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ABSTRACT 

 
The fall armyworm (FAW) Spodoptera frugiperda (J. E. Smith) is a polyphagous pest that can attack numerous 

hosts and causes high damage. The present work was conducted at Bollworms Research Department under 

laboratory condition of (26 ± 2 °C, 70 ± 5 % RH) to study the possibility of rearing FAW on three different 

hosts, [Pisum Sativum (Pea), Lactuca sativa (Lettuce) and Ricinus communis (Castor)] and evaluate its 

biological parameters and growth index. Obtained results revealed that Pea was the best in rearing   FAW 

causing the lowest larval mortality (13.33%) and the fastest developmental time (30.33 days/total immature), 

followed by Lettuce (14.93% larval mortality and 32.37 days/total immature), compared to castor that produced 

the highest larval mortality percent (16.67%) with the slowest duration (33.29 days). In addition, rearing   FAW 

produced a higher fecundity (880.67eggs/female) which decreased significantly (663.38 and 616 eggs/female) 

for   Lettuce and castor, respectively. The growth and fitness index were highest on pea recorded 4.41 and 0.55 

respectively, followed by Lettuce (3.98 and 0.47) while they were 3.74 and 0.42) for Castor host, respectively. 

Thus, Pea appears to be the most favorable host plant in rearing S. frugiperda compared to the other two hosts.  

 

Keywords: Biology; fall armyworm; growth index; pea; castor. 

 

1. INTRODUCTION 
 

Fall armyworm (FAW), Spodoptera frugiperda (J E 

Smith) (Lepidoptera: Noctuidae) is one of the most 

destructive worldwide polyphagous pest that has a 

wide range of host plants. It has been detected in 

several countries such as Brazil, Argentina, and the 

USA [1,2]. According to the Food and Agriculture 

Organization of the United Nations (FAO), the pest 

has been reported in Egypt in 2019 [3]. S. frugiperda 

is considered to be the most serious lepidopterous pest 

as it causes economic losses in many crops such as 

maize, soybean, and beans [4,5],  several weeds, such 

as Ipomoea sp., and other grasses such as Bermuda 

and cowpeas [6], added to high yield lost in other 

cultivar plants [7,8,9]. FAW larvae prefer to feed on 

foliage and tissue destroying the plant budding point. 

The first larval instars cause damage by consuming 
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foliage tissue from one side, leaving the membranous 

epidermal layer on the other side. Older instars begin 

to make holes in leaves starting from the edge inward. 

The oldest larvae cause much more extensive damage 

causing defoliation or a ragged, torn appearance [10]. 

The forewings of male moth are generally shaded 

gray and brown, with triangular white spots at the tip 

at the end of the wing while, The female forewings 

are less distinctly marked, grayish-brown in color 

with white hind wings in both sexes [11,12]. 

Generation time takes about (4–13) weeks depending 

upon the availability of a preferable host and 

developmental conditions [13]. Limited studies have 

been conducted on S. frugiperda biology and life 

cycle as it is a new invasive pest in Egypt. 

Consequently, this research will be instrumental in 

describing the developmental parameters of S. 

frugiperda on various host plants under laboratory 

conditions that could be used as a potential for mass 

rearing as a prerequisite for effective integrated pest 

management strategies. 
 

2. MATERIALS AND METHODS 
 

2.1 Collection and Mass Rearing of S. 

frugiperda:  
 

A stock colony of S. frugiperda larvae was originally 

collected from maize fields at El-Fayoum 

governorate, Egypt, during the winter (November and 

December 2021) without any insecticide 

contamination. The larvae were reared individually on 

Pea, Lettuce and Castor host plants for one 

generation. The colony was maintained under 

laboratory-controlled conditions (26 ± 2 °C, 70 ± 5 % 

RH) in an electrical incubator. Three colonies were 

fed on three tested host plants: (Pea =A), (Castor = B), 

and (Lettuce = C). Larvae of each colony were 

inspected daily (with food replacement two days 

intervals) till pupation. The pupae thus formed were 

collected and placed in a glass jar (with tissue paper at 

its bottom) till adult emergence. The mouth of the jar 

was covered with muslin cloth and tied with rubber 

band The emerged adults for each colony were placed 

in rearing cages (1L) (Three pairs/cage), covered from 

both sides with muslin cloth. Another piece of muslin 

cloth was hung inside the cage for Oviposition. 

Cotton balls with 10% sucrose solution were 

suspended inside the cage for the adult moth’s 

nutrition. Deposited eggs were collected daily. 

Hatched neonates were reared following the same 

procedure and were used for further studying the 

biological parameters of FAW on tested host plants. 

 

2.2 Host Plant 
 

Larvae of S. frugiperda were fed on three host plants: 
 

 Pea, (Pisum Sativum). 

 Lettuce leaves, (Lactuca sativa). 

 Castor leaves, (Ricinus. communis). 

 

2.3 Evaluation of Biological Parameters of 

FAW on Three Different Hosts 
 

The newly hatched larvae of S. frugiperda for each 

colony (A, B, and C) of the rearing host plant were 

transferred individually to a glass tube (3×7.5cm) 

containing the same host plant. For each host plant 

(Pea, Castor, and Lettuce), Three replicates (30 

larvae/replicate) were prepared. Observations were 

taken daily on the number of dead larvae and pupae, 

their weights, and durations till adult emergence. The 

emerged adults for each host plant were sexed (3♂ X 

3♀) and caged for eggs laying (5 

replicates/treatment). All cages were examined daily 

to determine the pre-oviposition, oviposition, post-

oviposition periods and adult longevities. Eggs were 

collected and counted daily and then kept at the 

previous rearing conditions till hatching. The mean 

number of deposited eggs (fecundity) was recorded. 

The hatchability and sterility percentage were 

calculated according to Zidan and Abdel-Megeed 

[14]. Also, the growth and fitness index of different 

FAW stages were calculated according to Pretorius, 

[15] and Itoyama et al., [16].  

 

Calculations: 
 

% Larval mortality = 
                  

                  
 x100. % Hatchability = 

                   

                 
 x100. 

% Pupation = 
                     

                  
 x100. % Female (♀) ratio= 

                    

                   
x100 

% Pupal mortality = 
                 

                  
 x100. Larval growth index= 

            

                    
 

% Adult emergence = 
                  

              
 x100. Pupal growth index= 
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Immature growth index = 
            

                                                     
 

Standardize growth index = 
               

                    
 

Fitness index = 
                              

                              
 

Statistical Analysis: The obtained data were 

statistically analyzed with one-way analysis of 

variance (ANOVA) (P =.05) according to Snedecor, 

[17] and Duncan's multiple range test of means [18]. 

 

3. RESULTS  
 

3.1 Effect of Different Host Plants on S. 

frugiperda Immature Stages 
 

Data in Table 1 shows the percent of larval mortality 

by feeding the newly hatched larvae of S. frugiperda 

on pea, castor, and Lettuce plants. The Pea appears to 

be the most favorable host for S. frugiperda larvae as 

it recorded the lowest mortality percentages (13.33%) 

which increased significantly to 16.67% in  Castor 

and insignificantly to 14.93% in Lettuce. The mean 

larval period for FAW was also affected by host type. 

The shortest period was recorded on pea (19.67 days) 

followed by 21.4 and 22.27 days in  Lettuce and 

castor, respectively with no significant difference 

among the three hosts. The average weight  of S. 

frugiperda larvae reared on Pea host was the heaviest 

as it recorded (0.291g) compared to (0.251and 0.238 

g) in Lettuce and Castor, respectively (Table 1). The 

highest percent of pupation (86.67%) was observed in 

pea with the lowest pupal mortality (6.4%) followed 

by Lettuce (85.07 and 10%) while decreased 

significantly to (83.33 and 12%) for Castor, 

respectively. The effect on the pupal weights was also 

detected as they recorded (0.193 and  0.179g) for pea, 

Lettuce respectively, and decreased significantly to 

(0.167g) for castor. Additionally, the pupal duration 

was reported (10.67, 10.97, and 11.02 days) and 

subsequently the total immature duration (30.33, 

32.37 and 33.29 days) for pea, Lettuce, and castor 

plants respectively with no significant difference 

among the three hosts (Table 1). 

 

3.2 Effect on S. frugiperda Adult Emergence 

and Reproductive Parameters 
 

The impact of rearing FAW neonates on different host 

plants subsequently affects the emerged adults (Table 

2). The percent of adult emergence reached 93.6% for 

Pea which reduced significantly to 90 and 88 % for 

Lettuce and Castor, respectively. The sex ratio of 

emerged moths was shifted to the female side for all 

host plants. The prominent female sex ratio (63.33, 

56.67 and 51.67 % for Pea, Lettuce, and castor 

respectively), was approved by the high fecundity. 

The mean number of deposited eggs of female moths 

reared as neonate on the pea host plant was 880.67 

eggs, this number was significantly reduced to 663.38 

and 616 eggs) for Lettuce and castor respectively. 

Also, the mean hatchability percentage was (93.2%) 

for Pea and insignificantly reduced to 90.9and 89.33% 

for Lettuce and castor respectively. Accordingly, a 

subsequent reflection was reported on the observed 

sterility percentages (6.8, 9.1, and 10.67%) for Pea, 

Lettuce, and castor respectively, (Table 2).  

 

3.3 Effect on Adult Longevity of S. frugiperda 
 

Data in Table 3 showed that the adult longevity of S. 

frugiperda was influenced by host plant type. 

However, no significant difference was found in both 

male and female adult longevity across hosts. The 

shortest mean values of adult male  longevity were 9.9 

days on Lettuce, followed by castor (10.1 days) and  

Pea (10.67 days). A reversed action was reported for 

female longevity where the shortest females’ 

longevity was 11.67 days on Pea followed by Lettuce 

(11.83 days) and Castor (12.08 days). Moreover, the 

total Oviposition periods of S. frugiperda produced no 

significant differences between the three different host 

plants. For both pre-and post- Oviposition periods 

Castor was the longest (4.25 and 3.5 days 

respectively), followed by Lettuce and Pea. This was 

reversed for the Oviposition period that recorded the 

longest value on Pea host plant (5 days) followed by 

Lettuce and Castor (4.83 and 4.33 days) respectively, 

(Table 3).  Accordingly, Figs. 1, 2 and 3 showed all 

developmental stages of S. frugiperda reared as 

neonates on pea Lettuce and Castor hosts, 

respectively. Moreover, the type of host affecting the 

color of deposited eggs as well as produced larvae 

that was clearly appeared in the noticeable green color 

of eggs and larvae of pea host (Fig.1) compared to 

Lettuce and Castor hosts (Figs. 2 and 3 ).    

 

3.4 Growth and Fitness Indexes 
 

The relation between the survival rate and 

developmental time depending on the food quality of 

the host pant can be expressed in the growth index. 

Data in Table 4 shows that the highest larval growth 

index of FAW was on Pea (4.41) while the lowest was  
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Table 1. Effect of host plants on developmental parameters of S. frugiperda immature stages 

 

Host plant Larval stage Pupal stage Total 

immature 

duration (days) 

(M±SE) 

% 

Larval 

mortality 

larval period 

(days) 

(M±SE) 

Larval 

weight (g) 

(M±SE) 

% 

Pupation 

% 

Pupal mortality 

Pupal period 

(days) 

(M±SE) 

Pupal weight 

(g) (M±SE) 

pea 13.33
b
 19.67

a
±0.88 0.291

a
±0.0020 86.67

a
 6.4

b
 10.67

a
±0.66 0.193

a
±0.0033 30.33

a
± 1.43 

Lettuce 14.93
ab

 21.4
a
± 1.40 0.251

a
±0.0253 85.07

ab
 10

a
 10.97

a
±0.48 0.179

ab
±0.011 32.37

a
± 0.32 

castor 16.67
a
 22.27

a
±0.37 0.238

a
±0.0297 83.33

b
 12

a
 11.02

a
±0.56 0.167

b
±0.0036 33.29

a
± 0.20 

LSD 0.05   2.0211 3.4173 0.0780 2.0211 2.0922 1.9905 0.0242 3.7172 
Notes Means within a column followed by the same letters are not significantly different 

M: mean, g: gram. SE: standard error 

 

Table 2. Effect of host plants on developmental parameters of S. frugiperda emerged adults 
 

Host plant Adult stage 

% Adult emergence % Female(♀)  ratio Fecundity (M±SE) % Hatchability % Observed Sterility 

pea 93.6
a
 63.33

a
 880.67

a
±4.177 93.2

a
 6.8

a
 

Lettuce 90
b
 56.67

a
 663.38

b
±15.610 90.9

a
 9.1

a
 

Castor 88
b
 51.67

a
 616

b
±26.47 89.33

a
 10.67

a
 

LSD 0.05 2.0922 15.8157 117.35 3.9068 4.9068 

 

Table 3. Effect of host plants on adult longevities of S. frugiperda 
 

Host plant Adult stage 

Pre-Oviposition (days) 

(M±SE) 

Oviposition (days) 

(M±SE) 

Post Oviposition (days) 

(M±SE) 

♀ Longevity (days) (M±SE) ♂ Longevity (days) (M±SE) 

pea 3.83
a
± 0.133 5.0

a
± 0.289 2.83

a
± 0.167 11.67

a
± 0.167 10.67

a
± 0.333 

Lettuce 3.83
a
± 0.167 4.83

a
± 0.167 3.17

a
± 0.167 11.83

a
± 0.167 9.9

a
±0.10 

Castor 4.25
a
± 0.382 4.33

a
± 0.333 3.5

a
± 0.289 12.08

a
± 0.464 10.1

a
± 0.586 

LSD 0.05   0.8441 0.94182 0.7446 1.0397 1.3616 
Notes Means within a column followed by the same letters are not significantly different. 

M: mean. SE: standard error 
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Table 4. Growth indexes and fitness index of S. frugiperda on three natural host plants 

  

Host plant Larval 

growth 

index 

Pupal 

growth 

index 

Immature 

growth index 

Standardized growth 

index 

Fitness growth 

index 

pea 4.41 6.7 3.1 0.0098 0.55 

Lettuce  3.98 8.2 2.8 0.0084 0.47 

castor 3.74 7.99 2.6 0.0075 0.42 

 

 
 

Fig. 1. S. frugiperda Life cycle on Pea host plant showing its different developmental stages 

 

on Castor (3.74). However, the pupal growth index 

was  lowest on Pea (6.7) followed by Castor (7.99) 

and Lettuce (8.2). The highest growth index of 

immature stages was 3.1on pea while the lowest was 

2.6 on  Castor with a mid-growth index for Lettuce 

(2.8). Table 4 also, indicates that the standardized 

growth index of 0.0098 on Pea followed by 0.0084 on 

Lettuce, and  0.0075 on Castor. In addition, the 

highest fitness index was 0.55 on Pea followed by 

0.47 and 0.42 on Lettuce and Castor, respectively. 

4. DISCUSSION 
 

Feeding the newly hatched larvae of S. frugiperda on 

different host plants affects their growth and 

development. Pea Lettuce and Castor leaves have 

been used for rearing Helicoverpa armiger and 

Spodoptera litura and were also suitable for S. 

frugiperda in our study. Pea host plant recorded the 

lowest larval mortality percentages with a faster 

development time and higher growth rate thus it 

appears to be the most favorable host plant compared 

(1) 

(2) 

(3) 

(4) 

(5) 
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with the other two hosts. However, the high survival 

rates of FAW on pea indicate that its nutritional 

contents are suitable for insect growth and 

development. Likewise, many studies have shown that 

the type of food consumed by insects affects their host 

preferences and has an impact on their biology. 

Hwang et al., [19] indicated that feeding 

lepidopterous larvae with high nutritious food 

increase growth rates and complete developmental 

time faster than larvae that are fed on low nutrient 

food. According to Shekhawat et al, [20], variances in 

the FAW larval duration could be related to 

differences in nutrition in the feed given, this was 

explained by Roeder et al, [21] who stated that Insects 

fed on hosts of low nutritional value can resort to 

extend its duration. Moreover, feeding neonates of S. 

frugiperda on Pea host produced the heaviest average 

weight value of larvae and pupae with a significant 

percent of pupation and adult emergence followed by 

Lettuce and Castor plants. These results are in 

accordance with the research of (Montezano et al., 

[22] and Subiono, [23] who reported that the type of 

food affects insect weight and development cycle 

from early to late stages. Putra and Khotimah [24] 

stated an increase in larval weight in feeding S. 

frugiperda on the preferred food compared to 

unfavorable one. Similar to earlier findings reported 

that the average larval duration of S. frugiperda was 

23.36and 22.8 days, in addition to pupation % of 95, 

and 88.8 % after larval feeding on castor leaves and 

lettuce, respectively [25]. Furthermore, Sex ratio is an 

important factor to be studied as it affects the 

Probability of mating. According to our results, the 

sex ratio of S. frugiperda emerged moths was shifted 

to the female side reflecting the high fecundity 

produced. The higher the female ratio in the 

population, the higher probability of mating [26,27], 

and so the higher the number of eggs produced in the 

next generation, [24]. Accordingly, the developmental 

and reproductive variation that could be detected 

among the three host plants is due to the food type. 

Whereas, each food type has different nutritional 

content that is needed by adult insects to increase 

fecundity, and fertility, and balance the sex ratio 

[28,29,30]. Similar findings of low fecundity were 

reported on feeding Spilosoma oblique [31], and 

Macrosiphum rosae [32] larvae on poor nutritional 

host plants.   

 

 
 

Fig. 2. S. frugiperda Life cycle on Lettuce host plant showing its different developmental stages 
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Fig. 3 S. frugiperda Life cycle on Castor host plant showing its different developmental stages 

1. Eggs 

2. Neonates 

3. Large larva  

4. Feeding  effect on host plant 

5. Pupa 

6. Adult male 

7. Adult female 

 

The growth index defines the importance of the host 

plant in determining developmental and fitness costs 

in insects [33]. The highest growth and fitness index 

values for FAW wand were on Pea, and the lowest 

growth and fitness index values for FAW were on the 

castor host plant. Similar to our results, Amer and El-

Sayed [34], reported that the highest growth and 

fitness index for Helicoverpa armigera were on pea 

compared to different other host plants.  

5. CONCLUSION 
 

The results of this study pointed out the variable 

impact of host plant type on the biological parameters 

of the FAW with the preference of pea more than the 

two other host plants. Thus, it could be used 

economically for mass rearing for many generations 

as a prerequisite for effective integrated pest 

management strategies.  

(1) 

(2) 

(3) 

(4) 

(5) 



 
 
 
 

El-Shennawy et al.; AJOAIR, 5(1): 904-912, 2022 
 

 
911 

 

COMPETING INTERESTS 
 

Authors have declared that no competing interests 

exist. 

 

REFERENCES 
 

1. Prowell DP, McMichael M, Silvain JF. 

Multilocus genetic analysis of host use, 

introgression, and speciation in host strains of 

fall armyworm (Lepidoptera: Noctuidae). 

Annals of the Entomological Society of 

America. 2004;97:1034-1044. 

2. Clark PL, Molina-Ochoa J, Martinelli S, Skoda 

SR, Isenhour DJ, Lee DJ, et al. Population 

variation of Spodoptera frugiperda (J. E. 

Smith) in the Western Hemisphere. Journal of 

Insect Science. 2007;7: 1-1. 

3. FAO. Report of first detection of Spodoptera 

frugiperda - Fall Armyworm (FAW) in Egypt. 

IPPC (International Plant Protection 

Convention) Official Pest Report, No. EGY-

01/1. FAO: Rome, Italy; 2019.  

Available:https:// www. ippc.int /en/ countries 

/egypt/pestreports/2019/06/report-of-

firstdetection-of-spodoptera-frugiperda-fall-

armywormfaw-in-egypt 

4. Nagoshi RN, Adamczyk JJ, Meagher J, Gore 

RL, Jackson R. Using stable isotope analysis to 

examine fall armyworm (Lepidoptera: 

Noctuidae) host strains in a cotton habitat. 

Journal of Economic Entomology. 

2007;100:1569-1576. 

5. Bueno RCOF, Carneiro TR, Bueno AF, 

Pratissoli D, Fernandes OA, Vieira SS. 

Parasitism capacity of Telenomus remus Nixon 

(Hymenoptera: Scelionidae) on Spodoptera 

frugiperda (Smith) (Lepidoptera: Noctuidae) 

eggs. Brazilian Archives of Biology and 

Technology. 2010;53:133- 139. 

6. Nabity PD, Zangerl AR, Berenbaum MR, 

Delucia EH. Bioenergy crops Miscanthus 

giganteus and Panicum virgatum reduce growth 

and survivorship of Spodoptera frugiperda 

(Lepidoptera: Noctuidae). Journal of Economic 

Entomology. 2011;104:459-464. 

7. De Groote H, Kimenju SC, Munyua B, Palmas 

S, Kassie M, Bruce A. Spread and impact of 

fall armyworm (Spodoptera frugiperda J.E. 

Smith) in maize production areas of Kenya. 

Agriculture, Ecosystems and Environment. 

2020;292(July 2019):106804.  

Available:https://doi.org/10.1016/j.agee.2019.1

06804 

8. Maharani Y, Dewi VK, Puspasari LT, Rizkie 

L, Hidayat Y, Dono D. Cases of Fall Army 

Worm Spodoptera frugiperda J. E. Smith 

(Lepidoptera: Noctuidae) Attack on Maize in 

Bandung, Garut and Sumedang District, West 

Java. CROPSAVER - Journal of Plant 

Protection. 2019;2(1):38.  

Available:https://doi.org/10.24198/cropsaver.v

2i1.23013 

9. Trisyono YA, Suputa S, Aryuwandari VEF, 

Hartaman M, Jumari J. Occurrence of Heavy 

Infestation by the Fall Armyworm Spodoptera 

frugiperda, a New Alien Invasive Pest, in Corn 

Lampung Indonesia. Jurnal Perlindungan 

Tanaman Indonesia. 2019;23(1):156.  

Available:https://doi.org/10.22146/jpti.46455 

10. Cunha US, Martins JFS, Porto PM, Garcia SM, 

Bernardi O, Trecha OC. Resistencia de milho 

para cultivo em varzeas subtropicais a lagarta-

docartucho Spodoptera frugiperda. Cienc 

Rural. 2008;38:1125–1128. 

11. Brambila J. (Lepidoptera: Noctuidae) and some 

native Spodoptera moths Introduction Part 1: 

Terminology of some Wing Characters. 

2013;1–12. 

12. Deole S, Paul N. First report of fall armyworm, 

Spodoptera frugiperda (J. E. Smith), their 

nature of damage and biology on maize                   

crop at Raipur, Chhattisgarh. Journal of 

Entomology and Zoology Studies. 2018;6(6): 

219–221. 

13. Sparks AN. A review of the biology of the fall 

armyworm. Fla Entomol . 1979;62:82–87.  

14. Zidan H, Abdel-Megeed MI. New Trends in 

pesticides and pest control - Part II Al-Dar Al-

Arabia for publishing and distribution, Cairo, 

Egypt; 1987.        

15. Pretorius LM. Laboratory studies on the 

development and reproductive performance of 

Heliothis armigera (Hubn.) on various food 

plants. J Entomol Soc South Africa. 

1976;39:337–343. 

16. Itoyama K, Kawahira Y, Murata M, Tojo S. 

Fluctuations of some characteristics in the 

common cutworm, Spodoptera litura 

(Lepidoptera: Noctuidae) reared under different 

diets. Appl Entomol Zool. 1999;34:315–321.  

17. Snedecor GW. Statistical methods 5
th

 Ed, Iowa 

State Col. N. Y.; 1952. 

18. Duncan DB. Multiple range and multiple F test. 

Biometrics. 1955;11:1-42.  

19. Hwang SY, Liu CH, Shen TC. Effects of plant 

nutrient availability and host plant species on 

the performance of two Pieris butterflies 

(Lepidoptera: Pieridae). Biochem. Syst. Ecol. 

2008;36:505-513. 

20. Shekhawat SS, Ansari MS, Basri R. Effect of 

Host Plants on Life Table Parameters of 

Spodoptera litura. Int. J. Pure App. Biosci. SPI. 

2018;6(2):324-332. 

21. Roeder KA, Behmer ST. Lifetime 

consequences of protein-carbohydrate ate 



 
 
 
 

El-Shennawy et al.; AJOAIR, 5(1): 904-912, 2022 
 

 
912 

 

content for an insect herbivore. Funct Ecol. 

2014;28:1135-1143. 

22. Montezano DG, Specht A, Sosa-Gomez DR, 

Roque-Specht VF, Malaquias JV, Paula-

Moraes SV. Biotic potential and reproductive 

parameters of Spodoptera frugiperda (JE 

smith, 1797) (Lepidoptera: Noctuidae). J Agric 

Sci. 2019;11:240–252. 

23. Subiono T. Preferensi Spodoptera frugiperda 

(Lepidoptera: Noctuidae) pada Beberapa 

sumber Pakan. Jurnal Agroekoteknologi 

Tropika Lembab. 2019;2(2):130.  

Available:https://doi.org/10.35941/jatl.2.2.2020

.2813.130-134 

24. Putra ILI, Khotimah K. Life cycle Spodoptera 

frugiperda JE Smith with lettuce (Lactuca 

sativa L.) and pakcoy (Brassica rapa L.) in the 

laboratory. Jurnal Proteksi Tanaman Tropis. 

2021;2(1): 8-13. 

25. Salem SAR, Dahi HF, Mahmoud MAB. 

Development of the fall armyworm, 

Spodoptera frugiperda (J. E. Smith) on                   

three hot plants, J. of Plant Protection and 

Pathology, Mansoura Univ. 2021;12(4):285-

289. 

26. Jenouvrier S, Caswell H, Barbraud                                

C, Weimerskirch H. Mating behavior, 

population growth, and the operational                          

sex ratio: A periodic two-sex model               

approach. American Naturalist. 2010;175(6): 

739-752.  

Available:https://doi.org/10.1086/652436 

27. Stone EA, Shackelfor TK, Buss DM. Sex ratio 

and mate preferences: A cross-cultural 

investigation. European Journal of Social 

Psychology. 2007;37(2):288–296.  

Available:https://doi.org/10.1002/ejsp.357 

28. Awmack CS, Leather SR. Host plant quality 

and fecundity in herbivorous insects. Annual 

Review of Entomology. 2002;47:817–844. 

Available:https://doi.org/10.1146/annurev.ento.

47.091201.145300 

29. Kavallieratos NG, Andrić G, Golić MP, Nika 

EP, Skourti A, Kljajić P, Papanikolaou NE. 

Biological features and population growth of 

two southeastern european tribolium confusum 

jacquelin du val (Coleoptera: Tenebrionidae) 

strains. Insects. 2020;11(4).  

Available:https://doi.org/10.3390/insects11040

218 

30. Nascimento DAS, Trindade FTT, Silv, A de 

AE. Dietary Supplementation with vitamins 

and minerals improves larvae and adult rearing 

conditions of anopheles darling (Diptera: 

Culicidae). Journal of Medical Entomology. 

2021;58(1):71–78.  

Available:https://doi.org/10.1093/jme/tjaa173 

31. Mobarak SH, Roy N, Barik A. Two-sex life 

table and feeding dynamics of Spilosoma 

obliqua Walker (Lepidoptera: Arctiidae) on 

three green gram cultivars. Bull Entomol Res. 

2020;110:219–230.  

32. Golizadeh A, Jafari-Behi V, Razmjou J, Naseri 

B, Hassanpour M. Population growth 

parameters of rose aphid, Macrosiphum rosae 

(Hemiptera: Aphididae) on different rose 

cultivars. Neotrop Entomol. 2017;46:100–106.  

33. Setamou M, Schulthess F, Bosque-Perez NA, 

Poehling HM, Borgemeister C. Bionomics of 

Mussidia nigrivenella (Lepidoptera: Pyralidae) 

on three host plants. Bull Entomol Res. 

1999;89:465-471. 

34. Amer AEA, El-Sayed AAA. Helicoverpa 

armigera (Hubner) (Lepidoptera: Noctuidae) 

development and growth index. J Entomol. 

2014;11:299-305. 

__________________________________________________________________________________________ 
© Copyright MB International Media and Publishing House. All rights reserved.  


