinnamon). The error lines represent the 
10th and 90th percentiles and the ends of the box the 25th and 75th 
percentiles. The solid and dashed line inside the box represent the 
median and mean, respectively. Means followed by an asterisk differ 
from the control (beans) by Dunnett’s test at p < 0.05

◂
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Overall, C. includens larvae passed through seven instars, 
regardless of the host plant. However, only 5.5 and 0.8% 
of the larvae reached the 8th and 9th instars, respectively 
(Fig.  1e). The duration of the 2nd instar (F5,144 = 9.04; 
p < 0.001), 3rd instar (F5,135 = 17.64; p < 0.001), 5th instar 
(F5,143 = 3.33; p = 0.007), 6th instar (F5,144 = 9.15; p < 0.001), 
and 7th instar (F5,110 = 4.25; p = 0.001) of C. includens var-
ied between the host plants. The increase in the larval stage 
was largely explained by the increase in the duration of the 
7th instar (Fig. 1e). 7th instar larvae of C. includens fed on 
bean plants had a duration of 3.73 ± 0.3 days. On average, 
the Maria Bonita, Mr. Burns, Vermelho Rubi, and Cinnamon 
increased by 51; 37; 45; and 63% the duration of the 7th 
larval instar (Fig. 1e).

Mass of the insects

The mass of female (F5,97 = 34.43; p < 0.001) and males 
(F5,123 = 29.41; p < 0.001) of C. includens varied between 
host plants. The basil cultivars Italian Large Leaf and Cin-
namon increased the mass of females (37 and 36 mg) and 
males (41 and 27 mg) (Fig. 2). Males from larvae that fed on 
the basil cultivar Mr. Burns had their mass reduced by 38 mg 
(Fig. 2). The mass of males that fed on beans (t = − 2.367; 
p = 0.021) and the Italian Large Leaf (t = − 2.070; p = 0.043) 
cultivar was about 10% greater than the mass of females 
(Fig. 2).

Reproductive parameters

Chrysodeixis includens larvae that fed on Maria Bonita 
(n = 2), Mr. Burns (n = 2), Vermelho Rubi (n = 2), and Cinna-
mon (n = 5) basil cultivars resulted in fewer couples formed. 
The females formed from larvae that fed on the cultivars 
Vermelho Rubi and Cinnamon did not lay eggs (Fig. 3a, e, 
b). The period of pre-oviposition and incubation of eggs of 
females from larvae that fed on beans and Italian Large Leaf 
did not differ, as well as the period of oviposition between 
beans and the cultivars Maria Bonita, Mr. Burns, and Italian 
Large Leaf (Fig. 3a). The eggs laid by the females formed 
by larvae that fed on the cultivars Maria Bonita and Mr. 
Burns did not hatch (Fig. 3b). The numbers of eggs (324 
and 204 eggs/female) and larvae per female did not differ 
between the common bean and the Italian Large Leaf basil 

Fig. 2   Mass of female and male pupae of Chrysodeixis includens fed 
with bean (CB) leaves (control) and five basil cultivars (MBo Maria 
Bonita, MBu Mr. Burns, ILL Italian Large Leaf, VR Vermelho Rubi, 
and Ci Cinnamon). The error lines represent the 10th and 90th per-
centiles and the ends of the box the 25th and 75th percentiles. The 
solid and dashed line inside the box represent the median and mean, 
respectively. Means followed by an asterisk differ from the control by 
Dunnett’s test at p < 0.05 and means followed by different letters indi-
cate between sex differences by the paired t test at p < 0.05

Fig. 3   Duration of pre-oviposition, oviposition, and egg incubation 
periods (a) and average number of eggs and larvae per female (b) of 
Chrysodeixis includens fed on bean leaves (CB) (control) and five 
basil cultivars, Maria Bonita (MBo), Mr. Burns (MBu), Italian Large 
Leaf (ILL), Vermelho Rubi (VR), and Cinnamon (Ci). n = number of 
couples formed. Error bars represent the confidence interval at 95% 
probability
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cultivar. These eggs had a viability of 68 and 60%, respec-
tively (Fig. 3b).

Demographic parameters

The survival rate (lx) of C. includens was higher for insects 
that fed on bean leaves (Fig. 4a) and the basil cultivar Italian 
Large Leaf (Fig. 4d). All demographic parameters studied 
do not vary between individuals of C. includens that fed on 
the leaves of these host plants (Fig. 4a, d). Individuals of 
C. includens fed on Vermelho Rubi leaves showed lower 
longevity (9 days) (Fig. 4e) and the cohort that presented the 
highest longevity was that of insects that fed on Cinnamon 
plants (21st day) (Fig. 4f).

The specific fertility (mx) of C. includens fed on bean 
leaves (Fig. 4a) was higher when compared to the other host 
plants (Fig. 4b–f). Basil cultivars Vermelho Rubi and Cin-
namon caused loss of reproductive capacity in C. includens 
females, and therefore life table parameters were not esti-
mated (Fig. 4e, f). The other cultivars reduced the net repro-
ductive rate (R0), the intrinsic rate of increase (rm), and the 
finite rate of increase (λ). The R0, rm, and λ also did not 
differ between Mr. Burns and Italian Large Leaf (Fig. 4a–c). 
The mean generation time (T) was the same for the cultivars 
Maria Bonita and Mr. Burns (Fig. 4d). The evaluation of 
demographic parameters is important to know the possible 
negative effects on arthropods population dynamics.

Discussion

The availability (e.g., nutritional quality and defenses) of 
alternative host plants can determine the growth potential 
of pests of agricultural importance. This is the first study 
to analyze the performance of C. includens in alternative 
hosts of basil cultivars. In general, our results show that the 
use of basil cultivars by C. includens negatively affected the 
development and reproductive and demographic parameters 
of this polyphagous herbivore.

The greater success of C. includens in common bean 
plants (P. vulgaris) can be explained by the adaptability 
of this herbivore to the defenses of its preferentially used 
plants. Domesticated plants may have a trade-off between 
defense and reproduction (Andrade et al. 2016; Hernández-
Cumplido et al. 2021; Schuman and Baldwin 2016). As 
traits with greater palatability and productivity are selected 
in the field, there is a parallel loss of desirable traits to stop 
herbivory, such as morphological attributes and second-
ary metabolites (Tikkanen et al. 2000). Comparatively, P. 
vulgaris plants may have gone through more improvement 
processes when compared to O. basilicum, which explains 
the better performance of C. includens in its preferred host.

In turn, basil cultivars present aromatic volatiles, repre-
sented by the wide variety of terpenoid compounds present 
in their essential oils. Such compounds can trigger repel-
lency, toxicity, attraction, or influence the feeding rates of 
herbivorous insect (Baldin et al. 2015; Lu et al. 2021; Moura 
et al. 2021; Papanastasiou et al. 2020; Tak and Isman 2016). 
Despite the basil cultivars being consumed by C. includens, 
these alternative plants increased the duration of the insect 
larval stage, except for Italian Large Leaf, which did not 
differ from the control (bean). This delay in development 
time may be due to nutritional factors and secondary sub-
stances present in plants that interfere with metabolism and, 
consequently, digestion and insect development (Baldin 
et al. 2019). Terpenoid compounds present in basil such as 
geraniol, linalool, eugenol, and citral (Guedes et al. 2020; 
Moore et al. 2014; Praveena and Sanjayan 2011; Tak et al. 
2017; Vargas-Méndez et al. 2019; Melo et al. 2020) have 
proven insecticidal activity. High concentrations of linalool, 
for example—a compound present in all basil cultivars ana-
lyzed—is a parameter recognized for negatively affecting 
the survival and growth of Lepidoptera (Cruz et al. 2017).

However, although the larval parameters are related to the 
nutritional quality and defenses of the host plant, they may 
not be good predictors of insect fitness (Chen et al. 2017). 
On the other hand, in general, the increase in pupal mass 
is related to a greater fitness of the insect and may indi-
cate an adequacy of the host plant (Nguyen et al. 2019). 
Here we verified that the mass of female and male pupae 
varied between the host plants, being higher in the Italian 
Large Leaf and Cinnamon cultivars. Nguyen et al. (2019), 
Reported that diet composition is an important factor that 
influences pupal mass, with protein-rich diets generat-
ing heavier pupae, while high-sugar diets generate lighter 
pupae. Insect populations that grew on the Italian Large 
Leaf cultivar also showed reproductive success similar to 
that observed for populations maintained on beans plants 
(Figs. 3, 4). Different hosts can positively affect oviposition 
and fecundity of females due to the high protein content 
absorbed by the insect as well as the low amount of active 
compounds that could inhibit the hatching of eggs (Guedes 
et al. 2020).

Life table studies are an important parameter that evalu-
ates the growth, development, and survival of insects (Chen 
et al. 2017). Positive values of R0 > 1 and rm > 0, indicate 
host in which the herbivore may have potential for popula-
tion growth (Chen et al. 2017). Our results show that popu-
lations of C. includens have potential for growth in Italian 
Large Leaf basil cultivars (R0 = 37.4 and rm = 0.129) and Mr. 
Burns (R0 = 10.3 and rm = 0.082). The values of these param-
eters found for Mr. Burns, although lower than that observed 
for populations that grew with beans, indicate susceptibility 
of this alternative host to the attack of C. includens (Fara-
hani et al. 2012). Thus, despite C. includens presenting a 
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Fig. 4   Survival rate (lx) and 
specific fecundity (mx) of 
Chrysodeixis includens fed with 
bean leaves (control) (a) and 
five basil cultivars Maria Bonita 
(b), Mr. Burns (c), Italian Large 
Leaf (d), Vermelho Rubi (e) and 
Cinnamon (f), where n = num-
ber of pairs formed. R0 = net 
reproductive rate, rm = intrinsic 
rate of increase, λ = finite rate 
of increase, and T = mean gen-
eration time; ± the confidence 
interval at 95% probability



359Alternative hosts can affect the development, reproduction, and demographic parameters of…

1 3

reduction in reproductive parameters in relation to beans, 
the Mr. Burns and Italian Large Leaf, may allow the main-
tenance of populations of this herbivore in the absence of 
bean plants.

In general, polyphagous insects can perceive the sig-
nals emitted by different hosts and present a longer time 
to choose than monophagous insects (Salazar et al. 2016). 
Thus, agroecosystems that maintain a greater diversity of 
alternative plants, with different physical, morphological, 
and chemical characteristics, could result in a reduction of 
herbivore attack on crops (Salazar et al. 2016). The use of 
alternative hosts that reduce population growth rates could 
be a strategy used concomitantly with other tactics in Inte-
grated Pest Management.

Our results showed that between the basil cultivars evalu-
ated, the populations of C. includens fed with leaves of the 
Italian Large leaf cultivar showed similar performance to 
the preferential host (beans). The cultivars Mr. Burns, Maria 
Bonita, Vermelho Rubi, and Cinnamon may play a key role 
in breaking the cycle of C. includens, since they had a nega-
tive effect on the reproductive potential of this insect. Thus, 
those cultivars that gave low performance to C. includens 
could be used in intercropping with beans. Concomitantly 
with the use of other strategies, the offer of basil plants as 
alternative hosts to C. includens could contribute to a more 
efficient and safe management of this pest.

The intercropping of plants is a strategy that can be used 
to improve the growth of both species, in this case, beans 
and basil. Companion plants can directly repel pest insect 
species and/or indirectly control them by attracting natural 
enemies that kill them (Parker et al. 2013).

In addition, within a context related to pest management, 
it appears that these plants can increase their negative effects 
on herbivorous insects through attracting natural enemies, 
thus strengthening biological control services, when these 
plants are used in consortium with cultivated plants (Laffon 
et al. 2022).

Future studies will be able to assess whether the specific 
compounds present in basil leaves that directly interfere with 
the biology and demographic parameters of C. includens can 
promote the attraction of natural enemies.

Conclusion

Our results show that the vast majority of cultivars of alter-
native hosts caused an increase in the larval period, with 
the except of the Italian Large Leaf. Populations of C. 
includens that fed on this cultivar showed very similar per-
formance to the larvae that fed on beans. The other cultivars, 
in addition to prolonging the larval period of C. includens, 
ended up negatively affecting their reproductive and demo-
graphic parameters. Thus, the use of basil plants can be a 

safe alternative to be used in association with other control 
measures to be used in the management of C. includens. 
This study is extremely important, as it is the first to dem-
onstrate the effects of alternative hosts (basil cultivars) on 
the reproductive and demographic parameters of a pest (C. 
includens), and little information is available in the literature 
in this regard.
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