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Abstract

:

Spodoptera frugiperda (J.E. Smith) is a highly significant agricultural pest that poses a threat to crop production worldwide. It is polyphagous, has a strong migratory ability, and is difficult to control, which makes it a threat not only to crops but also to woody plants. However, research on its adaptability to woody plants is limited. This study compares the feeding adaptations (survival rate, pupation time, pupation rate, weight, length, and daily food consumption), protective enzyme activities, and feeding preferences of S. frugiperda on leaves of six economically important tree species (Areca catechu L., Aquilaria sinensis (Lour.) Spreng, Cocos nucifera L., Camellia oleifera Abel, Dalbergia odorifera T. Chen, and Hevea brasiliensis (Willd. ex A. Juss.) Müll. Arg.), with Zea mays L. used as a control treatment. The results indicate that S. frugiperda did not survive when fed with A. catechu, C. oleifera, and D. odorifera. A. catechu had similar survival rates (83.33%), pupation (86.67%), weight, and length data compared to the maize control. C. nucifera had lower survival rates (46.67%) but no significant differences in pupation (76.67%), weight, and length data of S. frugiperda. H. brasiliensis exhibited significantly lower survival (50.00%) and pupation rates (46.67%) compared to maize. However, there was no significant difference in weight and length data, and its preference index was higher among the six tree species treatments. Therefore, A. sinensis is a vulnerable tree with a high risk, while H. brasiliensis and C. nucifera showed varying degrees of susceptibility. A. catechu, C. oleifera, and D. odorifera were found to be unsuitable hosts for S. frugiperda. In conclusion, this study extensively explores the feeding effects of S. frugiperda on six economically important tree species. It provides insights into the feeding preferences of the pest, thereby informing the potential threat posed by S. frugiperda to economically important trees. It helps to prevent further damage from S. frugiperda and provides a reference for agriculture and forestry to develop effective joint prevention and control measures.
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1. Introduction


Spodoptera frugiperda (J.E. Smith, 1797) (Lepidoptera: Noctuidae), commonly known as the fall armyworm, is a migratory agricultural pest that originated from the tropical and subtropical regions of the Americas [1,2,3]. It primarily feeds on various crops, with maize being its main source of food. The pest mainly damages the leaves and seedlings of maize, leading to crop damage and a decrease in yield [4]. It has been reported that the destruction of S. frugiperda typically results in a 15%–73% reduction in maize yields, leading to significant economic losses [5]. Without preventive and control measures, S. frugiperda could cause annual losses of from 8.3 to 20.6 million tons in Africa, which is equivalent to from 21% to 53% of the three-year average maize production in these countries. This could result in potential economic losses ranging from USD 2481 million to 6187 million [5]. In addition, the migratory ability of S. frugiperda is noteworthy. The pest was initially reported in western Africa in early 2016 and had spread to countries in sub-Saharan Africa by early 2018 [6,7]. By mid-2018, it had also been found in the Middle East and India [8]. By early December 2018, it had spread from Myanmar to Yunnan Province in southern China, posing a significant threat to food crop production safety in China [9,10,11]. S. frugiperda has rapidly spread eastward to South Korea and Japan, southward to Southeast Asia, and reached Australia in early 2020 [12]. This poses a huge challenge to agricultural areas affected by the pest [13]. In China, S. frugiperda has also spread extremely rapidly. In April 2019, the pest infiltrated Hainan Province, where the tropical climate is similar to that of the pest’s origin. This invasion swiftly impacted almost all maize-planting areas, resulting in substantial losses [10,14]. S. frugiperda is highly adaptable to various environmental conditions, allowing it to survive and reproduce in different climates and habitats [15]. The adaptable ability of the pest to host plants is crucial for its successful survival [16,17]. Its strong reproductive, adaptive, and migratory abilities pose a formidable threat to global crop production [18,19].



Comprehensive efforts have been made to monitor, prevent, and control S. frugiperda in China due to its consequential impact on agriculture. These efforts encompass the utilization of agricultural control technology, biological control technology, physical control technology, and chemical control technology to mitigate the adverse effects of this pest on Chinese agricultural development [20]. Although S. frugiperda prefers Poaceae plants, it is a polyphagous pest that feeds on a wide range of plant taxa, including herbs, vines, and woody vegetation. Reports suggest that up to 353 species from 76 families could be potential hosts [21,22]. It is particularly concerning that, with improved agricultural control measures, this pest may become a major significant threat to forestry vegetation. During eight years of surveys in Brazil, Montezano et al. identified host plants for S. frugiperda and systematically arranged fragmented bibliographic information. They found various hosts, including woody species from families such as Arecaceae (Chamaerops humilis L., Cocos nucifera L.), Euphorbiaceae (Hevea brasiliensis Willd. ex A. Juss., Acalypha sp.), and Fabaceae (Acacia mearnsii De Willd., Cajanus cajan L. Millsp) [22]. Sun et al. investigated the growth suitability of S. frugiperda larvae feeding on tea trees and corn leaves. The authors hypothesized that S. frugiperda larvae are likely to cause further damage to tea trees if they mistakenly migrate into tea plantations and consume all the herbivorous weeds in the area [23]. However, there is still a gap in research regarding the specific adaptations of S. frugiperda to woody species.



Hainan Province has a tropical climate similar to the origin of this pest in the Americas. Six tree species, including Areca catechu L. (Arecales: Arecaceae), C. nucifera (Arecales: Arecaceae), H. brasiliensis (Malpighiales: Euphorbiaceae), Dalbergia odorifera T. Chen (Family: Fabaceae), Camellia oleifera Abel (Ericales: Theaceae), and Aquilaria sinensis (Lour.) Spreng (Malvales: Thymelaeaceae), have a long history of planting in Hainan and have been expanded for planting [24]. They support the development of characteristic industries, enhance ecological and environmental quality, and generate significant economic benefits [24]. However, they are susceptible to damage by Lepidoptera and Coleoptera pests [25,26]. More information on their main values and pests are provided in Table S1.



S. frugiperda is an omnivorous pest of the Lepidoptera order. Its potential impact on valuable trees raises concerns. This study aims to investigate the threat posed by S. frugiperda to the six economically significant tree species in Hainan Province. A thorough comprehension of the risk assessment related to the translocation of pests among different hosts will inform integrated pest management (IPM) strategies for S. frugiperda in both primary and alternate host plants.




2. Materials and Methods


2.1. Plants and Insects


Leaves from A. catechu, C. nucifera, D. odorifera, and A. sinensis were obtained from the Yazhou Base of Sanya Academy of Tropical Agricultural Sciences, Sanya, Hainan Province, China (18.390246° N, 109.164020° E). Meanwhile, leaves of C. oleifera and H. brasiliensis were sourced from Danzhou Campus of Hainan University (19.507783° N, 109.495946° E). The maize variety DK647 (Zea mays L. (Poales: Poaceae)), with seeds provided by Longping Biotech. Co., Ltd. (Sanya, China), was used as the control treatment. The Z. mays was cultivated in pots filled with nutrient soil (15 × 12 cm in diameter × height) in the greenhouse at the Yazhou Base of the Sanya Academy of Tropical Agricultural Sciences. The nutrient soil formula from Tianjiaoyuan Biotechnology Co., Ltd. (Heze, China) consisted of fermented cow manure, peat, vermiculite, perlite, and nitrogen–phosphorus–potassium fertilizer, which are all beneficial to plant growth. The collected leaves were fresh and free from pest damage.



The eggs of S. frugiperda were obtained from Longping Biotech. Co., Ltd. (Sanya, China), and were cultured in a climatic chamber at a temperature of 27 ± 1 °C, a relative humidity of 65 ± 3%, and with a light–dark cycle of 16:8 h. Initially, over 300 eggs were placed in square plastic boxes (17.0 × 11.8 × 4.8 cm in length × width × height) and covered with gauze to enhance insect respiration and prevent escape. They were then incubated for approximately 2–3 days. Newly hatched larvae were reared in rectangular plastic boxes for seven days. However, due to the destructive behavior of S. frugiperda after the third instar, each larva was individually transferred to cylindrical plastic boxes with lids (5.0 × 3.7 cm in diameter × height) fitted with pinholes. The lids were punctured to ensure proper air circulation while deterring the larvae from escaping. The larval stage lasts approximately 13–15 days before entering the pupal stage. After pupation, they were transferred to 100-mesh cages (Yiheng Scientific Instrument, Shanghai, China) measuring 75 × 75 × 75 cm (length × width × height) for emergence. This stage lasted about 7–9 days. Adults were provided with a 10% honey water solution to promote their survival and reproduction. The lifespan of adults is 8–12 days, and they typically begin laying eggs approximately 3–4 days after mating. Subsequently, over 1000 eggs were used to continue the culture in the same manner. Each generation lasts approximately 30 days. Maize leaves were cleaned and fed to the insects every 2–3 days to ensure a suitable environment for survival. For the experiment, a total of 381 third-instar larvae (7 days after hatching) that had been reared for more than three generations were randomly selected.




2.2. Feeding Patterns and Developmental Characteristics of Spodoptera frugiperda


The experiment consisted of seven treatments, which included six tropical tree species (A. catechu, C. nucifera, H. brasiliensis, D. odorifera, C. oleifera, A. sinensis) and Z. mays, which served as the control. The leaves from each treatment were washed and cut into 1 cm2 squares for convenient measurement of leaf area using the grid method [27]. The leaves were placed on a transparent coordinate paper with a 1 mm2 grid. The vacant squares within a 1 cm2 area were counted to determine the leaf area (mm2) consumed by the insects. Third-instar larvae from the same batch were individually reared in cylindrical plastic boxes (5.0 × 3.7 cm in diameter × height), each equipped with pinholes for respiration and escape prevention. One larva was placed per box, and 30 replicates were conducted for each treatment. Daily replacement of leaves and cleaning of insect excrement were carried out, with the amount of food adjusted based on consumption. Mortality rates and consumed leaf areas were recorded daily. Weight and length measurements were taken using electronic scales (d = 0.001) (PL203, Mettler Toledo, Greifensee, Switzerland) and an industrial microscope (SZX16, Olympus Corporation, Tokyo, Japan) as the larvae progressed to the pre-pupal stage. The eclosion time and gender of the adults were also recorded. The entire experiment was conducted in a climate chamber (27 ± 1 °C, 65 ± 3% RH, 16:8 h L:D).




2.3. Determination of Enzyme Activity


Superoxide dismutase (SOD) and peroxidase (POD) activities were measured using kits (A007, A001, and A084, respectively; Nanjing Jiancheng Bioengineering Institute, Nanjing, China). The assay samples comprised seven treatments, each with three samples. The enzyme activity of the S. frugiperda larvae was tested after they were fed on different plant leaves for 7 days in a climatic chamber (27 ± 1 °C, 65 ± 3% RH, 16:8 h L:D) due to the low survival rate of the third-instar larvae feeding on A. catechu, C. oleifera, and D. odorifera observed in the bioassay experiment. Larvae before the 3rd instar were reared with maize leaves.



Before collection, the larvae were firstly washed with ultrapure water, and any surface water was removed using lint-free paper. The larvae were then weighed and placed in centrifuge tubes, which were stored at −80 °C until testing. Mechanical grinding was performed on ice at 4 °C by mixing the insects with 0.9% saline in a 1:9 (w:v) ratio. After thorough grinding, the samples underwent centrifugation for 10 min at 2500 rpm. The resulting supernatant (10% homogenized supernatant) was used for enzyme analysis following the manufacturer’s instructions. Optical density (OD) values were measured using a SpectraMax ABS microplate spectrophotometer (Molecular Devices, San Jose, CA, USA), and enzyme activities were calculated using the corresponding formulas. The tests were carried out following the manufacturer’s instructions [28,29,30]. The corresponding formula is as follows:


  P C  ( g / L )  =     O D   A   −   O D   B       O D   S   −   O D   B     ×   P   S   × N  








where PC is the protein concentration; ODA, ODB, and ODS represent the OD values detected by the corresponding tubes (blank (B), standard (S), and assay (A)); Ps (protein standard solution) = 0.524 g/L; and N is the dilution time.


  S O D   a c t i v i t y (   U   m g p r o t   ) =     O D   C   −   O D   A       O D   C     ÷ 50 % ×     V   F       V   S D     ÷ P C  










  P O D   a c t i v i t y (   U   m g p r o t   ) =     O D   A   −   O D   C     12 × O p t i c a l   d i a m e t e r   1 c m     ×     V   F       V   S D     ÷ T  ( 30 m i n )  ÷ P C × 1000  








where SOD activity (U/mgprot) is the quantity of SOD per mg of histone corresponding to 50% SOD inhibition in 1 mL of reaction solution and is one SOD viability unit (U); POD activity (U/mgprot) is the amount of enzyme, i.e., 1 mg of histone catalyzing 1 μg of substrate per minute at 37 °C. In the formula, ODC and ODA are the OD values detected by the corresponding tubes (control (C) and assay (A)); 235.65 = the reciprocal of the slope (instructions indicate direct use); VSD and VF are the volume of SD or final reaction liquid taken for experimental use; and T is the reaction time.




2.4. Feeding Preferences


Feeding preference experiments were carried out to investigate the dietary choices of S. frugiperda. Six different tree species were evaluated using the leaf disk method [27,31]. A petri dish (90 mm in diameter) was divided into six equal-area sectors. Leaves from various treatments were washed, cut into 1 cm2 squares, and then randomly placed at the end of the dividing lines within the dish. S. frugiperda caterpillars require minimal food when young but increase their consumption significantly by over 50 times after reaching the third stage, displaying significantly enhanced destructive abilities. Therefore, the third-instar larvae were chosen for experimentation [20]. A third-instar larva, starved for over 6 h (65 ± 3% RH, 16:8 h L:D), was placed in the center of each dish, which was then covered with a lid to prevent escape. The study measured the area of leaf disks consumed by the larvae on the different plants after 6 h using a counting grid method [27]. The preference index was used to quantify the larvae feeding preference for the different plants. This was calculated as the percentage of the area of a plant’s leaf disk consumed by the larvae relative to the total areas consumed. The preference performance was assessed with 50 insects at once and repeated three times. The experiments were conducted in a climate-controlled chamber at 27 ± 1 °C, 65 ± 3% RH, and 16:8 h L:D.




2.5. Data Analysis


The survival rates of S. frugiperda were analyzed using the Kaplan–Meier procedure and the log-rank test [32]. A full factorial LMER analysis [32] was used to analyze the consumed leaf area, incorporating random factors for different plant treatments, time (days of measurement), and replications. This study compared the A. catechu, A. sinensis, C. nucifera, C. oleifera, D. odorifera, H. brasiliensis, and Z. mays treatments using ANOVA with type III sum of squares (car package). Growth parameters, including pupation rate, eclosion rate, and female rate, were analyzed and compared using the chi-square test. The Kruskal–Wallis test and the Mann–Whitney U test were used to test the larval development time and pupal development time that did not adhere to a normal distribution [33]. Enzyme activity assay data that did not conform to normal distribution were transformed using the Blom normal score method. For the remaining data, which conformed to normality and homogeneity, one-way ANOVA and Tukey’s HSD test were used for analysis. The data are presented as mean ± standard error (SE). Statistical significance was determined using a significant level of p < 0.05. The data analysis was performed using R version 4.2.3.





3. Results


3.1. Variability in Spodoptera frugiperda Survival among Various Plant Species


A comprehensive analysis of survival percentages leading to eclosion of S. frugiperda revealed significant differences (χ2 = 187, p < 0.001) when fed on leaves from seven distinct plant species (Figure 1). No notable variations were observed in S. frugiperda survival within the A. sinensis group (χ2 = 0, p = 1) or the C. nucifera group (χ2 = 2.2, p = 0.1) compared to the maize control group. However, the survival rates of the A. catechu (χ2 = 39.2, p < 0.001), C. oleifera (χ2 = 48, p < 0.001), D. odorifera (χ2 = 40.2, p < 0.001), and H. brasiliensis (χ2 = 8.3, p = 0.004) groups were significantly lower than that of the control group (Figure 1).



The survival rates of S. frugiperda were significantly lower when fed C. oleifera leaves compared to the other groups (p < 0.001). Additionally, the survival rates of S. frugiperda were notably lower when fed A. catechu and D. odorifera leaves compared to the A. sinensis, C. nucifera, and H. brasiliensis groups (p < 0.01). Although the H. brasiliensis group had lower survival rates than the A. sinensis group (χ2 = 8.4, p = 0.004), it was not significantly different from C. nucifera (χ2 = 0.9, p = 0.30). Furthermore, all the S. frugiperda individuals died within 10 days when consuming C. oleifera leaves, while those in the A. catechu and D. odorifera groups died after 21 days.




3.2. Leaves Consumption of Spodoptera frugiperda


Significant variability was observed in the daily leaf area consumption by S. frugiperda feeding on various plant leaves (χ2 = 114.727, p < 0.001) (Figure 2). The interaction between time and food treatment was also found to be significant (χ2 = 690.289, p < 0.001). Pairwise analyses were conducted for each food treatment separately. The overall trend of leaf area among the groups was as follows: Z. mays, H. brasiliensis, A. sinensis, C. nucifera, D. odorifera, A. catechu, and C. oleifera. The leaf area consumed by S. frugiperda in the Z. mays control group was significantly greater than that in the groups fed on leaves from other plants (p < 0.05). The A. sinensis and H. brasiliensis groups were not significantly different from each other (χ2 = 0.4046, p = 0.5247), but they exhibited significantly larger leaf areas compared to the other treatments except for the control (p < 0.05). There were no significant differences in the parameters of daily leaf area consumption between C. nucifera, D. odorifera, and C. oleifera (p > 0.05). However, these parameters were significantly greater than those of A. catechu, except for C. oleifera (p < 0.05) (Figure 2).




3.3. Performance of Spodoptera frugiperda on Different Diets


The pupation rate of S. frugiperda feeding on various leaves varied significantly (χ2 = 128.75, p < 0.001) (Table 1). The pupation rate of the A. catechu, C. oleifera, D. odorifera, and H. brasiliensis groups was significantly lower than that of the Z. mays and A. sinensis groups (p < 0.05). Additionally, the A. catechu, C. oleifera, and D. odorifera groups were also significantly lower than the H. brasiliensis and C. nucifera groups (p < 0.05), but the H. brasiliensis and C. nucifera groups were not significantly different (p = 0.081). The eclosion rate of S. frugiperda varied significantly (χ2 = 110.34, p < 0.001) (Table 1). The groups with A. sinensis (83.33%) and Z. mays (83.33%) were identical (p = 1) and had significantly higher eclosion rates than the other groups (p < 0.05). The groups with C. nucifera (46.67%) and H. brasiliensis (46.67%) had higher eclosion rates than the other three groups with a 0% eclosion rate (A. catechu, C. oleifera, and D. odorifera groups) (p < 0.05).



A significant difference (U = 59.645, p < 0.001) was observed in the development time of the larvae (Table 1). The Z. mays group had the shortest larval development time, while the C. nucifera group had a relatively longer larval development time. The pupal development time also differed significantly between the groups (U = 38.268, p < 0.001). The pupal development time was significantly shorter in the C. nucifera group compared to the other groups (p < 0.006). The A. sinensis and H. brasiliensis groups had significantly longer pupal development times compared to the other groups (p < 0.001), whereas there were no significant differences between the A. sinensis and H. brasiliensis groups (p = 0.942). There was no significant difference found in pupal length (F (3,77) = 1.757, p = 0.163) when S. frugiperda consumed the various leaf diets (Table 1). This study found a significant difference in female pupal fresh weight among the different groups (F (3,34) = 13.248, p < 0.001). Female pupae in the H. brasiliensis group had a significantly higher fresh weight compared to the control Z. mays group (p = 0.02) and the C. nucifera group (p = 0.001). However, there were no statistically significant differences in male pupal fresh weight (F (3,42) = 2.496, p = 0.074). The results showed statistical significance in the mean fresh pupal weight (F (3,77) = 12.253, p < 0.001). The mean fresh pupal weight of the A. sinensis and H. brasiliensis groups differed significantly from that of the Z. mays group (p = 0.07 compared to the A. sinensis group; p = 0.032 compared to the H. brasiliensis group) and the C. nucifera group (p = 0.008 compared to the A. sinensis group; p = 0.039 compared to the H. brasiliensis group).



A significant difference in the sex ratio of successfully eclosed S. frugiperda was observed among the treatments (χ2 = 13.874, p = 0.0031) (Table 1). The highest male ratio was observed in the A. sinensis group (76%), followed by the H. brasiliensis (57.14%) and Z. mays (56%) groups. The male ratio of the C. nucifera group was significantly lower than that of the A. sinensis (p < 0.001), the H. brasiliensis (p = 0.048), and the Z. mays (p = 0.027) groups. Meanwhile, the male percentage was higher in the A. sinensis (p = 0.232) and the H. brasiliensis (p = 1) groups than in the Z. mays group, but the difference was not significant.




3.4. Enzyme Activity


Significant variations in superoxide dismutase (SOD) and peroxidase (POD) activities were observed in S. frugiperda when consuming leaves from the different plant species (SOD: F = 28.91, p < 0.001; POD: F = 22.58, p < 0.001).



The A. catechu, A. sinensis, C. nucifera, C. oleifera, D. odorifera, and H. brasiliensis groups displayed significantly higher SOD activities compared to the Z. mays control group (Figure 3A). The A. catechu group exhibited the highest SOD activity, significantly surpassing the other treatments (p < 0.05).



In the comparison of the POD activity (Figure 3B), the A. catechu group demonstrated a higher activity than the control group (p < 0.001) and the other treatments (p < 0.05). Conversely, the C. nucifera group showed a significantly lower activity than the Z. mays group (p < 0.001) and the other treatments (p < 0.05). No significant differences were observed between the remaining treatments in the pairwise comparisons (p > 0.05), except for these two groups.




3.5. Feeding Preference Results of Spodoptera frugiperda


The feeding preference of third-instar S. frugiperda on the six plant species showed significant differences (F = 43.82, p < 0.001) (Figure 4). The overall trend observed was from large to small in the following order: H. brasiliensis, C. nucifera, A. sinensis, A. catechu, C. oleifera, and D. odorifera groups. The larvae’s preference index for H. brasiliensis leaves was significantly higher (p < 0.05) than for the other plants. C. nucifera exhibited a significantly greater preference than A. catechu, C. oleifera, and D. odorifera (p < 0.05) but did not differ significantly from A. sinensis (p > 0.05). There were no statistically significant differences between the groups of A. sinensis, A. catechu, C. oleifera, and D. odorifera (p > 0.05).





4. Discussion


The bio-experimentation in this study revealed significant differences in the performance of S. frugiperda across various tropical tree species. Notably, A. sinensis was the most vulnerable to S. frugiperda infestation, followed by H. brasiliensis and C. nucifera. In contrast, A. catechu, D. odorifera, and C. oleifera were at low risk of infestation by S. frugiperda.



A. sinensis is the primary source of incense in China. Currently, Aquilaria, an endangered species, is listed in Appendix II of the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES) [34]. It is a valuable and essential medicinal herb with significant financial value [35]. A. sinensis is mainly affected by three pests: Heortia vitessoides Moore (Lepidoptera: Pyralidae), Dyspessa monticola Grum-Grshimailo (Lepidoptera: Cossidae), and Anoplophora chinensis Forster (Coleoptera: Cerambycidae) [36]. The choice of host plant significantly influences the growth and development of phytophagous insects. Suitable hosts lead to higher survival rates and shorter developmental periods [37]. The growth and development of S. frugiperda were influenced differently by the various host plants in the current study. The experiment showed that the daily survival rate, pupation rate (86.67%), eclosion rate (83.33%), and female rate (24%) of S. frugiperda with A. sinensis were not significantly different from those of the control group (maize). However, the leaf area consumption parameters, larval development time (14.36 ± 0.32 d), and pupal development time (10.72 ± 0.13 d) in the A. sinensis group were significantly lower than those in the maize group, but they performed well compared to the other tree groups. The feeding preference is determined by the selectivity induced by plant volatiles [38,39]. The preference index suggests that A. sinensis is the most vulnerable among the six tree species in terms of feeding preference. Therefore, we infer that A. sinensis is most likely to be victimized by S. frugiperda.



In contrast, H. brasiliensis (Euphorbiaceae) and C. nucifera (Arecaceae) exhibited varying levels of susceptibility. Although they did not perform as well as Z. mays, S. frugiperda feeding on the leaves of these two plants exhibited improved development. The female ratios of adults in the H. brasiliensis and C. nucifera groups did not differ significantly from those of the control and A. sinensis groups. The daily survival rate, pupation rate (50.00%), and eclosion rate (46.67%) of the H. brasiliensis group were significantly lower than those of the Z. mays and A. sinensis groups and did not differ from the C. nucifera group but were higher than those of the other three treatments. The parameter for leaf area consumption and larval development time (13.27 ± 0.57 days) and pupal development time (10.79 ± 0.21 days) was found to be significantly longer in the H. brasiliensis group compared to the Z. mays group but not significantly different from the A. sinensis group. However, it was shorter than in the C. nucifera group. Furthermore, the preference index (63.21 ± 4.80%) of H. brasiliensis was found to be significantly higher than that of the other five trees. The daily survival rate, pupation rate (76.67%), and eclosion rate (46.67%) in the C. nucifera group were similar to those of the H. brasiliensis group. However, they were inferior to the Z. mays group and A. sinensis group but superior to the other groups. The larval development time (16.13 ± 0.55 days), pupal development time (9.00 ± 0.15 days), and preference index (34.52 ± 4.46%) of the C. nucifera group were not as good as those of the H. brasiliensis group. In the A. sinensis groups, these two plants do not perform as well as the control. However, S. frugiperda can equally survive by feeding on them, indicating that they are potentially at risk of being victimized. Furthermore, the pronounced feeding preference of S. frugiperda for H. brasiliensis underscores its potential as a susceptible host. These results suggest that C. nucifera and H. brasiliensis also pose risks, albeit to a lesser extent.



Larval mortality is a crucial indicator of host suitability [40]. The A. catechu, C. oleifera, and D. odorifera groups had notably higher larval mortality rates, with a survival rate of 0%. As a result, there are no available data on pupal mean fresh weight, pupal development time, etc., indicating that these groups are unsuitable for S. frugiperda survival. Additionally, the pupation rate (0% or 3.33%), eclosion rate (0%), and daily leaf area consumption parameters were significantly lower. This suggests that A. catechu, C. oleifera, and D. odorifera are not suitable for the survival of S. frugiperda.



The evaluation of an organism’s physiological and biochemical responses to toxic substances is often based on the activity of protective enzymes in insects [41,42,43,44]. Superoxide dismutase (SOD) and peroxidase (POD) are crucial antioxidant enzymes that maintain cellular redox balance and protect the system from peroxidation [45]. Our study found significant differences in the SOD and POD activities in S. frugiperda consuming different plant leaves. The A. catechu treatment exhibited notably higher SOD and POD enzyme activities compared to the other treatments. Additionally, the other leaf treatments showed significantly higher SOD enzyme activities than the maize control treatment. However, except for the significantly lower POD enzyme activity observed in the C. nucifera treatment compared to the maize control treatment, no significant differences were found in the POD enzyme activity among the other leaf treatments. This study investigated the adaptability of S. frugiperda to different tree species by measuring the activities of SOD and POD enzymes in the bodies of insects while feeding on various leaves. The results indicate that apart from the strong toxicity of A. catechu to S. frugiperda, making it unsuitable for survival, the other tree species may serve as food sources for S. frugiperda, particularly C. nucifera.



Omnivorous pests have a tendency to shift to new host plants and establish themselves as dominant species. The Colorado potato beetle is a prime example of this, as it initially infested wild lycophytes but quickly transitioned to the potato as its primary host plant with the introduction of potato cultivation [46,47]. Other omnivorous pests, such as Polyphagotarsonemus latus Banks (Acariformes: Tarsonemidae), Lopholeucaspis japonica Cockerell (Homoptera: Diaspididae), and Buzura suppressaria Guenee (Lepidoptera: Geometridae), have been observed transitioning to tea trees after a period of acclimatization. This phenomenon is a significant concern for tea tree growers [48]. The mirid bug outbreak in China, which coincided with the widespread adoption of Bt cotton, serves as an example of the potential risks associated with the large-scale planting of genetically modified (GM) crops [49].



An in-depth study of insect host plants can aid in developing integrated management strategies. The fruit preference and age-stage, two-sex life table traits of Bactrocera dorsalis Hendel (Diptera: Tephritidae) were evaluated by researchers in the lab on guava (Psidium guajava L. (Myrtales: Myrtaceae)), papaya (Carica papaya L. (Brassicales: Caricaceae)), and banana (Musa acuminata Colla (Zingiberales: Musaceae)). The results showed that guava was the most suitable fruit and could be used to manage B. dorsalis during papaya and banana seasons [50]. A study was also conducted on Plutella xylostella L. (Lepidoptera: Plutellidae) using age-stage, two-sex life table parameters on napa cabbage (Brassica oleracea L. (Brassicales: Brassicaceae) var. napa), white cabbage (B. oleracea var. capitata), and cauliflower (B. oleracea var. botrytis) under laboratory conditions. This study suggested using cauliflower as a trap crop when cultivating napa cabbage and white cabbage to manage the pest population [51]. Muhammad et al. conducted a study on the biology and biometrics of Dysdercus koenigii Fabricius (Hemiptera: Pyrrhocoridae) on cotton (Gossypium hirsutum L. (Malvales: Malvaceae)), okra (Abelomoschus esculentus L. (Malvales: Malvaceae)), and simal (Bombax ceiba L. (Malvales: Malvaceae)) under laboratory conditions. The results showed that cotton showed better vigor compared to the other crops [52]. These findings can be used to develop effective IPM strategies. Research on the adaptability of pests to host plants can aid in the rational planning of plant cultivation. Effective management strategies can be formulated by exploiting the avoidance and adaptation behavior of pests to host plants.



S. frugiperda is recognized as an omnivorous pest and is documented by the Center for Agriculture and Bioscience International (CABI) as a host for 353 species across 76 plant families [53]. This extensive list, compiled by Montezano and others through a thorough literature review and a survey of the Brazilian ground [22], reveals the broad range of plants susceptible to infestation by this pest. Previous studies have identified C. nucifera and H. brasiliensis as host plants in Brazil [21,54,55], which is consistent with our findings. However, these plants have not been reported as host plants of S. frugiperda in China, indicating a lack of scientific investigation in the region. It is worth noting that our experiment revealed a specific adaptation of S. frugiperda to A. sinensis, which has not been documented in previous surveys. The reason for the omission may be that A. sinensis is an economically important evergreen tree species that is native to China [56]. Although there are no existing reports on whether S. frugiperda has attacked A. sinensis, the potential risk is still a cause for concern. Further investigation into the mechanisms of host adaptation is necessary, taking into account factors such as host plant defense mechanisms, insect–plant chemical interactions, and the role of genetic variability in shaping the pest’s ability to exploit various plant species. This study emphasizes the significance of considering host plant susceptibility in pest management strategies. Moving forward, research efforts should focus on elucidating the underlying mechanisms of host adaptation and developing integrated pest management approaches tailored to specific agricultural and forestry contexts.



Our investigation revealed an intriguing discovery: C. oleifera inhibited the growth and development of S. frugiperda, resulting in the mortality of all larvae within 10 days. Additionally, the survival rates were low in the A. catechu and D. odorifera treatments. This suggests that these trees may contain toxic substances with lethal effects on S. frugiperda. It is worth noting that many references report the presence of insecticidal substances in these trees. For example, A. catechu extracts contain several alkaloid components, including arecoline, arecaidine, guvacine, and guvacoline, which exhibit effective insecticidal activity against Lepidoptera pests, such as P. xylostella [57]. Similarly, C. oleifera produces tea saponin, which has a history of preventing and controlling Lepidoptera, Diptera, and other pests. Several studies have demonstrated that tea saponin has significant synergistic effects on various pesticides [58,59,60]. The survival rate of Lepidoptera pests may be affected by the water content of D. odorifera’s leaves and the production of secondary metabolites, such as tannins [61]. Investigating the toxic substances and mechanisms involved in this inhibition could aid in the development of sustainable pest control strategies.




5. Conclusions


The study investigated the suitability of various tropical tree species as hosts for S. frugiperda, revealing significant differences in infestation levels among species. A. sinensis, H. brasiliensis, and C. nucifera were identified as likely hosts, while A. catechu, D. odorifera, and C. oleifera showed lower susceptibility. Additionally, C. oleifera exhibited inhibitory effects on S. frugiperda, suggesting its potential as a natural insecticide. This research enhances the understanding of the ecological dynamics between S. frugiperda and tropical trees, with implications for pest management. Future studies should focus on the mechanisms of host susceptibility and explore new pest control methods. Overall, the findings underscore the importance of ongoing research into herbivorous pest behavior amid evolving agricultural practices and genetically modified crops, aiming to prevent further harm and implement effective prevention and control measures across agriculture and forestry.
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Figure 1. The survival rate (%) of Spodoptera frugiperda when fed on leaves from seven plant species until eclosion (n = 30). The data were analyzed using the Kaplan–Meier procedure and log-rank test. Significant differences among subgroups are indicated. 
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Figure 2. The daily mean leaf area consumption (mm2) by S. frugiperda feeding on leaves from different plants was subjected to a comprehensive LMER analysis. Random factors were considered for distinct plant treatments, time (days), and replications. Treatment comparisons were assessed using the ANOVA function with type III sum of squares (car package). Significance levels (p < 0.05) are indicated by letters following subgroups. 
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Figure 3. The enzyme activities of SOD (A) and POD (B) in S. frugiperda when fed on different plant species, with Z. mays serving as the control treatment. Tukey’s HSD test was used for analysis. Different letters indicate significant differences (p < 0.05). Bars indicate mean ± SE. 
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Figure 4. The feeding preference of third-instar S. frugiperda on six plant species was assessed using the preference index, calculated as the percentage of the larval consumed area on leaf discs from one plant relative to the total feeding area from all leaf discs. The index ranges from 0 to 100%, with ≤1/6 indicating no preference for feeding. Statistical analysis was performed using the Tukey HSD test, where different letters indicate significant differences (p < 0.05). Bars indicate mean ± SE. 
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Table 1. Performance of Spodoptera frugiperda on different diets.
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	Parameter
	Z. mays
	H. brasiliensis
	A. sinensis
	C. nucifera
	D. odorifera
	A. catechu
	C. oleifer





	Pupation rate (%) a
	90.00 (30) a
	50.00 (30) b
	86.67 (30) a
	76.67 (30) ab
	0 (30) c
	3.33 (30) c
	0 (30) c



	Eclosion rate (%) a
	83.33 (30) a
	46.67 (30) b
	83.33 (30) a
	46.67 (30) b
	0 (30) c
	0 (30) c
	0 (30) c



	Larval development time (d) b
	10.18 ± 0.21 (27) a
	13.27 ± 0.57 (15) b
	14.36 ± 0.32 (26) bc
	16.13 ± 0.55 (23) c
	-
	14 (1)
	-



	Pupal development time (d) b
	10.04 ± 0.12 (25) a
	10.79 ± 0.21 (14) b
	10.72 ± 0.13 (25) b
	9.00 ± 0.15 (14) c
	-
	-
	-



	Pupal length (mm) c
	15.34 ± 0.20 (25) a
	16.11 ± 0.38 (14) a
	15.81 ± 0.23 (25) a
	15.38 ± 0.27 (14) a
	-
	12.00 (1)
	-



	Female pupal fresh weight (mg) c
	120.72 ± 2.84 (11) a
	150.00 ± 6.06 (6) b
	130.50 ± 5.08 (6) ab
	111.67 ± 4.00 (12) a
	-
	-
	-



	Male pupal fresh weight (mg) c
	131.00 ± 3.18 (14) a
	133.00 ± 7.94 (8) a
	143.47 ± 3.00 (19) a
	127.00 ± 3.00 (2) a
	-
	-
	-



	Pupal mean fresh weight (mg)
	126.48 ± 3.17 (25) a
	140.29 ± 5.56 (14) b
	140.36 ± 3.70 (25) b
	113.86 ± 0.3.73 (14) a
	
	
	



	Females rate (%) a
	44.00 (25) a
	42.86 (14) a
	24.00 (25) a
	85.71 (14) a
	-
	-
	-







Life table parameters (±SE) of S. frugiperda larvae when fed exclusively with different tree leaves. Number of replicates is given in parentheses. The means in the same rows followed by the same letters denoted no significant difference between the treatments. Due to limitations in the sample size, larval development time and pupal length for the A. catechu group were not compared with those of other groups. a Chi-square test (significance values have been adjusted by the Bonferroni correction for multiple tests). b Kruskal–Wallis’s test with Mann–Whitney’s U test (significance values have been adjusted by the Bonferroni correction for multiple tests). c One-way ANOVA with Tukey’s honestly significant difference (HSD) test.
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