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soybean, and wormseed. In contrast, females did not show 
any preference for ovipositing on young or mature leaves of 
cabbage. In general, we found that the density or length of 
nonglandular and glandular trichomes of tomato, soybean, 
and wormseed plants negatively affected oviposition of T. ni 
females.

Keywords Brassica oleracea · Solanum lycopersicum · 
Glycine max · Chenopodium ambrosioides · Trichomes

Introduction

Host location plays an integral role in the fitness of all phy-
tophagous insects; for instance, the oviposition site chosen 
by females is crucial for the survival of their offspring (Ste-
phens and Krebs 1986; Thompson and Pellmyr 1991). Thus, 
it would be expected that females would oviposit on suitable 
hosts for development of their offspring. This idea was for-
malized as the preference–performance hypothesis, which 
states that herbivore females will choose to oviposit on 
hosts on which their offspring will have better performance 
(Levins and MacArthur 1969; Jaenike 1978). However, in 
some cases, there is no correlation or the relationship is 
weak between female preference and offspring performance 
(Rausher 1979; Berdegué et al. 1998; Refsnider and Janzen 
2010), and several life history and ecological factors may 
account for this discrepancy, including diet breadth, aggre-
gation of offspring, and presence of natural enemies, among 
others (Thompson 1988; Gripenberg et al. 2010). For exam-
ple, a meta-analysis showed that the relationship between 
female preference and larval performance was stronger for 
oligophagous species than for polyphagous insects (Gripen-
berg et al. 2010). Laboratory and field experiments showed 
that Spodoptera littoralis (Boisduval) females prefer to 
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ence and larval performance and behavior of Trichoplusia 
ni (Hubner) on cabbage, tomato, soybean (host plants), and 
wormseed (nonhost plant) in laboratory experiments. In 
addition, we investigated the role of trichomes in the ovi-
position of females. Females oviposited more often on cab-
bage than on tomato, soybean, or wormseed plants. Tomato 
was the second most preferred plant, followed by soybean 
and wormseed. Neonate larvae gained more weight on cab-
bage and tomato than on soybean or wormseed, while sec-
ond-instar larvae grew better on cabbage than on tomato, 
soybean, or wormseed. The least growth of neonate larvae 
occurred on wormseed plants. The orientation of neonate 
and second-instar larvae to cabbage, tomato, soybean, and 
wormseed did not differ significantly. Neonate larvae set-
tled equally on leaf discs of cabbage, tomato, soybean, and 
wormseed, while most second-instar larvae settled on leaf 
discs of cabbage in comparison with the other plants after 
24 h of release. The foliar area consumed by neonate larvae 
was quite similar among plants, but second-instar larvae 
consumed more cabbage than tomato, soybean, or worm-
seed. Comparing different types of leaves, females ovipos-
ited more often on mature than young leaves of tomato, 
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oviposit on alfalfa than cotton plants, but larvae performed 
better on the latter host. However, eggs oviposited on cotton 
were more parasitized by Chelonus inanitus (L.) than those 
laid on alfalfa (Sadek et al. 2010), suggesting that females 
prefer to oviposit on an inferior larval host plant since it 
provides higher protection from natural enemy.

Herbivorous insects must overcome a number of hurdles 
to use host plants, including nutrition, attachment, desicca-
tion, and plant defenses; for example, insects have to over-
come the constitutive defense represented by trichomes. 
Depending on their size and density, trichomes may form 
structural barriers that affect the movement or ability of 
insects to oviposit or feed on host plants (Simmons et al. 
2005; Simmons and Gurr 2005). Furthermore, glandular 
trichomes produce sticky exudates, proteins, terpenoids, or 
toxins that may affect the behavior and physiology of her-
bivorous insects (Wagner et al. 2004; Lange 2015).

The cabbage looper moth, Trichoplusia ni (Hübner), is a 
generalist moth, whose larvae feed on more than 150 plant 
species from 36 families (Sutherland and Greene 1984). 
However, larvae do not develop or survive equally on all 
host plants (Soo Hoo et al. 1984). Two previous studies have 
investigated the relationship between female preference and 
larval growth in the cabbage looper moth, with contrast-
ing results, because only on some plants was a match found 
between preference and performance (Cameron et al. 2007; 
Shikano et al. 2010). Could such results be due to the fact 
that both studies used cut leaves instead of whole plants? It 
is well documented that mechanical damage may activate 
plant defenses, thus influencing the behavior and physiol-
ogy of insects (Haukioja and Niemelä 1977; Reymond et al. 
2000; Savatin et al. 2014); for instance, leaf damage to cot-
ton and cabbage plants positively and negatively affects the 
attraction and oviposition of T. ni females on these plant 
species (Landolt 1993).

In this study, we investigated the female oviposition pref-
erence and larval performance of T. ni on cabbage, tomato, 
soybean (host plants), and wormseed (a possible nonhost 
plant) using whole plants. We also evaluated the choice (ori-
entation and settling) and movement (arrest and dispersal) of 
neonate and second-instar larvae on the experimental plants. 
In addition, we investigated the role of trichomes in oviposi-
tion behavior of T. ni females.

Materials and methods

Biological material

T. ni larvae were reared on artificial diet (Rojas et al. 2003) 
under controlled conditions of temperature (26 ± 2 °C), 
relative humidity (70 ± 5 %), and photoperiod (14:10 h, 
L:D). The colony has been maintained in the laboratory 

for more than 50 generations, although periodic additions 
of wild insects have been performed. Naïve neonate larvae 
were used 2–3 h after hatching. They did not contact plant 
material or artificial diet, while second-instar larvae (10 days 
old) were fed artificial diet. To ensure mating, groups of 
10 females and 15 males were kept together in cages 
(30 cm × 30 cm × 30 cm) from the first night of emergence 
to obtain mated females. Moths were fed with 10 % sucrose 
solution dispensed on cotton wool in a Petri dish. After the 
assays, 30 % of females were dissected to determine their 
mating status by evaluating the presence of spermatophores 
in the bursa copulatrix. Five-day-old naïve females were 
used in all experiments.

Host plants used were cabbage, Brassica oleracea L. var. 
capitata (Cruciferae), unknown cultivar; tomato, Solanum 
lycopersicum Mill. (Solanaceae), unknown cultivar; and 
soybean, Glycine max (L.) c.v. cristalina (Fabaceae); while 
wormseed, Chenopodium ambrosioides (L.) var. blanco 
(Chenopodiaceae), was used as nonhost plant. Seeds were 
sown individually in sterile soil in plastic containers (12 cm 
high × 10 cm diameter), which were placed under natural 
conditions of light (12 h), temperature of 27 ± 3 °C, and 
relative humidity of 65 ± 5 %. Containers were placed inside 
screen cages (4 m × 4 m) to protect plants from insect infes-
tation. Plants were fertilized with N-P-K (17-17-17) fer-
tilizer once or twice before use in experiments. Plants of 
different ages were used to aim for a total plant height as 
similar as possible between species. Thus, we used 90-day-
old cabbage plants, 60-day-old tomato and wormseed, and 
20-day-old soybean.

Female oviposition preference

The female preference for cabbage, tomato, soybean, or 
wormseed was evaluated in multiple-choice tests. In each 
assay, one plant of each species were put together in pyrami-
dal screen cages (75 cm × 60 cm × 60 cm), which were 
placed outdoors under a covered area with circulating air 
under natural conditions of temperature and relative humid-
ity. The position of each plant was randomly determined in 
each cage. The cages were separated from each other by 1 m, 
and the distance between plants was 30 cm. Trials began at 
19:00 h, considering the nocturnal activity of T. ni. In each 
trial, a gravid moth was released on a platform 15 cm high, 
placed at the entrance of the cage. Plants and insects were 
used once. Oviposition was recorded 12 h later. A total of 
15 replicates (cages) were performed. We took photographs 
of the plants at the same distance (60 cm) and zoom using 
a Sony DCR-DVD508 camera (Sony Mexico) to calculate 
the leaf area of each plant species. In total, we processed 
15 images per plant species using Adobe PhotoShop CS5 
software to convert pixels to  cm2.
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Larval performance

In this experiment, we evaluated the growth performance of 
neonate and second-instar larvae on cabbage, tomato, soy-
bean, or wormseed. Using a paintbrush, an individual larva 
was placed onto a potted plant. Larvae were weighted before 
release. Potted plants were covered with a 3-l polyethylene 
terephthalate (PET) bottle to avoid larvae leaving the plant. 
Infested plants were maintained at 25–27 °C and relative 
humidity of 55–65%. Larvae were collected 10 and 5 days 
after release, respectively, and at weighted to record final 
weight. Mortality was also calculated. A total of 15 larvae 
per host for each stage were used.

Larval orientation and settling

Orientation and settlement of neonate and second-instar lar-
vae on cabbage, tomato, soybean, or wormseed were investi-
gated in multiple-choice tests. The arena consisted of a Petri 
dish (15 cm diameter × 1.5 cm height). Leaf discs of 2 cm 
diameter of each plant species were placed 2 cm from each 
other inside the arena with random distribution, 0.5 cm from 
the Petri dish’s wall. The leaf discs were made from mature 
leaves. The assays were performed under the same condi-
tions as the female oviposition experiment. An individual 
larva was released in the center of each arena and its position 
recorded at 1 and 24 h to determine orientation and settling 
preference (Mutyambai et al. 2014), respectively. The Petri 
dish was covered with its lid and placed in a dark room with 
red light. At the end of the assay, the remaining parts of the 
leaf discs were recovered and images digitalized using a 
scanner (Epson) with optical resolution of 1200 DPI. The 
foliar area consumed by larvae was converted from pixels to 
 cm2 using PhotoShop CS5 software. A total of 20 replicates 
were performed.

Arrest and dispersal of larvae

In this experiment, we evaluated arrest and dispersal of neo-
nate and second-instar larvae in multiple-choice tests. The 
arena consisted of a Petri dish (15 cm diameter × 1.5 cm 
height). A leaf disc (2 cm diameter) of a given plant was 
placed at the center of the arena, and three leaf discs of the 
other plants were placed 2 cm away from the central leaf disc 
such that each of them lay at one of the vertices of an imagi-
nary triangle, with random distribution. The leaf discs were 
made from mature leaves. Using a paintbrush, a larva was 
deposited on the central leaf disc. The position of larvae was 
recorded at 1 and 24 h. The assays were conducted under the 
conditions described in the section on larval orientation and 
settling. At the end of the assay, the foliar area consumed by 

each larva was calculated as described above. This experi-
ment was replicated 20 times per category of leaf disc and 
per kind of larvae.

Role of trichomes in female oviposition

In this experiment, we investigated the role of trichomes 
in the oviposition of T. ni females. First, the oviposition of 
females on cabbage, tomato, soybean, or wormseed plants 
was investigated in nonchoice tests. A plant of a given spe-
cies was placed at the center of a pyramidal screen cage 
(75 cm × 60 cm × 60 cm). Then, an individual gravid female 
was released into the cage. After 12 h, the number of eggs 
deposited on young and mature leaves was recorded. In addi-
tion, the density and type of trichomes in 1 cm2 of one young 
and one mature leaf of the same plant were recorded under 
a binocular microscope. Trichome type classification was 
performed for tomato (Kennedy 2003; Glas et al. 2012; Sim-
mons and Gurr 2005), soybean (Permana et al. 2012; Franc-
eschi and Giaquinta 1983), and wormseed (Bonzani et al. 
2003; Sá et al. 2016). In addition, length of trichomes was 
measured using AxioVision software version 4.7.1 (Imaging 
Associates Ltd., Bicester, UK). In total, 15 young and 15 
mature leaves per plant species were analyzed.

Statistical analysis

Statistical analyses were performed using the R statistical 
software package (R Development Core Team 2014). Female 
oviposition preference was analyzed by analysis of covari-
ance (ANCOVA), with plant type as independent variable 
and foliar area of plants as covariable. Larval performance 
and the effect of trichome density or length on the number 
of eggs oviposited were analyzed by one-way analysis of 
variance (ANOVA). Significant ANOVAs were followed by 
honest significant difference (HSD) test for multiple com-
parison of means. Larval preference was investigated using 
log-likelihood ratio contingency table analysis.

Results

Female oviposition preference

Oviposition depended on plant species (F = 52.61; df = 3, 
76; P = 0.001) but not on the foliar area of plants (F = 0.07; 
df = 1, 75; P = 0.78). Females oviposited more often on cab-
bage than on tomato, soybean, or wormseed plants. Tomato 
was the second preferred host plant, followed by soybean 
and wormseed (Fig. 1).
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Larval performance

Neonate (F = 32.6; df = 3, 47; P < 0.001) and second-instar 
larvae (F = 35.7; df = 3, 70; P < 0.001) grew differently on 
cabbage, tomato, soybean, and wormseed plants. Neonate 
larvae grew better on cabbage and tomato than on soybean 
or wormseed, with the least growth of neonate larvae occur-
ring on wormseed. Older larvae grew better on cabbage than 
on tomato, soybean, or wormseed (Fig. 2). No mortality of 
neonate larvae was observed on cabbage or tomato, but 20 
and 35 % mortality occurred on soybean and wormseed, 
respectively. With second-instar larvae, no mortality was 
observed.

Larval orientation and settling

The orientation of neonate (χ2 = 4.4, df = 3, P = 0.22) and 
second-instar larvae (χ2 = 2.8, df = 3, P = 0.42) to cab-
bage, tomato, soybean, and wormseed did not differ sig-
nificantly between plant species (Fig. 3a). Neonate larvae 

settled equally on leaf discs of cabbage, tomato, soybean, 
and wormseed (χ2 = 6.8, df = 3, P = 0.07), and there was 
little movement between the first hour (orientation) and 
24 h (settling) (Fig. 3a, b). The foliar area consumed by 
neonate larvae was quite similar among cabbage, soybean, 
and wormseed, but decreased in tomato (Table 1a). For sec-
ond-instar larvae, we found that they settled more on leaf 
discs of cabbage in comparison with tomato, soybean, or 
wormseed after 24 h of release (χ2 = 45.2, df = 3, P < 0.001) 
(Fig. 3b), coinciding with the larger area of cabbage leaves 
consumed by larvae (64 %) compared with tomato (3 %), 
soybean (1 %), or wormseed (2 %) (F = 159; df = 3, 16; 
P < 0.001) (Table 1a).

Arrest and dispersal

Most of the neonate larvae remained on the plant where 
they were placed at 1 and 24 h after release (Table 2). Neo-
nate larvae only fed on the plant where they were initially 
deposited (Table  1b). In contrast, second-instar larvae 
showed more movement among plant disks (Table 2); for 
example, 1 h after larvae were deposited on cabbage, only 
67 % remained on this plant species, while 20 and 13 % 
were found on soybean and tomato, respectively. However, 
all larvae were found on cabbage after 24 h. In the same 
way, less than 50 % of larvae deposited on tomato, soybean, 
and wormseed remained on these plants at 1 h after release, 
although most of these larvae were found on cabbage 24 h 
after release, suggesting that few larvae were arrested by leaf 

Fig. 1  Mean (+standard error of  the mean, SEM) number of eggs 
laid by Trichoplusia ni females on host (cabbage, tomato, and soy-
bean) and nonhost (wormseed) plants in multiple-choice tests. Dif-
ferent letters on bars indicate significant difference (Tukey test, 
α = 0.05)

Fig. 2  Mean (±SEM) weight (mg) of Trichoplusia ni larvae after 10 
(neonate) and 5  days (second instar) on cabbage, tomato, soybean, 
and wormseed plants. Different letters on bars indicate significant dif-
ference (Tukey test, α = 0.05)

Fig. 3  Proportion of Trichoplusia ni larvae occurring on leaf discs 
of cabbage, tomato, soybean, or wormseed in multiple-choice tests: a 
orientation and b settling
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discs of tomato, soybean, or wormseed (Table 2). Second-
instar larvae consumed more cabbage, followed by tomato, 
soybean, and wormseed (F = 20.36; df = 3, 56; P < 0.001) 
(Table 1b). In some cases, although larvae were not found 
on a determined plant species at 1 or 24 h after release, some 
consumption occurred on that plant species, implying that 
there was considerable movement of larvae among different 
plant species within the 24-h period.

Role of trichomes in female oviposition

Females preferred to oviposit on the abaxial surface (under-
side) of young and mature leaves compared with the adax-
ial (upper) side of young leaves of cabbage. Oviposition 
on the adaxial surface of mature leaves was intermediate 
and not significantly different from that occurring on the 
abaxial surface of young and mature leaves, or the adaxial 
surface of young leaves (Fig. 4). Cabbage leaves are not 
pubescent but have abundant waxes on both leaf surfaces. 
On tomato, females oviposited more often on the abaxial 
surface of mature leaves than on the abaxial surface of young 
leaves, or the adaxial surface of mature and young leaves 
(Fig. 4). Tomato plants have three types of trichomes, corre-
sponding to two glandular types I and VI, and nonglandular 
type V. There is significant difference between the density 
of trichomes and surface of mature and young leaves. The 
abaxial surface of mature leaves, the most preferred sur-
face for oviposition, had less density of type V trichomes 
(F = 44.79; df = 3, 53; P < 0.001), and the abaxial surface 

Table 1  Foliar area (%) consumed by neonate and second-instar larvae in a orientation and settling and b arrest and dispersal experiments

* Indicates the central disc in arena with the larvae (see “Materials and methods” section for details)

Neonate Second instar

(a) Area consumed (%) in orientation and settling
 Cabbage 19 64
 Tomato 8 3
 Soybean 22 1
 Wormseed 23 2

Cabbage Tomato Soybean Wormseed

(b) Area consumed (%) in arrest and dispersal
 Neonate
  Cabbage* 18 0 0 0
  Tomato* 0 9 0 0
  Soybean* 0 0 30 0
  Wormseed* 0 0 0 28

 Second instar
  Cabbage* 38 3 0 0
  Tomato* 51 6 2 2
  Soybean* 44 6 0 3
  Wormseed* 21 3 0 5

Table 2  Frequency (%) of neonate and second-instar larvae of 
Trichoplusia ni 

* Indicates the central disc in arena at 1 and 24  h after release in 
arrest and dispersal tests

Central disc* Neonate
1 h

Neonate
24 h

Second instar
1 h

Second instar
24 h

Cabbage*
 Cabbage 100 100 67 100
 Tomato 0 0 13 0
 Soybean 0 0 20 0
 Wormseed 0 0 0 0

Tomato*
 Cabbage 0 0 33 86
 Tomato 100 93 47 7
 Soybean 0 7 13 7
 Wormseed 0 0 7 0

Soybean*
 Cabbage 0 0 47 87
 Tomato 0 7 20 13
 Soybean 100 93 33 0
 Wormseed 0 0 0 0

Wormseed*
 Cabbage 0 0 33 86
 Tomato 0 7 20 0
 Soybean 0 7 13 7
 Wormseed 100 86 34 7
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of young leaves had lesser density of type VI trichomes than 
the adaxial surface of young and mature leaves (F = 6.74; 
df = 3, 53; P < 0.001) (Table 3). We found the least number 
of eggs when the density (F = 18.01; df = 2, 57; P < 0.001) 
or length (F = 14.40; df = 2, 57; P < 0.001) of type VI 
trichomes was higher. Regarding trichome type I, we found 
that their density (F = 5.81; df = 2, 57; P = 0.019) but 
not length (F = 0.66; df = 2, 57; P > 0.05) had a signifi-
cant effect on oviposition. The density (F = 1.98; df = 2, 
57; P > 0.05) or length (F = 0.56; df = 2, 57; P > 0.05) 
of type V trichomes did not affect the oviposition of T. ni 
females. On soybean, T. ni females preferred to oviposit on 
the abaxial surface of mature leaves in comparison with the 
abaxial surface of young leaves, or adaxial surface of mature 
and young leaves (Fig. 4). This plant species has one type of 
trichome, viz. a glandular type, with significant difference 
between the density and surface of mature and young leaves 
(F = 695.4; df = 3, 76; P < 0.001; Table 3). We found the 
least number of eggs when the density (F = 5.57; df = 2, 57; 
P = 0.022) or length (F = 24.19; df = 2, 57; P < 0.001) of 
trichomes was highest. On wormseed, females oviposited 
more often on the adaxial surface of mature leaves than on 
the adaxial surface of young leaves, or the abaxial surface 
of mature and young leaves (Fig. 4). This plant species has 
three types of trichomes, viz. nonglandular (flagelliform), 
noncapitate glandular, and capitate glandular. The number 
of noncapitate (F = 7.27; df = 3, 56; P < 0.001) and capi-
tate glandular (F = 187.8; df = 3, 56; P < 0.001) trichomes 
were reduced on the adaxial surface of mature leaves, while 
the nonglandular type was absent from the adaxial surface 
(Table 3). Higher density (F = 42. 06; df = 2, 57; P < 0.001) 
or larger size (F = 42.14; df = 2, 57; P < 0.001) of non-
glandular trichomes negatively affected the oviposition of 
T. ni females. The length (F = 18.87; df = 2, 57; P < 0.001) 

of noncapitate glandular trichomes but not their density 
(F = 1.35; df = 2, 57; P = 0.250) affected the oviposition 
of females, which oviposited less on leaf surfaces with 
larger trichomes. Finally, the density (F = 1.64; df = 2, 57; 
P = 0.204) or length (F = 0.02; df = 2, 57; P = 0.898) of 
capitate glandular trichomes did not affect the oviposition 
of T. ni females. 

Discussion

We found a partial match between female oviposition 
preference and larval performance of T. ni, with females 
preferring to oviposit on cabbage and offspring perform-
ing better on this host plant than on the others. Likewise, 
females preferred to oviposit on tomato in comparison with 
soybean or wormseed, and neonate larvae performed better 
on tomato than on soybean or wormseed. However, second-
instar larvae showed similar performance on the three plant 
species. Females also preferred to oviposit on soybean over 
wormseed, but second-instar larvae preformed similarly on 
both plants. Such inconsistency between female oviposi-
tion preference and larval performance has been noted in 
two previous studies (Cameron et al. 2007; Shikano et al. 
2010). In general, Cameron et al. (2007) found that female 
oviposition preference and larval performance of T. ni using 
broccoli (Brassica oleracea L.) and eight agricultural weeds 
correlated well. However, they reported that females pre-
ferred to oviposit on stinkweed (Thlaspi arvense L.) rather 
than on broccoli, but only one larva survived for 7 days on 
stinkweed. Shikano et al. (2010) investigated the relationship 
between female host plant selection and larval performance 
using cabbage (B. oleracea L.), pak choi (Brassica rapa 
L.), bean (Phaseolus vulgaris L.), tomato (S.lycopersicum), 

Fig. 4  Mean (±SEM) number 
of eggs laid by T. ni females 
on young and mature leaves of 
cabbage, tomato, soybean, and 
wormseed. YAB, young abaxial 
surface; YAD, young adaxial 
surface; MAB, mature abaxial 
surface; MAD, mature adaxial 
surface. Bars within each plant 
with similar letters are not sig-
nificantly different (Tukey test, 
α = 0.05)
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anise hyssop [Agastache foeniculum (Pursh) Kuntze)], and 
geranium hybrid (Perlargonium × hortum). They found a 
correlation between female oviposition preference and larval 
performance, except for on anise hyssop. They also reported 
that females oviposited a higher number of eggs on gera-
nium, despite larva mortality on this plant species. They 
proposed that the inconsistency in their results could be 
due to several other factors, including possible confusion of 
females due to volatiles from the experimental plants being 
mixed inside the arena, that plants had similar leaf shape, 
or neuronal constraints of females. In this study, we cannot 
rule out the first two possibilities, but they seem unlikely 
because bioassays were performed in ventilated cages and 
plants were sufficiently spaced to minimize mixing of vola-
tiles from different plants during assays. Although the leaf 
shapes of the experimental plants are different, in complete 
darkness these could only be detected as shadows. Thus, the 
third possibility seems to be the likely explanation for the 
“mistakes” of females during host plant choice. It has been 
suggested that generalist herbivorous insects, such as T. ni, 
have limited capacity for processing sensorial information, 
making them less efficient in discriminating between host 
plants (Bernays 2001). Recently, we found that T. ni females 
were able to discriminate between herbivore-damaged soy-
bean plants and undamaged plants (Coapio et al. 2016). 
However, it is possible that discriminating plants of different 
species is more difficult for T. ni females. In fact, in the pre-
sent study, T. ni females oviposited on wormseed, a nonhost 
plant. Other factors that may affect the correlation between 
female oviposition preference and larval performance are 
limited offspring mobility, presence of competitors and natu-
ral enemies, and whether females have the potential to feed 
as adults (Gripenberg et al. 2010).

The fact that neonate larvae have limited mobility sug-
gests that females have the task of selecting appropriate 
plants for their offspring. However, if females make a “mis-
take” and oviposit on a nonhost plant but their offspring are 
capable of surviving on this plant, eventually this nonhost 
plant could become a host plant. In our case, T. ni females 
oviposited on wormseed but no neonate larvae survived after 
20 days, although some second-instar larvae survived on this 
plant, reaching adult stage (Coapio unpublished data). This 
suggests that wormseed may be considered a suboptimal 
host for neonates but suitable host for second-instar larvae 
(Knolhoff and Heckel 2014). Previously, it was reported that 
T. ni larval experience of nonhost plant extract increased 
preference for that plant as an oviposition substrate (Chow 
et al. 2005). However, this is possible only if neonate larvae 
survive and develop to adult stage. Alternatively, second-
instar or older larvae may leave the natal plant and look for 
food themselves. Our results show that second-instar larvae 
moved between leaf disks and ultimate chose cabbage for 
feeding, independent of where they were initially placed.Ta
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Interestingly, females and larvae preferred cabbage, and 
larvae developed better on this plant; however, it appears to 
be nutritionally inferior compared with tomato, soybean, or 
wormseed. For example, cabbage has lower protein content 
and energetic value than the other plants used in this study 
(Coapio unpublished data). One possibility is that tomato, 
soybean, and wormseed have defenses to which T. ni is less 
adapted, and therefore this insect does not prefer them. 
Although T. ni is a generalist insect, it seems to be better 
adapted to cope with the defense compounds of cabbage, 
although females oviposit more often on young than mature 
leaves. The concentration of glucosinolates is higher in 
young compared with mature leaves of Brassicaceae plants 
(Badenes-Perez et al. 2014; Moreira et al. 2016). Glucosi-
nolates act as potent oviposition and feeding stimulants for 
more than 25 insect species that are specialized on brassi-
caceous plants and are widely accepted to have a negative 
impact on generalist insect herbivores, yet detailed studies 
of their impact on the biology of both generalists and spe-
cialists are relatively sparse (Hopkins et al. 2009). Another 
possibility is that T. ni is less parasitized on cabbage than on 
the other two host plants, viz. tomato and soybean. To the 
best of our knowledge, no studies have evaluated whether 
parasitism of T. ni differs between host plant species.

We found that T. ni females preferred to oviposit on 
mature compared with young leaves, except in cabbage. 
Similar results have been reported for other insects. For 
example, Adoxophyes honmai Yasuda females preferred to 
oviposit on old rather than young tea leaves (Piyasaengthong 
et al. 2016). However, most of the neonate larvae fed on 
young leaves, because after hatching they moved to young 
leaves to start feeding. In contrast, Plutella xylostella L. ovi-
posited more eggs on young than older leaves of Barbarea 
plants (Badenes-Perez et al. 2014), but preferred to lay on 
mature leaves of collar, cauliflower, and cabbage (Moreira 
et al. 2016). We found that glandular and nonglandular tri-
chomes negatively affected oviposition of T. ni females, 
suggesting that both physical and chemical cues can inhibit 
oviposition of T. ni females on young leaves; for example, 
secondary metabolites may act as oviposition stimulants or 
deterrents for gravid females (Schoonhoven et al. 2005). 
Generally, young leaves have higher concentrations of sec-
ondary metabolites compared with mature leaves (de Boer 
1999; Badenes-Perez et al. 2014; Moreira et al. 2016).

We found that mature leaves of tomato, soybean, and 
wormseed plants had lower density of trichomes compared 
with young leaves, and females deposited fewer eggs on 
young leaves. It is possible that compounds present in glan-
dular trichomes of young leaves act as repellents or oviposi-
tion deterrents for T. ni females. However, we also observed 
that soybean trichomes act as a mechanical defense, because 
they prevented neonate larvae from feeding on young leaves 
and negatively affected their movement. Previous study 

showed that a soybean cultivar with high trichome density 
was resistant to T. ni larvae, but became susceptible when 
the trichomes were shaved off (Khan et al. 1986). The tri-
chomes on soybean secrete viscous liquid that hardens as 
soon as it comes into contact with air, acting like a sticky 
glue (Metcalf and Luckmann 1982). On the other hand, 
Woodman and Fernandes (1991) showed that trichomes 
on Verbascum thapsus L. provide protection against leaf-
chewing insects and help to reduce water loss by transpira-
tion from young leaves. Gonzáles et al. (2008) reported that, 
under water shortage, there is an increment in the density 
of nonglandular trichomes in Madia sativa Molina. In this 
study, nonglandular (flagelliform) trichomes were absent 
from the abaxial surface of wormseed, a result that does not 
coincide with that reported by Sá et al. (2016), who reported 
presence of trichomes on both sides of the leaf. Further stud-
ies will be performed to investigate in more detail the role of 
physical or chemical cues as factors to inhibit oviposition of 
T. ni females on young leaves, and whether larvae perform 
better on mature rather than young leaves.

In summary, the results of this study confirm that, with 
some plant species, there is no correlation between female 
preference and larval performance of T. ni. This lack of cor-
relation is independent of whether cut leaves (Cameron et al. 
2007; Shikano et al. 2010) or whole plants (this study) are 
used. Generally, it seems that there is a correlation between 
female preference and larval performance of T. ni with 
plants from Brassicaceae (Cameron et al. 2007; Shikano 
et al. 2010; this study), which suggests that these plants 
may be the ancestral hosts of the cabbage looper moth. We 
also found that there was considerable movement of older 
larvae among different plants, being particularly notable 
among tomato, soybean, and wormseed. This suggests that 
older larvae may be able to search for suitable host plants 
by themselves. Such larval behavior could remove pressure 
on females to search for suitable host plants for their off-
spring. Indeed, restricted offspring movement is a potential 
critical factor promoting female preference for good-quality 
host plants (Thompson 1988; Gripenberg et al. 2010). We 
therefore recommend use of neonate larvae for performance 
studies.
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