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Comparative Analysis of Nutritional Indices of Spodoptera frugiperda on Selected Maize Genotypes
Abstract:
Background: The fall armyworm, Spodoptera frugiperda (J. E. Smith, 1797) (Lepidoptera: Noctuidae), is a notorious and economically important pest due to its wide host range and rapid adaptability. In India, it causes significant damage to maize, sorghum, and sugarcane. Although several studies have focused on maize, information regarding the nutritional suitability of different maize genotypes for S. frugiperda is still limited.
Study Design, Place and Duration: The present investigation was conducted during 2021–2023 at the Biocontrol Research and Production Center, Department of Entomology, College of Agriculture, Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur. The experiment was laid out in a Factorial Completely Randomized Design (CRD) with two factors comprising eight maize genotypes and six larval instars of S. frugiperda under controlled laboratory conditions.

Methodology: Nutritional indices of S. frugiperda larvae were assessed on eight maize genotypes viz., CHH-202, CHH-213, CHH-214, HMM-1018, JM-12, JM-216, JM-218, and PHM-1. The nutritional parameters studied included consumption index (CI), relative growth rate (RGR), approximate digestibility (AD), efficiency of conversion of ingested food (ECI), and efficiency of conversion of digested food (ECD).

Results: The results revealed that S. frugiperda successfully developed and reproduced on all tested maize genotypes. Significant variations were observed among genotypes with respect to nutritional indices. Among the tested genotypes, JM-218, JM-12, and HMM-1018 were identified as the least susceptible genotypes. JM-216, CHH-214, and PHM-1 exhibited moderate susceptibility, whereas CHH-213 and CHH-202 were found highly susceptible to S. frugiperda. Higher nutritional index values recorded on CHH-213 and CHH-202 indicated a greater risk of infestation and damage.
Conclusion: The study demonstrated differential suitability of maize genotypes to S. frugiperda and highlighted the importance of nutritional indices in identifying resistant and susceptible genotypes. The findings provide useful information for developing targeted pest management strategies and promoting the use of relatively resistant maize genotypes in sustainable fall armyworm management programs.
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Introduction:
Fall Armyworm (FAW), S. frugiperda (Lepidoptera: Noctuidae) is an insect pest native to America. Its scientific name is derived from the feeding habits of the larval stage, frugiperda meaning “lost fruit” in Latin [Kona et al., 2021]. It is new to India and was first detected in research fields of the College of Agriculture, University of Agriculture & Horticulture Science, Shivamogga, Karnataka in mid-2018 [Kalleshwaraswamy et al., 2018]. It has spread rapidly to all maize growing regions within a span of 16 months in India, except Himachal Pradesh and Jammu and Kashmir [Suby et al., 2020]. The pest was first reported in Madhya Pradesh in March 2019 in the Indore districts [Vishwakarma et al., 2020]. 

FAW has been identified as a notorious pest with high migration ability, a wide range of hosts, voracious larval feeding and high fecundity; resulting in economic damage to the crops [Westbrook et al., 2016].
It is reported to attack about 353 plant species belonging to 76 families, but the greatest damage occurs in grasses such as maize and sorghum and in other monoculture crops such as cotton and soybean [Pitre and Hogg, 1983]. FAW causes damage by feeding on both vegetative and reproductive structures. Young larvae feed on one leaf surface, creating a "windowpane" effect, while seedlings may be damaged through bud and growing point destruction. Larger larvae cause ragged leaf edges, perforations and may attack plant bases, reproductive parts, and young fruits. Infestations during the mid- to late-whorl stage of maize development caused yield losses of 15-73% when 55-100% of the plants were infested with FAW [Hruska and Gould, 1997]. 

Being a polyphagous pest, essential biological research on the consumption and utilization of various host plants is crucial to understanding how the nutritional composition of different plants influences pest behavior and performance. Host plants impact multiple aspects of an insect’s life history, including its development, survival rate, reproductive capacity, and lifespan.
Insect herbivores digest the food they consume, converting the extracted energy into their body tissues. Examining how insects utilize their host plants is important because it gives indirect detail about the relative vulnerability and characteristics of the host that affect insect growth and infestation. Research on insect feeding behavior and nutrient use is essential for understanding the dynamics between insects and plants. Additionally, such studies support the development of effective pest control methods by estimating potential economic damage and enhancing methods for large-scale insect rearing (Chen et al., 2020; Amjad et al., 2024; Ajmal et al., 2024).
Hence, this study aimed to evaluate the nutrient indices of S. frugiperda larvae when feeding on eight maize genotypes under laboratory conditions. 

Material and Methods:
The present investigation was conducted during 2021–2023 at the Biocontrol Research and Production Center, Department of Entomology, College of Agriculture, Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur. 
Maintenance of insect culture:

The initial culture of S. frugiperda was made by collecting a large number of larvae from maize fields in Chhindwara. The larvae were reared individually in plastic boxes (3×7 cm size) and maize leaves of each genotype were provided as food. The boxes were cleaned, and fresh food was provided to larvae daily in the morning, which was continued until pupation. After pupation, sexing of pupae was done as per [Butta and Cantu, 1962]. Seven pairs of newly emerged male and female moths were released in plastic containers (15×16 cm) covered with muslin cloth, held in position by a rubber band. Cotton swabs dipped in 5 percent honey solutions were provided as food for adults. Blotting paper strips were hung from the muslin covering at the top with the help of pins to provide an oviposition substrate for females. The F2 generation was used for experimental studies on the respective genotypes [Farahani et al., 2011].

Procurement of test genotypes

The seeds of eight maize genotypes were obtained from the Zonal Agriculture Research Station, Chhindwara, MP. The crop was raised as per the recommended package of practices of the university, except for the plant protection measures.
Food consumption of S. frugiperda :

The experiment was laid out in a Factorial Completely Randomized Design (CRD) with two factors comprising eight maize genotypes and six larval instars of S. frugiperda under controlled laboratory conditions.
Larvae were given a known quantity of fresh twenty-one to thirty five-day old leaves from different genotypes (viz., CHH-202, CHH-213, CHH-214, HMM-1018, JM-12, JM-216, JM-216 and PHM-1), which were subsequently changed every 24 hours (Santosh et al., 2003). The weight of the leftover leaves as well as the fecal matter was recorded daily and continued until pupation. Simultaneously a control set was kept, with an equally weighted amount of leaf but without any larvae, which was weighed after every 24 hours. The design of the experiment was completely randomized with eight treatments and replicated thrice. Studies on S. frugiperda nutritional indices were conducted as per the methodology suggested by [Firake and Behere, 2020], i.e., at 25 ± 1°C temperature, 75 ± 5% relative humidity and a 12:12 light, dark period.

The following parameters were computed by using the data obtained [Walbauer, 1968].
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Where,


F
= Average weight of leaves consumed by a larva (mg)


T 
= Duration of feeding on different genotypes (days) 


A 
= Average weight of one larva on different genotypes (mg/larva) 


G
= Average weight gained by larva during feeding period (mg/larva) 


E
= Average weight of fecal matter excreted by larva (mg/larva).

Data Analysis:

 All the data analysis and the figures were prepared by using MS-Excel 2010.

Result and discussion: Nutritional indices of S. frugiperda viz., CI, RGR, AD, ECI and ECD were calculated on different maize genotypes. 
Consumption index (CI): 

CI is a measure of the rate at which the food is ingested. The data presented in Table 1 indicated that the CI differed significantly for both selected genotypes and tested different larval instars of S. frugiperda. Among the genotypes, the CI was observed to be the minimum on JM-218 (1.33) and maximum on CHH-213 (2.76). Among different tested larval instars, it was observed the minimum and maximum in the first and sixth larval instar of S. frugiperda (1.04 and 2.69, respectively). The interaction of genotypes and different larval instars of S. frugiperda had significant impact on consumption CI. The lowest CI registered on JM-218 with first larval instar of S. frugiperda (0.86).). Similarly, Luginbill (1928) also found that in maize about 98% of foliage is consumed during the last three instars. 
Relative Growth Rate (RGR)


Perusal of the data in Table 1 revealed that significant differences were observed for RGR among selected genotypes and tested different larval instars of S. frugiperda. Among the genotypes, the RGR was significantly the lowest on JM-218 (0.29), while it was the highest on CHH-213 (0.43). Among different larval instars, it was observed to be the lowest in the first larval instar (0.23) and the highest in the third larval instar (0.47). The interaction effect of genotypes and different larval instars was also found significant on RGR. The lowest RGR was recorded on JM-218 with first larval instar (0.21). In the present findings, comparatively low RGR of S. frugiperda first to sixth instar larvae were noticed in JM-218, which indicates the less biomass gain by the insect in relation to body weight per day.
Approximate Digestibility (AD)


The consequent estimates of the efficiency with which the material is extracted from the diet as it passes through the gut are represented as AD and it depends upon the time for which the food is retained in the gut. In the present studies, the AD differed significantly on selected genotypes, tested different larval instars and for their interaction. Among the genotypes, it was the minimum and maximum on JM-218 and CHH-213 (33.08 and 51.77 %, respectively). Among tested larval instars of S. frugiperda, the AD was the minimum in the sixth larval instar (25.92%), whereas the maximum in first larval instar (53.52%). Furthermore, among interaction it was the minimum on JM-218 with sixth larval instar (22.56%) (Table 2). The AD value in six successive larval instars continuously decreased with the advancement of larvae age. Similar trends were also observed by [Sharma, 1998; Soni, 2000] in another lepidopteran species.

Efficiency of Conversion of Ingested food (ECI)


ECI is the overall measure of the insect’s ability to utilize food for its growth. From Table 2, it can be seen that ECI differed significantly for both selected genotypes and tested larval instars of S. frugiperda. Among the genotypes, the lowest and highest ECI values were recorded on CHH-213 and JM-218 (16.24 and 22.13%, respectively). Among the tested larval instars of S. frugiperda, it was significantly the lowest in the sixth larval instar of S. frugiperda (12.50%), however the highest in the first larval instar of S. frugiperda (22.31%). The interaction of genotypes and tested different larval instars of S. frugiperda was no significant. impact on ECI. It gradually decreased with increased larval age.

Efficiency of Conversion of Digested food (ECD)

ECD measures the efficiency with which the assimilated food is converted into body substance. The results in Table 3 revealed that significant differences were observed for ECD in selected genotypes and different larval instars of S. frugiperda. Among the genotypes, it was found to be the minimum on CHH-213 (31.62 %), while the maximum on JM-218 (67.31 %). Among tested different larval instars, significantly the minimum and maximum ECD value was recorded in the first and sixth larval instars of S. frugiperda (43.77 and 49.47 %, respectively). The interaction effect of genotypes and tested different larval instars of S. frugiperda was found to be non-significant. The ECD showed an increasing trend in successive larval instars. These observations are largely in conformity with the results obtained by many workers [Jamjanya, 1987; Baecelos et al., 2019; Chaithra et al., 2020; Jadhav 2020; Mohanta 2021].

According to present findings, the highly susceptible genotype (CHH-213) showed higher values of CI, RGR and AD, while ECI and ECD values were lower while it was reversed in the least susceptible genotype (JM-218). This could be due to less food consumption or might be a deleterious effect of JM-218 phytochemicals, resulting in the use of food for purposes other than growth, such as in various processes of detoxification or excretion etc.

Conclusion: 
In conclusion, when S. frugiperda larvae were reared on different maize genotypes, they showed adverse effects expressed as decreased food consumption. The nutritional indexes indicated that JM-218, JM-12 and HMM-1018 were the least suitable genotypes for S. frugiperda, while CHH-213 and CHH-202 were the most suitable genotypes. JM-216, CHH-214 and PHM-1 showed an intermediate effect. These studies support the development of effective pest control methods by estimating potential economic damage and enhancing methods for large-scale insect rearing. Nonetheless, comprehensive field-based studies are required to elucidate the population dynamics and ecological interactions of this pest in situ.
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Table 1: Influence of maize genotypes on nutritional indices of different larval instars of S. frugiperda
	Maize genotypes (Factor A)
	Different larval instar of FAW (Factor B)

	
	Consumption Index
	Relative Growth Rate

	
	First
	Second
	Third
	Fourth
	Fifth
	Sixth
	Mean
	First
	Second
	Third
	Fourth
	Fifth
	Sixth
	Mean

	CHH-202
	1.12
	2.18
	3.34
	2.39
	3.55
	2.59
	2.53
	0.23
	0.45
	0.60
	0.41
	0.46
	0.30
	0.41

	CHH-213
	1.30
	2.33
	3.49
	2.79
	3.51
	3.13
	2.76
	0.26
	0.46
	0.63
	0.46
	0.46
	0.31
	0.43

	CHH-214
	1.12
	2.25
	2.83
	2.06
	3.29
	2.69
	2.37
	0.23
	0.46
	0.52
	0.37
	0.46
	0.29
	0.39

	HMM-1018
	0.95
	1.81
	1.81
	1.39
	2.30
	2.15
	1.74
	0.22
	0.42
	0.41
	0.31
	0.43
	0.30
	0.35

	JM-12
	0.93
	1.82
	1.72
	1.13
	1.84
	1.81
	1.54
	0.23
	0.42
	0.36
	0.23
	0.34
	0.27
	0.31

	JM-216
	1.01
	1.99
	2.2
	1.72
	2.69
	2.49
	2.02
	0.23
	0.44
	0.46
	0.35
	0.46
	0.30
	0.37

	JM-218
	0.86
	1.81
	1.36
	0.84
	1.47
	1.62
	1.33
	0.21
	0.43
	0.32
	0.19
	0.32
	0.26
	0.29

	PHM-1
	1.01
	2.13
	2.54
	1.76
	2.87
	2.55
	2.14
	0.22
	0.47
	0.48
	0.33
	0.44
	0.30
	0.37

	Mean
	1.04
	2.04
	2.41
	1.76
	2.69
	2.38
	-
	0.23
	0.44
	0.47
	0.33
	0.42
	0.29
	-

	
	SEm±
	CD at 5%
	SEm±
	CD at 5%

	Factor-A
	0.07
	0.22
	0.01
	0.03

	Factor-B
	0.06
	0.19
	0.01
	0.03

	Factor-A×B
	0.19
	0.54
	0.03
	0.09


Table 2: Influence of maize genotypes on nutritional indices of different larval instars of S. frugiperda
	Maize genotypes (Factor A)
	Different larval instar of FAW (Factor B)

	
	Approximate Digestibility
	Efficiency of Conversion of Ingested

	
	First
	Second
	Third
	Fourth
	Fifth
	Sixth
	Mean
	First
	Second
	Third
	Fourth
	Fifth
	Sixth
	Mean

	CHH-202
	64.88

(53.66)
	62.75

(52.39)
	52.15

(46.23)
	49.57

(44.76)
	35.86

(36.78)
	27.87

(31.85)
	48.85

(44.28)
	20.33

(26.79)
	20.66

(26.91)
	17.83

(24.97)
	17.48

(24.70)
	12.99

(21.05)
	10.21

(18.60)
	16.58

(23.84)

	CHH-213
	67.71

(55.39)
	65.18

(53.84)
	56.66

(48.84)
	51.22

(45.70)
	38.70

(38.46)
	31.16

(33.92)
	51.77

(46.02)
	20.13

(26.62)
	19.79

(26.35)
	17.91

(24.99)
	16.50

(23.95)
	13.03

(21.14)
	10.06

(18.39)
	16.24

(23.57)

	CHH-214
	60.00

(50.77)
	58.20

(49.72)
	52.46

(46.41)
	48.51

(44.15)
	35.45

(36.52)
	27.14

(31.38)
	46.96

(43.16)
	20.54

(26.94)
	20.45

(26.85)
	18.24

(25.23)
	17.95

(25.03)
	13.87

(21.80)
	10.7

(19.04)
	16.96

(24.15)

	HMM-1018
	45.72

(42.54)
	44.14

(41.63)
	41.51

(40.10)
	39.84

(39.13)
	33.30

(35.23)
	24.49

(29.65)
	38.17

(38.05)
	23.52

(29.00)
	23.19

(28.77)
	22.77

(28.50)
	22.03

(27.97)
	18.60

(25.52)
	13.71

(21.69)
	20.64

(26.91)

	JM-12
	43.47

(41.24)
	39.52

(38.94)
	37.47

(37.72)
	36.51

(37.17)
	32.01

(34.45)
	23.22

(28.78)
	35.37

(36.38)
	24.37

(29.58)
	22.9

(28.56)
	21.06

(27.29)
	20.10

(26.63)
	18.76

(25.65)
	15.27

(22.96)
	20.41

(26.78)

	JM-216
	49.32

(44.61)
	46.16

(42.79)
	43.49

(41.25)
	41.30

(39.98)
	33.00

(35.05)
	24.86

(29.89)
	39.69

(38.93)
	22.57

(28.35)
	21.91

(27.89)
	20.91

(27.19)
	20.50

(26.89)
	16.55

(23.98)
	12.03

(20.22)
	19.08

(25.75)

	JM-218
	40.00

(39.23)
	37.14

(37.54)
	35.46

(36.53)
	32.88

(34.98)
	30.47

(33.50)
	22.56

(28.35)
	33.08

(35.02)
	25.00

(29.99)
	23.49

(28.96)
	23.36

(28.89)
	23.21

(28.78)
	21.55

(27.65)
	16.15

(23.68)
	22.13

(27.99)

	PHM-1
	57.02

(49.04)
	53.02

(46.73)
	44.38

(41.77)
	42.60

(40.74)
	33.48

(35.34)
	26.03

(30.66)
	42.76

(40.71)
	22.04

(27.98)
	22.12

(28.04)
	19.04

(25.85)
	18.55

(25.46)
	15.42

(23.11)
	11.85

(20.09)
	18.17

(25.09)

	Mean
	53.52

(47.06)
	50.76

(45.45)
	45.45

(42.36)
	42.80

(40.82)
	34.03

(35.67)
	25.92

(30.56)
	-
	22.31

(28.16)
	21.81

(27.79)
	20.14

(26.61)
	19.54

(26.18)
	16.35

(23.74)
	12.50

(20.58)
	-

	
	SEm±
	CD at 5%
	SEm±
	CD at 5%

	Factor-A
	0.41
	1.16
	0.41
	1.17

	Factor-B
	0.36
	1.01
	0.36
	1.02

	Factor-A×B
	1.01
	NS
	1.02
	NS

	*= Figures in parentheses are arcsin transformed values

NS= Non-significant


Table 3: Influence of maize genotypes on nutritional indices of different larval instars of S. frugiperda
	Maize genotypes (Factor A)
	Different larval instar of FAW (Factor B)

	
	Efficiency of Conversion of Digested

	
	First
	Second
	Third
	Fourth
	Fifth
	Sixth
	Mean

	CHH-202
	31.33

(34.03)
	32.92

(35.00)
	34.19

(35.76)
	34.84

(36.17)
	36.21

(36.98)
	36.64

(37.23)
	34.36

(35.86)

	CHH-213
	29.73

(33.03)
	30.48

(33.49)
	31.64

(34.21)
	31.89

(34.37)
	33.68

(35.47)
	32.28

(34.61)
	31.62

(34.20)

	CHH-214
	34.38

(35.88)
	35.14

(36.34)
	36.87

(37.38)
	37.00

(37.46)
	39.13

(38.72)
	39.42

(38.89)
	36.99

(37.45)

	HMM-1018
	51.44

(45.83)
	52.53

(46.45)
	54.84

(47.78)
	55.30

(48.04)
	55.85

(48.37)
	55.99

(48.45)
	54.33

(47.49)

	JM-12
	56.05

(48.48)
	57.95

(49.59)
	56.2

(48.57)
	55.06

(47.91)
	58.59

(49.95)
	65.76

(54.21)
	58.27

(49.78)

	JM-216
	46.08

(42.75)
	47.48

(43.55)
	48.07

(43.89)
	49.64

(44.79)
	50.15

(45.09)
	48.39

(44.08)
	48.30

(44.03)

	JM-218
	62.50

(52.24)
	63.25

(52.69)
	65.88

(54.27)
	69.89

(56.73)
	70.73

(57.27)
	71.58

(57.80)
	67.31

(55.17)

	PHM-1
	38.66

(38.44)
	41.73

(40.23)
	42.91

(40.92)
	43.55

(41.28)
	46.05

(42.74)
	45.67

(42.51)
	43.10

(41.02)

	Mean
	43.77

(41.34)
	45.19

(42.17)
	46.33

(42.85)
	47.15

(43.34)
	48.80

(44.32)
	49.47

(44.72)
	-

	
	SEm±
	CD at 5%

	Factor-A
	0.40
	1.13

	Factor-B
	0.35
	0.98

	Factor-A×B
	0.99
	2.78

	*= Figures in parentheses are arcsin transformed values



