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 Effects of different host plant on biological parameters and developmental dynamics of Spodoptera frugiperda under laboratory conditions



ABSTRACT
A comparative study was conducted to assess the biological parameters and developmental progression of the fall armyworm, Spodoptera frugiperda, when reared on maize, pearl millet, and sorghum leaves under standard laboratory conditions. The incubation period was observed to be shortest for maize (49.67 hours) and longest for sorghum (57.00 hours). Hatching percentage ranged from 74.27 % in pearl millet to 80.49 % in sorghum. Larval periods were maximized on pearl millet (17.67 days) and minimized on sorghum (15.67 days). Growth analysis through successive larval instars revealed that sixth instar larvae attained maximum lengths on maize (29.00 mm) and minimum on sorghum (21.67 mm). Head capsule width also showed considerable increments between instars across host plants. Dyar’s rule applied to average larval length and head capsule width generated consistent growth ratios, with averages from 1.46 to 1.60 for head capsule width and 1.48 to 1.49 for larval length, confirming the regular progression of instar development. Pupation traits and adult morphometrics such as body length and wing span varied with host plant, underlining the biological influence of food source. The findings provide clear evidence of host plant effects on major developmental and biometric parameters of S. frugiperda, and validate Dyar’s rule as a robust tool for monitoring larval instar transitions. This research enhances understanding necessary for pest management strategies and facilitates developmental biology studies.
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The fall armyworm, Spodoptera frugiperda (J.E. Smith), has emerged as a globally significant polyphagous pest of cereals and other crops, affecting agricultural productivity across continents (Nagoshi et al., 2012; Capinera et al., 2000). Originally native to the Americas, its rapid spread into African and Asian agroecosystems has intensified research into its developmental biology and management (Prasanna et al., 2018; Stokstad, 2017). In India, S. frugiperda has established on maize, pearl millet, sorghum, and other hosts, demanding novel monitoring and control strategies (Vinay et al., 2021).​
A foundational approach for understanding larval development involves the application of Dyar’s rule, which states that the width of an insect's head capsule increases by a relatively constant factor at each molt (Dyar, 1890; Gaines and Campbell, 1935). This morphometric analysis allows precise identification of larval instars, a critical step in life-table studies, pest management, and biocontrol agent timing (Barros et al., 2010). Host plant quality profoundly affects S. frugiperda growth rates, pupal weights, and developmental periods, with cereals typically supporting faster growth and higher fitness than alternative host (Metcalf et al., 1965; Capinera, 2000).​ Significant variation in host plant characteristics such as nutritional composition, leaf protein content, digestibility, and presence of secondary metabolites, larval growth and development in insects can be substantially affected. (Mubayiwa et al., 2023; Kreitman et al., 2023; Albert, 1982; van Schoor et al., 2020).
In the present study, detailed analyses of larval instar progression, biometric traits, and life cycle parameters of S. frugiperda were carried out using maize, pearl millet, and sorghum leaves as diets. Experiments were conducted in the biocontrol laboratory, Department of Entomology and Agricultural Zoology, Banaras Hindu University, Varanasi, utilizing established laboratory protocols for insect rearing and measurement (Vinay et al., 2021). This research aims to elucidate host-dependent differences in development and validate Dyar’s rule, in instar determination, providing foundational knowledge for optimizing integrated pest management programs against fall armyworm in Indian cropping systems.
1. MATERIAL AND METHODS
2.1 Experimental Site and Collection of Specimens.
The experiment was conducted in the Biocontrol Laboratory, Department of Entomology and Agricultural Zoology, Institute of Agricultural Sciences, Banaras Hindu University (BHU), Varanasi, India. Larval populations of S. frugiperda were collected from maize crops at the Agricultural Research Farm, IAS, BHU, following established insect survey protocols (Capinera, 2000; Prasanna et al., 2018; Vinay et al., 2021). Larval samples were transported to the laboratory in aerated containers to minimize stress and mortality.​
2.2 Laboratory Rearing and Experimental Design.
The collected larvae were reared under controlled conditions (temperature: 26 ± 2°C, relative humidity: 65 ± 5%, photoperiod: 14:10 L:D) in accordance with Murphy et al. (1990) . A complete life cycle was maintained on fresh maize leaves for F0 generation to establish healthy colonies. Eggs deposited by laboratory-reared adults were maintained for neonate hatching.​
Hatched neonates were randomly assigned to three feeding treatments: maize, pearl millet, and sorghum leaves. All host plants were freshly harvested from the Agricultural Research Farm, IAS, BHU, washed, and provided daily in sterile Petri dishes or plastic vials following Kumar at (2024). 5 neonate larvae per host plant comprised one replicate, with three replicates per diet.​
2.3 Monitoring of Life Cycle Parameters
Incubation period (hours) was recorded from oviposition to hatching. Hatching percentage was determined as (number of larvae/number of eggs) × 100. Larval period (days) and instar transitions were marked by periodic observation of molting events and exuviae collection (Murata et al., 2023). Each instar was identified by size and head capsule exuviae, in line with the classic morphometric approach (Dyar, 1890; Gaines and Campbell, 1935).​
2.4 Biometric Measurements
Average larval length and head capsule width were measured for each instar using a calibrated ocular and stage micrometer (accuracy 0.01 mm), after each molt, as described by Bankar et al. (2025) and Capinera (2000). Pupal, adult body length, weight (Sartorius AG balance, accuracy 0.1 mg), and wingspan were recorded for surviving individuals.​
2.5 Application of Dyar’s Rule
 Dyar’s ratio was calculated as the mean measurement of a given instar divided by the preceding instar (Dyar, 1890). The geometric progression pattern was validated for both larval length and head capsule width, in accordance with standard entomological instar analysis (Gaines and Campbell, 1935; Capinera, 2000).​
2.6 Statistical Analysis
Data are presented as mean ± standard deviation (SD). Differences among treatment means were assessed by CRD design with one-way ANOVA using GRAPE KAU software (Sheoran et al., 1998). Critical ranges were calculated as per Snedecor and Cochran (1967).

2. RESULTS AND DISCUSSION
3.1 Comparative Biological Parameters of S. frugiperda on Different Host Plants
The biological parameters of S. frugiperda exhibited considerable variation across three host plants, underscoring the significant influence of host plant quality on insect development.
3.2 Incubation Period and Hatching per cent
The incubation period was shortest on maize leaves (49.67 ± 2.51 hours) and progressively longer on pearl millet (57.00 ± 3.00 hours) and sorghum (57.00 ± 3.00 hours), with critical differences observed among treatments (P = 0.05). Hatching percentage was highest on maize (89.70 ± 3.80%), followed by sorghum (80.49 ± 2.42%), and lowest on pearl millet (74.27 ± 2.87%). These findings align with earlier reports that incubation duration typically ranges from 48 to 72 hours depending on host plant nutritional quality and temperature conditions (Capinera, 2000; Bankar and Bhamare, 2023). The superior hatching success on maize and sorghum may be attributed to optimal egg microenvironment provided by leaf surface characteristics and biochemical constituents (Chen et al., 2022).​
3.3 Larval Development
Total larval period differed significantly among host plants, being shortest on maize (13.67 ± 0.57 days), intermediate on sorghum (15.67 ± 0.57 days), and longest on pearl millet (17.67 ± 0.57 days) (Table 1). Maize, being the preferred host, supported faster larval growth, consistent with previous studies demonstrating that S. frugiperda exhibits optimal fitness parameters on maize compared to alternative hosts (Wan et al., 2021; Shu et al., 2024).​ These differences in larval period reflect variations in host plant nutritional quality, particularly protein content and digestibility (Mubayiwa et al., 2023, Tao et al., 2024; Wang et al., 2025).
Larval length increased progressively through six instars across all host plants (Table 1). Sixth instar larvae attained maximum length on maize (29.00 ± 2.00 mm), followed by pearl millet (19.33 ± 1.52 mm) and sorghum (21.67 ± 1.52 mm). Similarly, head capsule width measurements showed consistent incremental growth from first to sixth instar, with maize-fed larvae displaying larger dimensions than those reared on pearl millet or sorghum. These morphometric differences indicate that host plant quality directly affects larval growth rates and final body size, which subsequently influences pupal weight and adult fecundity (Barros et al., 2010; Sisay et al., 2023).​
3.4 Pupal and Adult Parameters
Male and female pupal weights were significantly higher on maize (32.33 ± 5.03 mg and 24.33 ± 5.03 mg, respectively) compared to pearl millet and sorghum (Table1). Pupal length and adult morphometrics including body length, wing span, and adult longevity also exhibited similar trends. These results corroborate findings that larval nutrition directly impacts pupal mass and adult reproductive potential in Lepidoptera (Chen et al., 2022; Tao et al., 2024). Adult longevity was greatest for both sexes when reared on maize, suggesting enhanced metabolic reserves accumulated during the larval stage.​












Table.1 Comparative Biological Parameters of Fall Armyworm on Maize, Pearl millet, and Sorghum Leaves
	Biological parameters
	Maize leaves
	Pearl millet leaves
	Sorghum Leaves

	
	Mean Values ± SD
	Critical Range 
	Mean Values ± SD
	Critical range 
	Mean Values ± SD
	Critical Range 

	Incubation Period (In Hours)
	49.667 ± 2.51 
	3.19
	66.67 ± 2.51
	3.07
	57.00 ± 3.00
	3.06

	Hatching percentage 
	89.703 ± 3.80
	3.36
	74.27 ± 2.87
	3.23
	80.49 ± 2.42
	3.22

	Larval period (days)
	13.667 ± 0.57
	3.47
	17.67 ± 0.57
	3.33
	15.67 ± 0.57
	3.33

	Larval Length (mm)
	 
	 
	 
	 
	 
	 

	1st Instar
	4.00 ± 1.00
	3.55
	2.67 ± 0.57
	3.41
	3.33 ± 1.15
	3.40

	2nd Instar
	6.00 ± 1.00
	3.61
	4.33 ± 0.57
	3.47
	5.33 ± 0.57
	3.46

	3rd Instar
	10.00 ± 1.00
	3.66
	6.33 ±  0.57
	3.52
	8.33 ± 1.52
	3.51

	4th Instar
	13.66 ± 1.52
	3.70
	9.00 ± 1.00
	3.55
	10.00 ± 1.00
	3.55

	5th Instar
	24.00 ± 3.00
	3.73
	12.33 ± 0.57
	3.59
	15.33 ± 1.52
	3.58

	6th Instar
	29.00 ± 2.00
	3.76
	19.33 ± 1.52
	3.61
	21.67 ± 1.52
	3.61

	larva head capsule width (mm)
	 
	 
	 
	 
	 
	 

	1st Instar
	0.36 ± 0.02
	3.78
	0.32 ± 0.01
	3.64
	0.35 ± 0.01
	3.63

	2nd Instar
	0.583 ± 0.01
	3.80
	0.51 ± 0.01
	3.66
	0.55 ± 0.02
	3.65

	3rd Instar
	0.877 ± 0.01
	3.82
	0.81 ± 0.01
	3.67
	0.85 ± 0.01
	3.67

	4th Instar
	1.367 ± 0.02
	3.84
	1.17 ± 0.02
	3.69
	1.27 ± 0.02
	3.68

	5th Instar
	2.2 ± 0.03
	3.85
	1.95 ± 0.02
	3.70
	2.04 ± 0.06
	3.70

	Male Pupal weight (mg)
	219.33 ± 4.50
	3.88
	185.00 ± 6.24
	3.73
	200.33 ±5.03
	3.72

	Female Pupal weight (mg)
	320.33 ± 5.50
	3.89
	244.33 ± 5.03
	3.74
	295.33 ±6.11
	3.73

	Male Pupal length (mm)
	12.333 ± 0.57
	3.90
	10.66 ± 0.57
	3.75
	12.00 ± 1.00
	3.74

	Female Pupal length (mm)
	16.00 ± 1.00
	3.91
	13.67 ± 0.57
	3.75
	14.00 ± 1.00
	3.75

	Male Pupal period (days)
	6.333 ± 0.57
	3.91
	7.33 ± 0.57
	3.76
	6.67 ± 0.57
	3.75

	Female Pupal period (days)
	6.667 ± 0.57
	3.92
	8.67 ± 0.57
	3.77
	7.67 ± 0.57
	3.76

	Male Adult longivity (days)
	6.00 ± 1.00
	3.93
	5.00 ± 2.00
	3.77
	5.33 ± 1.15
	3.77

	  Female Adult longivity (days)
	8.00 ± 1.00
	3.93
	5.00 ± 1.00
	3.78
	6.67 ± 0.57
	3.77

	Male Adult body length (mm)
	18.00 ± 1.00
	3.94
	16.00 ± 1.00
	3.78
	16.67 ± 0.57
	3.78

	 Female Adult body length (mm)
	21.33 ± 2.08
	3.94
	17.33 ± 0.57
	3.79
	19.00 ± 1.00
	3.78

	Male Adult wing span (mm)
	32.00 ± 1.00
	3.95
	29.00 ± 1.00
	3.79
	31.00 ± 1.00
	3.79

	 Female Adult wing span (mm)
	37.66 ± 1.52
	3.93
	33.33 ± 1.52
	3.74
	37.67 ± 0.57
	3.75




3.5 Validation of Dyar's Rule in S. frugiperda
Application of Dyar's rule to larval length and head capsule width measurements revealed consistent geometric progression ratios across host plants, validating the utility of this morphometric approach for instar determination (Table 2).
3.6 Larval Length Progression
Average Dyar's ratio for larval length was 1.49 on maize, 1.48 on pearl millet, and 1.46 on sorghum, demonstrating remarkable consistency with the theoretical expectation of geometric growth (Dyar, 1890; Gaines and Campbell, 1935). Individual instar ratios ranged from 1.20 to 1.75 across treatments, with slight deviations attributable to nutritional stress on suboptimal hosts. These values fall within the acceptable range (1.2–1.8) reported for lepidopteran larvae (Sukovata, 2019).​
3.7 Head Capsule Width Progression
Head capsule width exhibited even greater consistency, with average Dyar's ratios of 1.60 (maize), 1.46 (pearl millet), and 1.55 (sorghum). The slightly higher ratio in maize-fed larvae reflects accelerated growth on this optimal host. Across all treatments, head capsule measurements followed a linear progression when log-transformed, confirming adherence to Brooks-Dyar's rule (Sukovata, 2019). This validates head capsule width as a reliable morphometric parameter for accurate instar identification in S. frugiperda, critical for field monitoring and biocontrol timing.​
Table -2 Dyar’s rule applied for average larval length, and average head capsule width of fall armyworm, S. frugiperda
	Larval Instar
	Maize leaves
	Pearl millet leaves 
	Sorghum leaves

	Particulars
	Average larval length (mm)
	Average head capsule width (mm)
	Average larval length                      (mm)
	Average head capsule width  (mm)
	Average larval length(mm)
	Average head capsule width  (mm)

	1 instar larva
	4.00 ± 1.00
	0.36 ± 0.02
	2.67 ± 0.57
	0.32 ± 0.01
	3.33 ± 1.15
	0.35 ± 0.01

	Dyar's ratio
	1.5
	1.61
	1.62
	1.59
	1.6
	1.57

	2 instar larva
	6.00 ± 1.00
	0.583 ± 0.01
	4.33 ± 0.57
	0.51 ± 0.01
	5.33 ± 0.57
	0.55 ± 0.02

	Dyar's ratio
	1.66
	1.5
	1.46
	1.58
	1.56
	1.54

	3 instar larva
	10.00 ± 1.00
	0.877 ± 0.01
	6.33 ±  0.57
	0.81 ± 0.01
	8.33 ± 1.52
	0.85 ± 0.01

	Dyar's ratio
	1.36
	1.55
	1.42
	1.44
	1.2
	1.49

	4 instar larva
	13.66 ± 1.52
	1.367 ± 0.02
	9.00 ± 1.00
	1.17 ± 0.02
	10.00 ± 1.00
	1.27 ± 0.02

	Dyar's ratio
	1.75
	1.6
	1.37
	1.66
	1.53
	1.6

	5 instar larva
	24.00 ± 3.00
	2.2 ± 0.03
	12.33 ± 0.57
	1.95 ± 0.02
	15.33 ± 1.52
	2.04 ± 0.06

	Dyar's ratio
	1.2
	1.75
	1.56
	1.75
	1.41
	1.55

	6 instar larva
	29.00 ± 2.00
	-
	19.33 ± 1.52
	-
	21.67 ± 1.52
	-

	Average Dyar's ratio
	1.49
	1.6
	1.48
	1.46
	1.46
	1.55



 Fig.1 Dyar's ratio of Different instar larvae 

3.8 Ecological and Management Implications.
The pronounced differences in developmental parameters among host plants have significant implications for integrated pest management. Faster development on maize enables S. frugiperda to complete more generations per season, explaining its status as the primary economic host (Wan et al., 2021; Prasanna et al., 2018). Conversely, extended larval periods and reduced fitness on pearl millet and sorghum suggest these crops may be less favourable for population buildup, offering potential for intercropping strategies (Tao et al., 2024).​
The validation of Dyar's rule provides a practical tool for field researchers to accurately determine larval instars without rearing, facilitating precise application of stage-specific biocontrol agents such as Beauveria bassiana and Metarhizium anisopliae, which exhibits differential efficacy across instars. Understanding host-dependent developmental rates also enhances predictive models for pest phenology and migration patterns critical to early warning systems.
4. CONCLUSION
The study on the host plant effect on the developmental biology of Spodoptera frugiperda on three cereal host plants evaluated and validated Dyar's rule for accurate instar determination. Maize demonstrated to be the most favourable host, with the shortest incubation and larval and largest larval dimensions and pupal weights as compared to pearl millet and sorghum.​ Dyar's rule remains a valid and practical approach for instar determination across different host plants, despite minor variations attributable to nutritional stress. These findings contribute fundamental knowledge for refining monitoring protocols and developing host plant resistance strategies in fall armyworm management programs.
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	FIG 2 Life Stages Of Spodoptera frugiperda
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