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Abstract  

Two field experiments were conducted in Nubaria region, 

Behaira Governorate, Egypt, to investigate the influence of 

planting dates  of maize crop on S. frugiperda infestation and 

assess both final yield and yield qualitative losses in 2022 and 

2023 seasons. Results showed that S. frugiperda population 

increased with increasing the plant age and a highly significant S. 

frugiperda infestation reduces maize yields and causes yield 

quantitative losses. The three different planting dates (mid-April, 

mid-May, and mid-June) influenced the population of S. 

frugiperda throughout the two seasons. The mid-April plantation 

date achieved the lowest S. frugiperda population than the mid-

May and mid-June plantation dates. The mid-June plantation 

achieved the annual highest average number with 15.97 and 18.89 

larvae/25 plants, followed by the mid-May plantation with 11.75 

and 15.36 larvae/25 plants in the first and second seasons, 

respectively with significant variations. However, in both seasons, 

the mid-April planting produced the annual least average numbers 

of 10.86 and 12.83 larvae/25 plants, respectively, in both seasons. 

The effects of maximum and minimum temperature and relative 

humidity differed from factor to factor and season to season. The 

mid-April plantation produced the highest yields 2.809 and 2.721 

tons/fed with the lowest quantitative loss of 65.12 and 67.58%, 

followed by the mid-May plantation with yields of 2.797 and 

2.548 tons/fed and quantitative loss of 65.12 and 67.58%, with 

significant differences in the first and second seasons, 

respectively. In addition, mid-June plantation gave yields of 2.511 

and 2.469 tons/fed with the lowest quantitative losses of 80.41 and 

81.85%.  
 

Keywords  

Fall armyworm, 

population fluctuation, 

Zea mays and grain 

yield. 

 

Introduction 

Fall armyworm (FAW), Spodoptera 

frugiperda (Smith) (Lepidoptera: 

Noctuidae), was discovered for the first 

time in Egypt in May 2019 in Aswan 

Governorate, Upper Egypt (Dahi et al., 
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2020 and Mohamed et al., 2022). It is a 

major insect pest that attacks maize and 

other crops all over the world (Casmuz et 

al., 2010; Rwomushana, 2019  and 

Montezano et al., 2018). Its larvae eat the 

epidermis from the underside of the leaves 

in the early stages causing direct damage by 

feeding on both vegetative and 

reproductive parts (Makgoba et al., 2021). 

Polyphagous insects feed on a variety of 

plant species, however, they may prefer or 

perform better on a single host plant or a 

small number of plant species (Clark et al., 

2007). Because maize plant age 

significantly influences the development 

and damage of FAW, the plant age of  

maize can be used to predict infestation 

levels and explain why damage rates are 

affected as maize plant development 

changes (Williams and Dixon, 2007). 

S. frugiperda recorded the highest 

population on yellow maize hybrid 368 in 

mid-June plantation and recorded the 

lowest population in mid-May (Olyme et 

al., 2022). It causes high economic yield 

losses ranging from 20 up to 100% in the 

world (Hardke et al., 2015 and Mallapur et 

al., 2018) and under natural infestation 

without control methods, it can cause yield 

losses on maize crop from 20-53% 

(Baudron et al., 2019 and De Groote, 

2020). In Egypt, it causes damage to maize 

crop by about 78.89% so, the maize farmers 

should spray trinary spray sequence to 

control this insect and reduce the yield 

losses (Kandil et al., 2023).  

This study aimed to investigate the 

effect of planting dates of maize crop on S. 

frugiperda infestation, and to estimate 

maize yield and quantitative yield losses 

throughout the seasons of 2022 and 2023. 

Materials and methods  

Two field experiments were 

conducted in Saad Zaghloul village, West 

Nubaria, Behaira Governorate, Egypt 

during the 2022 and 2023 seasons to study 

the effect of S. frugiperda larvae on yellow 

maize hybrid 368 and to estimate maize 

yield and quantitative yield losses% under 

three planting dates, i.e., 15th April, 15th 

May, and 15th June. The experiment was 

divided into two equal parts, the first under 

natural infestation (Without spraying 

insecticides) and the second sprayed with 

quaternary sequences to prevent the 

infestation as following: methomyl 

(Goldben 90%® SP) at a rate of 300 

g/feddan 15 days after planting, emamectin 

benzoate (Speedo 5.7%® WG) at a rate of 

80 g/feddan 25 days after planting, 

methomyl at a rate of 300 g/feddan 35 days 

after planting and emamectin benzoate 

(Speedo 5.7%® WG) at a rate of 80 

g/feddan 45 days after planting. The 

Randomized Complete Block Design with 

three replicates was used. The plot area was 

80 m2 (8 ×10 m), each plot consisted of 13 

rows of 60 cm width, and seeding was done 

in the hills with 30 cm spacing between 

hills. In both seasons, all agricultural 

normal operations were carried out in 

accordance with the Egyptian Ministry of 

Agriculture's recommendations. Average 

of climate data in Nubaria region, 

Alexandria at Latitude 30:90, longitude 

29:96 and elevation 3.4 during 2022 and 

2023 seasons are shown in Table (1). 
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Table (1):  Average weekly of climate data in Nubaria region, Alexandria at Latitude 30:90, longitude 

29:96 and elevation 3.4 during 2022 and 2023 seasons.  

Weekly inspection 

1st season 2nd season 

Temperature (°C) Relative 

humidity (%) 

Temperature (°C) Relative 

humidity (%) Maximum Minimum Maximum Minimum 

May 

1st 26.31 16.00 63.96 28.33 15.85 56.99 

2nd 28.31 16.64 61.21 28.41 16.42 64.37 

3rd 29.35 17.27 59.20 29.53 17.57 60.80 

4th 33.27 18.78 60.66 31.44 19.24 56.33 

June 

1st 32.07 20.33 64.71 32.28 19.87 58.95 

2nd 34.11 21.96 55.80 31.69 20.51 65.24 

3rd 31.73 21.02 63.95 31.76 21.12 63.05 

4th 33.04 22.20 62.67 33.37 21.79 62.94 

July 

1st 33.50 22.21 62.86 33.69 22.86 64.29 

2nd 32.32 22.41 61.16 34.73 23.02 61.70 

3rd 34.54 23.17 61.40 37.28 23.84 62.55 

4th 35.64 22.75 60.34 36.81 24.96 59.30 

August 

1st 33.96 23.36 62.00 37.08 24.37 53.53 

2nd 34.07 23.95 61.40 32.94 24.42 61.83 

3rd 34.79 23.91 63.72 33.56 24.13 61.72 

4th 35.10 24.37 59.27 35.62 24.67 63.92 

September 

1st 33.14 24.04 64.52 35.65 24.72 54.78 

2nd 33.28 23.10 61.64 34.46 25.46 56.36 

3rd 32.20 22.09 59.58 32.70 23.24 62.88 

4th 35.65 22.91 56.63 35.22 22.92 63.41 

1. Data recorded: 

1.1. Mean number of Spodoptera 

frugiperda larvae/25 plants:  

From the third week of planting 

date, twenty-five labeled maize plants were 

randomly selected weekly from each plot to 

estimate the number of S. frugiperda larvae 

per 25 maize plants, and the monthly and 

seasonal means were calculated.  

1.2. Maize grain yield (Ton/Fadden): 

At the end of the season, the maize 

grain yield of 25 plants was weighted at 

random, and the maize grain yield 

(Ton/Fadden) was calculated. 

1.3. Yield losses and quantitative losses 

% 

Losses in maize grain yield and 

percentage of quantitative losses were 

calculated using the following equations: 

(Savary and Willocquet, 2014 and Nutter et 

al., 1993)  

Yield losses (ton/feddan) = Treated yield – 

Untreated yield 

Quantitative losses (%) = (Yield losses / 

Treated yield) × 100.  

2. Statistical analysis: 

Data were subjected to analysis of 

variance (ANOVA) using the ′′F′′ Test, and 

to compare means, the least significant 

differences (L.S.D) at the 0.05 level were 

determined using a computer program 

(Costat software, 1988). 
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Results and discussion 

1. Population fluctuation of Spodoptera 

frugiperda: 

Results listed in Tables (2 and 3) and 

Figures (1 and 2) show the weekly, 

monthly, and annual average numbers of S. 

frugiperda larvae/ 25 plants in the three 

planting dates during seasons (2022 and 

2023). S. frugiperda larvae were gradually 

increased by increasing the plant age, so the 

average number of S. frugiperda larvae was 

highest in the final season.  

During the first season of 2022, the 

highest population was noticed on the 

fourth week of July in the mid-April 

plantation and the fourth week of August in 

the mid-May plantation with numbers 

20.67 and 17.67 larvae/ 25, respectively. In 

the mid-June plantation, the highest peak 

was recorded in the first week of September 

with 20.67 larvae/ 25 plants. At the same 

time, the annual average number of S 

frugiperda was highest in mid-June 

followed by mid-May and mid-April with 

values, of 15.97, 11.75, and 10.86 larvae/25 

plants (Table, 2 and Figure, 1). 

During the second season of 2023, the 

highest population was noticed on the 

fourth week of June in the mid-April 

plantation and the fourth week of August in 

mid-May plantation with numbers 15.33 

and 14.67 19.00 and 17.67 larvae/ 25, 

respectively. In mid-June plantation, the 

highest peak was recorded in the first week 

of September with 21.67 and 20.67 larvae/ 

25 plants. At the same time, the annual 

average number of S. frugiperda was 

highest in Mid-June followed by Mid-May 

and Mid-April with values of 18.89, 15.36 

and 12.83 larvae/25 plants (Table, 3 and 

Figure, 2). 

Generally, S. frugiperda infestation 

increased in late plantation of Mid-June 

followed by mid-May and mid-April on 

yellow maize hybrid 368 during the 2022 

and 2023 seasons.  

These findings could be attributed to 

the effect of temperature on the insect 

population of S. frugiperda. The findings 

agree with those of Abd Elmageed et al. 

(2022), who found that early May planting 

gave the lowest S. frugiperda population, 

and Olyme et al. (2022), who noticed that 

planting dates affected S. frugiperda 

population and mid-May planting produced 

a lower infestation rate on yellow maize 

hybrid 368 than early June and mid-June 

during the 2022 and 2022 seasons. The 

plant age of maize between 20 and 40 days 

old was found to have high damage, and the 

devastating feeding effect became even 

more severe when the maize plant was 

exposed to prolonged drought, as agreed 

(Ayala et al., 2013; Hruska, 2019; Niassy et 

al., 2021 and Anjorin et al., 2022). From 

the third week of June until the harvest, the 

S. frugiperda population began to infest 

maize plants. S. frugiperda had three 

seasonal peaks regarding the larval 

population numbers/season (Bakry and 

Abdel-Baky, 2023). 
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Table (2):  Population fluctuation Spodoptera frugiperda larvae for three plantation dates on yellow maize 

hybrid 368 during 2022 season.  

Weekly inspection 

Number of Spodoptera frugiperda larvae/ 25 plants 

Plantation date 

Mid-April Mean Mid-May Mean Mid-June Mean 

May 

1st 3.33 

6.50 

 

- 

- 

- 
2nd 5.67 - - 

3rd 8.33 - - 

4th 8.67 - - 

June 

1st 9.33 

11.17 

2.67 

4.83 

- 

- 
2nd 10.33 3.33 - 

3rd 11.67 5.33 - 

4th 13.33 8.00 - 

July 

1st 12.33 

14.92 

10.67 

12.33 

6.33 

11.17 
2nd 14.33 11.67 10.33 

3rd 15.33 13.00 13.00 

4th 17.67 14.00 15.00 

August 

1st - 

- 

15.67 

18.08 

16.00 

18.08 
2nd - 17.33 17.33 

3rd - 18.67 19.00 

4th - 20.67 20.00 

September 

1st - 

- 

- 

- 

20.67 

18.67 
2nd - - 18.33 

3rd - - 19.33 

4th - - 16.33 

General mean/25 

plants 
10.86 11.75 15.97 

LSD0.05 2.24 

 

 
Figure (1):  Population fluctuation of Spodoptera frugiperda larvae for three plantation dates on yellow maize 

hybrid 368 during 2022 season. 
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Table (3):  Population fluctuation Spodoptera frugiperda larvae for three plantation dates on yellow maize 

hybrid 368 during 2023 season.  

Weekly inspection 

Number of Spodoptera frugiperda larvae/ 25 plants 

Plantation date 

Mid-April Mean Mid-May Mean Mid-June Mean 

May 

1st 4.33 

6.50 

    

2nd 5.67 - - 

3rd 7.00 - - 

4th 9.00 - - 

June 

1st 11.33 

13.75 

5.67 

10.67 

-  

2nd 13.33 9.00 - 

3rd 15.00 12.00 - 

4th 15.33 16.00 - 

July 

1st 15.67 

18.25 

17.00 

17.67 

7.33 

14.17 
2nd 17.67 17.33 14.67 

3rd 18.67 17.33 15.33 

4th 21.00 19.00 19.33 

August 

1st -  19.33 

17.75 

20.00 

20.50 
2nd - 18.67 21.00 

3rd - 18.33 20.67 

4th - 14.67 20.33 

September 

1st -  -  21.67 

22.00 
2nd - - 21.33 

3rd - - 22.67 

4th - - 22.33 

General mean/25 plants 12.83 15.36 18.89 

LSD    0.05 2.25 

 

 
Figure (2):  Population fluctuation of Spodoptera frugiperda larvae for three plantation dates on yellow maize 

hybrid 368 during 2023 season. 
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2. Climatic factors and Spodoptera 

frugiperda population:  

The data in Table (4) demonstrated 

the simultaneous effect of the three selected 

weather factors maximum and minimum 

temperature and percentage of relative 

humidity on S. frugiperda population on 

yellow maize hybrid 368 during the 2022 

and 2023 seasons in mid-April, mid-May, 

and mid-June. The relationship between 

maximum and minimum temperatures 

showed a significant positive effect on this 

insect except for maximum temperature in 

mid-June in the second season. Relative 

humidity had insignificant negative 

correlation effects, on the insect population 

except mid-April had significant positive 

correlation effects in the second season. 

The results agree with those of 

Plessis et al. (2020), who noticed that the 

development rate of S. frugiperda increased 

linearly with increasing temperatures 

between 18 and 30 °C, with the highest 

larval survival occurring between 26 and 30 

°C. The optimal temperature range for egg, 

larval, and egg-to-adult development was 

26 to 30 °C. According to Sabra et al. 

(2022), as temperature rose, all 

developmental times from eggs to adults 

declined linearly.  
Table (4): Correlation coefficient between Spodoptera frugiperda population and planning dates on yellow 

maize hybrid 368 during 2022 and 2023 seasons. 

Planting date 

1st season 2nd season 

Temperature (°C) Relative 

humidity (%) 

Temperature (°C) Relative 

humidity (%) Maximum Minimum Maximum Minimum 

Mid-April 0.86 0.92 -0.13 0.95 0.99 0.30 

Mid-May 0.68 0.94 -0.05 0.64 0.87 -0.24 

Mid-June 0.12 0.63 -0.06 -0.03 0.47 -0.34 

3. Maize yield and quantitative loss %: 

Results listed in Table (5) showed 

that the mid-April plantation produced the 

highest maize grain yields 2.809 and 2.721 

tons/fed with the least quantitative loss of 

65.12 and 67.58%, followed by mid-May 

plantations with maize grain yields of 2.797 

and 2.548 tons/fed and quantitative loss 

77.3 and76.19% 65.12 and 67.58%, in 1st 

and 2nd seasons, respectively with 

significant differences. Also, the mid-June 

plantation gave maize grain yields of 2.511 

and 2.469 tons/fed with the least 

quantitative loss 80.41 and 81.85%. In a 

comparison with mid-May and mid-June 

planting, mid-April planting of maize had 

the best yield and the lowest percentage of 

yield quantitative loss. The above findings 

are in agreement with those of Baudron et 

al. (2019) and De Groote (2020), who 

stated that the fall armyworm with high 

monthly and annual averages caused harm 

to the production of maize and can cause 

yield losses on maize crops from 20-53%. 

At the same time, Kandil et al. (2023) found 

a negative relationship between the 

population of S. frugiperda larvae and 

maize grain production. The highest maize 

yield was obtained by using methomyl and 

emamectin benzoate in a trinary sequence; 

4.249 and 3.416 t/fed in the first and second 

seasons, respectively but untreated check 

plots had the biggest quantitative yield 

losses, with 77.76% and 78.89% in the first 

and second seasons, respectively.   
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Table (5.):  Maize grain yield, yield loss and percentage of quantitative loss due to Spodoptera frugiperda 

infestation for three plantation dates during 2021 and 2022 seasons.   

Plantation 

date 

1st season 2nd season 

Maize grain yield 

(t./f.) 

Yield 

loss 

(t./f.) 

Q. loss % 

Maize grain yield 

(t./f.) 

Yield 

loss 

(t./f.) 

Q. loss % 

Treated Untreated Treated Untreated 

Mid-April 2.809 0.980 1.829 65.12 2.721 0.882 1.839 67.58 

Mid-May 2.797 0.635 2.163 77.31 2.548 0.607 1.941 76.19 

Mid-June 2.511 0.492 2.019 80.41 2.469 0.448 2.021 81.85 

LSD 0.05 0.021 0.033 0.027 1.053 0.031 0.027 0.050 1.201 

Q. =Quantitative   (t./f.) = (Ton / feddan) 

As a result of the present findings, a 

highly significant S. frugiperda infestation 

reduces maize yields and causes yield 

quantitative losses %. The early plantation 

in mid-April gave the best maize yield and 

the lowest yield quantitative losses %, 

followed by mid-May and mid-June 

plantations with significant differences. So, 

the farmers should control S. frugiperda 

insect with spraying sequence 

recommendations pesticides to get the 

maximum maize grain yield and lowest 

quantitative yield losses %.  
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