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Simple Summary: The population parameters and feeding preference of Spodoptera litura on aspara-
gus are unclear. We studied the population parameters and feeding preference of S. litura on aspara-
gus stems and leaves. The results showed that S. lifura could complete growth and development
on both stems and leaves of asparagus. The developmental duration of larvae on stems was signifi-
cantly shorter than that on leaves. The survival rate, the intrinsic rate of increase, and the finite rate
of increase of S. litura fed on stems were higher than those fed on leaves. Therefore, asparagus stems
were more suitable for its population growth. However, S. litura larvae (except for the 6th instar
at 2.5 h) did not prefer to choose stems that were more conducive to their population growth. The
3rd and 5th instar larvae preferred asparagus leaves. There was no significant difference in feeding
preference on stems and leaves at the age of 1, 2, 4, and 6 (except 2.5 h). Thus, we found that this pest
was harmful both on asparagus stems and leaves. In the field, we will focus on stems and leaves in
early prevention of this pest.

Abstract: Spodoptera litura is an important pest that seriously affects Asparagus officinalis production.
To clarify the population characteristics and feeding preference of S. litura on different asparagus
tissues, asparagus stems and leaves were selected as the research objects, related studies were con-
ducted by constructing the life table and the feeding preference experiment. The results showed that
S. litura could complete its development and reproduction normally on asparagus stems or leaves.
Although the adult longevity and fecundity of S. litura on the two types of tissues were not signifi-
cantly different, the development duration of larvae and pupae, and total preoviposition period on
leaves were significantly longer than those raised on stems. The intrinsic rate of increase and finite
rate of increase were 0.186 d~! and 1.204 d~! on stems, which were significantly higher than those
fed on leaves (0.161 d ! and 1.175 d~!). The mean generation time on stems (32.88 d) was signifi-
cantly lower than on leaves (36.88 d). It indicated that stems were more suitable for its population
growth. In the feeding preference, the third and fifth instar larvae preferred to feed on leaves, and
other instar larvae (except for the sixth instar of 2.5 h) had no significant difference. These results
will provide a theoretical reference for further research and forecasting and integrated control.

Keywords: Spodoptera litura; Asparagus officinalis; life table; feeding preference

1. Introduction

Spodoptera litura is a worldwide distributed polyphagous agricultural pest belonging
to Lepidoptera, Noctuidae, which can harm more than 300 kinds of plants [1,2]. Aspara-
gus is one of its host plants and an economically important crop. Asparagus officinalis L.
is an herbaceous perennial plant belonging to the genus Asparagus of the family Liliaceae.
The fleshy stem is the edible part of asparagus; it can be marketed as a fresh vegetable or
processed into canned food to meet the growing market demand [3-5]. The leaves are the
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main photosynthetic organs of asparagus, which can produce nutrients for the formation
of young asparagus stems [6-8]. Spodoptera litura is one of the main pests of asparagus,
and its damage to asparagus has been increasing in recent years [9]. Spodoptera litura lar-
vae cluster and gnaw on the leaves and branches, resulting in defoliation and reducing
its photosynthesis and carbohydrate assimilation capacity, causing the asparagus to bend
and collapse, resulting in the death of the asparagus plant [10]. Spodoptera litura has a
strong reproductive ability, strong ecological adaptation, severe generation overlap, and
irregular outbreaks, which pose a serious threat to the safe production of asparagus [11].
Numerous studies have demonstrated that different hosts that insects feed on have effects
on their growth and development, fecundity, weight, and nutritional level [12,13]. Simi-
larly, feeding on different parts of hosts also affects insect feeding behavior, viability, and
fecundity [14-16]. For example, different maize tissues significantly affected the growth,
development, and fecundity of Spodoptera frugiperda [17]. The larvae of Helicoverpa zea had
different survival rates on different tissue types of soybeans and preferentially fed on var-
ious tissue types during different larval development stages [18]. Different parts of wheat
seedlings had different impacts on the production period and weight of Rhopalosiphum
padi [19]. Furthermore, Tu [20] reported that the larvae of Brithys crini mostly preferred
to feed on the tender floral organs rather than the dense corm of Zephyranthes candida. At
present, there have been a large number of reports about the growth, development, and
feeding preference of S. litura on different hosts [21-23], but there have been few stud-
ies about the effect of different parts of plant hosts on the performance of S. litura. For
example, Hu et al. [16] used soybean organs at different reproductive stages to evalu-
ate their resistance against S. litura. Wu [15] explored the host selectivity of S. litura on
different growth periods of cabbage and soybeans. Yue et al. [24] studied the effects of
S. litura feeding on the defensive enzyme activities in leaves at different parts of kidney
bean plants. At the same time, there were also many reports on the growth and develop-
ment of insects on asparagus [25-28], but the research on S. litura to asparagus focused on
its occurrence dynamics and control. So far, only Wang et al [29] have studied the growth,
development, and reproduction of S. litura on asparagus. However, the growth and feed-
ing preference of S. litura on different tissues of asparagus have not been reported. A life
table is an important tool to study the effects of external factors on insect development, re-
production, survival, and population dynamics [30,31]. However, the traditional life table
has some limitations: it only describes the role of females in the population and ignores
the influence of male individual development and age changes on the population, so it
cannot accurately describe the changes in the entire insect population [32]. In contrast, the
age-stage, two-sex life table considers stage differentiation and both sexes precisely, which
can describe the development, survival rate, reproduction, and population growth more
comprehensively and accurately [33,34]. At present, the age-stage, two-sex life table has
been widely used in the study of Bactrocera cucurbitae [35], Hippodamia variegata [36], Cono-
gethes punctiferalis [37], S. frugiperda, [38], etc. The age-stage, two-sex life table has also been
used in research on S. litura [21,39,40]. Except for life table data, the feeding preference be-
havior of insects is also one of the indicators to evaluate the fitness of insects to hosts [41].
Host selection behavior of herbivorous insects is extremely important for their behavioral
adaptation and survival [42,43]. Asparagus stems and leaves are the two most important
parts of asparagus. However, the development, reproduction, and feeding preferences
of S. litura on stems and leaves are still unclear. If we understand the growth, develop-
ment, reproduction, and feeding preference of S. litura on stems and leaves, it will help
us carry out targeted prevention and control of S. litura. Therefore, in this study, we col-
lected life table data and constructed a life table to measure the growth and development of
S. litura feeding on asparagus stems and leaves, and we determined the feeding preference
of S. litura on asparagus tissues.
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2. Materials and Methods
2.1. Insects

Spodoptera litura larvae were collected in July 2021 from an asparagus field in Xinmeng
village, Mochong Town, Duyun City, Guizhou Province (25°55'53"” N, 107°55'14" E), and
reared on asparagus stems and leaves for more than 3 consecutive generations in a labora-
tory. All the S. litura individuals were kept at 27 &+ 1 °C, under 75 &+ 5% relative humidity,
and with a photoperiod of 14 L:10 D [44].

The larvae were fed with fresh asparagus stems and leaves every day. The pupae at
4-5 days of age were sexed and kept in separate plastic containers. The newly emerged
adults were transferred into an oviposition container, lined with wax paper, and provided
with a cotton ball dipped in 10% honey solution. The eggs were collected daily and put
in the culture dishes in an illumination incubator under the above conditions. The newly
hatched larvae were put in a fresh host culture container.

2.2. Plants

Asparagus was provided by the asparagus planting base in Mochong Town, Duyun
City, Guizhou Province, and planted in the experimental field of Institute of Entomology
of Guizhou University.

2.3. Measurement of Life History Traits

Ten pairs of newly emerged adults of S. litura were randomly selected from the mass-
rearing colony kept on either asparagus stems or leaves and placed in a plastic cup (bottom
diameter: 5.7 cm, top diameter: 9.5 cm, height: 14.8 cm). They were provided with 10%
honey solution on a cotton ball. One-hundred eggs laid on the same day were collected
and placed in a Petri dish (diameter: 9 cm, height: 2 cm) lined with moist filter paper and
covered with plastic wrap. The plastic wrap was pierced with 10 to 20 small holes with
a diameter of 1 mm. The hatching of eggs was observed and calculated daily. Hatched
larvae were transferred and reared individually in a plastic cup (bottom diameter: 3 cm, top
diameter: 4 cm, height: 4 cm) and provided with either asparagus stems or leaves. The host
plants were replaced and the feces were removed every day. When the larvae developed
to 5th instar larvae, sterilized peat soil (2 cm in depth) was added into these test containers
for pupation. Individual larvae were observed daily for molting and mortality [22,45]. On
the first day of adult emergence, the male and female adults fed on the same host were
paired up one by one and placed in a plastic cup (bottom diameter: 5.7 cm, top diameter:
9.5 cm, height: 14.8 cm). The top of the plastic cup was covered with 160 mesh gauze, and
the circular wall was lined with paraffin wax papers. The adults were provided with fresh
10% honey solution to supplement their nutrients. If there were insufficient individuals of
one sex emerging at the same time, another adult of the opposite sex was supplied from the
mass-rearing colony kept on either asparagus stems or leaves for mating. If a female died
before the male, a new female was added from the respective mass-reared population for
mating purposes, but only the longevity of the male was recorded. If the male died before
the female, we added a new male but only the longevity and fecundity of the female were
recorded [46]. The number of eggs, oviposition days, and longevity of each individual
were recorded daily until all individuals died.

2.4. Determination of Life Table Parameters

The raw data of S. litura life parameters were calculated and analyzed based on the
age-stage, two-sex life table theory [47,48]. The population parameters were calculated
and included the age-stage-specific survival rate (s;), age-stage-specific fecundity (f;;), age-
specific survival rates (Iy), age-specific fecundity (my), age-specific net maternity (lymy),
age-stage-specific life expectancy (eyj), and age-stage-specific reproductive value (vy;), as
well as the intrinsic rate of increase (), finite rate of increase (A), net reproductive rate (Ry),
and mean generation time (7).
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Syj is the survival probability of S. litura from egg to x days old at the developmental
stage j; fy; is the age-specific fecundity at age x and developmental stage j; Iy is the survival
probability of S. litura from egg to x days old; m, is the average population fecundity from
egg to x days old; Iymy, is the net fecundity of the population at age x. The age-stage-specific
life expectancy (ey;) estimates the time that an individual at age x and stage j is expected
to live [49]. The age-stage-specific reproductive value (v;) predicts the contribution of
an individual from age x and stage j to the future population. r refers to the maximum
instantaneous growth rate of a population with a stable age-matched population under
given physical and biological conditions; A is the average daily growth rate of the popu-
lation without the restriction of the external environment; R, refers to the total number
of progeny that a population can reproduce in a generation under certain conditions; T is
the time required for the pest population to increase to Rp-fold of its population size at the
stable stage distribution [50].

All calculation formulas are as follows:
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2.5. Population Projection

The population growth and stage structure of S. litura on asparagus stems and leaves
with an initial population of 10 eggs for the next 60 days were projected by incorporat-
ing the age-stage, two-sex life table data into the TIMING-MSChart program (TIMING-
MSChart is available at http://140.120.197.173/Ecology/prod02.htm, accessed on 13 Novem-
ber 2022) [51].

2.6. Feeding Preference

Before the feeding preference experiment, an artificial diet was used to feed the larvae.
The artificial diet was prepared by mixing the following materials: adding 400 mL distilled
water, 16 g agar powder, 80 g soybean meal, 32 g yeast extract, 80 g bran, and 16 g casein
and boiling for 30 min; then, 1.6 g sorbic acid was added to cool the solution to 60 °C. Then,
adding 0.8 g choline chloride, 0.16 g cholesterol, 6.4 g vitamin C, and 0.16 g inositol, the
solution was cooled and stored at 4 °C [40].

The 1st to 3rd instar larvae were placed in 15 cm glass Petri dishes, and the 4th to 6th
instar larvae were placed in 20 cm glass Petri dishes. All the larvae used in the experiment
were starved for 24 h in advance. The asparagus stems were placed on the left side, and
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the asparagus leaves were placed on the right side. Each instar larva of S. litura was placed
in the central blank of the glass Petri dishes.

Ten larvae were placed in each treatment. The number of S. litura larvae on asparagus
stems and leaves was recorded for 0.5h, 1 h, 1.5h, 2h, 2.5h, and 3 h, respectively [52]. Each
experimental treatment was replicated 10 times in conditions of 27 =1 °C, 75 + 5% (R. H),
and 14 L:10 D in the RXZ-380A illumination incubators.

2.7. Data analysis

One-way analysis of variance (ANOVA) was performed using SPSS 26.0 to determine
the differences in different treatment levels. Percentage data were subjected to arcsine
square root transformation prior to ANOVA. Tukey’s honestly significant difference (HSD)
was used as a post hoc test [53]. Population life table data were analyzed by the TWOSEX-
MSChart program (TWOSEX-MSChart is available at http://140.120.197.173/Ecology/, ac-
cessed on 6 January 2021) [54]. The standard errors of each parameter were estimated by
the bootstrap technique, with 100,000 samples; the paired bootstrap test was applied to
test the differences among evaluated parameters [55]; all the graphs were created using
SigmaPlot Version 14.0.

3. Results
3.1. Development Time and Reproductive Parameters

The developmental time, longevity, and reproductive parameters of S. litura fed on
asparagus stems and leaves are presented in Tables 1 and 2. Except for the egg and pre-
pupa, the developmental time of the 1st to 6th instar larvae, preadult, and pupal stage of
S. litura reared on asparagus stems were significantly shorter than those reared on aspara-
gus leaves (p < 0.05) (Table 1). The total preoviposition period (TPOP) of S. litura fed on
asparagus stems was 32.00 d, significantly shorter than the 36.56 d of S. litura fed on aspara-
gus leaves (p < 0.05) (Table 2). There was no significant difference between stem-feeding
S. litura and leaf-feeding S. litura in their adult preoviposition period (APOP), adult longevity,
fecundity, and oviposition days (p > 0.05) (Table 2).

Table 1. Development duration of S. litura fed on different tissues of asparagus.

Developmental Stage Stem Leaf

Eggs 3.36 £ 0.07 a 3.46 £ 0.08 a

1st instar larvae 3.234+0.07b 3.65 £0.08 a
2nd instar larvae 2.39 £ 0.05b 3.52 £ 0.09 a
3rd instar larvae 230+ 0.07b 3.17 £ 0.08 a
4th instar larvae 2.18 £ 0.08 b 3.00 £0.11a
5th instar larvae 241 +£0.09b 2.85 +0.08 a
6th instar larvae 2.724+0.10Db 3.23 +£0.08 a
larvae 15.17 £ 0.02b 19.29 £ 0.02 a
Prepupal 1.97 £0.08 a 221+013a
Pupal 942 +0.14b 10.11 £ 0.19 a
Preadult 29.88 +0.29b 35.04 +0.35a

Values are mean =+ SE. Different lowercase letters in the same row indicate significant differences (p < 0.05).

Table 2. Adult longevity and reproductive parameters of S. litura fed on different tissues of asparagus.

Biological Parameters Stem Leaf
Adult preoviposition period 2.52+0.33a 2.56 £0.33 a
Total preoviposition period 32.00 + 0.61 b 36.56 + 0.80 a
Fecundity 123792 +£179.85 a 1168.94 + 197.97 a
Oviposition days 3.65+032a 320+0.34a
Female longevity 9.69 £ 0.48 a 8.52 £0.53 a
Male longevity 9.66 & 0.58 a 947+ 044 a

Values are mean =+ SE. Different lowercase letters in the same row indicate significant differences (p < 0.05).
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3.2. Survival Rate and Fecundity

The age-stage-specific survival rate (sy;) of S. litura is shown in Figure 1. As can be
seen from the picture, the survival rate of eggs, prepupae, and males was not affected by
the two tissues. The survival rate of larvae on stems and leaves reached the maximum
value on the 5th day, and the survival rate of larvae on stems began to decrease on the
13th day. This indicated that the larvae on the stems had partially entered the pupation
state around the 13th day, which reduced the survival rate of larvae. The survival rate of
larvae on stems was higher than that on leaves at the early stage of 13 days. The larvae
survival rate on leaves began to decline at 18 days. Maximum survival rates of pupae and
females on stems are higher than those on leaves. The survival rates of male adults of
S. litura fed on both asparagus stems and leaves were higher than those of female adults
(Figure 1).
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Figure 1. Survival rate of eggs and larvae (a), prepupae and pupae (b), female adults and male adults
(c) of S. litura fed on different tissues of asparagus.

The age-specific survival rate (ly), female age-specific fecundity (fy;), age-specific fe-
cundity (my), and age-specific net maternity (lymy) for S. litura fed on asparagus stems
and leaves are shown in Figure 2. The I curve of S. litura fed on stems was significantly
decreased from age 33 d, and its survival rate decreased to zero by day 50, whereas the
age-specific survival rate of S. litura fed on asparagus leaves gradually decreased from
day 4, its survival rate dropped rapidly from day 38, and by day 54, it had dropped to zero.
With the extension of time, the ij, my, and I,m, curves increased first and then decreased,
and the fecundity curves of S. litura fed on asparagus stems (ij, my, and I,ym,) began on the
25th day, whilst that of S. litura fed on asparagus leaves began on day 29. The two tissues
had little effect on fxj, and my, the maximum value of l,m, on stems (80.72) was higher than
that on leaves (72.61) (Figure 2).

3.3. Life Expectancy

Figure 3 shows that the age-stage-specific life expectancy (ey;) recorded under all of
the treatments decreased with time. Two tissues did not affect pupal, prepupal, female,
and male life expectancy; the life expectancy of larvae fed on stems was lower than that of
larvae fed on leaves.

3.4. Reproductive Value

It can be seen from the reproduction values in Figure 4 that stems and leaves had lit-
tle effect on the reproduction values of eggs, prepupae, and pupae. The duration of the
reproduction value of larvae on stems was 24 days, and the maximum reproduction value
was 70.60. The duration of the reproduction value of larvae on leaves was 34 days, and
the maximum reproduction value was 59.53. In the female adult period, the reproduction
values reached the maximum, the reproduction value of S. litura fed on asparagus leaves
reached the maximum value of 1108.20 on day 32, later than that of S. litura fed on aspara-
gus stems, and its maximum value was higher than that fed on stems (the reproduction
value reached the maximum value of 921.58 on the day 30).
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Figure 2. Population survival rate (Ix) (a), fecundity of female adult (fy;) (b), population fecundity
(my) (c), and population maternity (Iymy) (d) of S. litura fed on different tissues of asparagus.
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Figure 3. Age-stage-specific life expectancy (eyj) of eggs and larvae (a), prepupae and pupae (b),
female adults and male adults (c) of S. litura fed on different tissues of asparagus.
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Figure 4. Age-stage-specific reproductive value (v,;) of eggs and larvae (a), prepupae and pupae (b),
female adults and male adults (c) of S. litura fed on different tissues of asparagus.
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3.5. Population Parameters

The intrinsic rate of increase (r) and the finite rate of increase (A) of the S. litura pop-
ulation fed on asparagus stems were 0.186 d~! and 1.204 d~!, respectively, which were
significantly higher than those fed on asparagus leaves (0.161 d ! and 1.175 d !, p < 0.05).
The net reproductive rate (Ry) of S. litura fed on asparagus stems was 445.65, which was not
significantly higher than that of those fed on asparagus leaves (385.75, p > 0.05). The mean
generation time (T) of S. litura fed on asparagus stems was 32.88 d, which was significantly
lower than that of those fed on leaves (36.88 d, p < 0.05, Table 3).

Table 3. Population parameters of S. litura fed on different tissues of asparagus.

Feeding Site
Population Parameters
Stem Leaf

Intrinsic rate of increase, r (d~1) 0.1855 £ 0.0071 a 0.1615 £ 0.0069 b
Finite rate of increase, A (d~1) 1.2039 £ 0.085 a 1.1752 £ 0.0081 b
Net reproductive rate, Ry 445.65 + 87.74 a 385.75 + 85.24 a

(offspring per individual)

Mean generation time, T (d) 32.88 £ 0.58 b 36.88 + 0.59 a

Values are mean =+ SE. Different letters in the same row indicate significant differences at p < 0.05 level by paired
bootstrap test.

3.6. Population Dynamic Simulation

The population dynamics of S. litura after feeding on different parts of asparagus for
60 days were simulated and predicted according to the data of the age-stage two-sex life
table. The results showed that the minimum population size of S. litura fed on asparagus
stems and leaves appeared at 26 d and 30 d, respectively. After that, the population began
to sharply increase, and the population of S. litura fed on asparagus stems increased faster
than that fed on asparagus leaves (Figure 5).

(@)
|

—e— Stem
—@— Leaf

BN )]
A

O : T T T T T 1
0 10 20 30 40 50 60
Time (day)

Total population size [log (N+1)]
98]

Figure 5. Population projection of S. litura fed on different tissues of asparagus.

After feeding on asparagus for 60 days, the eggs in the stems group were at the peak of
the third generation, while only the second-generation eggs appeared in the leaves group.
The third-generation larvae on stems were in the rising stage, while the second-generation
larvae on leaves were in the declining stage. The second generation of prepupae and pupae
on the stems were in the decline stage, and the prepupae and pupae on the leaves were in
the second-generation peak. The male and female adults on the stems were at the peak of
the second generation. The female adults on the leaves had just appeared in the second
generation and were in the growth period, while the male adults on the leaves only had
one generation Figure 6.
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Figure 6. Population projection of each insect stage of eggs and larvae (a), prepupae and pupae (b),
female adults and male adults (c) of S. litura fed on different tissues of asparagus.

3.7. Feeding Preference

The feeding selectivity experiment (Figure 7) showed that the feeding preference of
third- and fifth-instar larvae (except 0.5 h) on stems and leaves was significantly different;
they preferred feeding on leaves. The 6th instar larvae preferred to feed on stems when
they were placed for 2.5 h, then on two tissues, there was no significant difference in their
preference at other observation times. There was no significant difference in the host pref-
erence of the 1st, 2nd, and 4th instar larvae at any observation time. Additionally, there
was no significant difference in feeding selectivity between different instar larvae to the
same part of asparagus at the same time.
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Figure 7. Feeding preference of each larvae stage of S. litura between asparagus stems and leaves.
Values are mean =+ SE, different lowercase letters at the same investigation time indicate that the
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same instar larvae are significantly different between different tissues, and different capital letters
indicate that the different instar larvae are significantly different between the same tissues (p < 0.05).

4. Discussion

As a polyphagous pest, S. litura has wide host adaptability, but it also shows differ-
ent adaptability in different parts of the same host plant [16,56]. Our results showed that
the larval, pupal, and preadult developmental durations of S. litura feeding on aspara-
gus stems and leaves were significantly different. This is consistent with the results of
Zhang et al. [57] on S. frugiperda and Fousséni Traore et al. [58] on Maruca vitrata feeding
on host-different tissues. In our study, the larval, pupal, and preadult developmental dura-
tion on the leaves treatment was longer than that on the stems treatment, and the survival
rate was lower than that of stem treatment. The results of Wang et al. [29] showed that
the total larval duration of S. litura fed on asparagus leaves at 27 = 1 °C, 70% (R. H), and
14 L:10 D was 22.7 d, which was longer than those fed on leaves (19.29 d) and stems (15.17 d)
in our experiment. The developmental duration of pupae was 10.6 d, which was close to
those fed on leaves (10.11 d) in our study, but longer than those fed on stems (9.42 d) in
this experiment. It can be seen that the larval and pupal developmental duration of S. litura
reared with leaves in that study and in our study was longer than those reared with stems.
Different nutrients, volatile secondary substances, and epidermal characteristics among
different host plants may affect the growth, development, and fecundity of insects [59-61].
Related studies have revealed that the levels of protein, amino acids, and sugars are high
in both asparagus stems and leaves, but leaves have a lower moisture content and higher
contents of flavonoids than those in asparagus stems [62]. Meanwhile, studies have shown
that the water content in plants was positively correlated with the growth and development
parameters of S. litura [63,64]. The developmental duration of insects was prolonged by
flavonoids in host pants [65]. Additionally, the asparagus stems are spear-shaped with a
large and thick structure, while the asparagus leaves are shaped like small needles [66].
Therefore, the development time of S. litura on asparagus leaves was longer than that on
the stems, which may have been caused by a lower water content and higher flavonoid con-
tent in the asparagus leaves than in the asparagus stems. At the same time, small leaves
may be difficult to satisfy the growth and development of larvae in a short time; this may
also be one of the reasons for the significant prolongation development period of larvae on
asparagus leaves. However, the specific reason needs further research and confirmation.

In any treatment, there was no significant difference in adult preoviposition period
(APOP), longevity, fecundity, and oviposition days. Our results are inconsistent with the
results of Tang et al. [17] and Zhang et al. [57] on S. frugiperda in different tissues of hosts.
Their studies showed that the longevity and fecundity of fall armyworm adults on host-
different tissues were significantly different. This difference may be due to the variation
in the types of hosts and insects used in the experiment; however, our results are consis-
tent with Tang et al. [67] and Moreau et al. [68]. The results of Tang et al. [67] showed
that the development of S. frugiperda larvae feeding on shallot and onion was significantly
different, but the preoviposition period, fecundity, and longevity of adults were not signifi-
cantly different. There was also no significant difference in the reproductive parameters of
Lobesia botrana in Moreau et al. [68]. This was probably because the prolonged larval de-
velopment time enabled larvae to compensate for a low consumption rate or for food of
poor quality and to finally reach the same longevity and fecundity as larvae that were
reared on cultivars that promoted a faster larval development. So, the results of the APOP,
longevity, fecundity, and oviposition days showed that there was no significant difference
between the two tissues of asparagus in our study. It may also be because the larvae sig-
nificantly prolonged their development time on the leaves to achieve the same fecundity
as on the stems. In addition, the average number of eggs laid by a single female of S. litura
fed on leaves was 1148.00, and the adult longevity was 9.4 days in Wang et al. [29], which
was consistent with our results. The preoviposition period of adults was shorter than that
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of this study, and the oviposition days were longer than those of this study. That study
used 70% humidity for the experiment, while we used 75% humidity for our experiment.
Therefore, it may be related to asparagus varieties or the different humidity of the experi-
mental environment.

The population parameters r and A of S. litura fed on stems were 0.186 d~! and
1.204 d~!, respectively, significantly higher than those fed on leaves (0.161 d~! and
1.175 d~1). Then, the parameter T (on asparagus stems, 32.88 d) was significantly lower
than that on leaves (36.88 d, p < 0.05). Usually, a shorter developmental duration, higher
survival rate, and fecundity of insects indicate greater adaptability to the host plants [68,69].
Those results indicated that S. litura could complete its life cycle in both tissues, but stems
were more suitable for population growth. Although there was no significant difference in
the longevity and fecundity of adults fed on asparagus stems and leaves, the larval devel-
opment duration, pupal development duration, and mean generation time of S. litura fed
on asparagus stems were significantly shorter than those fed on leaves. Moreover, the sur-
vival rate, the intrinsic rate of increase, and the finite rate of increase on stems were greater
than those on leaves, so the stems were more suitable for the growth and development of
S. litura than leaves.

Feeding preference is essential for insect adaptation and survival [70]. A study by
Wu [15] showed that S. litura larvae had different selection preferences for soybean tissues
at different growth stages. Our research is consistent with this study. Our study showed
that the 3rd and 5th (except for being placed for 0.5 h) instar larvae preferred to feed on
leaves. The 6th instar larvae had no significant difference in the preference of stems and
leaves at most observation times, except that they preferred to feed on stems at 2.5 h. There
was no significant difference in the host preference of the 1st, 2nd, and 4th instar larvae at
any observation time. Polyphagous insects usually prefer to feed on plants that are more
suitable for their growth, development, and reproduction [52,71,72]. The present study,
however, obtained the opposite result: the larvae were either non-selective or preferred to
feed on asparagus leaves, whereas their fithess was higher with feeding on stems. Our re-
sults are consistent with the results of Xu et al. [73], who studied S. frugiperda on Zea mays,
Vigna unguiculata, and Phaseolus vulgaris. The results showed that compared with maize,
the development of S. frugiperda fed on cowpea leaves and kidney bean leaves was rela-
tively slow, and the pupation rate and emergence rate were lower, indicating that maize
leaves had better adaptability to the growth and development of S. frugiperda. However,
in the larval host preference experiment, the larvae not only showed strong selectivity to
the feeding host maize leaves, but also showed strong host preference for cowpea leaves
and kidney bean leaves. Insects prefer to choose hosts that are conducive to their growth
and development in most cases, but this is not always the case and may be related to dif-
ferent hosts and insect species. The physical and chemical characteristics of host plants
or the status of insects will directly or indirectly affect the feeding choice of herbivorous
insects [74-76]. The adaptation mechanism of insects to hosts is different among differ-
ent insects. In the case of multiple hosts, some larvae colonize available hosts randomly
and immediately. After colonization, if the host is not suitable or the number of hosts is
not enough to eat, they may disperse in search of a more suitable host than the colonized
host. Some insects may be affected by the volatiles of the host before making a choice on
the host [77]. In this study, the 1st, 2nd, 4th, and 6th instar (except 2.5 h) larvae did not
show obvious preference behavior between asparagus stems and leaves, which may be re-
lated to the high nutrient content in stems and leaves [63] or the independent selection of
hosts. However, the 6th instar larvae showed obvious preference between the two hosts
at 2.5 h, which may be related to the stronger activity of the older larvae. The preference
of the 3rd and 5th instar (except 0.5 h) larvae to asparagus leaves may be due to their best
adaptive mechanism to asparagus leaves, but we have not studied the specific adaptation
mechanism, which will be our next research plan. At the same time, in the laboratory, we
provided sufficient hosts and a stable experimental environment for experimental insects.
The asparagus field environments are relatively complex, factors such as temperature, hu-
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midity, natural enemies, and pesticides may affect the growth and feeding preference of
S. litura. Therefore, it is necessary to conduct more field experiments for further research.
Results from this study can also provide a theoretical reference for our further research and
field control. In the field, biological or chemical control methods should be used on stems
and leaves to prevent S. litura in advance. Especially, when its number on leaves increases,
it should be prevented from transferring to stems to cause more destructive damage.

5. Conclusions

In summary, the analysis results of life table parameters proved that S. litura could
complete growth and development on asparagus stems or leaves; moreover, asparagus
stems are more suitable for its population growth. In terms of feeding preference, at any
observation time, the 3rd instar of S. litura preferred to consume asparagus leaves. At
most observation times, the 5th instar larvae significantly preferred to feed leaves, and
the 6th instar larvae had no significant difference in feeding preference between stems
and leaves at most observation times. There was no significant difference in the feeding
preference of 1st, 2nd, and 4th instar larvae to stems and leaves at any observation time. In
the field, we can formulate more reasonable control measures to focus on the prevention
and control of S. litura according to the preference of different insect stages to different
tissues of asparagus and the inconsistent growth and development speed of S. litura on
different tissues. It can not only improve the efficiency of pesticide use, but also reduce the
amount of pesticide application, and is conducive to better control of S. litura.
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