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Simple Summary: Fall armyworm, Spodoptera frugiperda, is a polyphagous insect pest. The host plants influence
the feeding fitness of herbivorous insects which affect their growth and development. To determine the effect
of nutrient and mineral profile of different host plants (maize, castor bean, cotton, cabbage, okra and sugarcane)
on the growth and development of S. frugiperda, biological parameters, feeding and growth indices were
calculated. The tested host plants significantly differed in their nutritional and mineral chemistry. Better
nutrients were found in maize and castor bean plants. The growth indices on these host plants also showed the
statistical difference except efficiency of ingested food. The maximum feeding indices were recorded in S.
frugiperda larvae that fed on maize and castor bean leaves. Larval, male and female pupal weights were also
maximum in the same larvae. In case of fitness indices, the highest larval growth, pupal growth, standard
growth and fitness indices were also observed in S. frugiperda larvae that fed on maize. These findings highlight
the dynamic growth and development of S. frugiperda larvae on maize plants and provide information based
on nutritional ecology to develop sustainable integrated pest management strategies using selective crop
rotation and limiting alternative host plants.

Abstract: Fall armyworm; Spodoptera frugiperda, is one of the major migratory polyphagous insect pests of
various crops. The essential nutrient and mineral profile of host plants determines the feeding fitness of
herbivorous insects. As a result, growth and development of insects is affected. To determine the effect of
nutrient and mineral profile of different host plants (maize, castor bean, cotton, cabbage, okra and sugarcane)
on the growth and development of S. frugiperda, biological parameters like larval weight, pupal weight
(male/female), feeding and growth indices were calculated. The proximate compositions and mineral contents
of the tested host plants showed a significant difference (p<0.5). Better nutrients were observed in castor bean
and maize host plants. The growth indices on these host plants also showed the statistical difference (p<0.05)
except efficiency of ingested food (p>0.05). The maximum relative growth rate (RGR), relative consumption
rate (RCR) and consumption index (CI) were recorded in S. frugiperda larvae that fed on maize and castor bean
leaves. Larval, male and female pupal weights were the maximum in the larvae feeding on castor bean host
plant. In case of fitness indices, the highest larval growth, pupal growth, standard growth and fitness indices
were observed in S. frugiperda larvae that fed on maize. The findings of the present study highlight the dynamic
growth and development of S. frugiperda larvae on maize plants and provide novel information based on
nutritional ecology to develop sustainable integrated pest management strategies using selective crop rotation
and limiting alternative host plants

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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1. Introduction

Insect herbivores confront with innumerable constraints when they consume their host plants
[1]. Plants have evolved certain physical barriers to cope with insect herbivore attacks, such as thick
leaves, glandular trichomes, and a wide range of chemical defenses [2-4]. A diverse range of natural
compounds and constituents, that are unique to a certain plant, act as repellents, deterrents or toxins
and impede the digestion of food. However, herbivores have evolved mechanisms to counteract these
defenses, by escaping the detection or suppressing plant defenses of host plants [5]. Polyphagous
insect herbivores compete with a wide range of plant defenses from various taxa, but their metabolic
system is less optimized than mono and oligophagous herbivores [6-8].

Therefore, polyphagous insect herbivores have a benefit of getting a better nutritional balance,
increased resource availability, and ability to dilute the particular host plant defenses by consuming
a variety of plant species; however, their growth and survival fitness and population dynamics may
vary on different plant species having varying nutritional and mineral contents [9-11]. The nutrients
and minerals are also essential for the insects to grow, develop, maintain tissues, reproduce and to
get energy. They accomplish these necessities; they feed and try to utilize the host plants in their best
interest. Plants with high mineral content are more resistant to insect pests because they are stronger
and healthier than nutrient-deficient plants and these nutrients may alter the acceptability of the host
plants in herbivore insect pests [12].

A high plant species richness is helpful in reducing insect herbivory risks because specific host
plant resistance plays significant role in minimizing the crop losses [13]. The nutrients and minerals
composition in the host plants have a direct impact on the physiological characteristics of insects,
including their growth, development, and general health [14,15]. Insects require balanced nutrients
for their growth, survival, and reproduction. Plants with a higher protein content may promote
growth and development of herbivorous insects by increasing their body size, shortening life cycles,
and increasing fecundity [16].

Mineral contents in plants, such as phosphorus, potassium, and calcium, may also alter the insect
physiology and morphology [17,18]. Imbalanced nutrients can result in suboptimal growth and
development in insects [16,19]. The nutritional physiology and development of insect pests are
altered by consuming and utilizing the different host plants with varied nutrients and minerals
content. The impact of host plants on insect nutritional physiology and development are critical
responses. In addition to host plant defense mechanisms, the nutritional and mineral profiles of the
host plants can also be helpful in devising the pest management strategies by altering the host plant
preference, lifecycle and biology of the insect herbivores [20,21].

The host plants can be managed under good crop selection and rotation plans. While plant
nutrient and mineral constituents may be managed with good breeding and crop policies and
agricultural systems can be improved for host plant defenses against insect herbivores. This approach
involves selecting the crop variations with higher nutrients use efficiency with enhanced natural pest
resistance [22,23]. This can also be attained through balanced fertilization based on soil tests, and
using nutrient and mineral modifications to reinforce the structural host plant defenses. Additionally,
crop rotation and inter-cropping practices are also critical for disrupting the insect pest life cycle and
maintaining the soil health [24].

Recently, the fall armyworm (FAW) Spodoptera frugiperda ].E. Smith (Lepidoptera: Noctuidae)
has posed a significant threat to maize production worldwide. Maize is a very important cereal crop
in the world and stands at 3rd place after wheat and rice based on its production and consumption
in different fields [25]. It is used for human, poultry and livestock both as food and feed. Maize plays
an important role in combating the global food crisis due to world's rapid population growth. FAW
population is a great threat in Pakistan also, and its destructive nature may also harm the rice crop
in the coming season after maize, resulting in massive crop protection losses [26].

FAW is a polyphagous pest that can rapaciously diminish production of several agricultural
crops [27]. It is a major pest of many field crops because of its preference to feed on all parts of plants,
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higher fecundity, increased mobility, potential for migration, and capacity to develop resistance
against a variety of insecticides [27,28]. It feeds on more than 350 commercial and non-commercial
plant species from 76 families, such as wheat, barley, sorghum, maize, and soybean [29]. FAW larvae
are voracious feeders; early first and second instars feed on one side of the leaves, and after
skeletonization of mandibles, final instars feed on all parts of their host plants [30,31]. In maize, it
usually attacks maize during stages 3 to 6, when the whorls' protective zones are still intact. The early
feeding kills the growing points, resulting in no more leaf or cob development [28]. Usually, one to
two larvae feed in a whorl, as lager larvae can feed on younger larvae to reduce competition. FAW
attacks at cobs development stage can devoid cobs of the grains [31,32].

The integration of information regarding the host plant nutrient and mineral components into
existing agricultural practices with special reference to use of resistant crop cultivars, intercropping,
fertilizers and micronutrients would improve the practical cropping policies. By doing this, IPM will
be more resilient towards target insect pest herbivores. This holistic approach will not only boost the
plant defense system to cope insects’ herbivory but also encourages sustainable and eco-friendly
agricultural practices by maintaining soil fertility and plant health. Moreover, comprehensive farmer
education along with research provision for host plant’s nutrients based IPM would further reinforce
crop resilience with reduced herbivore damages and overall agricultural sustainability. Focusing the
above facts, the current study was conducted, with the goal of determining the effect of mineral and
nutritional constituents of different host plants including castor bean (Ricinus communis L.), cotton
(Gossypium hirsutum L.), maize (Zea mays L.), cabbage (Brassica oleracea), okra (Abelmoschus esculentus
L.) and sugarcane (Saccharum officinarum L.) on the growth, development and feeding physiological
fitness of S. frugiperda.

2. Materials and Methods

2.1. Study Area

The present study was carried out at the Department of Entomology, Faculty of Agriculture and
Environment, The Islamia University of Bahawalpur, Pakistan. The city is in plain condition with
214m altitude from sea level and has longitude of 29° 25' 5.0448" N and 71° 40' 14.4660" E.

2.2. Insect Culture

S. frugiperda larvae were collected from the insecticide free maize fields from university research
field area. The larvae were shifted into cylindrical plastic screened cages (30 cm h, 18 cm d) and
allowed to feed on natural diet (caster bean leaves) under laboratory conditions (25+2 °C, R.H 65+5 %
and 16L:8D photoperiod) [33]. After pupation, male and female pupae were identified, paired and
placed in Petri dishes and shifted into fresh cylindrical plastic screened cages for mating and egg
production after adult emergence. Egg laying sheets were stretched from the top into the rearing
cages as oviposition substrate and were fixed with strong rubber bands. Newly emerged FAW adults
were provided with a 20% honey solution using the cotton plugs. Egg sheets were removed and
shifted into new screened plastic cages until hatching. The larvae were provided with natural diet
(caster bean leaves) under the same laboratory conditions until the next generation. Third instar S.
frugiperda larvae from 6th generation were used for the experiments.

2.3. Host Plants

Different host plants including castor bean (R. communis L.), cotton (G. hirsutum L.), maize (Z.
mays L.), okra (A. esculentus L.) cabbage (B. oleracea) and sugarcane (S. officinarum L.) were maintained
as insecticide free source of feed for S. frugiperda larvae at field research area of the Islamia University
of Bahawalpur. Fresh leaves of these host plants were used for experiments.

2.4. Analyses of Nutritional and Mineral Profiles of Host Plants

Proximate composition and mineral contents analyses of the host plants were performed at the
Department of Animal Nutrition and Central Laboratory Complex (CLC), University of Veterinary
and Animal Sciences, Lahore, respectively. Proximate nutritional compositions for crude ash, crude
protein, crude fat, dry matter, and crude fiber of the host plants were estimated using the standard
protocols (AOAC, 2003). Plant leaves were dried to a constant weight in a hot air oven at 70 °C for 24
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h to determine dry matter and then grinded into a fine size with a blinder. The crude protein was
determined by Kjeldahl analyses. Crude fat was determined by exhaustive Soxhlet Extraction using
petroleum ether (40-60 °C, BP) and crude fiber was estimated by using a fiber analyzer. Atomic
absorption spectrophotometer (STA-4800 Spectrophotometer, Stalwart Analytics) was used to
determine the mineral contents of the host plants including calcium (Ca), magnesium (Mg),
potassium (K), zinc (Zn) and phosphorus (P) from dried leaves of the host plants.

2.5. Experimentation

Three hundred newly hatched larvae were randomly divided into six groups and were allowed
to feed on six different host plants i.e., castor bean, cabbage, cotton, maize, sugarcane, okra and
sorghum in screened plastic containers (32x15x15 cm). After 3rd instar, they were shifted individually
in plastic Petri dishes (8 cm in diameter). Their survival was checked on daily basis. Quantified fresh
host plant leaves were offered to the larvae until their pupation on daily basis. Pupae were separated
on gender basis. The newly emerged moths were paired (one female and one male) in screened plastic
containers (32x15x15 cm) and fed with a 20% honey solution supplied through a small cotton wick.
The egg sheets (baby liner cloth) were used as oviposition substrates hanged from the top of the
containers fixed with strong rubber bands. Eggs were collected daily and deposited in plastic Petri
dishes (8 cm diameter) until the emergence of the neonate larvae to calculate hatching rate. Each
treatment was replicated five times. The effects of different diets on biological parameters in terms of
larval weight, pupal weight, feeding indices and fitness indices were calculated during the whole
experiment. The larvae on the first day of each instar and the pupae on the second day were weighed
with a high precision electronic weighing balance (Shimadzu Scientific Instruments, ATX/ATY
Unibloc Analytical Balance, Japan).

2.6. Feeding Indices

The larval weight (mg), diet weight (mg), and faeces weight (mg) were recorded before and after
the feeding at an interval of 24 h to calculate the feeding indices parameters by using high precision
balance (Shimadzu Scientific Instruments, ATX/ATY Unibloc Analytical Balance, Japan) with a range
of 200g/0.0001g. Equations to calculate growth indices were derived from suggestions of Waldbauer
(1968) [34] as follows:

B

Relative Growth Rate (RGR) = xT

D
Relative Consumption Rate (RCR) = EXT
B
Efficiency of conversion of ingested food (ECI) = 5x100

D
Consumption Index (CI) = FxlOO

Where, A is the mean weight (mg) of the insects on last day, B is the original mean weight of
insects (mg), D is food biomass ingested (mg) per insect, F is faeces biomass produced (mg) per insect
and T is the feeding period (days).

2.7. Fitness Indices

The fitness indices in terms of larval growth index, immature growth index, pupal growth index,
standardized growth index, and fitness index of S. frugiperda larvae were calculated with the formulae
suggested by Ali et al. (2019) [35] as below

Pupation (%)
Larval Period (days)
Emergence (%)

Larval Growth Index (LGI) =

Pupal Growth Index (PGI) = Pupal Period (days)

d0i:10.20944/preprints202407.2558.v1
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Emergence (%)

I t G th Index (IGI) =
mmature Growth Index (IG1) Immature Stages (days)

Pupal Weight
Larval Period (days)
Pupation (%) x Pupal Weight
Larval Period (days) x Pupal Period (days)

Standardized Growth Index (SGI) =

Fitness Index (FI) =

2.8. Statistical Data Analyses

Data regarding larval survival, larval weight and length, pupal weight and length, feeding
indices -RGR, RCR, ECI and CI- and growth fitness indices -LGlI, IGI, PGI, SGI, and FI- were subjected
to factorial ANOVA and means were compared using Duncan Multiple Range (DMR) test at 5%
significance level. Nutritional values in terms of crude ash, crude protein, crude fat, dry matter, and
crude fiber and minerals Ca, Mg, K, Zn, and P content values from the host plants were subjected to
One-way ANOVA and means were compared using DMR test at 5% significance level. Growth and
feeding indices were correlated to the proximate composition and mineral contents analyses using
Pearson Correlation. All statistical analyses were performed using the SPSS software, version 21
(SPSS Inc., Chicago, IL, USA).

3. Results

3.1. Proximate Composition of Different Host Plants Used to Feed S. frugiperda Larvae

The tested host plants showed a statistically significant difference (P<0.001) among their
proximate composition in terms of their ash, crude protein, crude fiber, dry matter, and crude fat.
The maximum ash content (12.13 %) was found in maize plant sample whiles the minimum ash
content (9.17%) was detected in cotton plant sample. The crude protein content was the highest
(23.48%) in castor bean plant and sugarcane contained the lowest (4.57%) crude protein value. The
maximum (33.20%) crude fiber value was recorded in case of sugarcane plant while its minimum
(9.36%) value was observed in maize sample. Similarly, the highest dry matter (43.65%) was recorded
in castor bean plant sample and the lowest (18.27%) dry matter content was found in okra plant
sample. The maximum crude fat (9.50%) was found in cotton plant sample while its minimum (0.87%)
content was found in cabbage plant sample (Figure 1).
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Figure 1. Proximate composition analysis (%*SE) of different host plants used as feed for S. frugiperda
larvae.

3.2. Mineral Composition Analysis of Different Host Plants Used to Feed S. frugiperda Larvae

These host plants also showed a significant difference (P<0.001) among their tested mineral
contents including calcium (Ca), magnesium (Mg), potassium (K) and zinc (Zn), and phosphorus (P)
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(P>0.05). The maximum Ca content (28.33mg) was found in okra plant sample while, minimum Ca
(2.49mg) was found in cotton plant. The highest Mg contents (38.92mg) were detected in cabbage
plant sample while the lowest (1.36mg) Mg contents were present in sugarcane plant. The maximum
(26.31 mg) K content was found in cabbage plant while its minimum (15.93 mg) percent value was
seen in cotton plant. Additionally, the highest Zn contents (0.2mg) were recorded in case of okra plant
sample while its lowest (0.002 mg) contents were fund in castor bean plant sample (Figure 2).
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Figure 2. Mineral composition (mg/g+SE) in different host plants used as feed for S. frugiperda
larvae.

3.3. Feeding Indices Parameters for S. frugiperda Larvae Feeding on Different Host Plants

The feeding indices calculations revealed that tested host plants including maize, castor bean,
cotton, cabbage, okra and sugarcane had significantly affected the relative growth rate (RGR) (F=63.4,
P<0.001), relative consumption rate (RCR) (F= 588, P<0.001) and consumption index (CI) (F= 3.14,
P<0.05) of S. frugiperda larvae. However, larvae of S. frugiperda did not show significant difference in
their efficiency of conversion of ingested food (ECI) (F=3.45, P>0.05) while feeding one these different
host plants (Table 1). The highest RGR (1.13 mg/mg/day) value for S. frugiperda larvae was observed
when they were feeding on maize plant while the same was found to be the lowest (0.59 mg/mg/day)
when S. frugiperda larvae fed on sugarcane leaves. The S. frugiperda larvae also exhibited a similar
trend in case of RCR and CI calculations where the maximum RCR (50.47 mg/mg/day) and CI (68.9%)
values were calculated when S. frugiperda larvae fed on maize. S. frugiperda larvae showed the
minimum RCR and CI (19.2 mg/mg/day and 65.69 %, respectively) values when they fed on the
sugarcane host plant (Table 1).

Table 1. Feeding indices of S. frugiperda larvae in response to their feeding on different host plants.

Host plants RGR RCR ECI CI
Castor bean 0.97+0.03> 47.13+0.45 71.80+1.252 67.68%
Cotton 0.85+0.01¢ 33.49+0.47¢ 71.11+1.322 67.84%
Maize 1.13+0.03% 50.47+0.612 70.77+1.452 68.392
Okra 0.71+0.034 19.66+0.46¢ 69.22+2.032 67.08%
Cabbage 0.77+0.01< 33.22+0.50¢ 69.87+1.402 67.47%
Sugarcane 0.59+0.01¢ 19.2+0.404 70.02+1.692 65.69°
df 5 5 5 5
F-value 63.4 588 3.45 3.14
p-value <0.001 <0.001 0.08 0.03

Means in columns sharing similar letters are not significantly different according to Duncan Multiple Range
(DMR) test at P>0.05.
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3.4. Growth Parameters for S. frugiperda Larvae Feeding on Different Host plants
3.4.1. Larval Length and Weight

From the data, it was depicted that larval length was significantly differed (F= 1860, P<0.001)
among the S. frugiperda larvae when they fed on the different host plants. The larval length was found
to be the largest (32.97 mm) when S. frugiperda larvae fed on castor bean plant while the smallest
(26.65 mm) larval length was found in larvae which fed on sugarcane plant. It was also depicted that
larval weights were significantly (F= 446, P<0.001) differed among S. frugiperda larvae when they fed
on the different host plants. The larval weight was found to be the maximum (205 mg) when S.
frugiperda larvae fed on castor bean plant material while the minimum larval weight (140 mg) was
recorded when S. frugiperda larvae fed on sugarcane plant material (Figure 3).
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Figure 3. Larval weight (mg+SE) and larval length (mm=SE) of S. frugiperda in response to their
feeding on different host plants.

3.4.2. Pupal Length and Weight

There was a significant difference in female and male pupal length of S. frugiperda (F=4366 and
553 respectively, P<0.001) when fed on six different host plants (Figure 4). Female and male pupae
were significantly larger (17.97 and 17.67 mm, respectively) when S. frugiperda larvae fed on castor
bean plant while the smallest pupal lengths (14.79 mm and 14.39 mm) were recorded on sugarcane
plant. S. frugiperda female and male pupae also showed significant differences (F=705 and 505
respectively, P<0.001) in their weights when S. frugiperda larvae fed on six different host plants (Figure
5). Female and male pupae were significantly heavier (198.6 and 191.6 mg, respectively) when S.
frugiperda larvae fed on castor bean plant material while the lowest pupal weights (male 131.8 mg
and female 136.2 mg) were recorded when they fed on sugarcane plant material. Female pupae were
relatively heavier than male pupae when fed on the provided different host plant materials (P<0.05).
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Figure 4. Pupal length (mm=SE) of S. frugiperda in response to their feeding on different host plants.
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Figure 5. Pupal weight (mg+SE) of S. frugiperda in response to their feeding on different host plants.

3.4.3. Total Larval Survival Rate

The larval survival of S. frugiperda showed significant difference (F=951, P<0.001) when S.
frugiperda fed on six different host plants (Figure 6). The highest and statistically similar survival rate
was revealed on maize, castor bean and cotton (96.64%, 96.43% and 96.12%, respectively) while the
minimum survival rate (62.10%) was seen in S. frugiperda larvae feeding on sugarcane plant material.
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Figure 6. Survival (%=*SE) of S. frugiperda in response to their feeding on different host plants.

3.5. Growth Fitness Indices Parameters for S. frugiperda Larvae Feeding on Different Host Plants

The data revealed that utilization of different host plants significantly affected (P < 0.001) the
larval, pupal, immature and standard growth indices of S. frugiperda larvae (Figure 5-9and). The
maximum larval growth index (13.13) was observed in S. frugiperda larvae feeding on maize plant
material, while the minimum larval growth index (0.72) was observed when larvae fed on sugarcane.
Similarly, the highest pupal growth indices (23.38 and 20.69) of S. frugiperda were recorded on maize
and castor bean plants, respectively, while the lowest pupal growth index (12.9) was observed when
larvae were fed with okra plant material. Similarly, the S. frugiperda larvae showed the maximum
immature growth index (7.55) on castor bean plant and the minimum (4.82) on cabbage followed by
maize (5.33) and okra (4.96), respectively. In the same line, the highest standard growth index (26.69)
and fitness index (606.79) for S. frugiperda larvae were also recorded on maize plant material as their
feed while the lowest standard growth index (8.56) and fitness index (177.81) were observed on
sugarcane and cotton, respectively (Table 2).

Table 2. Growth fitness indices of S. frugiperda larvae in response to their feeding on different host

plants.
Immature Growth  Standard Growth

Larval growth Index Pupal Growth Index Fitness Index
Host plants Index Index
Castor bean 10.21+0.85° 20.69+0.522 7.55+0.15% 21.53+0.17° 408.21+41.04°
Cotton 5.48+0.344 15.47+1.50° 6.05+0.82% 15.62+0.514 177.81£10.52°¢
Maize 13.13+0.66° 23.38+0.412 5.33+0.36* 26.59+1.228 606.79+27.952
Okra 8.57+0.71% 12.9+0.58° 4.96+0.95° 17.87+0.36° 233.08+19.96°
Cabbage 7.18+0.56% 15.95+0.82° 4.82+0.88° 16.52+0.46% 192.15.75¢
Sugarcane 0.72+0.10°¢ 0+0.00° -- 8.56+1.88¢ --
df 5 5 4 5 4
F-value 514 108 2.5 74.7 52
p-value <0.001 <0.001 0.04 <0.001 <0.001

Means in columns sharing similar letters are not significantly different according to Duncan Multiple Range
(DMR) test at P>0.05.

3.6. Matrix of Pearson’s Correlation Coefficient among Proximate Analysis with Growth and Feeding Indices
of S. frugiperda
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The results of Pearson’s correlation among fitness, growth indices of FAW larvae and nutritional
contents of the host plants are given in table 3 and 4. The crude protein (CP) positively correlated
with ash and dry matter (DM). It means that higher protein material will definitely produce higher
level of ash and dry matter. Crude fiber (CF) is negatively correlated with CP, ether extract (EE) and
ash. A food material rich in crude fiber will be a weaker source of CP, EE and ash. Statistically, highly
significant relationship exists between CF and EE. Larval growth Index (LGI), pupal growth Index
(PGI), immature growth index (IGI) and standard growth index (SGI) are positively co related with
CP of the sample, indicating better larval and pupal growth. There is no linear relationship in case of
fitness index (FI) and CP (0.00). In case of crude fiber, it had a significantly negative relationship with
fat, ash, LGI, PGI, IGI, SGI and FI, while crude fat had a significant positive correlation with LGI, PGI,
IGI, SGI and FI of S. frugiperda. It means that higher fat content does not warrant better larval growth.
Moreover, Ash contents of the insect diet have a positive impact on insect growth as indicated in the
table.3. More ash contents positively correlated with growth indices (LGL, PGI, IGI and SGI). Because
generally, ash is a source of minerals and is relative measure of protein contents of the diet. However,
it did not show a pronounce impact on fitness index (FI). Pupal growth Index (PGI), immature growth
index (IGI), standard growth index (SGI) and fitness index (FI) showed a weaker co relation with dry
matter (Table 3).

The results of Pearson’s correlation showed that growth at various stages (larval and pupal etc.)
significantly impact the subsequent stages of the FAW development and resulted into fitness index
(FI) as given in Table.3. There are stronger association among these growth indices as they are
interplay of each other. For example, LGI have stronger correlation with other growth indices (PGI,
IGI and SGI). Likewise, a very strong correlation exists among PG, IGI and SGI. IGI significantly
showed a linear correlation with SGI and similarly SGI also have significant association with overall
fitness index (FI). The above given scenario resultantly improved the fitness index of the diet. As we
know that healthy larval growth is a key indicator of further better development of all other immature
stage of the FAW like pupal etc. Therefore, good larval, pupal growth translates into better standard
growth index (SGI) and overall fitness. Consequently, all these parameters determined that a strong
fitness index (FI) has been observed due to better LGI PGI, IGI and SGI. In case of feeding indices,
the RGR had a statistically positive relationship with RCR, DM and ash contents. The RCR had a
significant positive relationship with DM and ash content. DM had a significant positive relation with
crude protein. CP had a significant relation with ash while negative relation with crude fiber (Table

4).
Table 3. Matrix of Pearson’s correlation coefficient among proximate analysis and growth indices of
S. frugiperda.
DM CP CF EE Ash LGI PGI IGI SGI
CP 0.43*
CF -0.30 -0.73™
EE 0.13 -0.04 -0.59™
Ash 0.26 0.62"* -0.38" 0.10
LGI -0.15 0.19 -0.45" 0.64™ 0.47"
PGI 0.14 0.39" -0.60™ 0.68™ 0.69™ 0.87"
IGI 0.06 0.40" -0.58™ 0.57" 0.58"™ 0.82" 0.88"™
SGI -0.05 0.21 -0.50™ 0.70™ 0.48"™ 0.93™ 0.90™ 0.80™
FI -0.09 0.00 -0.41" 0.80™ 0.34 0.95™ 0.85™ 0.76™ 0.92"

DM (dry matter), CP (crude protein), CF (crude fiber), EE (ether extract/ crude fat), LGI (larval growth index), PGI (pupal
growth index), IGI (immature growth index), SGI (standard growth index), FI (fitness index)

Table 4. Matrix of Pearson’s correlation coefficient among proximate analysis and feeding indices of
S. frugiperda.

RGR RCR DM Cp CF EE Ash
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RCR 0.91™
DM 0.50™ 0.64™
CP 0.21 0.23 0.43"
CF -0.10 -0.05 -0.30 -0.73"
EE 0.29 0.21 0.13 -0.04 -0.59
ASH 0.69™ 0.53* 0.26 0.62™ -0.38 0.10
ECI -0.30 0.43 0.01 0.13 0.64 0.52 0.26

RGR (relative growth rate), RCR (relative consumption rate), ECI (efficiency of conversion of ingested food), DM (dry matter),
CP (crude protein), CF (crude fiber), EE (ether extract/ crude fat)

4. Discussion

The quality of host plants affects the biological and physiological characteristics of herbivores
by changing their food preference, consumption and utilization [36]. Host plants exert selection
pressure on insect herbivores, leading to differential physiological and morphological changes [37].
S. frugiperda is a highly polyphagous and invasive pest that attacks numerous economically important
crops, including maize, rice, sorghum, soybeans, and cotton [38]. Their survival, growth,
development, and reproductive potential are predisposed wide-ranging nutritional, mineral, and
secondary metabolic substances of host plants [39]. In the present study, experimental host plants
exerted substantial effects on the survival, feeding and growth indices of S. frugiperda larvae. Plant
and insect growth are interdependent in several ways. Plants, with different nutrients availability
and assimilation ability, differentially affects the herbivore insects [40]. In our study, nutritional and
mineral composition of the food plants differed significantly. These variations might affect the plant-
insect interactions which ultimately affect their spread and population dynamics on different host
crop plants [41].

The nutritional and chemical elements of host plants are influential in host plant resistance and
tolerance against insect pests [42]. Feeding indices for instance RGR, RCR, and CI are vital indicators
for recognizing resistance in selected crops and executing pest management tactics. In this study, S.
frugiperda exhibited the highest feeding indices on maize and castor bean plants. RCR is linked with
food bioavailability, nutrients, minerals and allelochemicals and affect the growth and development
of S. frugiperda through nutrient assimilation and conversion [43]. The crude protein had a positive
relationship with growth indices. Maize and castor bean were identified as suitable hosts for S.
frugiperda, supporting higher rates of survival and growth due to their nutritional profiles,
particularly higher protein content in maize [44,45] which makes the maize a highly preferred crop
plant for S. frugiperda. Our findings align with previous studies by Cock, et al. [46], Ganiger, et al.
[47] and Sharanabasappa, et al. [48] which reported maize as a preferred host for S. frugiperda. The
higher protein and fat content and lower fiber content in maize and castor bean may enhance S.
frugiperda growth and development. The presence of favorable nutritional profiles in the plant makes
it ideal for the pest's development, highlighting the need for targeted pest management strategies in
maize crop.

Mineral contents in host plants, like K and P, can improve resistance against insect pests by
promoting secondary metabolic compound production and reducing carbohydrate accumulation
[12,41,49]. This beneficial effect by minerals is largely predominated in many host plants against the
plant hoppers, beetles, lepidopterans and mites [12]. Our findings indicated that maize had relatively
lower mineral content, making it the most suitable host plant for S. frugiperda. Incorporating minerals
into crops could improve their resistance to pests, as the abridged larval survival and body weight of
rice leaf folder and sugarcane borer was evidenced due to higher K levels [12,49]. This climaxes the
importance of understanding the mineral contents of host plants in devising effective pest
management policies.

Insect body growth is influenced by the consumption, utilization and assimilation of plant food.
Protein, nitrogen, carbohydrates and water contents are the essential primary nutrients for insect
growth and development [39,50]. Our findings showed that the LGL, PGI, SGI and FI were found
maximum on maize, while IGI was the maximum on castor bean. Altaf, et al. [51] reported better
growth of S. frugiperda on maize compared to sorghum and wheat, likely because of differences in
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nutritional and mineral content, and defensive compounds in these plants. These factors impact host
preference, insect survival, and development. Our results align with Cowie, et al. [52], who also found
higher larval survival and development on maize plants as compared to rice. Host plant suitability
is indicated by factors like larval development, growth, fecundity, and overall generation time, with
higher feeding and growth indices indicating greater suitability [53].

The results showed that S. frugiperda had the highest larval and pupal lengths, weights, and
survival rates when fed on maize and castor bean leaves. Female pupae were heavier than male
pupae. Differences in nutritional quality, chemical stress, and secondary metabolites in these host
plants affected the larval and pupal growth, development and survival [54]. Previously, Awmack
and Leather [39] and Kumar, et al. [55] reported that the larval and pupal weights of S. frugiperda and
Lymantria dispar (gypsy moth) increased when fed on high protein diets. Our results are aligned with
Xie, et al. [56], Liu, et al. [57] and Chi and Su [58] who depicted that female pupae were heavier than
male, it might be due to one to two days earlier emergence of female pupae than male. The rate of
development and survival is directly associated with the quantity and quality of ingested food; as the
quantity of ingested food decreases, the insect becomes smaller and lighter in weight with delayed
development [59]. Larval and pupal weights and survival of S. frugiperda are greatly affected by host
plants, with significantly weightier larvae and pupae were recorded on maize. This indicates good
feeding fitness on maize. Wang, He, Zhang, Liu, Jing and Zhang [53] found no significant variation
in male and female pupal weights on the same host plant while, Chen, et al. [60] and He, et al. [61]
found heavier male pupae. These disparities are due to different host plants with varied nutritional
and mineral values which influence larval fitness, development and ultimate survival [62].

Despite contradictory studies on the impact of plant nutrition and mineral constituents on insect
pests, it is evident that these constituents influence the growth and feeding fitness of herbivorous
insects. The current findings suggest implementing sustainable mixed cropping systems with non-
preferred host plants to disrupt S. frugiperda infestations. Nutrient management strategies can be part
of effective cultural control actions in IPM to reduce infestations. Further studies are required to
develop effective plant protection strategies focusing on insect nutrition, potentially offering new
tools for plant protection. By focusing on the nutritional and mineral needs of both crops and pests,
we can develop integrated approaches that not only improve crop yields but also reduce the impact
of pests like S. frugiperda. This holistic approach to pest management is essential for ensuring food
security and sustainable agricultural practices in the future.

5. Conclusions

Role of host plants in modulating the growth and development of S. frugiperda is crucial for
assessing the impact of nutrients and minerals on insect growth and development as these factors
play a key role in activating plant defense mechanisms against pest stress. This study intended to
determine the effect of nutrients and mineral contents in different host plants on survival, feeding
and growth indices of S. frugiperda. Overall, survival rates, larval and pupal performance, and growth
and feeding indices were the highest on maize and castor bean plants. This research highlights the
threats to maize-growing areas under monocropping systems. These outcomes have weighty
implications to understand FAW outbreaks from a nutritional ecology viewpoint and assist in
devising new pest control approaches based on nutrient and mineral administration in crops.
Additionally, further studies are warranted to evaluate the menaces to other crops that might be
susceptible to future incursions.
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