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Abstract 

Developmental biology on Spodopterafrugiperdausing eleven different host plants with maize as a control was studied under 

laboratory condition. The neonates were fed with hosts of grain sorghum, blackgram, greengram, cowpea, castor, amaranthus, 

papaya, fodder sorghum, bermuda grass, Cyperus and maize. The duration of larva, pupa and adult and mean larval and pupal 

were recorded. The lowest larva-adult duration was found in castor and sorghum and highest in Bermuda grass. The highest 

mean larval and mean pupal weight wasfound in castor and lower in pulses. The further study deals with the consumption, 

digestion and utilization indices of S. frugiperda larvae fed with five hosts. Though S. frugiperda is a polyphagous pest, it 

feeds on many host but in this study, it showed more preference for castor. This study reveals the adaptability and utilization 

ability ofS. Frugiperda larvae on various hosts. 
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1. Introduction 

Spodopterafrugiperdais a polyphagous pest and found in 

countries like eastern and central North America and South 

America [1, 2]. It has high migratory behaviour and reaches 

the Indian subcontinent during the middle of July 2018 in 

Shivamogga and then spread to the Indian states viz. Bihar, 

Chattisgarh, Gujarat, Maharashtra, Odisha, Tamil Nadu, 

Telangana and West Bengal [3, 4]. Two sympatric strains ofS. 

frugiperdawas found,which are morphologically identical 

and it could be distinguished using DNA barcodes[5].These 

two races of S.frugiperdanamely a ‘rice strain’ (R strain) 

and a ‘maize strain’ (C strain). The ‘R’ strain preferentially 

feed on rice and various pasture grasses and the ‘C’ strain 

on maize, cotton and sorghum [6]. 

FAW has a wide host range and over 80 different crop 

species such as corn, rice, sorghum, peanut, alfalfa, cotton, 

sudan grass, soybean, tobacco, oat, wheat, sugar beet and 

pasture grasses such as bermuda grass andjohnson grass [2, 7] 

are considered as hosts of FAW. Horticultural crops like 

cabbage, tomato, potato and onion are also the hosts of 

FAW [8, 9, 10]. Finally, a document of 353 host plants 

belonging to 76 plant families, mainly concerned with the 

family Poaceae (106 taxa), followed by Asteraceae and 

Fabaceae (31 taxa each) [11]. 

In tropical region, this harmful pest threatens the annual 

crops [7, 12]. The availability of different hosts’ in the tropical 

region leads to the selection of various feeds by FAW 

populations [13]. The exposure of this pest to different crops 

cause economic losses. The attack of FAW varies with 

different crop phenologies and the season of crop growth.  

The biology of S. frugiperdavaries based on the nutritional 

composition of different crops [13, 14]. A huge work has been 

carried out for the biological study of S. frugiperda [15, 16]. It 

has been reported that the variation in the development 

period of FAW on weeds, such as Ipomoea sp., or crops, 

such as rice, maize, and other grasses [17]. Therefore it is 

necessary to study the consumption and host preference of 

FAW regarding various host plants for better understanding 

of the survival and growth. The work has been carried out to 

study the developmental biology on eleven different hosts 

namely grain sorghum, blackgram, greengram, cowpea, 

castor, amaranthus, papaya, fodder sorghum, bermuda grass, 

Cyperusand maize as a control. Along with this study, 

consumption, digestion and utilization indices for the larvae 

of S. frugiperdafed on five hosts (maize, blackgram, castor, 

Bermuda grass and papaya) were studied.  

 

2. Materials and Methods 

2.1 Culturing of S. frugiperda 

The egg masses collected from the infested field were 

placed in plastic cups (200ml capacity) along with pieces of 

fresh maize leaf and covered by nylon mesh. Upon hatching, 

the larvae were transferred to plastic buckets (7 L capacity) 

@ 25 larvae per bucket, covered by gada cloth and secured 

with elastic band. The culture was maintained at 25± 2 °C, 

65 ± 5% RH and a photoperiod of 12:12h L:D.  

Every day the larvae were fed with fresh maize shoots. 

From third instars, due to cannibalistic behavior, larvae 

were reared individually in multi-cavity trays of 24 cells. 

Until pupation, maize shoots/leaves were supplied twice a 

day. The larvae about to pupae were collected from the 

multi-cavity trays and placed in the plastic cups (200ml 

capacity) containing vermiculate.  

After emergence, the adults were sexed and released in the 

oviposition cages @ 1:1 ratio. Five per cent honey solution 

in a cotton wicked vial was kept as food. After 24h, maize 

shoots kept in a conical flask containing water was placed in 

the cage. The egg masses collected from the oviposition 

cages were incubated for 24h and surface sterilized with 

sodium hypochlorite (0.05%) 

 

2.2 Biology studies 

Newly hatched instars from the laboratory culture were 

reared under the controlled conditions (25± 2 °C, 65 ± 5% 

RH and a photoperiod of 12:12h L: D) on various host 

plants as mentioned in the table below. 



International Journal of Entomology Research  www.entomologyjournals.com 

27 

There were 11 treatments (10 hosts and maize as control) 

and three replications. Ten hosts were grain sorghum, 

castor, blackgram, greengram, cowpea, 

Cyperus,amaranthus, Bermuda grass, papaya and fodder 

sorghum. Each replicate contained 15 larvae and a total of 

45 larvae per treatment. The hosts raised in the pot culture 

yard of the Department were collected and the leaves were 

cleaned using 0.1% sodium hypochlorite for 15 seconds, 

rinsed in distilled water and air dried. Further, the leaves 

were fed to the larvae and maintained upto adult emergence. 

The biological traits such as the larval duration (days), 

larval weight (final instar), per cent pupation, pupal weight 

(g) after 24h of pupation, pupal period (days), per cent adult 

emergence, adult longevity and sex ratio were recorded [18]. 

 

2.3 Nutritional indices of S. frugiperda 

Theexperiment was carried under controlled condition (25± 

2 °C, 65 ± 5% RH and a photoperiod of 12:12h L: D). 

Firstly, the larvae were maintained on five different hosts 

(maize, blackgram, castor, bermuda grass and papaya) upto 

third instar. After third instar, 25 larvae per host were 

separated and weighed (initial weight). The host leaves were 

weighed daily and provided as a feed. The remaining waste 

foods and feces were removed and stored separately. 

Finally, the larvae were weighed on reaching the final sixth 

instar. After dehydration, wasted food and feces should be 

weighed separately. 

1. Growth rate (GR) 

GR = Weight gained by larvae (mg)/Duration of feeding 

period (days) 

Growth rate is expressed as mg/day.  

2. Consumptive rate (CR) 

CR = Weight of food eaten (mg)/Duration of feeding period 

(days) 

3. Assimilation efficiency (AE) 

AE= Weight of food ingested (mg) -Weight of faeces (mg) 

x 100/Weight of food ingested (mg) 

4. Efficiency of conversion of digested food (ECD) 

The ECD measures the efficiency of conversion of 

assimilated food to the insect biomass. 

ECD = Weight gained by larvae (mg) x 100/Weight of food 

eaten (mg) - Weight of faeces (mg) 

5. Efficiency of conversion of ingested food (ECI) 

The ECI measures the overall efficiency of conversion of 

ingested food to insect biomass. 

ECI = Weight gained by larvae (mg) x 100/Weight of food 

eaten by larvae (mg) 

 

Statistical analysis 

The data were transformed in order to meet the assumptions 

of the analysis of variance (ANOVA). Treatment means 

were compared using DMRT (P<0.05). 

 

3. Results and Discussion 

3.1 Developmental biology of S. frugiperda 

Developmental biology of S. frugiperda was studied under 

controlled conditions on 11 host plants,amongthis maize as 

standard check (control). Larval duration was lengthier 

when reared on Cyanadon dactylon (22 days) and the lower 

(13 days) on hosts such as sorghum, Cyperus and castor. 

This extended duration in Cyanodon may be explained as a 

compensatory action that the larvae fed on low quality 

hosts. More than six instars were observed when released on 

Cyperus and this is coinciding with the findings of [19]. 

Normally, the larval development is based on the quality of 

food intake as suggested by [13]. In the control (maize) larval 

duration was 15 days which is contradicted with the 

assessment of [20] as he recorded the larval duration of 16.5 

days for caterpillar fed on corn as he recorded the larval 

duration as a mean from several places. It was equivalent to 

green gram (14.67 days), black gram (15.3 days) and fodder 

sorghum (15 days). The larval duration on amaranthus, 

cowpea and papaya were 16, 18 and 20 days respectively.  

The pupal duration fell between 9 and 14 days. The pupal 

stage was prolonged (13.67 days) in the larvae fed with 

castor and Cyperus and it was 13 days in papaya. The 

shorter pupal duration (9.67) was recorded on greengram. 

Cyanodon, Cowpea, amaranthus and fodder sorghum 

recorded the pupal duration of around 12 days. Maize, 

sorghum and blackgram recorded around 11 days as pupal 

period.Normally, the pupal duration of S. frugiperda was 

between 8-9 days[21]. But the pupal period was more than 

the recorded days in all the eleven hosts.  

The fall armyworm larvae fed with Cyperus exhibited 

lengthier adult longevity of 13.33 days and shortest was 

found on papaya (8.67 days). As per [21], the adult longevity 

varies between 7 to 21 days and coincide with our findings. 

Among the eleven host plants, the larvae fed with castor has 

gained maximum (137.04 mg) weight in the final instar and 

followed by Cyperus (121.23 mg). In sorghum and fodder 

sorghum, the larval weight (final instar) were 92.13 and 

95.21 mg respectively. When fed with pulses, such as 

greengram, blackgram and cowpea, the final instar weighed 

about 76.61, 75.23 and 71.12 mg respectively. It is in 

accordance with the findings of [22, 23, 24], who reported FAW 

preferred C4 plants (maize, sorghum, grasses) when 

compared with C3 plants (legumes). The reason may be the 

nutritional balance (carbohydrates, proteins, sterols, etc) of 

the hosts as explained by [25]. The treatment with other host 

plants such as maize (control), amaranthus, bermuda grass 

and papaya recorded 89.27, 81.09, 80.25 and 73.19 mg of 

final instars respectively. 

The pupal weight ranged from 0.250 to 0.141 mg when fed 

with eleven different host plants. The pupal weight crossed 

0.2 mg in maize (0.241 mg), sorghum (0.250 mg), 

blackgram (0.201 mg) and castor (0.243 mg). The pupal 

weight was similar in the case of maize and sorghum but it 

is contradicted with the findings of [26], who reported lower 

pupal weights for insects fed on sorghum than those on 

corn. The lower pupal weights were observed in the culture 

reared on grasses such as Cyanodon(0.127mg) and Cyperus 

(0.141 mg). Pupal weight observed in the larvae fed with 

papaya and fodder sorghum was equal (0.163 mg) and in 

amaranthus it was 0.171 mg. The treatments with greengram 

and cowpea showed the pupal weight of 0.183 and 0.191 mg 

respectively (Table 1). 

 

3.2 Nutritional indices of S. frugiperda 

The larvae fed with bermuda grass shown the longer 

duration of 15.27 days from 3rd instar to final instar, 

followed by papaya (13.20 days). The lowest duration was 

observed in castor (9.12 days). The larvae were fed with 

maize and blackgram for 11.21 and 10.06 days respectively. 

The consumption of feed was higher in castor (905 mg) and 

lower in papaya (375 mg). In blackgram and grass, the food 

consumption was 502.37 and 698.18 mg respectively when 

compared with control (479.85 mg). The discharge of faeces 

was maximum in bermuda grass (292.08 mg) and minimum 
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in blackgram (141.20 mg). Faeces weight observed with the 

hosts, such as maize, castor and papaya were 146.21 mg, 

225.70 mg and 197.52 mg respectively (Table 2). 

Among the five hosts, castor shown the growth rate of 14.87 

mg/day and the consumptive ratio was 99.24 mg/day. AE, 

ECD and ECI recorded in castor were 75.06%, 19.97% and 

15.00% respectively. The growth rate observed in maize and 

blackgram were 7.86 and 7.25 mg/day. Around 5 mg/day 

was found as growth rate in Bermuda grass and papaya. The 

consumptive rates were 42.81, 49.94, 45.72 and 28.43 

mg/day in maize, blackgram, Bermuda grass and papaya 

respectively. The efficiency recorded such as AE, ECD and 

ECI in control were 69.53, 26.40 and 18.36% respectively. 

Assimilation efficiency observed in blackgram, Bermuda 

grass and papaya were 71.89, 58.17 and 47.37%. Treatment 

on blackgram showed ECD of 20.60% and ECI of 14.81%. 

ECD on Bermuda grass and papaya were 19.59 and 39.63% 

respectively (Table 3). 

The results on food consumption, digestion and utilization 

indices of S. frugiperda on maize, blackgram, castor, 

bermuda grass and papaya revealed that, Castor 

(Euphorbiaceae) has high growth rate and consumptive rate 

in compared with other grasses. It may be due to the 

nutritional composition of these plants from different 

botanical famailies as reported by [27]. The biochemical 

substance present in the hosts may have influence on the 

development of insects as highlighted by [28]. 

 
Table 1: Influence of hosts on Developmental duration of S. frugiperda 

 

Treatment No Host plants 
Duration (days) Mean larval weight 

(final instar in mg) 
Mean pupal weight (mg) 

Larva Pupa Adult 

1 Maize 15.00 (3.872) de 11.67 (3.415) bc 11.33 (3.366) bc 89.27 (9.505) g 0.241 (1.114) i 

2 Sorghum 13.00 (3.604) e 11.33 (3.366) c 9.67 (3.108) d 92.13 (9.647) gh 0.250 (1.118) ijk 

3 Greengram 14.67 (3.826) de 9.67 (3.108) d 11.33 (3.366) bc 76.61 (8.822) bcd 0.183 (1.088) f 

4 Blackgram 15.30 (3.914) d 11.33 (3.366) c 11.66 (3.366) bc 75.23 (8.749) bcd 0.201 (1.098) h 

5 Cowpea 18.00 (4.242) bc 12.33 (3.509) abc 11.00 (3.314) c 71.12 (8.518) a 0.191 (1.091) fg 

6 Castor 13.00 (3.604) e 13.67 (3.693) a 9.67 (3.108) d 137.01 (11.710) k 0.243 (1.115) ij 

7 Papaya 20.00 (4.468) ab 13.00 (3.604) ab 8.67 (2.943) d 73.19 (8.614) bc 0.163 (1.079) cd 

8 Amaranthus 16.00 (3.999) cd 12.33 (3.511) abc 11.66 (3.415) bc 81.09 (9.076) ef 0.171 (1.082) cde 

9 Fodder sorghum 15.00 (3.867) de 12.00 (3.462) bc 11.00 (3.314) c 95.21 (9.822) i 0.163 (1.078) c 

10 Bermuda grass 22.00 (4.687) a 12.67 (3.558) abc 12.67 (3.558) ab 80.25 (9.037) de 0.127 (1.061) a 

11 Cyperus 13.00 (3.604) e 13.67 (3.693) a 13.33 (3.648) a 121.23 (11.053) j 0.141 (1.068) b 

 
C.D 0.293 0.228 0.199 0.212 0.004 

 
Table 2: Influence of different hosts on food intake of S. frugiperda 

 

Treatment 
Initial weight of 3rd instar 

larvae (mg) 

Final weight of the final instar 

larvae (mg) 

Food consumed 

(mg) 

Faeces weight 

(mg) 

Feeding time 

(days) 

Maize 1.18 (1.475) d 89.27 (9.501) d 479.85 (21.928) b 146.21 (12.133) b 11.21 (3.494) c 

Blackgram 0.83 (1.353) c 75.23 (8.731) b 502.37 (22.436) c 141.20 (11.925) a 10.06 (3.326) b 

Castor 1.31 (1.520) e 137.01 (11.748) e 905.10 (30.102) e 225.70 (15.057) d 9.12 (3.181) a 

Bermuda grass 0.70 (1.306) ab 80.25 (9.014) c 698.18 (26.442) d 292.08 (17.119) e 15.27 (4.034) e 

Papaya 0.67 (1.292) a 71.12 (8.493) a 375.28 (19.398) a 197.52 (14.090) c 13.20 (3.765) d 

CD Value 0.014 0.003 0.001 0.002 0.011 

 
Table 3: Consumption, digestion and utilization indices for the larvae of S. frugiperdaon various hosts 

 

Treatment 
Growth Rate 

(GR) (mg/day) 

Consumptive Rate 

(CR) (mg/day) 

Assimilation 

Efficiency (AE) (%) 

Efficiency of conversion of 

digested food (ECD) (%) 

Efficiency of conversion of 

ingested food (ECI) (%) 

Maize 7.86 42.81 69.53 26.40 18.36 

Blackgram 7.25 49.94 71.89 20.60 14.81 

Castor 14.87 99.24 75.06 19.97 15.00 

Bermuda grass 5.21 45.72 58.17 19.59 11.39 

Papaya 5.34 28.43 47.37 39.63 18.77 

 

4. Conclusion 

The influence of eleven host plants on the development of 

FAW was identified. The larval and pupal duration was 

longer in Cyanodon and shorter in castor and sorghum. The 

larval and pupal weight were also maximum in castor as 

compared with pulses.In Castor, growth rate and 

consumptive rate also high. The efficiency in conversion of 

ingested and digested was maximum in papaya as compared 

with castor. However, it is concluded that among the host 

plants used for feeding S. frugiperda larvae, castor has high 

influence for the development of FAW.  
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