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ABSTRACT 

	Aims: This study aimed to evaluate the occurrence, larval development, host suitability, and yield effects of Fall Armyworm (Spodoptera frugiperda) on maize and selected alternative host plants to support informed pest management decisions.
Study design: Laboratory and pot experiments arranged in a Completely Randomized Design.
Place and Duration of Study: School of Agricultural Technology Laboratory, YABATECH, during both rainy and dry seasons of 2022 - 2023.
Methodology: Larval development of Spodoptera frugiperda was assessed on maize, amaranthus, sweet potato, and cowpea. Head capsule width, body morphology, number of larval instars, and duration of larval and pupal stages were measured. Growth parameters and yield components of host plants were evaluated and compared with uninfested control treatments. 
Results: Six larval instars were confirmed on all hosts. Mean growth ratios of head capsule width conformed to Dyar’s rule: 1.52 (amaranthus), 1.48 (maize), 1.50 (cowpea), and 1.54 (sweet potato). The total larval-pupal period was shortest on maize and amaranthus (14 days) and longest on cowpea and sweet potato (15 days). Strong linear relationships (R² ≥ 0.98) were found between instar progression and head capsule width. Infested plants showed significant reductions in leaf area, plant height, and leaf number compared to controls.
Conclusion: Maize and amaranthus are highly suitable host plants for Spodoptera frugiperda, supporting rapid larval development and causing significant growth and yield losses. These findings highlight the need for prioritized monitoring and integrated management strategies on both primary and alternative host crops.
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1. INTRODUCTION 
Fall Armyworm (Spodoptera frugiperda Smith) (Lepidoptera: Noctuidae) is a polyphagus, highly destructive plant-eating insect with a wide host range attacking more than 80 different crop that was previously confined to native regions in North and South America (Institute of Agricultural Research and Training (IAR & T), 2016. Akhigbe et al. 2021). Its devastating effect was first reported in Nigeria in 2016 (IAR & T, 2016) and in several other Sub-Saharan African countries (Prasanna et al. 2018; Sisay et al. 2019).
The larvae of Fall Armyworm (FAW) is the most destructive, frequently causing severe damage to cultivated grass family (such as maize, sorghum and sugarcane), vegetables, legumes (such as cowpea) and fibres (such as cotton) (Vommy and Thomas, 2009; Capinera, 2002) feeding on their vegetative and reproductive structures causing severe economic loss (Prasanna et al. 2018) and abandonment of farm lands despite fertilizer application. Here, adults may deposit clusters of 100 - 500 eggs throughout the plant canopy (but often prefer to oviposit in the lower two-thirds of cotton plants or in the whorls of corn or sorghum) (Ali et al. 1990). Newly hatched first-instar larvae typically remain clustered together in close proximity to their original egg mass location. However, late instars aggressively disperse within and across adjacent plants (Ali et al. 1989).
Akhigbe et al. (2021) noted that attacks by the FAW have major implications for food availability and industrial output in Nigeria. The combination of FAW's rapid proliferation capacity and nationwide establishment underscores the pressing need to develop sustainable solutions for preventing crop damage and maintaining productivity.
This paper is motivated by the general belief that any meaningful management strategy for ameliorating the effect of FAW on its host crops must target the larval stage, which causes the damage (Odeyemi et al. 2021) and its adaptability to infest various host species that ultimately becomes a threat to other crops grown in the country. Understanding the pest's life cycle requires examination of its developmental duration and larval instar count across potential host species. These parameters are critical for mortality and survivorship analyses. Such studies typically involve meticulous measurement of larval head capsule width throughout ontogeny, applying Dyar's principle (which posits that head capsule size remains constant within each instar but exhibits predictable growth increments from one instar to the next) (Dyar, 1890 in Odeyemi et al. 2021), coupled with the fact that, empirical studies investigating larval developmental stages of FAW are limited, constitute another motivation for this paper.
The thrust of this paper therefore, was the occurrence and evaluation of larval developmental stages of FAW on annual crops in SouthWestern Nigeria. 
2. material and methods 
2.1. Location of Research and Materials
Field and laboratory investigations were carried out at YABATECH's Odoragushin Campus in Epe (3°58'56"E, 6°38'36"N) (Google Earth, 2022) during both rainy and dry seasons of 2022 - 2023. The study area lies 16 km along the Epe-Ijebu Ode route, in the lowland rainforest zone of South-West Nigeria. The FAW was obtained from an infected maize field cultivated at YABATECH. The cowpea, maize and Amaranthus seeds were sourced from a reputable input supplier at Epe while the sweet potato vines were obtained from YABATECH Teaching and Research Farm.

2.2. Experimental Procedure
2.2.1. Experiment I: 
Larval developmental stages of FAW on different host plants (maize, cowpea, amaranthus and sweet potato) were determined following the protocols of Odeyemi et al., (2021) with modifications. Laboratory experiment was carried out under regulated conditions (25 ± 300C, 60 ± 10% RH, and a photoperiod of 12 hours) and maintained during incubation with 4 treatments viz maize, cowpea, amaranthus and sweet potato, replicated 5 times and arranged in a completely randomized design (CRD).
Larvae were cultured in laboratory conditions, exclusively fed maize leaves throughout their development to adult stage. The adult of fall armyworm was released inside enclosed screened cage In a density of 5 pairs (5 male and 5 female) so that they can lay egg in maize leaf. They were fed cotton soaked in 10% aqueous sugar solution. Egg clusters (containing 100 - 150 eggs each) deposited within 60 hours post-moth release were systematically collected in batches. Each batch was incubated separately in a small plastic jar covered at a top with a muslin cloth and held in place by a cap. The eggs produced were observed daily until eclosion (incubated for 4-6 days until reaching the blackhead developmental stage, after which they hatched into neonate larvae). The newly enclosed first-instar caterpillars of the same age was grouped into 4, fed respectively with leaves of maize, cowpea, amaranthus and potato on a daily basis. 5 larvae of the same age was selected from each group (replicate) daily until pupation. The larvae was preserved in sample bottles containing 70% ethanol and 30% water and this continued until the larva began to pupate.

2.2.2. Experiment II: Effect of  S. frugiperda on four annual crops
Soil used for planting was sandy loamy soil obtained from YABATECH Teaching and Research Farm. It was a pot experiment receiving all the factors necessary for plant growth and development. The soil was sieved to remove coarse materials and then filled into black polythene bags of size 22 x 10 x 8cm with 4 treatments (maize, cowpea, amaranthus and sweet potato) randomly allocated following Completely Randomized Design (CRD) protocol and 6 replications, including a control for each of the crop. 24 nylon pots of 2 kg capacity were filled with sandy loamy soil mixed with decomposed organic manure and were watered to 60% field capacity. Seeds of maize, cowpea, amaranthus and sweet potato vines were then planted at 3 seeds per pot. They were later thinned to 2 at 10 days after sowing.
The pots were arranged at spaces of 2 cm. The experiment was manually irrigated at 60% field capacity throughout. After two (2) weeks of establishment, the crops were infested with the larvae of Fall Armyworm at 1st instar (2 larvae per pot). The experiment was terminated as each of the crop gets to maturity stage. 

2.3. Data Collection: 
2.3.1. Data on larval developmental stages of Fall armyworm were collected according to the following parameters: 
2.3.1.1. Growth parameters of Spodoptera frugiperda: 
Preserved larvae of the identical developmental stage were selected from each group for dimensional assessment by quantifying width of head capsule (at vertex), length of body (head to abdomen tip) and width of the body or thorax (prothorax, mm). Measurement was done using a stereo-microscope fitted with an eyepiece micrometre (x10) while mature larvae were measured with a plastic metric ruler (Odeyemi et al., 2021). Data obtained were analyzed using Analysis of Variance (ANOVA) complemented with t-test to determine the conformity of the growth ratio of the larvae (DYAR’S Rule) for: 
a. Body length (1st instar - 6th instar larval stage)
b. Body width
c. Larvae instars head capsule width and a significant test of Dyar’s rule compliance
d. Head capsule measurement and the period of significance on 4 different crops
e. Pupal weight and length
2.3.1.2. Larvae population: 
The developmental instar count in the ontogeny of FAW and their duration of development was determined using frequency distribution of the head capsule width, plotted and grouped based on maximal values within each cluster.   
2.3.2. Growth parameters of host plants: 
Data was obtained based on the growth parameters of each plants/treatments (maize, cowpea, amaranthus and sweet potato) at 2, 4, 6 and 10 weeks for effects of FAW on different host plants as follows:
f. Plant height (cm): Measurement of the tallest shoot per bag by the use of metre rule
g. Leaf Area (cm2): Multiplication of leaf length and width
h. Number of leaves: By counting 

2.4. Data/Statistical Analysis: 
Morphometric data (head capsule dimensions, body length and width) and host plant growth parameters were statistically evaluated using Analysis of Variance (ANOVA) and significant means that occurred were separated by using Tukey-Kramer Comparison at p ≤ 0.05. The head capsule groupings were further tested for conformity with Dyar’s rule (Dyar, 1890) as enunciated by Odeyemi et al., (2021) by comparing the observed and calculated average head capsule width of each instar using the Student’s t-test. The width of the mean head capsule for each instar was computed by multiplying the subsequent instar's average width by its growth ratio. Regression analysis was employed to examine the association between larval head capsule dimensions across all developmental stages and their respective stage durations.

3. results and discussion
3.1. RESULTS
3.1.1. Body length measurement (mm ± SE) for S. frugiperda life stages on the four annual crops
Table 1 shows the result of the body length of FAW on amaranthus, maize, cowpea and potato. The first instar did not vary significantly. The maize had the highest value (2.98 ± 0.31mm) while the cowpea had the lowest value (2.72 ± 0.22mm). The body length recorded for maize from the 1st – 6th instar was significantly longer than the values recorded for other crops while cowpea had the lowest body length for 3rd , 4th and 5th instar (9.52 ± 0.52mm, 14.25 ± 0.60mm, 19.3 ± 0.29mm). Spodoptera frugiperda colonizes maize mainly during the vegetative whorl stage because of its preference for younger vegetative (stage) plants for oviposition, but it can also feed on the reproductive parts (ears and tassels) depending on the larval developmental stage and the host crop stage (Melo and Silva, 1987). Body Length increased steadily from 1st – 6th instar on all the annual crops (host) with significant variation and this shows that the type of crop consumed affects the instar development of FAW in terms of body length. 

3.1.2. Body width measurement (mm ± SE) for S. frugiperda life stages on four annual crops 
Shown in table 2 is the body width of the larval instar stages of FAW on four annual crops. Maize had the highest body width from the 1st to 6th instar when compared to other crops. Body width of the FAW was significantly lower on the 1st , 4th, and 5th instar for cowpea. This is possibly attributed to the slower feeding rate of the FAW on the cowpea due to its higher lignin content. At the 1st larval instar, maize had the highest body width (0.46 ± 0.05mm) while cowpea had the lowest body width (0.32 ± 0.02mm). Also, at the 6th instar, maize also had the highest body width (3.78 ± 0.06mm) while cowpea had the lowest body width of (3.22 ± 0.05mm). This suggests that the food contents of maize, potato and amaranthus leaves increase and enhance the size of FAW larva than cowpea leaf. The slower feeding rate of the FAW on the cowpea due to its higher lignin content while the higher feeding rate on maize was due to the lower ligning content (Ajmal et al., 2024). There was an increase in the body width of FAW larval instars in all the annual crops from 1st to 6th instar which may be due to the intensity of feeding of FAW on the annual crops. 
3.1.3. Head capsule width progression through developmental instars of FAW and compliance to Dyar's rule
Body length and width increased steadily from first instar to the last instar on all the annual crops (hosts). The mean growth ratio of larval development on amaranthus, maize,cowpea and potato were 1.52, 1.48, 1.50  and 1.54 respectively and all conformed to Dyar’s rule of ratio 1: 4 for lepidopterous insects (Dyar, 1890). 
3.1.4. Head capsule  measurement (± SE) and progression of S. frugiperda larval instars on four annual crops
Larvae fed on both maize and amaranthus exhibited shorter pre-pupal duration (14 days) while the potato and amaranthus had a total developmental period of 15 days (Table 4). Irrespective of the food host used, it took 3 days for the 1st Instar before progressing to the second instar. While 2nd, 3rd, 4th and 5th instars completed development in 2 days respectively on host plants (amaranthus, maize, cowpea and potato), the sixth instar larvae demonstrated development (3 days) exclusively on amaranthus and maize and 4 days on cowpea and potato (Table 3). Differences in head capsule development might not be unconnected with the earlier assertion that the food contents in maize, potato, amaranthus and cowpea leaves enhance the FAW larva size (Yekini, 2019). The assessment of the mean width of head capsule and larva development stages relationship on amaranthus, maize, potato and cowpea shows significant correlation and a linear relationship with a great degree of regression coefficient: 0.98 (Amaranthus), 0.98 (Maize), 0.99 (Potato) and 0.98 (cowpea) (Fig 1 - 4).  This knowledge on head capsule size can provide for more accurate research on insecticide efficacy, since many insecticides are only registered for application against instars 1 to 3 (Schlemmer, 2018).
3.1.5. Pupal weight and length of FAW on four annual crop
Shown in Table 5 is the weight and length of FAW pupa on amaranthus, cowpea, maize and potatoes. Pupal weight recorded on larvae fed with different  (host) did not vary significantly with maize having the highest value (0.19± 0.01mm) while cowpea and amaranthus had the lowest value (0.16 ± 0.01mm). This corroborates Meigher et al., (2004) who stated that cowpea and amaranthus had lower pupal weight and this can be due to the fact that larvae fed on cowpea and amaranthus took a longer time to develop than larvae fed on maize. Pupal length also did not vary significantly amongst the food host with maize having the highest pupal length (1.38 ± 0.03mm) and potato width the lowest pupal length (1.29 ± 0.05mm). This could be due to the higher rate of feeding on maize leaves which aided its growth in terms of pupal length and weight. 
3.1.6. Effect of fall armyworm on leaf area for the four sampled plant (treatment) at 2, 4, 6, 8 and 10 weeks post-planting under pot experiment
Table 6 shows the mean values of leaf area for 4 annual crops.  At 2 weeks, leaf area showed no variation (p < .05) among treatments. The highest leaf area was observed in infested maize (T1) (40.03 ± 1.81a) and the lowest in uninfested amaranthus (T8) (8.26 ± 1.81d). At 4 weeks there was a significant difference between infested maize (T1) and uninfested maize (T2) (78.35 ± 3.70bc, 83.413± 3.70d) and none in other treatments. Values for leaf area at 6 weeks were also statistically significant from each other. The highest value was recorded at T1 (infested maize) (114.49 ± 3.33a)and the lowest on T7 (Infested amaranthus) (29.74 ±  3.33a). Results at 8 and 10 weeks WAP (2nd and 4th  weeks after infestation) showed a significant difference in all the treatments with including uninfested maize, (T2/control), having the highest value (151.23 ±  5.06a ,165.57 ±  6.89a ) and the lowest mean for T7 (infested amaranthus) (30.79 ±  5.06a , 26.19 ± 6.89f) . This support the findings of Lingunbull (1928) as enunciated by Yekini (2019), who reported that most leaf tissue would be consumed during the last and penultimate stadia of FAW. 
3.1.7. Effect of fall armyworm on Plant Height for the four annual crops at 2, 4, 6, 8 and 10 weeks post-planting under pot experiment
Table 7 below shows the effect of infestation of FAW on the four annual crops height at 2,4, 6, 8 and 10 WAP. Values obtained for the number of leaves at 2, 4 and 6 weeks between the infested crops varied significantly (p > .05) with highest mean value obtained at T1 (infested maize) (21.29 ± 0.49a) and the lowest mean value at T3 (13.78± 0.49a). At 4 weeks, significant variation was observed on the treatments, T1 had the highest mean value with (27.78 ± 1.25a) and the lowest mean value at T3 (17.47± 1.25e) . However, at 8 and 10 WAP the plant height observed between the control treatments and infested treatments indicated that there was a decrease in the mean value of all infested treatments when compared to the control treatments with T6 having the highest mean value at 8 and 10 WAP ( 77.29± 2.85a, 79.33 ± 4.26a) and the lowest value obtained at T3 (20.24± 2.85e, 20.91± 4.26d). At 10 weeks, there was no significant variation among treatments with the exception of T1 and T2. The difference in T1 and T2 could be linked to the preference of FAW for maize vis-a-vis grass family.


3.1.8. Effect of fall armyworm on number of Leaves for the four annual crops at 2, 4, 6, 8 and 10 weeks post-planting under pot experiment
Table 8 presents the mean value for the number of leaves at 2, 4, 6, 8 and 10 WAP. Data obtained for number of leaves at 2 and 4 weeks for all the treatments was not significantly varied (p < .05), whereas at 6 WAP, there was a significant variation amongst the treatments with T5 having the highest mean value (21.67 ± 0.91a) and the lowest mean value recorded at T2 (10.08 ± 0.91a). Generally, there were reduction in the number of leaves at 2, 4, and 6 weeks when compared to the infested ones at 8 and 10 weeks
Table 1: Body length measurement (mm ± SE) for S. frugiperda life stages on the four annual crops (24– 30oC; 60.0 ± 10% RH; 12 h Photoperiod)
	
	Larval Instars

	Host crop
	1st Instar
	2nd Instar
	3rd  Instar
	4th Instar
	5th Instar
	6th Instar

	Amaranthus
	2.91±0.10a
	5.63±0.41b
	10.13±0.59a
	15.63±0.18ab
	19.93±0.65a
	22.69±0.57b

	Maize
	2.98±0.31a
	7.50±0.50a
	10.78±0.52a
	17.80±1.83a
	20.90±0.71a
	26.88±0.63a

	Potatoes
Cowpea
	2.83±0.24a
2.72±0.22a
	5.43±0.39b
5.82±0.39b
	9.72±0.50ab
9.52±0.52ab
	16.74±0.22a
14.25±0.60b
	19.83±0.63ab
19.31±0.29ab
	22.46±0.53b
23.31±0.71b


*Mean with the same letters in the column are not significantly different at p<0.05 Turkey’s HSD

Table 2: Body width measurement (mm ± SE) for S .frugiperda life stages on four annual crops (24– 30oC; 60.0 ± 10% RH; 12 h Photoperiod)
	
	Larval Instars

	Host crop
	1st Instar
	2nd Instar
	3rd  Instar
	4th Instar
	5th Instar
	6th Instar

	Amarantus
	0.40±0.03ab
	0.83±0.09ab
	1.37±0.08a
	2.40±0.04b
	3.27±0.3a
	3.45±0.12ab

	Maize
	0.46±0.05a
	0.86±0.04a
	1.41±0.07a
	2.68±0.09a
	3.31±0.13a
	3.78±0.06a

	Potatoes
Cowpea
	0.38±0.04a
0.32±0.02b
	0.75±0.08b
0.75±0.06b
	1.36±0.05a
1.34±0.06a
	2.55±0.86a
1.63±0.02ab
	2.73±0.16a
2.30±0.11b
	3.55±0.09a
3.22±0.05b


*Mean with the same letters in the column are not significantly different at p<0.05 Turkey’s HSD
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Table 3: Head capsule width progression through developmental instars of S. frugiperda and compliancr to Dyar's rule
	
	Amaranthus
	Maize
	Cowpea
	Potato

	Larval Instars  

	OA
(mm)
	GR

	CA
(mm)
	 D (d)
	 OA
(mm)
	GR
	 CA
(mm)
	D(d)
	OA
(mm)
	GR
	 CA
(mm)
	 D(d)
	OA
(mm)
	GR

	CA
(mm)
	 D (d)

	I         
	0.33
	
	
	
	0.38
	
	
	
	0.36
	
	
	
	0.33
	
	
	

	II         
	0.53
	1.61
	0.54
	-0.01
	0.56
	1.47
	0.58
	-0.02
	0.54
	1.5
	0.54
	-0.00
	0.56
	1.7
	0.51
	0.05

	III         
	0.92
	1.73
	0.81
	 0.11
	0.95
	1.69
	0.83
	0.12
	0.91
	1.68
	0.81
	0.10
	0.95
	1.7
	0.86
	0.09

	IV         
	1.37
	1.49
	1.40
	-0.03
	1.38
	1.45
	1.41
	-0.03
	1.36
	1.49
	1.37
	-0.01
	1.38
	1.45
	1.62
	-0.24

	V          
	1.99
	1.45
	2.08
	-0.09
	2.04
	1.47
	2.04
	-0.00
	1.98
	1.45
	2.04
	-0.06
	2.04
	1.5
	2.13
	-0.09

	VI       
	2.64
	1.33
	3.03
	-0.39
	2.73
	1.33
	3.02
	-0.29
	2.71
	1.36
	2.97
	-0.26
	2.73
	1.33
	3.14
	-0.41

	Mean growth ratio
	
	1.52
	
	
	
	1.48
	
	
	
	1.50
	
	
	
	1.54
	
	

	Average difference
	
	
	
	-0.09
	
	
	
	-0.04
	
	
	
	-0.05
	
	
	
	-0.12

	Standard deviation of differences
	
	
	
	 0.12
	
	
	
	 0.18
	
	
	
	 0.04
	
	
	
	0.03

	t calculated
	
	
	
	 1.77
	
	
	
	 2.24
	
	
	
	 1.78
	
	
	
	2.24

	t tabulated
	
	
	
	 2.57
	
	
	
	 2.57
	
	
	
	 2.57
	
	
	
	2.57


*Reject Ho if  tcalculated >t tabulated.  Decision: do not reject Ho; growth ratio conforms to Dyar’s rule.
Note: (i) growth ratio is the mean head capsule width of a succeeding instar divided by the mean head capsule width of a preceding instar.
(ii.) Calculated average—observed mean head width of a preceding instar multiplied by the mean growth ratio.
OA: Observed Average	 GR: Growth ratio CA: Calculated Average D:Differences between OA and CA
Table 4: Head capsule  measurement (± SE) and progression of S. frugiperda larval instars on four annual crops
	
	Amaranthus
	Maize
	Cowpea
	Potato

	Larval 
Instar
	HCW
(mm)
	Range
	SI
(day)
	ADD
	HCW 
(mm)
	Range
	SI
(day))
	ADD
	  HCW
 (mm)
	Range
	SI
(day
	ADD
	  HCW
 (mm)
	Range
	SI
(day)
	ADD

	I	
	0.36±0.01f
	0.3 - 0.4
	3
	3
	0.37±0.01f
	0.3 – 0.4
	3
	3
	0.36±0.01f
	0.3 – 0.4
	3
	3
	0.35±0.01f
	0.3 – 0.4
	3
	3

	II
	0.53±0.02e
	0.5 – 0.6
	2
	5
	0.56±0.01e
	0.5 – 0.7
	2
	5
	0.58±0.01e
	0.5 – 0.6
	2
	5
	0.56±0.01e
	0.5 – 0.6
	2
	5

	III
	0.92±0.03d
	0.9 – 1.2
	2
	7
	0.95±0.01d
	0.9 – 1.3
	2
	7
	0.95±0.01d
	0.9 – 1.0
	2
	7
	0.95±0.01d
	0.9 – 0.95
	2
	7

	IV
	1.37±0.02c
	1.3 – 1.4
	2
	9
	1.38±0.01c
	1.3 – 1.42
	2
	9
	1.31±0.01c
	1.3 – 1.4
	2
	9
	1.38±0.01c
	1.3 – 1.4
	2
	9

	V
	1.99±0.02b
	1.9 – 2.1
	2
	11
	2.04±0.04a
	1.95 – 2.3
	2
	11
	1.98±0.02b
	1.95 – 2.1
	2
	11
	2.04±0.04b
	1.95 – 2.3
	3
	12

	VI
	2.72±0.01a
	2.7 – 2.8
	3
	14
	2.73±0.01a
	2.7 – 2.9
	4
	15
	2.71±0.01a
	2.6 – 2.8
	3
	14
	2.73±0.01a
	2.7 – 2.8
	3
	15


*Mean with the same letters in the column are not significantly different at P < 0.05 Tukey’s HSD
HCW- Head capsule width	SI: Stadium of Instar	ADD: Accumulated days of development 
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Table 5:  Pupal weight and Pupal length of S. frugiperda on four annual crop
	Host crop
	Pupal weight
	Pupal length

	Amaranthus
	0.16±0.01a
	1.32±0.06a

	Maize
	0.19±0.01a
	1.38±0.03a

	Potatoes
Cowpea
	0.17±0.01a
0.16±0.01a
	1.29±0.05a
1.30±0.06a


*Mean with the same letter in the column are not significantly different according to Turkey’s HSD at P < 0.05


Figure 1: Relationship between head capsule width and larval developmental stages of S. frugiperda on Amaranthus


Figure 2: Relationship between head capsule width and larval developmental stages of S. frugiperda on Maize


Figure 3: Relationship between head capsule width and larval developmental stages of S. frugiperda on Potatoes


Figure 4: Relationship between head capsule width and larval developmental stages of S. frugiperda on Cowpea

Table 6: Effect of fall armyworm on leaf area for the four annual crops at 2, 4, 6, 8 and 10 weeks post-planting under pot experiment
	
	
Treatments
	Growth Traits

	
	
	2 weeks
	4 weeks
	6 weeks
	8 weeks
	10 weeks

	
	T1
	40.03 ±1.81a
	78.35 ±3.70bc
	114.493 ±3.33a
	96.410 ±5.06c
	86.427 ±6.89c

	
	T2
	36.36 ±1.81a
	83.41 ±3.70a
	113.237 ±3.33a
	151.2333 ±5.06a
	165.570 ±6.89a

	
	T3
	21.54 ±1.81c
	42.20 ±3.70d
	61.103 ±3.33d
	51.757 ±5.06de
	55.153 ±6.89de

	
	T4
	27.22 ±1.81b
	44.27 ±3.70d
	61.020 ±3.33d
	61.347 ±5.06d
	73.910±6.89cd

	
	T5
	18.45 ±1.81c
	69.36 ±3.70c
	89.707 ±3.33c
	109.733 ±5.06bc
	125.587 ±6.89b

	
	T6
	17.54 ±1.81c
	91.10 ±3.70a
	101.767 ±3.33b
	118.990 ±5.06b
	120.473±6.89b

	
	T7
	8.56 ±1.81d
	28.55 ±3.70e
	29.740 ±3.33e
	30.793±5.06f
	26.190±6.89f

	
	T8
	8.26 ±1.81d
	26.30 ±3.70e
	33.007±3.33e
	40.007 ±5.06ef
	42.327 ±6.89ef


*Values represent least square means (LS-means) ± standard error. LS-means within a column followed by different letters are significantly different at P≤0.05. Key: T1 (Infested Maize), T2 (Uninfested/control Maize), T3 (Infested Cowpea), T4 (Uninfested/control Cowpea), T5 (Infested Potato), T6 (Uninfested/control Potato), T7 (Infested Amaranthus), T8 (Uninfested/control Amaranthus)



Table 7: Effect of fall armyworm on Plant Height for the four annual crops at 2, 4, 6, 8 and 10 weeks post-planting under pot experiment
	
	
Treatments
	Growth Traits

	
	
	2 weeks
	4 weeks
	6 weeks
	8 weeks
	10 weeks

	
	T1 
	21.29 ±0.49a
	27.78 ±1.25a
	40.32±1.60a
	41.89 ±2.85c
	41.88 ±4.26bc

	
	T2
	20.88 ±0.49a
	26.44 ±1.25ab
	41.25 ±1.60a
	45.20 ±2.85c
	54.26 ±4.26b

	
	T3 
	13.78 ±0.49d
	17.47±1.25e
	19.13 ±1.60c
	20.24 ±2.85e
	20.91 ±4.26d

	
	T4 
	15.56 ±0.49bc
	18.03±1.25de
	19.13 ±1.60c
	20.77 ±2.85e
	21.41 ±4.26d

	
	T5 
	16.88±0.49b
	21.85±1.25cd
	41.58 ±1.60a
	57.16 ±2.85b
	71.77 ±4.26a

	
	T6 
	17.00 ±0.49b
	20.81±1.25cd
	45.25 ±1.60a
	77.29 ±2.85a
	79.33 ±4.26a

	
	T7 
	13.96 ±0.49d
	23.21 ±1.25bc
	29.68 ±1.60b
	32.93 ±2.85d
	34.70 ±4.26c

	
	T8
	14.23 ±0.49cd
	27.69 ±1.25a
	32.97 ±1.60b
	36.76 ±2.85cd
	37.70 ±4.26c


*Values represent least square means (LS-means) ± standard error. LS-means within a column followed by different letters are significantly different at P≤0.05. Key: T1 (Infected Maize), T2 (Uninfested/control Maize), T3 (Infested Cowpea), T4 (Uninfested/control Cowpea), T5 (Infected Potato), T6 (Uninfested/control Potato), T7 (Infected Amaranthus), T8 (Uninfested/control Amaranthus)

Table 8: Effect of fall armyworm on number of Leaves for the four annual crops at 2, 4, 6, 8 and 10 weeks post-planting under pot experiment
	
	
Treatments
	Growth Traits

	
	
	2 weeks
	4 weeks
	6 weeks
	8 weeks
	10 weeks

	
	T1 
	4.50 ±0.28c
	5.42 ±0.60c
	13.67 ±0.91b
	7.42 ±1.77d
	8.33 ±1.49e

	
	T2 
	4.67 ±0.28c
	5.08 ±0.60c
	10.08 ±0.91c
	8.17 ±1.77d
	9.17 ±1.49de

	
	T3 
	9.43 ±0.28a
	16.00 ±0.60a
	19.58 ±0.91a
	20.42 ±1.77b
	20.17 ±1.49b

	
	T4 
	9.67 ±0.28a
	17.25 ±0.60a
	21.17 ±0.91a
	22.00 ±1.77b
	20.75 ±1.49b

	
	T5 
	6.08 ±0.28b
	11.25 ±0.60b
	21.67 ±0.91a
	34.33 ±1.77a
	43.67 ±1.49a

	
	T6 
	5.80 ±0.28b
	10.83 ±0.60b
	21.17 ±0.91a
	37.08 ±1.77a
	45.42 ±1.49a

	
	T7 
	6.00 ±0.28d
	10.25 ±0.60b
	12.00 ±0.91bc
	13.67 ±1.77c
	13.17 ±1.49cd

	
	T8 
	6.48 ±0.28b
	10.67 ±0.60b
	12.58 ±0.91bc
	15.92 ±1.77c
	14.58 ±1.49c


*Values represent least square means (LS-means) ± standard error. LS-means within a column followed by different letters are significantly different at P≤0.05. Key: T1 (Infected Maize), T2 (Uninfested/control Maize), T3 (Infested Cowpea), T4 (Uninfested/control Cowpea), T5 (Infected Potato), T6 (Uninfested/control Potato), T7 (Infected Amaranthus), T8 (Uninfested/control Amaranthus)


3.2. DISCUSSIONS
This study provides information on the negative effect of fall armyworm on annual crops. It has destructive tendencies on maize. It also destroys other economically important crop such as sweet potato, cowpea and amaranth (alternative host) as shown in this work. Odeyemi et al. (2021) also reported similar damage on maize, cassava and cowpea leaves indicating that the three food hosts are suitable for the development and survival of the insect and thus fall armyworm could switch host to other crops in the absence of maize. Because of their food preferences, fall armyworm larvae can wreck havoc on a wide range of agricultural crops (Igyuve et al. 2018). Consequently, the feeding of fall armyworm on maize not only interferes with the growth processes but also disrupts the development of plant yield potential (Anjorin et al. 2022). Therefore, for an effective management strategy of fall armyworm in maize and the alternative host crops will need to be integrated within the management strategy (Odeyemi et al. 2021) as the progressive increase in body length and width of fall armyworm on the four food hosts was observed. Thus, it is advisable that an intercrop situation should not exist between maize and these host crops and as succeeding crops. 
The larvae body length and width were significantly (p < .05) longer when fed with maize leaves and this is in line with the findings of Lewter et al. (2006) and Nagoshi et al. (2008) who reported that fall armyworm preferred grasses such as maize, sorghum and Bermuda grass which are C4 plants as opposed to C3 plants such as cotton or soybean. Georgian et al. (2016) also reported that the larvae of S. frugiperda are more damaging to maize than that of other noctuides in Africa. The maize plants exhibited a high population density of S. frugiperda larvae across various instars, with visible damage patterns including windowed leaves, whorl feeding, and fresh frass deposition resembling sawdust. Notably, infestation rates declined during the silking stage, consistent with the observations of Akhigbe et al., (2021). This aligns with earlier reports by Igyuve et al., (2018), citing UF/IFAS Extension (2017), which documented the larvae’s voracious feeding behavior severely compromising crop survival and yield. Larvae were further observed to burrow into corn ears during seed filling and maturity, directly damaging kernels and exacerbating yield losses.
[bookmark: _GoBack]For the larvae developmental period, our results showed that the average duration of larval phase development is 14 days when fed on maize and amaranthus. This is similar to the findings of Odeyemi et al. (2021) who reported total larval developmental period of fall armyworm on maize, cassava and cowpea to be 14, 16 and 17 days respectively and in contrast to the findings of Santos et al. (2003) who reported that the average duration of larval phase development is 11 days when fed with maize. This assertion is also corroborated by Pitre and Hogg, (1983) in Igyuve et al. (2018) that duration of the larval stage tends to be about 14 days during summer and 30 days during cool weather with mean developmental time determined to be 3.3, 1.7, 1.5, 2.0 and 3.7 days for instars 1 - 6 respectively while the duration of the pupal stage is about 8 - 9 days during the rainy season but reaches 20 - 30 days during the winter in Florida. 
Additionally, there were increase in fall armyworm head capsule respectively at each molt (1.52mm, 1.48mm, 1.50mm and 1.54mm) on the food hosts. Similar results were obtained by Odeyemi et al.  (2021) on maize (1.51mm), cassava (1.54mm) and cowpea (1.50mm) signifying that the molting of fall armyworm on the food hosts progresses almost at the same rate and this can be used for prediction purposes as it affects the abundancy of the pest during the growing season and when crops are mostly at risk, this view is also shared by Odeyemi et al. (2021). Moreover, there was a significant correlation and a lineal relationship between the mean head capsule width and larval development stages on amaranthus (0.98mm), maize (0.98mm), potato (0.99mm) and cowpea (0.98mm) indicating that there was no overlap in the width of the head capsules among the different instars and that variation in the developmental period for each larval instar was not strong enough to deviate from Dyar’s rule (Odeyemi et al. 2021). This knowledge on head capsule size can provide for more accurate research on insecticide efficacy, since many insecticides are only registered for application against instars 1 - 3 (Schmutterer, 1985). 
The lowest mean value recorded for leaf area was infested host plants and the highest recorded in control group particularly 8 and 10 weeks after planting. S. frugiperda larvae exhibited marked feeding preference for young, tender foliar tissues across all host plants. Quantitative assessments revealed near-equal leaf area consumption rates during larval development, irrespective of host species. This uniform defoliation pattern correlated with significantly higher infestation incidence, as evidenced by both increased leaf damage frequency and severity at 6 weeks post-planting (WAP). Consequently, it may reduce photosynthetic area resulting in yield reduction and loss. This finding also agrees with the submission of Akhigbe et al. (2021). Another assertion has it that infestation by scale herbivorous insects causes significant decrease in chlorophyll A, B and carotenoid levels in plants (Golan et al. 2015). 
Plant height also decreased as larval developmental stages increased in host crops (particularly in infested and uninfested sweet potato) at 2 and 8 weeks after infestation. At 8 weeks after planting, plant height decreased from 77.29cm to 67.16cm. Similarly, mean plant height for infested amaranthus and controlled amaranthus reduced (p < 0.05). The decreased trend in plant height may be due to the consumption rate of fall armyworm larvae which increases from the third larval instar stage. Tendeng et al. (2019) reported similar observation on the studies of biology of the fall armyworm that the consumption of S. frugiperda larvae is mostly important from the third larval instar stage and increases unto the last instar stage which can result in significant yield loss.

4. Conclusion AND RECOMMENDATION
Based on the result of this study, it can be observed that FAW is closely associated with the cereals (i.e. maize) and Vegetables (i.e. amaranthus). Therefore, maize as well as amranthus leaves auguments the body size of FAW larva, while it took longer period to develop when feeding on the leaves of cowpea (legume) and potato (tuber crop). Six developmental stages (instars) that FAW passes through are all observed on maize, amaranthus, potato, and cowpea; hence FAW successfully completed its larval stages on the food hosts and are in conformity with Dyar’s rule. The brunt of the infestation is the increase in crop losses and increased pesticide application. Thus, knowledge of  biology of FAW may be needed to formulate a desirable control measure for it. From the foregoing, it is clear that FAW is an insect pest that affects maize, amaranthus, potato and cowpea and its occurrence can cause a serious damage leading to economic loss if not properly managed. Therefore, this result would assist in developing sustainable management strategy for modifying maize and other host crop morphology and genetic make-up for resistance to FAW thereby boosting crop yield and ensure stabilization. 
From the foregoing, farmers need to be armed with the knowledge of the ecology and biology (larval developmental stages) of the pest to enable them put in place all measures to control and curtail the spread of FAW while the use of resistant varieties of host crops that will deter or delay the pest larval development and the use of sound and appropriate cropping system for population reduction of FAW are also recommended.
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