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 Abstract
Maize (Zea mays) is one of the major cereal crops grown for its food and feed values. It is one of the most important staple foods providing calories for consumers and income for traders, but pest complex as major constraints to its production. The fall armyworm (FAW), Spodoptera frugiperda and Lepidopteran stem borers are the most devastating pests of maize. In view of the recent arrival of the fall armyworm in 2016 in Africa, there is paucity of information on the distribution and abundance together with stem borers in Cameroon. This study was conducted to generate baseline information on the effect of fall armyworm and stem borers, distribution, population dynamics and damage on maize in Buea. The study was carried out at the Faculty of Agriculture Teaching and Research Farm, University of Buea. There were 3 treatments including control. (Control (Traps only), Trap + wood ash and Trap + detasseling) replicated thrice and arranged in a randomized complete block design. Two varieties of maize; UBMS0001 and CMS8704 were used in the study and baited traps were deployed in maize fields, hung on wooden poles at an approximate height of about 1.5 m above ground, to assess moth’s population and variations over time. Captured moth species were counted, and the attractant renewed weekly. Wood ash was applied gently on the leaves and stems of the plants manually soon as infestation was detected. Detasseling was done when the maize had tasseled because the 1st and 2nd instar larvae of the pests go up the tassel to feed on the pollen. The incidence of damaged plants abundance was monitored by visual sampling using the following indicators: exit holes on stems, frass, dead heart, lodged plants, irregular damage (cuts) on leaves in each maize variety. The findings of this study indicate that, more insects were found on the maize variety UBMS0001 compared to CMS8704, the mean number of plants damaged by fall armyworm and stem borers was higher for UBMS 0001 compared to CMS8704 but UBMS0001 had a higher yield compared to CMS8704.The results demonstrated that catches increased steadily from time of plants emergence and afterwards, catches declined significantly when the plants were growing into the reproductive stage. The larvae of three species which affects the growth and development of maize were observed in the stems of both maize varieties at harvest: the whitish purple Busseola fusca larvae, the dark to blackish Eldana saccharina and the pink Sesamia calamistis larvae, Eldana saccharina being the most abundant species. A higher number of FAW, Stem borers and damaged plants during the rainy season compared to the dry season was recorded. According to the results of this study, the performance of trap + detasseling on the yield of maize was significantly better than most of the other treatments. There was a higher number of damaged plants of 78 in the rainy season as compared to 55 in the dry season caused by FAW and 19 in the rainy season as compared to 10 in the dry season by stem borers. From the results of this study, the combined effect of trapping and detasseling ( Trap + Detasseling ) against fall armyworm and stem borers was significantly better than most of  the other treatments.
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1. Introduction
Maize (Zea mays) is one of the major cereal crops of the world and it is the most important staple cereal crop grown by small farm holders in sub Saharan Africa [1] and one of the dominant cereals grown in most other African countries. It is the first most widely produced and consumed cereal in the Country with over 700,000 families involved in its cultivation [2].
In Cameroon, it is used in a variety of traditional dishes (corky corn, corn jaff, and corn fufu.) as well as drinks (corn beer, scha, pap, amongst others). It is a major source of income for many farmers. Many women in Cameroon send their children to school, thanks to small businesses such as road side roasting of maize and plumbs. Green maize (fresh on the cob) is eaten parched, baked, roasted or boiled with or without salt and plays an important role [3] in filling the hunger gap after the dry season. Despite the economic importance of the crop to humans, its cultivation are heavily affected because of the attack by the insect pests, there by affecting their growth and development, yield performance and market values. Therefore, there is need to protect it against insects pest attack in farms so as to produce high yield and insect free/healthy crops.

Both biotic and abiotic constraints play a major role in limiting grain production per unit area as compared to other developing nations  [4]. Among the biotic factors, maize stem borers are the most important insects in maize field. These significantly reduce maize yield and production. This has been accompanied by the effect of the fall armyworm which damages the leaves and stems of maize plants thus reducing growth and production. In view of the recent arrival of the fall armyworm in 2016 in Africa, there is paucity of information on the distribution and abundance together with stem borers in Cameroon. This study is focused on assessing the effect of fall armyworm and stem borers, distribution, population dynamics and damage on maize and designing potential control methods in Buea.
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 2.   Materials and methods
2.1. Description of Study Area.
This study was conducted at the Teaching and Research Farm of the Faculty of
Agriculture and Veterinary medicine of the University of Buea. Buea is located on the
Eastern slopes of Mount Cameroon, between latitudes 4° 28′ 30ʺ N and 3° 54′ 26ʺ N and longitudes 8° 57′ 10ʺ and 9° 30′ 49ʺ E and at an elevation of about 450 m to 600 m above sea level. The upper elevations of the town tend to be cool and cloudy, while the lower elevations tend to be much warmer and less humid, having a mountainous terrain with fertile volcanic soils suitable for agriculture. The location of Buea at the foot of Mount Cameroon, and proximity to the Atlantic Ocean, results in a humid tropical climate with an annual rainfall of about 2800 mm. It has a mean annual temperature of 28°C and an average humidity of 86%. The annual sunshine is estimated between 900-1200 hours per annum [5].
2.2. Land preparation, planting and Experimental Field Layout.
A piece of 21 m x 11 m land was cleared and raked and 18 sub- plots were marked out of it. Each sub-plot measured 3 m x 3 m= 9 m2 with an alley of 0.5 m and 1 m between sub-plots and blocks respectively and a 2 m space around the whole plot. Maize seed (Hybrid UBMS-0001) from the Faculty of Agriculture and veterinary medicine, University of Buea was used. This hybrid is tolerant to drought and also to late lodging when it is not broken and the Cameroon ‘’CMS-8704’’ maize cultivar purchased from a local shop which was produced and released in 1987 by the Institute of Agricultural Research for Development (IRAD, Cameroon) was used in the study.
Nine of the sub- plots were planted with the maize variety UBMS0001 and the other nine with the variety CMS8704. The maize was planted at a spacing of 75 cm and 50 cm between and within rows respectively. Ten days after planting, gaps were filled by replacing those that did not germinate. At two weeks post germination, NPK (20:10:10) fertilizer was applied at the rate of about 5g per plant stand. Weed control by hoeing and manual weeding was done at four and eight weeks after planting. Traps were set in all the 18 plots upon detection of egg mass of FAW and stem borers on the maize plant. The traps acted both as a control measure and a method to monitor the population dynamics of the stem borers and FAW [6].This study was established as a randomized complete block design with three replicates for each treatment. Three sub-plots of each variety had only baited traps; three other plots treated with wood ash and baited traps also set, then the last three sub-plots also had baited traps and the maize plants were detassed at one week after tasseling, this was done so as to take care of confounding variables. This study was established .Table 1 shows the treatments used for the experiment
	Variety
	Treatments

	UBMS-0001
0001

	Trap only
only 

	Trap+Detasselling
	Trap+ wood ash
+ wood ash


	CMS-8704
	Trap only
	Trap+Detasselling
	Trap+wood ash


TABLE 1: Treatment combinations.

At one week after maize germination, one baited trap was set in each of the 18 sub
plots for the monitoring of stem borers and FAW population dynamics, abundance and
distribution sampling. At one-week after setting the traps, wood ash was applied
manually on the leaf whorls in the three selected sub-plots of each variety of the plants
manually using hand. At the maize tasseling stage, all the plants in three selected subplots of each maize variety were detasseled since the 1st and 2nd instar larvae of the pests go up the tassel to feed on the pollen which is a rich nutrient source for them as seen in figure 1 below. The detasseling was in an effort to reduce the number of larvae even before they reach the 3rd - 5th instar, when they start boring holes into the corn stem, which is considered most destructive to the corn. For the detasseling, maize plant was detasseled for each two maize per hill; this was to enable the other plant that was not detasseled to pollinate the detasseled maize. Traps were baited with a mixture of (half lire of vinegar, 40 ml of honey and 1L of tap water) and about 300 ml put in an empty 1.5 L water bottle. The bottle was then suspended just above the maize plants
using a string tied on a wooden pool placed in each sub-plot in the field.
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(a)                                                                    (b)
 FIGURE 1: ( a) Local Trap for FAW and stemborers adults constructed from a 1.5-l plastic water bottle and  (b) detasseled maize.

2.3. Fall armyworm and Stem borers abundance and population dynamics in the study area.
The numbers of adult FAW and stem borers in the maize plots over time was done by counting the insects caught in the baited trap set in each plot. The trap consisted of a 1.5 litre plastic bottle with two 2.5-3 cm diameter holes cut halfway on opposite sides of the bottle. Each trap contains half litre of locally produced bait; the trap was tied using a cord to a pole placed in the middle of each sub-plot and the cord adjusted such that the trap was suspending just above the canopy of the maize plants. Each trap was checked once each week to count the numbers of adult moths therein. Captured moth species were collected and counted, and the bait or attractant renewed once weekly for twelve weeks. The identification of species caught was done with the aid of field guide for the identification of Insect Pests of maize, by Alejandro Ortega of the Maize Program, CIMMYT. The numbers of each insect species collected each week were summed up and recorded to give the weekly abundance and population dynamics over time. Distributional pattern of species was assessed using the method as described by Isah, M. D.,Abdullah. and Sastawa, B. M [7] ; that is, mean> variance (Clumped distribution), Mean<variance (regular distribution) and mean=variance (random distribution).
2.4. Plant damage parameters. Plant damage was assessed visually during the vegetative stage prior to tasselling stage, by counting damaged plants of each maize variety as well as at the reproductive stage. The insect exit holes on stems made by stem borer from the sampled plants were counted weekly as a stem borer damage index. For the assessment of damage caused by fall armyworm, plants in the evaluated area were scored from 0 (no damage) to 9 (totally destroyed whorl) as proposed by Davis and Williams [8], to assess the impact of leaf damage.
2.5. Yield assessment.
The yields for each treatment were calculated by weighing two dried husked maize cobs of each variety from the experimental plots using a domestic weigh scale [9].Weekly inspection was carried out as from two weeks after planting till harvest to count egg masses, the number of damaged plants based on, stem tunneling, exit hole on stem, leaf damage, cob damage. All observed insects were collected for identification and recording. Spodoptera frugiperda presence was determined using the following indicators: I. Presence of fresh frass in the leaf funnel; II.  Presence of larvae on leaves or in the leaf funnel identifiable with the inverted Y-Shape in the head and the set of four dot forming a square on the upper surface of the last segment of its body [10] III.   Irregular damage (cuts) on leaves and presence of egg mass.  All stems with holes and frass were counted as damaged by stem borers. Each week, the number of plants damaged by stem borers and fall armyworm each were calculated. At 5 weeks after planting, then at physiological maturity and at dry harvest 5 plants from each sub-plot with stem borer damage were cut/harvested and the stems split open to identify the stem borers’ species therein. 
2.6. Study of over-seasoning population.
Prior to land preparation for the second planting season, all maize residues (stems, cobs) in the field were carefully observed and the stems split open to observe for pupae and or larvae. Grasses with succulent stems in the surroundings of the field were similarly observed. Thereafter, ten spots in the field were randomly chosen and the top soil in each of these spots dug up to about 10cm and carefully observed for pupae. All collected pupae were taken to the lab and kept for the emergence of adults for positive identification.        
2.7. Data Analysis.
The data obtained from this study was analyzed with the use the Statistical Package for Social Sciences (20) and Microsoft Excel 2016. Descriptive statistics was used to compute the mean, variance, standard error of the data (Central tendency and data dispersion). One Way ANOVA and Least Significant difference (LSD) was used to separate the means for this study which was done at α=0.05 (95% confidence interval) to evaluate the significance of the results. Distributional pattern of species was assessed using the method as described by Isah et al. [7]; that is, mean> variance (Clumped distribution), Mean<variance (regular distribution) and mean=variance (random distribution). 

 3. Results
 3.1. Fall Armyworm abundance, and population dynamics at different growth stages of maize.
TABLE 2: Distributional pattern of fall armyworm on UBMS0001 and CMS8704 maize.
	Maize variety
	Mean 
	Variance
	Distributional pattern 

	UBMS0001
	16±2
	38
	Contagious (clumped)

	CMS8704
	15±2
	13
	Regular


When variance < mean = regular distribution.
When variance > mean = contagious distribution.
When variance = mean = random distribution.

Based on the distributional pattern of fall armyworm, the mean of UBMS0001 of 16 was less than the variance of 38 which implies that the distributional pattern of fall army worm had a clumped or contagious distribution. whereas the mean of CMS8704 of 15 was greater than the variance of 13 which implies that the distributional pattern (Table 2).

Figure 2 below shows the differences in the mean abundance of fall armyworm in UBMS0001 and CMS8704maize wherein, more insects were found in UBMS0001 (89 insects) compared to CMS8704 (79 insects) in both seasons.  


[bookmark: _Toc67421414]FIGURE 2: Mean of fall armyworm during the different seasons for UBMS0001 and CMS8704. 


Figure 3 below gives a graphical presentation of the abundance and dynamics of fall armyworm for the different treatments from weeks 1-12. Across the three treatments, there was a general decrease in the abundance of fall armyworm from week 9 to week 12 when the plants were getting more mature and readier for harvest. The highest numbers were in week 2-4 when the plants had more luxurious growth and had started flowering. Generally, more fall armyworms were found for plants treated with Trap +wood ash compared to plots with Traps only and the Trap +detasseled plants.
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  Figure 3: Fall Armyworm abundance and population dynamics at different growth stages of maize.




3.2. Stem borers abundance and population dynamics at different growth stages of Maize.
From Table 3 below for UBMS0001, more stem borers adults were found for plots treated with Trap +wood ash (5) compared to plots treated with Traps only (4) and Trap +detasseling (1); the difference in the means were statistically significant (P=0.021).
The results from Table 4, more stem borers were found for plots treated with “Trap +wood ash” (4 insects) compared to plots treated with “Traps only” (3 insects) and Trap +detasseling (0) though, the difference in the means were not statistically significant (Table 4).
Based on the results in Table 5 “CMS8704’’, “Trap + wood ash” and “Traps only” both had a total of 2:1 mean number of stem borers throughout the study period (Weeks 1-12). However, “Trap + detasseling” had a mean number of stem borers of 0. The difference in the means across treatments was not statistically significant (0.06).
Based on the mean numbers of adult Stem borer caught over time in baited traps in a CMS8704 Maize field in the rainy season showed that “Trap+Woodash” had the highest mean number of Stem borers of 10 adults. On the other hand, “Trap + detasseling” had an average of 0 individual; the difference in the means was statistically significant (p<0.0001).
Figure 4 shows the differences in the mean abundance of stem borers in UBMS0001 and CMS8704maize. Generally, more stem borers were found in UBMS0001 (17insects) compared to CMS8704 (15 insects). This gives an indication that UBMS0001 maize was more affected by stem borers compared to CMS8704 maize.  
[bookmark: _Toc67421419]
FIGURE 4: Mean of stem borer during the different seasons for UBMS0001and CMS870.

 TABLE 4: Mean numbers (±SE) of adult Stem borers caught over time in baited traps in a UBMS0001 maize field with different treatments in the dry season.
treatments in the dry season
TABLE 3 : Mean numbers (±SE) of adult Stem borers caught over time in baited  in a UBMS0001 maize field with different treatments in the rainy season.
treatments in the dry season

	Weeks of sampling
	Traps only
	Traps + Detassing
	Trap +woodash
	P-value
	Weeks of sampling
	Traps only
	Traps + Detassing
	Trap +woodash
	P-value

	1
	0±0
	-
	0±0
	-
	1
	0±0
	-
	0±0
	-

	2
	0±0
	-
	0±0
	-
	2
	0±0
	-
	0±0
	-

	3
	0±0
	-
	1±1
	-
	3
	1±1
	-
	1±1
	-

	4
	1±0
	-
	0±0
	-
	4
	1±0
	-
	1±0
	-

	5
	1±1
	-
	0±0
	-
	5
	0±0
	-
	0±0
	-

	6
	0±0
	-
	0±0
	-
	6
	0±0
	-
	1±1
	-

	7
	0±0
	-
	1±0
	-
	7
	1±0
	-
	1±1
	-

	8
	1±1
	-
	1±1
	-
	8
	0±0
	-
	0±0
	-

	9
	1±0
	-
	1±0
	-
	9
	0±0
	-
	0±0
	-

	10
	0±0a
	0±0a
	0±0a
	0.63
	10
	0±0a
	0±0a
	0±0a
	1

	11
	0±0a
	1±0a
	1±1a
	0.492
	11
	0±0a
	0±0a
	0±0a
	1

	12
	0±0a
	0±0a
	0±0a
	0.422
	12
	0±0a
	0±0a
	0±0a
	1

	Total
	4±2b
	1±0c
	5±3a
	0.021*
	Total
	3±1a
	0±0a
	4±33a
	0.233


[bookmark: _Toc67484343]TABLE 6: Mean numbers (±SE) of adult Stem borer caught over time in baited traps  a CMS8704 maize fields with different treatments in the rainy season .

[bookmark: _Toc67484342]TABLE 5: Mean numbers (±SE) of adult Stem borer caught over time in baited traps in a CMS8704 Maize field with different treatments in the dry season.



	Weeks of Sampling
	Traps only
	Trap +Detassing
	Trap+Wood ash
	P-Value
	Weeks of Sampling
	Traps only
	Trap +Detassing
	Trap+Woodash
	P-Value

	1
	0±0
	-
	0±0
	-
	1
	0±0
	-
	1±0
	-

	2
	0±0
	-
	0±0
	-
	2
	0±0
	-
	1±0
	-

	3
	0±0
	-
	0±0
	-
	3
	1±1
	-
	1±1
	-

	4
	0±0
	-
	0±0
	-
	4
	0±0
	-
	1±1
	-

	5
	0±0
	-
	0±0
	-
	5
	1±0
	-
	1±1
	-

	6
	0±0
	-
	0±0
	-
	6
	0±0
	-
	1±1
	-

	7
	0±0
	-
	1±0
	-
	7
	0±0
	-
	1±1
	-

	8
	1±0
	-
	1±1
	-
	8
	0±0
	-
	0±0
	-

	9
	0±0
	-
	0±0
	-
	9
	0±0
	-
	0±0
	-

	10
	0±0a
	0±0a
	0±0a
	1
	10
	0±0a
	0±0a
	1±1a
	0.422

	11
	0±0a
	0±0a
	0±0a
	1
	11
	0±0a
	0±0a
	1±1a
	0.422

	12
	0±0a
	0±0a
	0±0a
	1
	12
	0±0a
	0±0a
	1±1a
	0.422

	Total
	1±0a
	0±0a
	2±1a
	0.064
	Total
	2±1b
	0±0c
	10±8a
	p<0.0001


Least Significant Difference (LSD) was used to separate means at P of 0.05. Values with the same letters in a row are not significantly different p<0.05


3.3. Distributional pattern of stem borers on UBMS0001 maize and CMS8704 maize.
Based on the distributional pattern of stem borers, the means for both UBMS0001 and CMS8704 were similar which therefore indicates a random distribution of stem borers on the species (Table 7). 
[bookmark: _Toc67484345]              TABLE 7: Distributional pattern of Stem borers.
	Maize variety
	        Mean
	variance
	Distribution

	UBMS0001 maize
	4±1
	      4
	 Random

	CMS8704 maize
	3±1
	     3.0
	 Random



                        When variance < mean = regular distribution.
When variance > mean = contagious distribution.
[bookmark: _Toc59644558]When variance = mean = random distribution.

3.4. Differences in the mean abundance of damaged plants in UBMS0001 and CMS8704 maize across seasons.
Figure 6 below shows the differences in the mean abundance of damaged plants in UBMS0001 and CMS8704 maize across seasons. Generally, more damaged plants were found in UBMS0001 compared to CMS8704 and there was a higher number of damaged plants (78) in the rainy season compared to 55 in the dry season. This gives an indication that UBMS0001 maize was more affected by fall armyworm compared to CMS8704 maize. Figure 5  shows the damage caused by fall armyworm larvae.
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FIGURE 5 : Typical damage from Spodoptera frugiperda on maize.
[bookmark: _Toc67421421] 
FIGURE 6: Mean of plants damaged by fall armyworm during the different seasons on UBMS0001 and CMS8704.
[bookmark: _Toc59644561]3.5. Differences in mean numbers of plants damaged by stem borers for UBMS0001and CMS8704 maize varieties.
Figure 8 shows the differences in the mean abundance of damaged plants in UBMS0001 and CMS8704 maize across seasons. Generally, more damaged plants were found in UBMS0001 compared to CMS8704 and there was a higher number of damaged plants (19) in the rainy season compared to 10 in the dry season. This gives an indication that UBMS0001 maize was more affected by stem borers compared to CMS8704 maize. Figure 7 shows an early (a) and an advanced damage stage (b) caused by stem borers larvae on maize.
(a) [bookmark: _Toc67421422][image: C:\Users\E.D NIKSON\Desktop\Presentation\IMG-20210503-WA0008.jpg][image: C:\Users\E.D NIKSON\Desktop\Presentation\IMG-20210503-WA0011.jpg] (b)
                  FIGURE 7: (a) and  (b) Typical damage from stem borers on maize.
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[bookmark: _Toc59644562]FIGURE 8: Mean of plants damaged by fall armyworm on UBMS0001 and CMS8704 maize varieties.
3.6. Types of larvae found in UBMS0001 and CMS8704 maize stems after harvest.
The larvae of three species which affects the growth and development of maize were observed in the stems of both maize varieties at harvest the whitish purple Busseola fusca larvae, the dark to blackish Eldana saccharina and the pink Sesamia calamistis larvae (Figure 9).
(a) [image: C:\Users\user\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG_20200730_095443_9.jpg][image: C:\Users\user\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG_20200728_125922_7.jpg][image: C:\Users\user\AppData\Local\Microsoft\Windows\INetCache\Content.Word\IMG_20200730_110512_2.jpg]                                              (b)                                                  (c)                                                          
                                                                                                
FIGURE 9: (a) Busseola fusca  (b) Eldana Saccharina and (c) Sesamia calamistis.
[bookmark: _Toc59644563]3.7. Differences in larvae found in UBMS0001 and CMS8704 maize at harvest.
Figures 10 illustrate the differences in the numbers of larvae in both maize varieties
In the rainy season, UBMS0001 was seen to have a higher mean number of Busseola fusca larvae (4) compared to 1 larva in CMS8704. This is therefore evidence that UBMS0001 was more affected by Busseola fusca as compared to CMS8704. 
In the dry season, UBMS0001 was seen to have a higher mean number of Busseola fusca larvae of 5 compared to 0 in CMS8704. This therefore evidence that UBMS0001 was equally more affected by Busseola fusca compared to CMS8704. 


[bookmark: _Toc67421426]
FIGURE 10: Differences in Busseola fusca larvae in UBMS0001 and CMS8704 at harvest.

Figures 11 show the difference in Eldana saccharina in both UBMS0001 and CMS8704. 
In the rainy season, UBMS0001 had higher numbers of Eldana saccharina larvae. On the other hand, CMS8704 had few numbers of the larvae. This indicates that UBMS0001 was more affected by Eldana saccharina compared to CMS8704 (Figure 11).
In the dry season, UBMS0001 had higher numbers of Eldana saccharina larvae. On the other hand, CMS8704 had few numbers of larvae. This is therefore evidence that UBMS0001 was equally more affected by Eldana saccharina as oppose to CMS8704. 

[bookmark: _Toc67421427]FIGURE 11: Differences in numbers of Eldana saccharina larvae in UBMS0001 and CMS8704 at harvest.

Figure 12 below shows the difference in Sesamia calamistis in UBMS0001 and CMS8704. 
In the rainy season, only 1 larva was found in UBMS0001 and was completely absent in CMS8704. However, none was recorded in the dry season.

[bookmark: _Toc67421428]FIGURE 12: Differences in numbers of Sesamia calamistis larvae in UBMS0001 and CMS8704 at harvest.
3.8. Yield (kg).
[bookmark: _Toc67484358]For UBMS0001 in the dry season, Trap+ detasseling which had the lowest number of affected plants, had the highest mean yield of 0.75 kg followed by Trap+ Wood ash with an average yield of 0.72 kg and lastly by Traps only with an average of 0.52 kg. These differences in yield across treatments were not statistically significant (p=0.130) (Table 8). Based on the yield for CMS8704, Trap+ detasseling which also had the lowest number of affected plants, had the highest mean yield of 0.60 kg followed by Trap+ Wood ash with an average yield of 0.55kg and lastly by Traps only with an average of 0.0.48 kg.  
TABLE 8: Yield for UBMS0001 and CMS8704 maize in the dry season.
	Treatment
	CMS8704 (Kg)
	UBMS0001(Kg)

	Traps only
	0.48±0.22a
	0.52±0.07a0

	Trap +Detasseling
	0.60±0.10a
	0.75±0.03a

	Trap+Woodash
	0.55±0.10a
	0.72±0.10a

	P-value
	0.657
	0.130


Least Significant Difference (LSD) was used to separate means at P=0.05. 
Values with the same letters in arrow are not significantly different p<0.05.

[bookmark: _Toc67484359]Based on the yield for UBMS0001 in the rainy season, “Trap+ detasseling” had the highest mean yield of 0.87 kg. The difference in the yield across treatments were not statistically significant (p=0.359) (Table 9). For CMS8704, “Trap+ detasseling” had the highest mean yield of 0.66 kg. These differences in yield across treatments was not statistically significant (p=0.672) (Table 9).

TABLE 9: Yield for UBMS0001 and CMS8704 maize in the rainy season.
	Treatment
	UBMS0001(Kg)
	CMS8704 (Kg)

	Traps only
	0.73±0.11
	0.56±0.03

	Trap +Detasseling
	0.87±0.05
	0.66±0.07

	Trap +Wood ash
	0.74±0.08
	0.62±0.10

	P-value
	0.359
	0.672


Least Significant Difference (LSD) was used to separate means at P=0.05. Values with the same letters in arrow are not significantly different p<0.05.
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4.  Discussion
Based on the results of this study on the abundance and population dynamics of fall armyworm at different maize growth stages, there was a general decrease in the numbers of fall armyworm from week nine after planting to the last weeks when the plants were getting mature and ready for harvest.  Moth catches increased from the early vegetative growth stages when the traps were deployed and the highest observed within the first four weeks after planting till flowering. These results are in agreement with those of Murua et al. [11] who found FAW infestations to be plant age-dependent with the early vegetative stages being the most preferred stages, i.e., younger stages of maize were found to be more infested than older stages, our findings also align with Bohini, et al.[30] who reported that the percent infestation of maize  plants was observed from 1 week after emergence and Reay-Jones, [12] reported that FAW prefers to lay eggs and feed on vegetative stage corn. These studies show that FAW infestation can occur beyond the early vegetative growth stage but it is significantly lower after the early vegetative stages. After the ninth week, most maize plants were in the reproductive stages. At this stage, few tender leaves are on the maize plants to support the growth of neonates that hatch from eggs, resulting in few moths visiting the maize field at this stage to lay their eggs. Consequently, the reduction in moth catches over time during this growth stage. These findings suggest that management practices that target the adult moths that visit the field have to be concentrated within the first four to six weeks of maize germination. Therefore, baited traps that catch the adult moths should be set-up within this period.

The findings of this study indicate that, more insects (fall armyworm adults) were found on the maize variety UBMS0001 compared to CMS8704. Cumulatively, the mean number of plants damaged by fall armyworm was higher for UBMS0001 compared to CMS8704. The reasons could be due to differences in chemical characteristics of the varieties including such as host-plant odour. Undamaged corn plants release linalool, which is likely the compound responsible for female moth attraction[13]. Host selection by FAW moths and larvae was reported to be affected by plant volatiles emissions [14]. Host selection by female moth is crucial for offspring performance as newly hatching larvae are not able to actively search for hosts due to their restricted mobility. Their host preference could be dose-dependent of linalool, which is emitted by both plants.
The spatial distribution pattern of individuals in a population may conform to any one of several broad types, such as random, regular, or contagious (clumped) Evans et al .[15] The results show that, the adults of fall armyworm were regularly distributed on CMS8704 and followed a contagious pattern on UBMS 0001 while the stem borers showed a random distribution for both maize varieties. Hernandez-Mendoza [16]  indicated that S. frugiperda showed a random spatial distribution in maize grown in Mexico, as previously reported by Faris et al. [17] and Melo et al. [18] in Brazil, and Serra and Trumper [19] in Argentina.  Knowing the spatial and temporal distributions of S. frugiperda and stem borer in maize will facilitate the development of integrated control strategies, improve existing sample techniques, allowing estimations of the economic losses caused by FAW, when population density decreases, S. frugirperda shows a random distribution, but when density increases, an aggregated distribution. The random distribution is due to several factors, such as high dispersion capability, natural mortality, migration for host plants and /or the impact of natural enemies Serra and Trumper, [19] Melo et al., [18]. Clumped distributions of insects can result from response of individuals to environmental conditions or resources, including food, potential mates and sites for laying eggs (oviposition).

The main stem borer species found on the plots were E. saccharina, B. fusca and Sesamia calamistis. These findings are similar to that of Hordzi et al. [20] who reported that the major stem borer species found infesting maize plants in farms in southern Ghana were these same species. There was a general increase in adult populations from week 2 to 7 and damage observed during the reproductive stage. This agrees with Abang et al. [21] who reported stem borers infestations during the reproductive crop stages. Stem borers were reported to have an oviposition preference for to 3-6 weeks old maize plants  [22] .

The results showed that more stem borers were found on UBMS0001 compared to CMS8704 indicating that UBMS0001 was more affected by stem borers than CMS8704. Host selection in phytophagous insects is generally determined by adults [22] . These Lepidopterous insects employ various sensory cues in host plant location and acceptance, cues may derived from plant size, plant volatiles, presence of nutrient levels or plant texture [14] .Plant size is a more important stimulus because larger plants receive more eggs than small plants regardless of plant secondary metabolites [23]. As in other moths’ species, general orientation of the stem borers towards UBMS0001 may be triggered by plant size, plants with vigorous growth result in larger size and should be favourable to stemborers.
From the results of this study, the combined effect of trapping and detasseling (Trap Detass) against fall armyworm and stem borers was significantly better than most of the other treatments and had the lowest number of affected plants, and highest mean yield for both maize varieties. This was followed by Traps+Wood ash which registered a lower plant damage compared to the control plots (Traps only). Wood ash has been reported to have insecticidal properties as it was noticed to reduce insects’ populations, number of leaves damaged and number of holes in maize and yam farm [24]. Traps, in general, serve to determine insect movement, to estimate temporal and spatial distribution of insects; and to evaluate need for control and effectiveness of control measure. The concept of mass trapping using food/host attractants, to attract insects to a trap where they would be confined and die control insects for population suppression [25]. The key objective of trapping in pest management is to capture enough insects in the treated area before they reproduce or damage crops. Detasseling is the removal of corn tassels. It helps minimize corn borer infestation since the larva wants to stay first in the tassels before going into the ear .The findings of this study are further supported by Felkl. [26] who confirmed that detasselling 75% of maize plants reduced infestation and larval tunneling, primarily by removing larvae feeding in the tassels and secondarily by reducing survival of larvae because of reduced amounts of pollen as food, and resulted in an almost 100% yield gain 
In our study, we recorded a higher number of FAW, Stem borers and damaged plants during the rainy season compared to the dry season. Some studies [27] have identified weather conditions as the key determinant factors for abundance of most insects, including the FAW. For the FAW and Stem borers, rainfall results in luxurious growth of its preferred host plants, thus creating conditions for the thriving of pests’ population [28].

[bookmark: _Toc59644568]5.  Conclusions and Recommendations
The world is already facing food security challenges resulting from biotic constraints to crop production. This study effectively confirms that the abundance and population dynamics of FAW as well as damage caused by the pest varied with the growth stages of the maize plant as well as stem borer species. In this study, trapping + detasseling showed good results in terms of damage reduction and yield increase. To control the pest effectively, farmers need to scout their maize crop daily to be able to detect the pest early.
Managing these pests in the study area will therefore require targeting management actions to the first 2-6 weeks after emergence (that is, the vegetative growth stages). Moth abundance declined steadily after this stage. Farmers should burn maize stands after harvest because they are potential sources of infestation of stem borers for the next planting season, this finding aligns with Cokola et al., [23]. who reported that destruction of crop residues help to mitigate FAW infestation which serve as reservoirs for FAW, also effectively controls the pest’s population. Farmers should use improve maize varieties so that they can have a greater yield at the end of the production process. Modern technologies such as the use of drones equipped with imaging technology, and computer vision techniques to automatically detect FAW and stem borers infestation in maize crops can play a significant role in monitoring their infestations in real-time, assessing their severity through data analytics and predictive modeling, and allowing timely interventions Shaurub, [31]; Shinde et al., [32]. Despite significant progress in FAW and stem borers management, several research gaps remain that warrant further investigation. For instance, the role of climate change and its impact on the  distribution,  and life cycle and population dynamics of FAW requires deeper exploration, as it could significantly impact the dynamics of the pest and, consequently, agricultural productivity Ntwari et al., [33].
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