EFFECT OF WEED INFESTATION AND TIME-OF-DAY INSECTICIDE APPLICATION ON FALL ARMYWORM AND MAIZE YIELD


FALOLA-OLASUNKANMI, JUDITH ADEJOKE
B.  Agric. 2012 (Ilorin); M.Sc. Crop Protection (Ilorin) 2016
07/10AC143


A THESIS SUBMITTED TO THE DEPARTMENT OF AGRONOMY, FACULTY OF AGRICULTURE, UNIVERSITY OF ILORIN, ILORIN, NIGERIA, IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE AWARD OF THE DEGREE OF DOCTOR OF PHILOSOPHY DEGREE IN AGRONOMY (Ph.D.), UNIVERSITY OF ILORIN, NIGERIA.


					


June, 2023.


CERTIFICATION
This is to certify that this thesis has been read and approved as meeting the requirements of the Department of Agronomy, University of Ilorin, Ilorin, Nigeria, for the award of degree of Doctor of Philosophy (Ph.D) in Agronomy. 


………………………….						………………..
Prof. F.O. Takim 							        Date
(Supervisor)




…………………………						………………….
Prof. A.K. Musa								Date
(Co-Supervisor)




……………………………						…………………..
Dr. E.K Eifediyi								Date
(Head of Department)




……………………………..						……………………
Dr. H.E. Ahamefule								Date
(Postgraduate programme coordinator)						


………………………………..                                                                     ………………………
External Examiner								Date


DECLARATION
I, FALOLA-OLASUNKANMI, Judith Adejoke, a Ph.D. student in the Department of Agronomy, University of Ilorin, Ilorin, hereby declare that this dissertation entitled “Effect of Weed Infestation and Time-of-day Insecticide Application on Fall Armyworm and Maize Yield” is an original work reported and submitted by me. Any materials obtained from other sources or work done by any other persons or institutions have been duly acknowledged. In addition, the research has been approved by the University of Ilorin Ethical Review Committee. 




……………………………… ………..…………….. 
FALOL-OLASUNKANMI, Judith Adejoke











DEDICATION
This thesis is dedicated to the memory of my dear parents late Dr. and Mrs. S.A Ifalade.

















AKNOWLEDGEMENTS
I wish to express my sincere gratitude to all those who have contributed immensely to the successful completion of my Ph. D degree in the Faculty of Agriculture in the University of Ilorin, Kwara State, Nigeria.
First, I wish to express my sincere gratitude to my most able supervisor,DR. FELIX OGAR TAKIM , for his enthusiasm, patience, insightful comments, helpful information, practical advice and unceasing ideas that have helped me tremendously at all times in my research and writing of this thesis.  His immense knowledge, profound experience and professional expertise in Weed science enabled me to complete this research successfully. Without his support and guidance, this project would not have been possible. I could not have imagined having a better supervisor in my study. I’m sincerely grateful sir. 
My unalloyed gratitude to my co-supervisor, Prof. A.K. Musa who is more of a father than a supervisor, for his fatherly affection, easy accessibility, cooperation, invaluable advice and constructive criticism without which this piece of work could not be a success. God bless you sir.
I would like to express my special thanks to my Dean and Supervisor Prof. O. F. Adekola for her time and efforts she provided throughout the year. Your useful advice and suggestions were really helpful to me during the project's completion. I am eternally grateful to you ma.
I am very grateful to all lecturers in the Department of Agronomy, more importantly the Head of Department Dr. E.K. Eifediyi and the Post Graduate Coordinator Dr. H.E. Ahamefule. I also appreciate other members of staff and technologist for their cooperation.
To my colleagues Mr. Femi and Mr. Garuba thanks for your love and understanding, you made my stay worth the while. I appreciate you sirs.
I deeply and gratefully acknowledge the sense of gratitude to my wonderful parents late Dr. S.A and Mrs. J.J IFALADE for bringing me up in the very best way they could and for their undying love and support right from my conception. You are the best parent a child can ever dream of. LOVE YOU.
To my baby brothers Tobi and Juwon (twins), from the deepest part of my heart, I say a very big thank you for everything. Thanks for all the troubles. What would I have done without you people in my world? I bless the day I was born into this beautiful family. I am so much indebted to you.
I cannot forget my Father in the lord Pastor V.O. Adewuyi, thank you sir for the prayers and encouragement. God will increase your unction. 
I acknowledge my best half, FALOLA OLASUNKAMI you are the best husband in the world, you’ve been very wonderful all the way, thanks for your love and support. I CHERISH YOU. To our children know that we earn this degree together for you had been involved even from conception, thank you for been so strong and sweet. Mummy loves you. 
Above all my deepest gratitude goes to my lord, the One that has been steadfast in providing for me, the One that has made me victor over failure and death, the One that has being sustaining me, the One whose mercies have known no end, the One who is limitless in giving, the One that has loved me from a pure heart, my friend, my treasure, my priority, my savior, my redeemer, my father and my God. To him alone is all the glory.









TABLE OF CONTENTS
											Page
	
	Title page
	i

	
	Certification
	ii

	
	Declaration
	iii

	
	Dedication
	iv

	
	Acknowledgement
	v

	
	Table of contents
	vii

	
	List of Tables
	x

	
	List of Plates
	xiii

	
	List of Appendices
	xiv

	
	List of Abbreviations and Acronyms
	xv

	
	Abstract
	xvii

	
	
	

	
									
	

	
	CHAPTER ONE
	

	1.0
	INTRODUCTION
	

	1.1
	Background of the Study
	1

	1.2
	Statement of the Problem
	2

	1.3
	Justification of the Study
	3

	1.4
	Objectives of the Study
	3

	
	CHAPTER TWO
	

	2.0
	LITERATURE REVIEW
	

	2.1
	Effect of Weed Infestation on Maize
	4

	2.2
	Effect of Armyworm on Maize
	6

	2.3
	Fall Armyworm
	 7

	2.3.1
	Life cycle of fall armyworm
	 7

	2.3.2
	Importance of fall armyworm
	 9

	2.4
	Effect of Weed Infestation on Fall armyworm
	10

	2.5
	Effect of Time of Day of Application on Pest Control
	11

	2.6
	Integrated Pest Management (IPM)
	12

	2.6.1
	Importance of maize variety on IPM
	 13

	2.6.2
	Integrated weed management (IWM) in maize
	 13

	
	

CHAPTER THREE
	

	3.0
	MATERIALS AND METHODS					
	

	3.1
	Experiment 1: 
Effect of Weeds Removal on Armyworm Infestationand Yield of Maize	
	17

	3.1.1
	Site description
	17

	3.1.2
	Physico-chemical properties of the soil
	18

	3.1.3
	Experimental design and field layout
	18

	3.1.4
	Herbicide application
	18

	3.1.5
	Insecticide application
	19

	3.1.6
	Data collection
	19

	3.1.6.1
	Maize data
	19

	3.1.6.2
	Weed data
	20

	3.1.7
	Data analysis
	20

	3.2
	Experiment 2: 
Morphometrics of Fall Armyworm 
	21

	3.2.1
	Fall armyworm culture in the Laboratory 
	21

	3.2.2
	Development of larvae 
	21

	
	CHAPTER FOUR
	

	4.0
	RESULTS 
	

	4.1
	Weed Species Composition in the Study
	23

	4.2
	Weed Density and Biomass
	30

	4.3.1
4.3.2
4.3.3
4.3.4
	Maize population
Number of leaves
Plant height
Yield and yield components 
	34
42
48
53

	4.4
	Weed Host of Fall armyworm 
	59

	4.5
	Morphometrics of Fall Armyworm Encountered in the Study
	65

	
	

CHAPTER FIVE
	

	5.0
	DISCUSSION 
	

	5.1
	Weed Species Composition 
	72

	5.2
	Weed Control Efficiency
	72

	5.3
	Effect of Weed Removal of Fall armyworm
	73

	5.4
	Time of-Day Application of Insecticide of Fall armyworm
	74

	5.5
	Weed Removal on Yield
	74

	5.6
	Weed Host of Fall armyworm
	75

	5.7
	Morphometrics of Fall armyworm
	75

	6.0
	CONCLUSION AND RECOMMENDATIONS
	76

	
	REFERENCES
	78












LIST OF TABLES
	Tables
	
	Page

	1.
	Importance value index (IVI) of weed species encountered in the continuously sampled quadrat in maize field, 2019.
	24

	2.
	Importance value index (IVI) of weed species encountered in the continuously sampled quadrat in maize field, 2020.
	25

	3.
	Importance value index (IVI) of weed species encountered in the continuously sampled quadrat in maize field, 2021.
	28

	4.
	Effect of time of weed removal and application of insecticides on weed infestation in 2018.
	31

	5.
	Interactions between insecticide and time of day of application on weed parameters at 3 WAS in 2018.
	32

	6.
	Effect of variety, time of application and weed control treatment on weed density and weed biomass in 2019.
	33

	7.
	Effect of variety, time of application and weed control on weed density and weed biomass in continuously sampled quadrat in 2020.
	35

	8.
	Interaction between variety and weed control on continuous weed density at 3 WAS (seedling/ m2).
	36

	9.
	 Interaction between variety, time of application and weed control in continuously sampled quadrat weed biomass at 3 WAS (g/m2).
	37

	10.
	 Effect of variety, time of application and weed control on weed density and weed biomass in continuously sampled quadrat 2021.
	38

	11.
	Interaction between variety and weed control on continuous weed density at 3 weeks after planting (seedling/ m2).
	39

	12.
	Interaction between variety, time of application and weed control in continuously sampled quadrat weed biomass at 3 weeks after planting (g/m2).
	40

	13.
	Effect of weed removal, Insecticide and time of day application on number of infested plants 2018.
	41

	14.
	Effect of variety, time of day of application and weed control on number of infected plant 2019.
	43

	15.
	Effect of variety, time of day of application and weed control treatment on number of infested plants in 2020.
	44

	16.
	Interaction between variety and weed control treatments on number of infested plant at 8 WAS (seedlings/plot).
	45

	17.
	 Effect of variety, time of day of application and weed control treatment on maize number of plant and number of infected plant in 2021.
	46

	18.
	Effect of weed removaland time of day application of insecticides on number of infected leaves 2018.
	47

	19.
	Effect of pests control and time of day application of insecticides on number of infested leaves 2019.
	49

	20.
	Effect of variety, time of day of application and weed control treatment on number of infected leave 2020.
	50

	21.
	Effect of variety, time of day of application and weed control treatment on number of infested leave, 2021.
	51

	22.
	Effect of variety, time of day of application and weed control treatment on plant height, 2020.
	52

	23.
	Effect of variety, time of day of application andweed control treatment on plant height in 2021.
	54

	24.
	 Influence of weed removal and time of day of insecticide application on maize yield and yield components 2018.
	55

	25.
	Interaction between insecticide and time of day of application of insecticide on grain yield, 2018.
	56

	26.
	Effect of variety, time of application and weed control on yield and yield components on maize, 2019.
	57

	27.
	Interaction between variety and weed control on Grain yield (t/ha), 2019.
	58

	28.
	 Effect of variety, time of application and weed control on maize yield and yield components, 2020.
	60

	29.
	Interaction between variety and weed control on Grain yield (t/ha).
	61

	30.
	 Effect of variety, time of application and weed control treatment on maize yield and yield components, 2021.
	62

	31.
	Interaction between variety and weed control on Grain yield (t/ha).
	63

	32.
	Weed host of fall armyworm encountered in the study
	64

	33.
	Morphometrics of Spodoptera spp larval instars encountered in 2019
	68

	34.
	Morphometrics of Spodoptera spp larval instars encountered in 2020
	69

	35.
	Morphometrics of Spodoptera spp larval instars encountered in 2021
	70

















LIST OF PLATES
	Plate
	Page

	1a-b: Characteristics of Fall armyworm
	22

	2a-d: Weed host of Fall armyworm encountered in the study
	66

	3:       Larval instars of Fall armyworm in the study
	67






















LIST OF APPENDICES
												
	Appendix
	
	Page

	1
	Soil physiochemical analysis, 2019.
	97

	2
	Soil physiochemical analysis, 2020 and 2021.
	98

	3
	Rain fall pattern in Ilorin, Kwara State (2018-2021).
	99























LIST OF ABBREVIATIONS AND ACRONYMS

	2,4-Dichlorophenoxyacetic acid
	2,4-D

	3 weeks weedy
	W3

	4 weeks weedy
	W4

	Afternoon
	Pm

	Agricultural market information system
	FAO-AMIS

	Analysis of variance
	ANOVA

	Annual
	A

	Atrazine
	AZ

	Broadleaf
	B

	Centimeters
	Cm

	Centre for agriculture and bioscience international
	CABI

	Degree Celsius
	OC

	Emusifiable concentrate
	EC

	Fall armyworm
	FAW

	Figure
	Fig

	Food and agricultural organization
	FAO

	Grain yield
	GY

	Gram per meter square
	g/m2

	Grams per liters
	g/L

	Grass
	G

	Gross domestic product
	GDP

	Importance value index
	IVI

	Integrated pest management
	IPM

	Integrated weed management
	IWM

	International institute of tropical agriculture
	IITA

	International maize and wheat improvement centre
	CIMMYT

	Kilogram
	kg

	Kilometers
	km

	Life cycle
	LC

	Liquid chromatography
	LC

	Liter
	L

	Liter per hectare 
	L/ha

	Metolachlor
	MT

	Millimeters
	mm

	Morning
	am

	Morphological group
	MG

	National association of coloured women’s club
	NACWC

	Nicosulfuron
	NF

	Nitrogen, Phosphorus and Potassium
	NPK

	Not significant
	NS

	Perennial
	P

	Plants per hectare
	Plants/ha

	Primextra
	PX

	Sedge
	S

	Standard error of difference
	SED

	The Food and Agriculture Organization Corporate Statistical Database
	FAOSTAT

	Time of-day application
	T

	Ton per hectare
	T/ha

	United state development and agriculture
	USDA

	United state dollar
	US$

	Variety
	V

	Variety and Time of application
	V x T

	Variety and Weed control
	V x W 

	Variety, Time of application and Weed control
	V x T x W

	Weed control
	W

	Weed control
	WC

	Weeks after planting
	WAS



ABSTRACT
Maize production is affected by several factors such as weeds, insects and most recently fall armyworm (FAW) causing low yields in Nigeria. This study therefore, examined the effect of weed infestation on fall armyworm and maize yield. The objectives of the study were to: (i) ascertain the presence of FAW in the study area; (ii) identify dominant weed species that were natural hosts of FAW; (iii) evaluate the efficiency of weed control methods on FAW infestation and maize yield; and (iv) examine the effect of time-of-day application of insecticide on FAW. 
Field trials were conducted at the University of Ilorin Teaching and Research Farm during 2019, 2020 and 2021 seasons. The experiment was a factorial design with a split-split plot arrangement and replicated three times. Maize varieties (Oba-super 6 and Oba-super 4) comprised the main plots, time-of-day application of insecticide (9 am and 4 pm) constituted sub-plots while weed control (pre-atrazine, pre-atrazine+post-Nicosulfuron, pre-metolachlor, pre-metolachlor+post-Nicosulfuron and pre-primextra, 4 weeks of weedy, 3 weeks of weedy, and weed check) were the sub-sub plots. The field was ploughed, harrowed, and ridged; maize seeds were sown at a spacing of 1 m x 0.25 m to give 40,000 plants/ha. Data collected were weed host, weed density and biomass at 3, 6, and 9 weeks after sowing. Number of infested/harvested plants, yield and yield components of maize at harvest were subjected to analysis of variance. Significant means were separated using new Duncan`s multiple range test at p<0.05. Insect larvae collected from the maize plots were taken to the laboratory for preservation and identification using “four-dot’’ square on the 8th abdominal segment, body length and head capsule widths.
The major findings of the study were:
1. fall armyworm larvae with six distinct instars and 21-day developmental period were observed; 
1. dominantnatural hosts of FAW in the study area were Digitariasanguinalias, Dactylocteniumaegyptium, Echinochioacrusgalli, Narcissus papyraceus, Commelinabenghalensis and Gossypiumhirsutum;
1. atrazine controlled 94% of broadleaved weeds and 6% of grasses, while metolachlor controlled 89.6 and 20.4% of grasses and broadleaves, respectively;
1. between40-47% low FAW infestation in delayed hoe-weeded and weed-checked plots compared to herbicide-treated plots and 16.5% increase in atrazine-treated plots;
1. delayed weed removal for 3 weeks yielded 3.63 t/ha of grain yield, 36.9% and 9.4% increase over plots treated with herbicides once (2.29 t/ha) and twice (3.29 t/ha), respectively; and
1. time-of-day application of insecticide had no significant(p>0.05) effect on FAW and maize yield although plots treated at 4 pm had 3.08% increase in grain yield.
The study concluded that prolonging the time of weed removal allowed the natural hosts of FAW to dominate, thereby reducing the level of infestation on the maize. The study therefore recommended that farmers should delay weed removal for 3 weeks to reduce FAW infestation and improve maize yield
iii

CHAPTER ONE
1.0 INTRODUCTION 
1.1 Background of the Study
Maize (Zea mays L.) is the world's leading cereal provider, with 34,075,972 million metric tons produced on 70,076,591 million hectares (FAOSTAT, 2015). Maize accounts for more than 20% of total calories in human diets in 21 low-income countries, and more than 30% in 12 countries inhabited by more than 310 million people. Of the 22 countries in the world where maize accounts for the highest percentage of calorie intake in the national diet, 16 are in Africa (Nuss and Tanumihardjo, 2011).
In 2017, global maize production amounted to 1.04 billion tons (FAO-AMIS, 2017), with the United States producing 42% of the total (IITA, 2018). The top three maize producing countries in the world, the United States, China, and Brazil, produced approximately 563 of the 717 million metric tons/year (Peter et al., 2014). Africa accounts for 6.5% of total production, with Nigeria producing nearly 8 million tons, followed by South Africa (IITA, 2018).Between 1990 and 2015, Nigeria produced approximately 4.7 million tonnes of maize on average, with maize accounting for approximately 22% of total grains produced, up from 8.7% in 1980. Maize was planted on 561, 397, 290 hectares of Nigerian land, accounting for approximately 61% of total cultivable land in Nigeria. Maize production in Nigeria was 10.7 million metric tons in 2015, 10.5 million metric tons in 2017 (FAO, 2017), and 11.6 million metric tons in 2021 (USDA, 2022). 
Maize demand in Nigeria is increasing at a faster rate than supply (Sadiq et al., 2013). This could be because the grain is used to feed poultry and is also the main source of food for many households (Ogunniyi, 2011). Maize demand is increasing, and by 2023, maize will account for the lion's share (34%) of total crop area harvested in Nigeria (OECD-FAO, 2014). This poses particular challenges to the global capacity to supply the required volumes of maize in a sustainable manner, particularly in low and middle income countries.
Despite the importance of maize in Nigeria, yields are still low due to a variety of factors such as low soil fertility, a lack of labor, weed infestation, and insect pest attack, with the fall armyworm being the most severe pest attack reported and confirmed in 28 African countries (Cock et al., 2017)
Fall armyworm (FAW), Spodoptera frugiperda (J.E Smith), is an insect pest that attacks over 80 plant species, including maize, sorghum, millet, sugarcane, and vegetable crops. Nonetheless, maize is the most heavily impacted crop in Africa by FAW (Prasanna et al., 2018). Given the importance of maize as a primary staple food crop in Africa, the invasion of FAW threatens the food security of over 300 million small-holder farmers who are struggling to meet their needs and provide enough food for their families (FAO, 2018).
1.2 Statement of the Problem
According to a recent assessment, FAW has the potential to result in losses of 8.3 to 20.6 million tons of maize per year (worth US$2481-6187 million) in 12 nations that produce maize in sub-Saharan Africa, accounting for around 20% of the region's total production (Taferaet al., 2019). Out of the total expected production of 39.3 million tonnes of maize, the potential impact of FAW on production across the continent ranges from 4.1 to 17.7 million tonnes per year, with losses ranging from US$ 1,088 to US$ 4,661 million per year, out of the total expected value of US$ 10,343 million (CABI, 2018).In Nigeria, it is anticipated that FAW will cause loss ofUS$ 268 million, 7.8 million hectares of crops will be infested, and more than 1.5 million households will be affected in just four states (FAO, 2018). In order to rescue the livelihoods of those who have been infested by FAW, FAO urgently needs the assistance of willing resource partners at the moment, FAO is the only source of funding for its response in Nigeria. To tackle the FAW crisis nationwide as of 2018, FAO response totalled US$ 461,000, which is only 13% of the funds required. US$ 3,000,000 is still required to close the budget gap (FAO, 2018).
In Nigeria, the annual value of maize lost to FAW was estimated to be 1.34% of the whole agricultural sector's value, and agriculture's share of the GDP was 21.0% while 4,417.9 tons and US$1,366,900 million were assessed as the maize yield loss as a result of FAW (CABI, 2018).The cost of maize and other commodities impacted by the insect would probably increase if the infestation persists due to higher crop losses. In response to FAW effect, the majority of farmers have abandoned infested farms and replaced them with other crops like cassava. This may eventually result in higher maize production costs and a shortage of raw materials for the agricultural sectors that make animal feed, cereals, and other items made from maize. As a result of the reduced output and income, more households will experience debt, poverty, and food insecurity.
1.3 Justification of the Study
Synthetic pesticides have been widely employed as an emergency measure to restrict the spread of the pest and reduce damage to maize crops ever since FAW first appeared in African nations. With Karate 5 EC, Tracer 480 SC, Coragen 200 SC, Ampligo 150 SC, and Radiant 120 SC, moderate to high larval mortality was attained. According to reports, 16 hours after the application of Radiant Orthene and Larvin, at least 60% FAW mortality is possible (Tefera et al 2019)
Even though synthetic insecticide plays an important role in the management of FAW, there still confirm reports of insecticide resistance in FAW populations as well as other negative impacts resulting from sole dependence on synthetic insecticide(Yu, 1991). Therefore, it is vital to employ an integrated pest management strategy for FAW management.
In farming systems, there is a known relationship between insect pests and weeds (Altieri et al.,1977; Thomas et al., 1991), there is need therefore to modify cropping system that can affect the abiotic and biotic aspects and alter the relationship and lifecycle of pest such as weeds and insects. (Takim, 2012; Lamichhane et al., 2018; Claral et al., 2020; Laura et al 2021)
1.4 Objectives of the Study
The main aim was examined the effect of weed infestation on fall armyworm and maize yield.The specific objectives of the study were to:
i) ascertain the presence of FAW in the study area; 
ii) identify dominant weed species that were natural hosts of FAW; 
iii) evaluate the efficiency of weed control methods on FAW infestation and maize yield; and
iv) examine the effect of time-of-day application of insecticide on FAW


CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 Effect of Weed Infestation on Maize
Weeds represent a permanent threat to agricultural output, unlike insect and disease outbreaks, which can be unpredictable and irregular (Svetlana and Lubomir, 2019). One of the most significant problems in the production of maize is weeds, which result in significant yield losses globally, with an average of 12.8% yield loss when weed management is used and 29.2% without weed control (Hossain et al., 2019). 
[bookmark: _GoBack]According to NACWC (1994), yield loss caused by weeds was estimated to be 38% over all of Africa and 64–75% in the Guinea savannah zone of Nigeria. This yield loss ranged from 40 to 100% in Nigeria (Fadayomi, 1991).According to Imoloame and Omolaiye (2017), intervention from weeds in maize for 3–6 weeks after sowing and beyond severely reduced growth components and grain production. This is consistent with Chaunhan's (2020) claimed that weeds are the primary sources of crop production losses among the four categories of agricultural production hazards namely diseases, insect pests, rodents, and weeds.This was later confirmed in Nigeria by Takim (2012) who noted a 40–100% loss in maize yield and a 64–75% loss in the Guinea savannah region of the country due to weed infestation. Maize is also highly susceptible to weed competition in Uganda (Kaiira et al., 2014), where they noted several production challenges that resulted in low yields in maize, including weeds. 
Weeds have the ability to reduce maize yield by 16–80%, making them one of the biggest obstacles to maize production in Uganda.Weeds decrease maize grain yields by extending the anthesis-silking interval, which is consistent with earlier research by Nasser et al. (2020). The most susceptible yield component to weed interference is the number of seeds per ear. According to Imoloame and Omolaiye (2017), the number of ears per plant and the weight of 100 seeds of grains decreased linearly with increasing weed interference duration. According to Maqbool et al. (2006), weeds destroyed the maize crop economically the most at the precise moment when the biomass density was at its peak.How much maize production is lost due to weed infestation depends on the weed density and crop growth phases during which weed crop competition takes place (Takim, 2012). However, Maqbool et al. (2006) claimed that weeding should be done within the first 30 days of germination to prevent competition from weeds. According to (Takim and Fadayomi, 2010), weed emergence was higher in continually farmed plots and plots farmed every other year than it was in plots farmed just once and then left fallow for 2 to 3 years.
According to a study by Iderawumi and Friday (2018), a maize field that had no weeding at all experienced a crop failure with a very poor yield. Tandzi and Mutengwa (2020), who later provided a similar result in a maize field with growth performance for unweeded plots that had extremely poor yield with stunted and thin plants, confirmed this.
Studies have shown that a satisfactory maize yield can be achieved with weed-free conditions for 2 weeks beginning 3 weeks after sowing (Imoloame et al., 2017). According to Fadayomi et al. (1992), the peak time for weed emergence occurs between 3 and 8 WAS for the majority of early arable crops. The best yield will be produced if the first weeding is done between 2 and 3WAS, but when the first weeding is permitted to wait until 4 weeks before it is done, there is a significant decrease in crop production (Iderawumi and Friday2018). This is consistent with the findings of Iderawumi and Friday(2018), who found that delaying weeding until 4 WAS severely decreased the growth performance of maize. Between 3 and 8–10 WAS of crops, there was a strong sprouting of weed seedlings in the Sudan savanna region of northern Nigeria. As a result, hoe weeding at 6-7 WAS or pre-emergence herbicide spraying might effectively remove the majority of weed infestation in agricultural crops (Takim et al., 2014). In the same agro - environmental zone, Takim and Fadayomi (2010) findings are consistent with this report.
The benefits of weedy environments for the increase of natural enemy communitiesand/or the dilution of host plant stimuli within and around agricultural ecosystems are becoming more widely understood. Sudhanshuet al. (2020). According to Olatunji et al. (2016), The yield difference between the weedy and weed-free corn was just4.4%, which is not statistically significant. This result shows that weed influence with maize production can be negligible when only the most basic weed control techniques are utilized.
According to Ileana et al., (2007), a specific weed species is present in every area that grows maize, with the type of weed encroachment varying based on the soil and agricultural practices used before and during the maize crop. Consequently, each location requires unique integrated weed management solutions (Takim et al., 2012).
Additionally, weeds impede harvesting processes, emit toxic compounds (allelopathy), and act as habitats for disease-carrying insects and parasites (Cheng and Cheng, 2015). The ultimate goal of pest management is to eliminate or reduce the damaging  pests effect on agronomic crops and effective pest control necessitates the identification of pertinent species and an understanding of their biological characteristics so that management can be customized to the pests present in specific fields (Preliminary study, 2018).
2.2 Effect of Fall Armyworm on Maize
Fall armyworm (FAW), Spodoptera frugiperda (JE Smith) (Lepidoptera: Noctuidae), is the main insect pest of maize in tropical areas and is a native of tropical and subtropical regions of the Americas. In 2016, the first FAW case in West Africa was documented (Goergen et al., 2016).
FAW may harm both regional and international trade. It has been stopped at quarantine points in Africa and Europe, according to CIMMYT (2018), suggesting the prospect of phytosanitary trade problem both inside and outside of Africa. However, it must be noted that FAW can migrate over great distances when the wind is favorable, making natural migration a viable option for immigration. During the dry season, the fall armyworm, a powerful lepidopteron, travels up to 100 km annually (Goergen, 2016).The establishment of FAW populations in Africa has wider ramifications for world agriculture since it raises the possibility that the pest may move on to Europe and Asia, probably via North Africa and Egypt and African nations on the continent's east coast like Ethiopia (CIMMYT, 2018).
The very destructive FAW plant-eating insect attacks more than 80 different plant varieties and results in significant economic damage. Rice and other members of the grass family, including maize, are preferred by FAW. The pest was discovered in Nigeria for the first time in 2016 (FAO, 2018), and it has since been ravaging maize fields at an alarming rate. According to Figueiredo et al. (2015), the autumn armyworm attack produced damage that reduced maize production by up to 34% in Brazil, costing the country an estimated $400 million yearly. The pest attack began with maize emergence and continued through tasseling and silking. The fall armyworm can also infest the base of the ear, damaging the maize or possibly encouraging microbial diseases (FAO, 2017).
The armyworm's primary habitat is the whorl of the maize plant, where it feels safe and can chew and grow on its preferred food, immature maize leaves. As they devour the leaves, they can also directly harm the crop by penetrating maize ears (FAO, 2018). Fall armyworm infestations at the vegetative stage can result in greater yield losses and leaf damage than late stage infestations when the fall armyworm population is high on the plant (FAO, 2018). The quality of the crop at harvest may occasionally suffer if the larvae travel to the tassel and the ears.
FAW damages the cob, which has an adverse effect on maize output. It results in a decrease in the yield, which has an adverse economic impact on farmers' income. According to Evansi and Stansly (1990), the level of economic harm as determined by Norton's equation was 50% with tasseling.
2.3 Fall Armyworm 
2.3.1. Life cycle of fall armyworm
At a daily temperature of 28 °C during the warm months, the armyworm's life cycle is finished in about 30 days, but in colder climates, it can last up to 60 - 90 days. FAW is unable to enter into diapauses CIMMYT (2018). In regions where the pest is prevalent, FAW infestations continue nonstop throughout the entire year. Migration of FAW occurs in non-endemic places when and if environmental conditions allow, and it may take as little as one generation for them to go locally extinct (Megersa and Tamiru, 2021).
Eggs
The egg has a dome-like form with a flattened base and bends upward to an apex that is broadly rounded. The egg is roughly 0.3 mm long and 0.4 mm in diameter. While the average and maximum egg production per female is approximately 1,500, the number of eggs per mass varies greatly and typically ranges from 100 to 200. While some eggs are laid in layers, the majority are dispersed over a single layer affixed to foliage. The female also deposits a layer of grayish scales over the egg mass and in between the eggs, giving it a downy or moldy appearance. In the hotter months, the egg stage lasts just 2 to 3 days (Sagar et al., 2021).

Larvae
In essence, the FAW has six larval instars. A young larva has a black head and a greenish body; by the second instar, the head is orange. The larvae grows to a length of around 1 mm (instar 1) to 45 mm (instar 6), with head capsule widths ranging from about 0.3 mm (instar 1) to 2.6 mm (instar 6). The dorsal surface of the body turns brownish in the second instar, but primarily in the third instar, and lateral white lines begin to develop. The head is reddish brown and white-marbled in the fourth to sixth instars, and the brownish body has white subdorsal and lateral lines. Dorsally located elevated patches are often dark in colour and have spines.When closely inspected, the mature larva's epidermis has a rough texture and may be marked with a white inverted "Y" on the face. However, when touched, larva doesn't feel abrasive. In addition to its normal brownish appearance, the dorsal portion of the FAW larva can also be mostly green. The dorsal raised patches of the green variety are light in colour as opposed to dark (Goergen et al., 2016).
A group of four sizable dots that create a square on the upper par of the FAW's final body segment are its most distinguishing characteristicLarvae tend to hide during the hottest portion of the day. Larvae tend to hide during the hottest portion of the day. During the warm months, the larval stage normally lasts 14 days, and during the colder months, it lasts 30 days. The average development time for instars 1 through 6 of larvae raised at 25°C was found to be 3.3, 1.7, 1.5, 1.5, 2.0, and 3.7 days, respectively ( Gouin et al., 2017).

Pupae
FAW often pupates in soil between 2 and 8 cm deep. To make a loose cocoon, the larva links soil particles together using silk. The oval-shaped cocoon measures 20 to 30 mm in length. If the soil is too hard, larvae may collect leaf pieces and other materials to build a cocoon on the earth's surface. The pupa is between 14 and 18 mm long and 4.5 mm wide, with a reddish brown colour. The pupal phase lasts up to 20 to 30 days during the cooler months, compared to 8 to 9 days during the summer. The pupal stage of the FAW cannot endure extended cold temperatures (Dumaset al., 2015).
Adults
Adult fall armyworm moths measure 32 to 40 mm in length. Male moths often have dark, brown forewings with triangular white spots between the middle and tip of the wing.Female forewings are less well defined, from a consistent greyish brown to a faint gray and brown mottling. (Cock et al., 2017). An iridescent silver-white hind wing with a narrow dark border is present in both sexes. Because they are nocturnal, adults are most active at night and when it's humid and muggy outside. After a pre-oviposition phase of 3 to 4 days, the female moth normally deposits the bulk of her eggs during the first 4 to 5 days of life, while some oviposition can linger for up to 3 weeks. The estimated average adult life span is 10 days, with a span of 7 to 21 days CIMMYT (2018). 
2.3.2 Importance of fall armyworm
Effect on maize
While feeding on young plants through the whorl causes dead heart, juvenile larvae mostly eat epidermal leaf tissue and make holes in leaves, which is a typical damage symptom of FAW. The quality and production of older plants are reduced by larger larvae in the whorls that can consume the cobs or kernels of maize (Abrahams et al., 2017; Capinera, 2017).
Effect on weed
When maize was planted as a monoculture in Uganda, fall armyworm larvae attacked it more frequently than when it was intercropped with cowpea or when weeds were present (Haliu et al., 2018).
Effect on crop yield
Infestations of 55 to 100% of plants caused losses of 15 to 75% of grain output in Nicaragua, according to Portillo et al. (1996). In Honduras, He also observed FAW, along with three other lepidopterous maize defoliators, eating non-crop vegetation (weeds).
Effect on Economy 
As of November 2017, the Fall Armyworm (FAW) was estimated to have damaged 7.8 million hectares of crop and affected more than 1.5 million householdswhich has a negative impact on the food output and incomes of more than a million producer families across Nigeria.. These losses included more than 268 million dollars in losses earned in the states of Abia, Ekiti, Ondo, and Oyo alone (FAO, 2018).
Even with the government's and partners' contributions, there is still a sizeable $23 million financial shortage that must be filled in order for FAO to successfully assist nations in overcoming autumn armyworm concerns in 2018.
The Fall Armyworm has become a top concern for those involved in the agriculture sector due to its unsettling rate of expansion and presence in every region of the nation. For millions of Nigerians, agriculture is a major source of income, and in some regions of the nation, more than 80% of households rely on agriculture for their primary source of income.
Even though FAW prefer maize, it can also have an impact on a wide range of other important farmed crops, including Cotton, sorghum, rice, sugarcane, beet, groundnuts, onions, soybeans, pasture grasses, millets, tomatoes and potatoes(Capinera, 2017).
The FAW moth has traits with other members of the Spodoptera genus, including both a migratory pattern and a more restricted dispersal pattern. Moths can travel more than 500 km (300 miles) during their migratory habit before oviposition. Moths can fly even greater distances when the wind pattern is favourable; For instance, it has been observed to travel 1,600 km in 30 hours from the southern U.S. state of Mississippi to the southernmost region of Canada.(Rose et al., 1975).
The pest can last the entire year. However, thr0oughout much of Africa, Wherever host plants are present, even off-season and irrigated crops, and climatic circumstances are favourable, FAW generations will persist throughout the year. (Robert and Marcos 2000). The region's circumstances, particularly in places with bimodal rainfall patterns, suggest that the pest can live for the majority of the year even if patterns of population persistence, dispersal, and migration in Africa have not yet been established (FAO 2018).
2.4 Effect of Weed Infestation on Fall armyworm
Altieri et al. (1977) reported that weeds affect the biology of pests and beneficial insects in several ways, including by providing flowers, a microclimate, a different colonization background, the presence of neutral insects, the production of chemical stimuli, modification of crops, etc. The role of weed is to control pest population (Maclaren at al., 2020). The degree of crop damage will be significantly impacted by phytophagous noctuids' capacity to distinguish between prospective host plants and travel between weeds and crop plants (Portillo et al., 1996).When compared to ecosystems with limited plant diversity, habitats with higher plant diversity are likely to have higher concentrations of helpful arthropods (Thomas et al., 1991). Such pests' preferences for feeding and oviposition will also have an impact on quick weed management techniques
2.5 Effect of Time of Day of Application on Pest Control
According to Peter (2007), the environment, weed species, and kind of herbicide all have an impact on the efficacy of a herbicide at different times of the day. While contact herbicides, which are more sensitive to time of day, should be sprayed during the warmest, brightest daylight hours of the day, systemic herbicides, which have the highest potential for off-site harm, are less impacted by time of day and should be applied while weed speeds are lowest.(Steve, 2002) found that the time of day when glyphosate was sprayed had a major impact on how well giant ragweed was controlled. Giant ragweed control was much lower when glyphosate was applied at 6 am and 9 pm. In the same experiment, it was observed that to maintain maximum control, glyphosate should be administered to fields with high gigantic ragweed pressure sometime between 9 am and 6 pm. In the same study, he discovered that the only time difference that mattered for the common lambsquarters control was between the applications at 6 am and 12 pm. However, regardless of when glyphosate was administered, lambsquarters control was great.
To effectively control plant pests and diseases, timing is essential. Knowing how to time spraying with the stages of plant and pest growth is essential for successful application of control agents, whether you are combating caterpillars, aphids, or mildew. Every pesticide application has a schedule, but within that plan, spraying chemicals at the proper time of day will enhance effectiveness (Beal, 2019).
The timing of the pesticide application for a direct hit depends on the product catching the insect at the right time. Since many insects go through metamorphosis and have multiple instars, they can be more vulnerable to pesticides as adults or as larvae (Agriculture.vic.gov.au, 2020).
The ideal conditions for applying pesticides are on cloudy days when temperatures are mild, when the soil is rather dry, and when there is no chance of rain. You should never apply pesticides during strong winds to avoid the chemical from flowing to unintended places (Bonnie, 2019).
With the exception of weed density at 9 WAS and weed biomass at 9 and 12 WAS, pesticide treatment time of day significantly affected predicted weed parameters in the preliminary experiment. In comparison to plots where pesticides were sprayed at 9 am, those treated with insecticides at 5 pm and 1 pm had comparatively low weed biomass and density during the entire assessment period. The amount of infested maize leaves per plot was considerably impacted by the time of day the insecticide was applied. While pesticide applications at 1 pm or 5 pm had equal numbers of infested maize leaves and much lower numbers than 9 am treatments, the number of infested maize leaves on the plots treated at 9 am was significantly higher. The yield of maize grain was greatly impacted by the insecticide treatment time of day. The grain yield of plots treated at 5 pm and followed by 1 pm was considerably higher. Plots treated at 9 am had significantly lower maize grain yields than untreated plots (preliminary study, 2018).
Because FAW actively feeds at night, you must spray the insecticides in the early morning from 6 to 10 am or the late afternoon from 4 to 7 pm, provided the conditions are good for spraying (Prasanna, 2018).

2.6 Integrated Pest Management (IPM)
In order to effectively manage pest populations, use of pesticides and other interventions must be kept at levels that are both ecologically and economically acceptable. Threats to the health of human, animals and the environment must also be minimized or eliminated. This is known as integrated pest management (IPM). IPM involves carefully evaluating all available pest control methods (Frank et al., 2022).
According to FAO (2018), IPM now includes more thorough investigation of the ecosystem. Farmers also take into account the existence of natural enemies, crop growth and its potential to recover from damage, alternative investment possibilities, personal health, the environment, and the local price of maize.
Biological control must be viewed as a crucial element of IPM and a mutually beneficial strategy for controlling pests that will increase revenues while protecting the environment and human health (Bodeet al, 1990).
IPM does not exist as a "packaged technology" that farmers "adopt." IPM is a method of farming that gradually becomes more effective with increased ecological awareness and observational abilities (FAO, 2018).
2.6. 1 Importance of maize variety to IPM
Improved cultivars are a crucial component of integrated pest management measures and other agricultural sustainability strategies (Delate, 2009; Liebman and Davis, 2009). It has been consistently shown that plant breeders place a high priority on a comprehensive understanding of sustainability. The primary objective of plant breeding, according to Hayes et al.(1955), is to produce hybrids or varieties that utilize plant nutrients efficiently and offer the most high-quality resistance to disease - causing organisms or insect pests.These qualities greatly aid in yield stabilization by reducing excessive swings. This reflects the concerns of farmers and sustainability advocates (Dobbs, 2004).
2.6.2. Integrated weed management (IWM) in maize
A multidisciplinary approach to weed control known as integrated weed management (IWM) employs a number of different alternative control techniques (Swanton and Weise, 1991). In order to effectively and economically control weeds while minimizing weed impact with the crop and maintaining adequate crop yields, the IWM combines cultural, mechanical, biological, genetic, and chemical approaches (Knezevic et al., 2002). None of the weed removal techniques is able to remove weeds entirely. Yet, if several IWM components are used methodically, significant breakthroughs in weed control technology are achievable (Swanton and Weise, 1991). The IWM strategy encourages the adoption of all weed-control techniques, such as
1. Choosing a crop type or hybrid with appropriate disease and pest resistance, strong early-season vigour, and
2. Proper timing, location, and amount of nutrient delivery, as well as ideal plant density and planting patterns/spacing
3. Appropriate cover crops, tillage techniques, and crop rotation
4. Appropriate selection of chemical, biological, and mechanical weed control techniques
5. Additional weed-control methods (flaming, steaming, infrared radiation, sand blasting, etc.).
Cultural Control
The efficacy of the maize weed management program depends on cultural practices. If managed properly, maize's high level of competitiveness can offer significant weed competition. Weed control in the early growing season is essential for reaching a competitive maize yield, according to studies (Knezevic et al., 2002), Weeds that appear after maize has been established for 4 weeks have less effect on maize production.

Mechanical Weed Control
The two types of tillage, preplant tillage and in-row cultivation are the most widely used mechanical weed control methods. To give the crop a better head start in the fight against weeds in the early stages, preplant tillage aims to eliminate all weeds before planting maize. Growers frequently employ field cultivators and discs, which, when operated properly, are quite successful at suppressing weed seedlings. After the crop has been sown, weeds are removed by in-row cultivation, typically with a rotary hoe or an inter row cultivator. For large-seeded broad-leaved weeds, though, such giant ragweed, velvetleaf (Abutilon theophrastiMedik.), cocklebur (Xanthium strumarium L.), etc., they are less successful. The weeds and grasses with small seeds and broad leaves respond best to rotary hoeing. While rotary hoes are normally operated at a speed of 13–19 km/h, use them after the crop has been sown but before or after weed germination. Moreover, in-row cultivation is efficient when soil-applied herbicides fail to control weed growth because of a lack of rainfall. There are numerous varieties of in-row cultivators available, but it's critical to calibrate the equipment to effectively eliminate as many weeds as possible in the inter-row space with the least amount of crop plant interruption (Rueda-Ayala et al., 2010).
Biological Control
The natural enemies of the weed are used in the biological control method to decrease its detrimental impacts on the environment and agriculture. It basically aims to achieve long-term weed management by putting weeds in the company of their natural enemies. The natural enemies of these weeds are frequently referred to as biological control agents. For instance, the fungicide commercial bio-herbicide Colego has been used to control northern joint vetch (Aeschynomene americana L.) on rice (Oryza sativa L.) in the southern United States (Smith, 1986).According to numerous government directives and laws, thorough host-specificity testing is necessary prior to the release of biological control agents to ensure they won't damage non-target species, like native and agricultural plants. A biological control project requires a considerable financial investment, sometimes running into millions of dollars. Even if there aren't any commercially available solutions for biological weed control in maize right now, this field has a lot of potential in the future.

Chemical Weed Control
The most important step in controlling weeds in maize is to use herbicides. Herbicides are used by the majority of maize growers in Nigeria and many other nations because they are effective and reasonably priced. According to Akbar et al., (2019), herbicides can be applied at several intervals, such as before crop planting (pre-plant), after crop planting but before emergence (pre-emergence), and after crop emergence (post-emergence). Depending on a number of factors, the choice of herbicide spraying schedule varies from farmer to farmer and from crop to crop. Several herbicide applications by maize growers can provide season-long weed control (Maclaren et al., 2020).

Preplant Herbicides
When used to manage winter annuals and early-spring annual weeds, herbicides sprayed on freshly grown weeds are known as "burndown herbicide treatments." Foliar active herbicides like glyphosate, 2,4-dichlorophenoxyacetic acid (2,4-D), or dicamba are the most often used herbicides as burndown before planting maize. Many farmers mix leftover pesticides with early-spring burn down procedures. While this may lead to a clean seedbed during planting and crop emergence, the effectiveness of weed management is likely to be significantly diminished. The amount of a reduction depends on the herbicide rate, the interval between spraying and planting, and the weather (Hoeft et al., 2000).
The rates of numerous residual products have decreased as a result of the application of post-emergence products, particularly glyphosate in glyphosate-resistant maize. If treatments are to be made a few weeks earlier than usual, product rates should be carefully examined in order to optimize the impact of the residual weed control after crop emergence (Hoeft et al., 2000).
The residual herbicide is applied before planting maize and is incorporated into the soil with little tillage in the preplant integrated technique of herbicide treatment. In this kind of treatment, the herbicide is put to the soil surface and then mechanically mixed into the top 5-8 cm of soil using tillage.
Pre plant inclusion is the preferred method for maize production when spring rainfall is scarce and there is a low likelihood of enough rainfall to absorb herbicides. Moreover, it reduces the likelihood of herbicide loss as a result of volatilization. Buttle (1990) reported that soil absorption greatly decreased the overall metolachlor loss in runoff water as compared to pre-emergence treatment. However, there has been a decline in pre plant incorporation as a result of the popularity of no-tillage and reduced-tillage production strategies in recent years (Hoeft et al., 2000).
Preemergence Herbicides
Herbicides used prior to emergence of maize are known as pre emergence herbicides and have soil residual activity. Pre-emergence herbicides can be sprayed on the soil in bands over the rows of planted crops or as a field-wide application. Pre-emergence herbicides require irrigation or rainfall within 7–10 days following application in order to activate and reach the weed germination zone by water infiltration (Hoeft et al., 2000).In the absence of rain or irrigation, a rotary hoe can mechanically incorporate some of the herbicide into the weed germination zone. Excessive rains can make preemergence herbicides less effective at controlling weeds and raise the danger of maize damage. A number of pre-emergence herbicides have been registered for the management of weeds in maize. Many maize growers frequently are unable to use preemergence herbicides prior to maize emergence due to damp soil conditions or other considerations. After maize emergence, a variety of residual preemergence herbicides can be used. For instance, on tiny, newly emerging weeds, herbicides (such atrazine and mesotrione) show foliar activity.
Postemergence Herbicides
Post-emergence herbicides are those that are applied after weeds and maize have emerged. They normally provide good crop protection and foliar activity on developing weeds when used as directed on the label. Post-emergence herbicides can be spread widely among crops and weeds, or they can be applied with gear that targets weeds while avoiding crop contact (Anonymous, 2013). For foliar-applied post-emergence herbicides to function after application, rain must occur. Following the application of post emergence herbicides, a particular amount of time must pass without any rain or overhead watering in order to prevent the chemicals from washing off the plant and leaf surface. There are a number of post-emergence herbicides that have been approved for the management of weeds in maize (Anonymous, 2013).
CHAPTER THREE
3.0 MATERIALS AND METHODS 
3.1 Experiment 1: Effect of Weeds Removal on Armyworm Infestation and Yield of Maize
3.1.1 Site description 
The field is located at the University of Ilorin Teaching and Research Farm, Bolorunduro Ilorin (008027’ 23.9”N and 004039’ 429”E) in the southern Guinea savanna Agro ecological zone of Nigeria and 307 m above sea level. The rainfall pattern is bimodal with peaks in July and September. Annual amount of rainfall ranges between 1200 mm and 1500 mm and temperature ranges between 19o-33oC.  The area is characterized by well drained sandy loam soil. The vegetation cover include Choromolaena odorataLinn, Heterotis rotundifolia (Sm) Jac., Andropogon gayanus Kunth, Cyperus iria Linn., Echinochloa atagnina Beauv, Bracharia deflexa (Schumach.) C.E. Hubbard and Sienna occidentalis Linn.  In 2020 trial site, the vegetation before cultivation was dominated by Richardia scabra L, Digitaria sanguinalias (L.), Gomphrena serrata (L.) and Chloris pycnothrix Trin.
The preliminary trial was conducted during the 2018 planting season, The selected portion of land was previously cultivated for soybean in the 2017 growing season, while the land used in 2019 was previously cultivated for cassava and maize between 2014 to 2018 growing seasons.  The location used in 2020 and 2021 was a mixed cropping site before the commencement of this study. 
3.1.2 Physico-chemical properties of the soil
In each year of trial a total of four randomly selected soil samples bulked together to form a composite sample were collected from 0- 10 cm depth using soil auger. The soil cores were air dried and passed through a 2 mm sieve to remove vegetation materials and stones. The soil samples were taken to the Department of Agronomy laboratory of the University of Ilorin to determine the physical and chemical properties. 
3.1.3.	Experimental Design and Field Layout
The preliminary experiment was laid as a Randomize Complete Block Design with a split-split plot arrangement and replicated three (3) times. The main plots consisted of weedy, 4 weeks weedy and weed-free, the sub plots were insecticides [Strong Force (Methomyl 90% SP), Tihan (Spirotetramate 75g/L + Flubendiamide 100g/L), Lara Force (Lambda cyhalothrin 10% WP), Cover Force (Polyether modified silicon > 83% + Allyoxpolethylene< 17%) & Control while the sub sub plots was Time of Day Applicationof insecticide (9 am, 1 pm and 5 pm).The experimental field (3010m2) was ploughed, harrowed and ridged. Sowing was done on the 27th July, 2018 using the planting spacing of 1 m x 0.25 m, 1 seed per hole with an approximate plant population of 40,000 plants/ha.
Theexperiment was laid out in a Factorial Design with a split-split-plot arrangement with three replications. The main plots consisted of maize varieties (Oba super 6 and Oba super 4), sub-plots were insecticide time -of -day application (9 am and 4 pm.) while the sub-sub plots were weed control treatments: (i) Weed check  (ii) Weed-free (iii) 4weeks Weedy  (iv) 3weeks Weedy (v) pre-emergence application of Atrazine [6-chloro-N-ethyl-N’-(1-methylethyl)-1,3,5-triazine-2,4-diamine) (370 g/L)] at 2.5 kg ai/ha to control broadleaf weeds and allow grass weeds to dominate, (vi) Pre-emergence application Atrazine plus  post emergence application Guardforce(R)  (Nicosulfuron 40 g/L at 1.25 kg ai/ha) at 4 WAS,(vii) pre-emergence application Metolachlor (2-chloro-N-(2-ethly-6-methly-phenly)-N-(2-methoxyl-1-methlyethy l) acetamide) (290 g/L)) at 2.5 kg ai/ha to control grass weeds. (viii) pre-emerence application Metolachlor plus post emergence application of Guardforce(R) (Nicosulfuron 40 g/L at 1.25 kg ai/ha) applied 4 WAS (ix) Pre-emergence Primextra (proprietary mixture of Metolachlor (290 g/L) and (370 g/L) at 2.0 kg a.i/ha to control both grass and broadleaves. 
The experimental field (4140 m2) was ploughed, harrowed and ridged, The size was 5 ridges by 5m long with 1 m alley
Sowing operations were done on 6th August, 2019 , 31st July, 2020  and  20th  June, 2021 using the plant spacing of 1 m x 0.25 m. Thinning was done 2 weeks after sowing(WAS) to 1 plant per stand  to give an approximate plant population of 40,000 plants/ha. Compound fertilizer NPK 15:15:15 was applied at 100 kg N ha-1, 100 kg P ha-1 and 100 kg K ha-1. At 2WAS to 3WAS and 7WAS to 8WAS.
3.1.4.	Herbicides application
All herbicides (Atrazine, Metolachlor, Nicosulfuron and Primexra) were applied as allotted treatments. Using Matabi Supergreen 16 litres Knapsack sprayer with flood jet nozzle with delivery rate of 250-300 L/ha.

3.1.5.	Insecticide application
In the 2018, four (4) insecticides were applied at interval of 2 WAS and 4 WAS using 3 times of day applications (9 am, 1 pm and 5 pm). Strong Force was applied at 10g/16L, Tihan 5ml/16L, Lara Force 5g/16L and Cover Force at 5 ml/16 L. All applications were done using a knapsack sprayer and nozzle was rinsed thoroughly 
In the 2019, 2020 amd 2021 experiment, Strong force (Methomyl 90% SP) insecticide was applied at 2 and 3 WAS using 2 times of day applications (9 am and 4 pm.).  Application was at the rate of 10 g/16 L. Using a knapsack sprayer, nozzle was rinsed thoroughly withclean water.

3.1.6. Data Collection
3.1.6.1 Maize data
i) Number of plants: The total number of plants was estimated on each plot at intervals of 2, 4, 6 and 8 WAS.
ii) Number of Infested Plants: The number of plants infested by Fall armyworm. This was estimated at intervals of 2, 4, 6 and 8 WAS.
iii) Number of leaves: The total number of leaves per plant was collected at intervals of 2, 4, 6 and 8 WAS.
iv) Number of infested leaves: The number of leaves attacked by armyworm was collected at intervals of 2, 4, 6 and 8 WAS.
v) Plant height: This is the average height (cm) of plant per plot and was taken at 2, 4, 6, and 8 WAS.
vi) Plant/Stand Harvested: This refers to the total number of stands that was harvested per plot.
vii)  Harvest Weight: was recorded as the weight (kg) of total cobs harvested per plot.
viii) Number of Rows per Cob.
ix) Number of Seeds per Row.
x) Weight of 1000 seed counts (kg): To calculate yield, the weight of 1000 seeds was recorded for each treatment plot. Using the dry seeds that were extracted from the maize cob.
xi) Total grain yield: Through oven drying in the lab, the total grain yield at 13% moisture content was calculated for each plot, extrapolated, and recorded in tons/ha.

3.1.6.2 Weed data
Weed host and Weed seedling emergence was monitored in 2 fixed quadrats (0.5 m2) at 3, 9 and 12 WAS in each sub plot, hereafter referred to as continuous weed emergence. To determine the dry weed biomass on each sampling date, weed seedlings were identified to the species level using the Weed Identification Handbook of Akobundu and Agyakwa (1998). They were then oven dried to a consistent weight.

3.1.7 Data Analysis
Weed density, weed biomass and crop data collected and subjected to analysis of variance (ANOVA) using Genstat Discovery Edition 3 and where F-ratios were significant (p ≤ 0.05), means were separated using the Standard Error of Difference.  












3.2. Experiment 2: Morphometric of Fall Armyworm 
3.2.1 Fall armyworm culture in the laboratory
Modifymethods of CIMMYT (2018) and Sharanabasappa et al. (2018) were used to establish fall armyworm culture at the Department of Crop Protection Laboratory, University of Ilorin, Ilorin. The culture was reared with larvae collected from infested maize at the University of Ilorin teaching and research farm. The larvae collected were placed in a transparent plastic container and then covered with muslin cloth to allow for aeration before transporting into the laboratory. The culture was kept at prevailing ambient temperature of 25±2 0C and relative humidity of 65 ±5%. 
A well constructed insect cage in the laboratory was supplied larvae, maize plant and cotton wool socked in water to maintain the humidity. Four freshly emerged larvae with maize leaves were placed in each of the three plastic containers. The leaves were changed on alternate days. Subsequently, the larvae were placed in separately in individual containers to avoid cannibalism at 3rd instar (Plate 1b). Muslin cloth provided tight fitting over the containers to allow ventilation and prevent predators.
3.2.2 Development of larvae
Larval development was measured using the head capsules, body length and colour to separate the larvae into instars. The head capsules widths were measured using an ocular micrometer (Model Opto-Edu A58-2002-903-905). The body length and colour were measured and viewed under inverted microscope, MSC-IV100.  The mature larvae were used for identification using “four-dot” square (Plate 1a) on the 8th abdominal segment as described by CIMMYT (2018). Morphometric data were collected on the mean larval body length and head capsule widths. Mean values that were significantly different using Duncan’s new multiple range test. 
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CHAPTER FOUR
4.0 RESULTS
4.1 Weed Species Composition in the Study 
Fourteen (14) weed species belonging to 7 families within 12 genera were encountered in continuously sampled quadrats on maize field in 2019 (Table1). The weed community comprised of 42.9% grasses, broadleaves was 35.7% while 21.4% were sedges. Annual weed species dominated the field (57.1%) while perennial  weeds were 42.9%. About 43% of all weed species enumerated belonged to Poaceae (6), 21% Cyperaceae (3) while Amarylildaceae, Asteraceae, Leguminosae, Lamiaceae and Melastomataceae (species each) made up 36%. In the atrazine treated plots, 6 % of the weed community was grasses, 12.4% sedges and broadleaves were 5% (H. rotundifolia). In plots whereNicosulfuron was applied after atrazine, grsses were 84.2 % with Andropogon gayanus contributing 39.5%, Sedges were 11.2 % while 4.6 % were broadleaves. 
Conversely, Metolachlor treated plots had 58.9 % broadleaves weed species belonging to C.odorata(31.4 %) and H.rotundifolia (22.5%), grasses were 22.9 % while sedges makeup 18.2 % of the weed community. The trend was similar when Nicosulfuron was followed after pre-metolachlor application, broadleaves dominated the plots (44.8 %,), grasses were 28.6 % and sedges mostly C. iria were 17.1 %.
Pre-emergence application of  Primextra controlled C. odorata, H. suaveolensand Pennisetum pedicellatum. The weed community is composed  of 53.6 % grasses where A. gayanuscontributed 22.3 %, sedges were 15 % and broadleaves contributed 31.3 % of weed spectrum. The weedy plots were mixed weed community with Chromolaena odorataandA. gayanusand H. rotundifolia having the highest importance value index (IVI).
Grasses dominated (86.4 %) the weed flora in the atrazine treated plots, sedges were 10.5 % while broadleaves were effectively controlled except Cyanthillium cinereumalso applicable to atrazine followed by Nicosulfuron controlled broadleaves and few sedges, the weed community comprised of 88.9 % grasses and 6.9  % sedges (Table 2).
Table 1: Importance value index (IVI) of weed species encountered in the continuously sampled quadrat in maize field, 2019
	Family
	Weed
	MG
	LC    
	AZ
	AZ+NF
	MT
	MT+NF
	PX
	W3
	W4
	WC

	Amarylildaceae
	Allium cepa L.
	B
	A
	0
	0
	0
	0
	4
	4
	3
	9

	Asteraceae
	Chromolaena odorata (L.) R.M.King
&Robinson
	B
	P
	0
	0
	81
	28
	0
	52
	43
	55

	Cyperaceae
	Cyperus iria L.
	S
	A
	19
	17
	18
	18 
	13
	18
	19
	21

	
	C.  esculentus L.
	S
	P
	0
	0
	0
	0
	0
	0
	0
	8

	
	C. rotundus L..
	S
	P
	18
	0
	29
	0
	4
	16
	20
	12

	Lamiaceae	
	Hyptis suaveolens Poit.
	B
	A      
	0
	0
	0
	0
	0
	4
	6
	4

	Leguminosae
	Senna occidentalis (L.) Link
	B
	A    
	0
	0
	13
	0
	3
	7
	7
	10

	Melastomataceae
	Heterotis rotundifolia (Sm) Jac. 
	B
	P
	15
	7
	58
	19
	28
	39
	41
	32

	Poaceae
	Andropogon gayanus Kunth
	G
	A
	121
	60
	21
	14
	25
	88
	90
	92

	
	Bracharia deflexa (Schumach.) C.E. Hubbard
	G
	A                   
	22
	11
	4
	0
	9
	18
	20
	14

	
	Digitaria horizontalis Willd
	G
	A
	29
	23
	4
	2
	12
	15
	14
	11

	
	Echinochloa stagnina  Beauv
	G
	P
	29
	14
	20
	21
	12
	18
	20
	23

	
	Paspalum scrobiculatum L..
	G
	P
	25
	12
	6
	3
	2
	8
	8
	10

		
	Pennisetum pedicellatum Trin.
	G
	A
	21
	8
	4
	0
	0
	10
	9
	11


MG = Morphological Group; LC = Life cycle; B = Broadleaf; G = Grass; S = Sedge, A = Annual, P = Perennial, AZ= Atrazine, NF= Nicosulfuron, MT= Metolachlor, PX= Primextra, W3= 3 Weeks weedy, W4= 4 Weeks weedy, WC= Weed check






Table 2: Importance value index (IVI) of weed species encountered in the continuously sampled quadrat in maize field, 2020
	FAMILY
	WEED SPECIES
	MG
	LC
	AZ
	AZ+NF 
	MT
	MT+NF
	PX
	W3
	W4
	WC

	Amaranthaceae
	Amaranthus amaranthaceae (L.)
	B
	A
	0
	0
	0
	0
	0
	5
	7
	4

	
	Gomphrena celosioide(L.)
	B
	A
	0
	0
	72
	36
	12
	14
	10
	11

	Amaryllidaceae
	Narcissus papyraceus Ker Gawl
	B
	P
	0
	0
	0
	0
	0
	5
	5
	4

	Asteraceae
	Chromolaena odorata (L.) R.M.King
&Robinson
	B
	P
	0
	0
	11
	2
	1
	3
	6
	4

	
	Cyanthillium cinereum (L.)
	B
	P
	14
	0
	0
	0
	4
	9
	3
	7

	
	Heliantus annuus (L.)
	B
	A
	0
	0
	0
	0
	0
	2
	3
	4

	
	Tridax procumbens (L.)
	B
	P
	0
	0
	0
	0
	0
	5
	6
	5

	Balsaminaceae
	Imptiens perviflora Dc.
	B
	A
	0
	0
	7
	0
	0
	0
	0
	0

	Cannabaceae
	Cannabis sativa L.
	B
	A
	0
	0
	17
	3
	3
	4
	2
	8

	Caryophyllaceae
	Sagina apetala Ard.
	B
	A
	0
	0
	9
	0
	0
	5
	4
	4

	Cleomaceae
	Cleome monophylla  L.
	B
	A
	0
	0
	18
	0
	0
	6
	10
	7

	
	C. viscosaL.
	B
	A
	0
	0
	0
	0
	0
	4
	2
	4

	Commelinaceae
	Commelina benghalensis L.
	B
	P
	0
	0
	10
	0
	2
	7
	6
	6

	Cyperaceae
	Carex divulsa Stokes
	S
	P
	24
	0
	8
	0
	0
	9
	6
	6

	
	Cyprus alopecuroides Rottb.
	S
	P
	0
	0
	0
	0
	0
	3
	2
	4

	
	C. eragrostis Lam.
	S
	P
	11
	14
	16
	4
	0
	11
	10
	9

	
	C. esculantus (L.)
	S
	P
	12
	13
	11
	0
	0
	5
	4
	6

	Euphorbiaceae
	Astaea lobata (L.) Klotzsch.
	B
	A
	0
	0
	29
	9
	4
	9
	11
	6

	
	Euphorbia hyssapifolia.(L.)
	B
	A
	0
	0
	8
	0
	0
	3
	4
	1

	
	E. heterophylla (L.)
	B
	A
	0
	0
	0
	0
	0
	1
	4
	2

	
	E. hypericifolia L.
	B
	P
	0
	0
	20
	0
	0
	5
	3
	6

	Lamiaceae
	Hyptis suaveolens (L.)Poit
	B
	A
	0
	0
	15
	11
	5
	9
	6
	6

	
	Leucas aspera (Willd.)Link
	B
	A
	0
	0
	21
	0
	0
	11
	14
	9

	Leguminosae
	Centrosema pubenscens Benth
	B
	A
	0
	0
	14
	0
	0
	6
	4
	5

	
	Chamaecrista rotundifolia (Pers.)
	B
	A
	0
	0
	46
	16
	0
	10
	11
	13

	
	Tephrosia villosa (L.)Pers.
	B
	A
	0
	0
	18
	0
	2
	8
	9
	6

	
	Trifolium dubium Sibth
	B
	A
	0
	0
	0
	0
	0
	0
	0
	3

	Malvaceae
	Gossypium hirsutum L.
	B
	A
	0
	0
	5
	0
	0
	2
	6
	4

	
	Sida acute Burm. f.
	B
	P
	0
	0
	0
	0
	0
	4
	2
	3

	
	Urena lobata L.
	B
	A
	0
	0
	0
	0
	0
	2
	7
	2

	Nyctaginaceae
	Boerhavia diffusa. L.
	B
	P
	0
	0
	0
	0
	0
	4
	6
	7

	Passifloraceae
	Passiflora foetida. L.
	B
	A
	0
	0
	12
	0
	0
	4
	4
	2

	Phyllanthaceae
	Phyllanthus tenellus Roxb
	B
	A
	0
	0
	0
	0
	0
	2
	7
	4

	
	P. amarus L.
	B
	A
	0
	0
	14
	11
	0
	10
	6
	7

	Poaceae
	Chloris pycnothrix Trin.
	G
	A
	84
	48
	6
	0
	0
	11
	7
	11

	
	Dactyloctenium aegyptium(L.)Willd
	G
	A
	53
	35
	3
	0
	0
	11
	11
	9

	
	Digitaria ciliaris (Retz.) Koeler
	G
	A
	12
	9
	0
	0
	0
	10
	11
	10

	
	D. sanguinalias (L.)Scop
	G
	A
	85
	38
	8
	2
	6
	15
	19
	12

	
	Echinochioa crusgalli (L.)
	G
	A
	37
	37
	0
	0
	0
	13
	11
	12

	
	Eragrostis minor Host
	G
	A
	37
	21
	7
	3
	6
	8
	12
	10

	
	E. pilosa (L.)
	G
	A
	19
	8
	0
	0
	0
	2
	4
	4

	
	Pennisetum polystachion (L.)Schult
	G
	A
	45
	9
	4
	0
	1
	1
	2
	6

	
	Seteria  pulmila (Poir)
	G
	A
	16
	12
	0
	0
	0
	7
	7
	6

	Polygonaceae
	Fallopia baldschuanica (Regel)Holub
	B
	A
	0
	0
	9
	2
	5
	3
	6
	4

	Rubiaceae
	Richardia scabra L.
	B
	A
	0
	0
	69
	36
	0
	11
	14
	24

	Urticaceae
	Parietaria judaica L.
	B
	P
	0
	0
	0
	0
	0
	3
	2
	3


MG = Morphological Group; LC = Life cycle; B = Broadleaf; G = Grass; S = Sedge, A = Annual, P = Perennial, AZ= Atrazine, NF= Nicosulfuron, MT= Metolachlor, PX= Primextra, W3= 3 Weeks weedy, W4= 4 Weeks weedy, WC= Weed check


Metolachlor relatively controlled grasses and few sedges while broadleaves were dominant, the weed flora had 2.9 % sedges 5.7 % grasses and 91.4 % broadleaves, the most prevalent broadleaves were Gomphrena celosioide (14.5 %) and Richardia scabra (14.2 %).   Plots that Nicosulfuron was applied to after metolachlor had 72.3 % reduced weed infestation compared to plots that metolachlor was applied to alone. These plots comprised of 2.9 %s edges,3.7 % grasses and 93.4 % broadleaves, G. celosioide and R. scabracontributed 53.4 % of the broadleaves population.Application of primextra effectively controlled 34 % of the 46 weed species enumerated in 2020season, the plots had 88.6 %, 89.5 % reduction in weed infestation as compared to Atrazine and Metolachlor applied plots, respectively. The plots comprised of 2.5 % grasses, dominat Gomphrena celosioide (23.5 %).
The weed flora in 2021 season had 2 %  from  poaceae family, 36.4 % from 4 families while 66 % were broadleaves, 25 % grasses and 9 % were sedges. The life cycle showed that 70.5 % were annual and 29.5 % were perennial weed species (Table 3).
The atrazine treated plots had 76.8 % grasses, 13.3 %sedges and only Euphorbia hyssapifoliaand Richardia scabrawere relatively not controlled. Application of Nicosulfuron as a follow up to atrazine relatively reduced weed species abundance to 59 % when compared to atrazine treated plots. These plots had 82.1  % grasses and 17.9 % sedges weed species, no broadleaf was enumerated. Conversely, metolachlor treated plots had 5.5 % grasses , 8.2 % sedges and the dominated weed specie were broadleave, makeup of 86.2 % of the weed community while plots treated with metolachlor and nicosulfuron reduced weed flora by 73.4 % compared to plots treated with metolachlor alone. Application of primextra significantly controlled members of poaceae and Cyperaceae except C. eragrostis(15.49 %) while 25.6 % and 33.3 % of Gomphrena celosioide and Chamaecrista rotundifoliarespectively. 
The weedy plots had a highly diversified mixed weed spectrum comprised of Richardia scabra, Digitaria sanguinalia, Gomphrena celosioide, Cyprus eragrostis, Chloris pycnothrix, Dactyloctenium aegyptiumetc.
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Table 3: Importance value index (IVI) of weed species encountered in the continuously sampled quadrat in maize field, 2021
	FAMILY
	WEED SPECIES
	MG
	LC
	AZ
	AZ+NF
	MT
	MT+NF
	PX
	
	W3
	W4
	WC

	Amaranthaceae
	Amaranthus amaranthaceae (L.)
	B
	A
	0
	0
	0
	0
	0
	
	10
	15
	10

	
	Gomphrena celosioide(L.)
	B
	A
	0
	0
	105
	26
	10
	
	25
	21
	16

	Amaryllidaceae
	Narcissus papyraceus Ker Gawl
	B
	P
	0
	0
	0
	0
	0
	
	6
	6
	6

	Asteraceae
	Chromolaena odorata (L.) R.M. King &Robinson
	B
	P
	0
	0
	0
	0
	0
	
	3
	5
	3

	
	Cyanthillium cinereum (L.)
	B
	P
	0
	0
	0
	0
	0
	
	11
	0
	3

	
	Heliantus annuus (L.)
	B
	A
	0
	0
	0
	0
	0
	
	0
	0
	5

	
	Tridax procumbens (L.)
	B
	P
	0
	0
	0
	0
	0
	
	0
	0
	6

	Cannabaceae
	Cannabis sativa  Strokes
	B
	A
	0
	0
	10
	0
	0
	
	10
	0
	11

	Caryophyllaceae
	Sagina apetala Ard.
	B
	A
	0
	0
	0
	0
	0
	
	0
	0
	6

	Cleomaceae
	Cleome monophylla  L.
	B
	A
	0
	0
	34
	0
	3
	
	3
	12
	11

	
	C. viscosaL.
	B
	A
	0
	0
	0
	0
	0
	
	10
	15
	10

	Commelinaceae
	Commelina benghalensis L.
	B
	P
	0
	0
	10
	0
	0
	
	6
	0
	3

	Cyperaceae
	Carex divulsa Stokes 
	S
	P
	0
	0
	3
	0
	0
	
	4
	7
	5

	
	Cyprus alopecuroides Rottb.
	S
	P
	0
	0
	0
	0
	0
	
	0
	7
	4

	
	C. eragrostis Lam.
	S
	P
	29
	26
	25
	10
	6
	
	15
	10
	18

	
	C. esculantus (L.)
	S
	P
	18
	0
	13
	0
	0
	
	0
	0
	3

	Euphorbiaceae
	Astaea lobata (L.) Klotz sch.
	B
	A
	0
	0
	12
	11
	2
	
	10
	0
	5

	
	E. hyssapifolia. (L.)
	B
	A
	0
	0
	2
	0
	1
	
	4
	0
	3

	
	E. heterophylla (L.)
	B
	A
	0
	0
	0
	0
	0
	
	0
	5
	3

	
	E. hypericifolia L.
	B
	P
	29
	0
	0
	0
	0
	
	0
	6
	0

	Lamiaceae
	Hyptissuaveolens (L.)Poit
	B
	A
	0
	0
	12
	0
	0
	
	16
	0
	9

	
	Leucas aspera (Willd.)Link
	B
	A
	0
	0
	23
	0
	0
	
	14
	12
	8

	Leguminosae
	Centrosema pubenscens Benth
	B
	A
	0
	0
	0
	0
	0
	
	0
	0
	2

	
	Chamaecrista rotundifolia (Pers.)
	B
	A
	0
	0
	65
	40
	13
	
	21
	28
	16

	
	Tephrosia villosa (L.)Pers.
	B
	A
	0
	0
	10
	0
	4
	
	10
	9
	8

	
	Trifolium dubium Sibth
	B
	A
	0
	0
	0
	0
	0
	
	0
	0
	3

	Malvaceae
	Gossypium hirsutum L.
	B
	A
	0
	0
	0
	0
	0
	
	0
	0
	3

	
	Sidaacuta Burm. F. 
	B
	P
	0
	0
	0
	0
	0
	
	0
	0
	3

	Nyctaginaceae
	Boerhavia diffusa. L.
	B
	P
	0
	0
	0
	0
	0
	
	0
	0
	8

	Passifloraceae
	 Passiflora foetida. L. 
	B
	A
	0
	0
	12
	0
	0
	
	10
	6
	9

	Phyllanthaceae
	Phyllanthus tenellus Roxb
	B
	A
	0
	0
	0
	0
	0
	
	0
	0
	4

	
	P.  amarus L. 
	B
	A
	0
	0
	29
	0
	0
	
	10
	7
	6

	Poaceae
	Chloris pycnothrix Trin.
	G
	A
	36
	19
	7
	0
	0
	
	12
	22
	14

	
	Dactyloctenium aegyptium (L.)Wild
	G
	A
	58
	25
	13
	3
	0
	
	15
	20
	15

	
	Digiteria ciliaris (Retz.) Koeler
	G
	A
	25
	15
	0
	0
	0
	
	0
	0
	4

	
	 D. sanguinalias (L.)Scop
	G
	A
	103
	45
	8
	0
	0
	
	18
	30
	15

	
	Echinochioa crus-galli (L.)
	G
	A
	11
	9
	0
	0
	0
	
	0
	0
	10

	
	Eragrostis minor Host
	G
	A
	0
	0
	0
	0
	0
	
	0
	8
	5

	
	 E. pilosa (L.)
	G
	A
	25
	6
	0
	0
	0
	
	0
	0
	5

	
	Pennisetum polystachion (L.)Schult
	G
	A
	13
	0
	0
	0
	0
	
	4
	0
	3

	
	Seteria pulmila (Poir)
	G
	A
	0
	0
	0
	0
	0
	
	14
	11
	6

	Polygonaceae
	Fallopia baldschuanica (Regel)Holub
	B
	A
	0
	0
	10
	0
	0
	
	9
	6
	3

	Rubiaceae
	Richardia scabra L.
	B
	A
	6
	0
	110
	44
	0
	
	27
	29
	13

	Urticaceae
	Parietaria judaica L.
	B
	P
	0
	0
	0
	0
	0
	
	0
	0
	3


MG = Morphological Group; LC = Life cycle; B = Broadleaf; G = Grass; S = Sedge, A = Annual, P = Perennial, AZ= Atrazine, NF= Nicosulfuron, MT= Metolachlor, PX= Primextra, W3= 3 Weeks weedy, W4= 4 Weeks weedy, WC= Weed check

4.2: Weed Density and Biomass
In 2018, Weed density was not significantly affected by weed removal except at 3WAS where plots weeded at 3 and 6 WAS had significantly lower number of weed seedlings as compared to weed check plots (Table 4). Conversely, weed removal significantly affected the accumulation of weed biomass except at 12WAS. Two hoe weeded plots had significantly lower weed biomass at 3 and 9 WAS compared to weed check plots. 
Application of insecticide did not influence weed parameters except weed biomass at 3 and 9 WAS. Plots with no application of insecticide had significantly higher biomass which was relatively similar to plots treated with Cover Force and Tihan Insecticide while other treated plots had lower weed biomass. Conversely, time of day of insecticide application significantly affected weed parameters except weed density at 9 WAS and weed biomass at 9 and 12 WAS.
Generally, insecticide applied at 5 pm relatively had low weed density and biomass at all periods of assessment.Interaction between types of insecticide and time of day application showed that plots treated with Strong force at 1pm, Cover force and Lara force at 5 pm had relatively lower weed biomass similarly, plots treated with Tihan at 9 am had low weed density (Table 5). 
In the 2019 season, neither maize variety nor time-of-dayapplication of insecticide significantly affected weed density and weed biomass (Table 6). Although Oba-super 4 maize plots and plots where insecticide was applied at 9 am had relatively higher weed parameters. 
Conversely, weed control methods significantly influenced weed parameters. Plots treated with Atrazine and/or Metolachlor followed by Nicosulfuron had significantly lower weed parameters. Primextra treated plots recorded lower weed parameters compared to other plots where single herbicide was also applied. Hoe weeded plots on the other hand had similar weed infestation throughout the period of assessment while weed check plots recorded the highest weed infestation at all periods of assessment. 



Table 4: Effect of time of weed removal and application of insecticides on weed infestation in 2018
	Treatments
	Weed density (seedlings/m2)
	Weed biomass (g/m2)

	
	3 WAS
	9 WAS
	12 WAS
	3 WAS
	9 WAS
	12 WAS

	Weed Removal (W)
	
	
	
	
	
	

	4weeks Weedy
	108
	89
	72
	198.3
	186
	105

	Weedy Check
	127
	186
	153
	345.8
	292
	194

	Hoeing at 3and 6 WAS
	89
	92
	92
	50.7
	80
	115

	SED
	3.52*
	2.98
	17.18
	62.33*
	53.01*
	29.82

	Insecticide (I)
	
	
	
	
	
	

	No Application
	109
	82
	71
	221.2
	144
	122

	Cover Force
	108
	86
	67
	208.7
	214
	119

	Lara Force
	113
	90
	73
	192.9
	256
	105

	Strong Force
	96
	91
	72
	159.9
	164
	66

	Tihan
	115
	95
	79
	208.7
	153
	111

	SED
	10.27
	8.84
	10.17
	16.63*
	29.1*
	38.1

	Time of-day application (T)

	1 pm
	113
	84
	61
	222.5
	228
	108

	5 pm
	99
	84
	58
	181.1
	171
	78

	9 am
	113
	99
	97
	191.4
	159
	128

	SED
	5.20*
	8.07
	11.3*
	15.58*
	36.5
	28.1

	Interactions
	
	
	
	
	
	

	W x I
	NS
	NS
	NS
	NS
	NS
	NS

	W x T
	NS
	NS
	NS
	NS
	NS
	NS

	I x T
	*
	NS
	NS
	*
	NS
	NS

	W x I x T  
	NS
	NS
	NS
	NS
	NS
	NS


* = significant at p<0.05. WAS = weeks after sowing





Table 5: Interactions between insecticide and time of day of application on weed parameters at 3 WAS in 2018
	Treatments
	Weed density (seedlings/m2) 

	
	1 pm
	5 pm
	9 am

	No Application
	118
	110
	100

	Cover Force
	101
	89
	133

	Lara Force 
	129
	79
	132

	Strong Force
	83
	100
	105

	Tihan
	134
	115
	95

	SED (row)
	
	13.98
	

	SED (column)
	
	11.63
	

	
	Weed biomass(g/m2)

	No Application
	259.9
	198.2
	205.5

	Cover Force
	246.9
	149.3
	230.0

	Lara Force
	235.0
	147.2
	196.5

	Strong Force
	119.6
	188.7
	171.3

	Tihan
	250.9
	221.9
	153.5

	SED (row)
	
	32.94
	

	SED (column)
	
	34.83
	


	WAS= weeks after sowing	




Table 6: Effect of variety, time of application and weed control treatment on weed density and weed biomass in 2019
	Treatments
	Weed Density (seedlings/m2)
	
	
	Weed Biomass (g/m2)

	
	3 WAS
	6 WAS
	9 WAS
	3 WAS
	6 WAS
	9 WAS

	Variety (V)
	
	
	
	

	Oba-super 4
	32
	161
	63
	24.0
	129.4
	44.6

	Oba-super 6
	30
	134
	54
	21.6
	101.8
	36.6

	SED
	5.59
	24.85
	6.37
	4.74
	23.32
	3.92

	Time of-day application (T)
	
	
	
	
	
	

	9 am
	32
	150
	61
	22.5
	113.2
	40.8

	4 pm
	30
	144
	56
	23.1
	118.0
	40.4

	SED
	7.36
	19.54
	7.73
	3.33
	16.31
	5.60

	Weed control (W)
	
	
	
	
	
	

	Atrazine
	27
	236
	108
	13.8
	205.5
	69.6

	Atrazine + Nicosulfuron
	26
	52
	12
	13.1
	38.6
	7.7

	Metolachlor
	23
	108
	38
	16.0
	97.1
	26.0

	Metolachlor + Nicosulfuron
	20
	2
	0
	13.1
	2
	0.0

	Primextra
	15
	205
	78
	7.5
	142.3
	46.5

	3 weeks weedy
	50
	183
	78
	35.4
	137.0
	50.5

	4 weeks weedy
	41
	157
	66
	39.9
	101.0
	43.3

	Weed check
	78
	382
	148
	66.3
	317.2
	121.8

	SED
	11.57*
	28.82**
	14.62**
	10.76**
	23.40**
	9.91**

	Interaction
	
	
	
	
	
	

	V x T
	NS
	NS
	NS
	NS
	NS
	NS

	V x W
	NS
	NS
	NS
	NS
	NS
	NS

	W x T
	NS
	NS
	NS
	NS
	NS
	NS

	V x T x W
	NS
	NS
	NS
	NS
	NS
	NS


WAS= weeks after sowing, * = significant at p < 0.05, **= significant at p< 0.01








In 2020, the trend was similar to 2019 season except that weed density was significantly influenced by time-of-day application of insecticide at 9 and 12 WAS. Plots that insecticide was applied at 4 pm had significantlyhigher weed seedlings emergence (Table 7). All herbicides treated plots had similar parameters which were significantly lower compared to other plots. Weed check plots had significantly higher weed parameters across the sampling periods. 
The interaction between variety and weed control on continuous weed density was significant at 3 WAS (Table 8). The herbicidal treated plots had similar weed density and significantly lower compared to the weedy plots. The 3-way interaction on weed biomass at 3 WAS showed primextra and metolachlor treated plots across variety and time of-day of insecticide application were relatively lower to all weed density although similar to all herbicides applied plot  (Table 9) while the weedy plots had significantly higher weed biomass at 3 WAS.
Similarly, in 2021 season, variety difference did not influence weed parameters except at 12 WAS where Oba-super 6maize variety plots had higher weed parameters (Table 10).  Time of-day application of insecticide did not significantly affect weed infestation although 4 pm plots had relatively higher weeds. In few cases weed control measures significantly influenced weed infestation. Herbicides treated plots had significantly lower weed parameters followed by 3 and 4 weeks weedy plots  respectively while the weed check pots had significantly higher weed density and biomass at all sampling periods. The interaction on continuous weed density at 3 WAS shows relatively low weed density in all herbicide applied plots. Conversely, the weedy plots had significantly higher weed biomass (Table 11). The 3-way interaction on weed biomass at 3 WAS showed primextra and metolachlor treated plots across variety and time of-day of insecticide application were relatively lower to all weed biomass (Table 12). Conversely, weedy plots had significantly higher weed biomass at 3 WAS.
4.3 Maize Population
The type of weed removal significantly affected numberof plants and number of infested plants at 6 and 8 WAS (Table 13). Weedy check plots had significantly lower number of plant and infested plants per plots, followed by plots kept weedy for 4weeks while plots weeded at 3 and 6 WAS had significantly higher plant stands and infested plants per plot. Type of insecticide and time-of-day application did not significantly influenc number of plant stand and infested 

Table 7: Effect of variety, time of application and weed control on weed density and weed biomass in continuously sampled quadrat in 2020
	Treatments
	Weed Density (seedlings/m2)
	
	
	Weed Biomass (g/m2)

	
	3WAS
	9 WAS
	12 WAS
	3 WAS
	9 WAS
	12 WAS

	Variety (V)
	
	
	
	
	
	

	Oba-super 4
	8
	14
	6
	5.43
	20.0
	6.98

	Oba-super 6
	8
	15
	7
	6.31
	18.8
	8.99

	SED
	1.41
	2.68
	1.35
	1.97
	2.05
	3.43

	Time of-day application (T)
	
	
	
	
	
	

	9 am
	8
	12
	5
	6.02
	16.2
	8.06

	4 pm
	8
	17
	7
	5.72
	22.6
	7.91

	SED
	0.76
	1.45*
	0.57*
	0.58
	2.72
	1.30

	Weed control treatment(W)
	
	
	
	
	
	

	Atrazine
	4
	11
	4
	4.50
	11.5
	3.23

	Atrazine + Nicosulfuron
	3
	4
	3
	2.97
	3.2
	2.43

	Metolachlor
	5
	7
	5
	1.13
	7.2
	3.58

	Metolachlor + Nicosulfuron
	4
	4
	3
	1.45
	3.3
	1.33

	Primextra
	4
	14
	5
	0.57
	12.1
	3.25

	3 weeks weedy
	14
	20
	8
	14.43
	18.4
	6.86

	4 weeks weedy
	17
	14
	8
	14.99
	16.7
	6.96

	Weed check
	22
	59
	21
	18.78
	99.8
	44.22

	SED
	1.97**
	3.34**
	1.65**
	2.08**
	6.25**
	4.17

	Interaction
	
	
	
	
	
	

	V x T
	NS
	NS
	NS
	*
	NS
	**

	V x W
	*
	NS
	NS
	NS
	NS
	NS

	W x T
	NS
	NS
	NS
	NS
	NS
	NS

	V x T x W
	NS
	NS
	NS
	*
	NS
	NS


WAS= weeks after sowing, * = significant at p < 0.05, **= significant at p< 0.01









Table 8: Interaction between variety and weed control on Continuous weed density at 3 weeks after sowing (seedlings/m2)
	Variety/ Weed control treatment
	Atrazine
	Atrazine+
Nicosulfuron
	Metolachlor
	Metolachlor+  Nicosulfuron
	3weeks weedy
	4weeks weedy
	Weed check
	Primextra

	Oba-super 4
	5
	3
	6
	4
	17
	14
	18
	4

	Oba-super 6
	4
	3
	4
	3
	11
	19
	27
	3

	SED
	
	
	
	2.98
	
	
	
	





















Table 9: Interaction between variety, time of application and weed control in continuously sampled quadrat weed biomass at 3 WAS(g/m2)
	Variety
	Time of-day application / Weed control
	Atrazine
	Atrazine
 +  Nicosulfuron
	Metolachlor
	Metolachlor +  Nicosulfuron
	Primextra
	3 weeks weedy
	4 weeks weedy
	Weed check
	

	Oba-super 4
	9 am
	3.47
	3.27
	0.97
	3.00
	0.07
	6.90
	4.90
	15.13
	

	
	4 pm
	1.87
	3.60
	0.97
	0.20
	0.40
	13.53
	21.13
	18.33
	

	Oba-super 6
	9 am
	10.67
	2.60
	1.60
	1.63
	1.00
	7.00
	24.60
	21.53
	

	
	4 pm
	2.00
	2.43
	1.00
	0.97
	0.80
	6.27
	9.33
	20.13
	

	SED
	4.43


WAS= weeks after sowing
Table 10: Effect of variety, time of application and weed control on weed density and weed biomass in continuously sampled quadrat 2021
	Treatments
	Weed Density (seedlings/m2)
	
	Weed Biomass (g/m2)
	

	
	3 WAS
	9 WAS
	12 WAS
	3 WAS
	9 WAS
	12 WAS

	Variety (V)
	
	
	
	
	
	

	Oba-super 4
	 9
	44
	13
	5.5
	23.7
	13.1

	Oba-super 6
	10
	45
	14
	4.3
	23.4
	14.4

	SED
	1.11
	3.96
	0.26*
	1.82
	0.82
	0.26*

	Time of-day application (T)
	
	
	
	
	
	

	9 am
	10
	44
	14
	4.6
	21.3
	13.5

	4 pm
	10
	45
	14
	5.2
	25.8
	14.0

	SED
	0.44
	2.96
	0.57
	0.60
	2.66
	0.57

	Weed control (W)
	
	
	
	
	
	

	Atrazine
	6
	21
	10
	4.0
	12.6
	10.3

	Atrazine + Nicosulfuron
	5
	10
	8
	4.1
	4.2
	7.6

	Metolachlor
	6
	19
	8
	4.0
	7.4
	7.8

	Metolachlor + Nicosulfuron
	5
	10
	6
	2.5
	4.2
	6.0

	Primextra
	5
	23
	11
	2.5
	11.7
	10.7

	3 weeks weedy
	20
	55
	23
	5.2
	22.1
	23.2

	4 weeks weedy
	17
	62
	20
	8.0
	18.1
	20.2

	Weed check
	23
	199
	38
	13.6
	131.3
	38.2

	SED
	1.11**
	7.58**
	1.56**
	1.88**
	4.36**
	1.56**

	Interaction
	
	
	
	
	
	

	V x T
	NS
	NS
	NS
	NS
	NS
	NS

	V x W
	*
	NS
	NS
	NS
	NS
	NS

	W x T
	NS
	NS
	NS
	NS
	NS
	NS

	V x T x W
	NS
	NS
	NS
	*
	NS
	NS


WAS= weeks after sowing, * = significant at p < 0.05, **= significant at p< 0.01, 






Table 11: Interaction between variety and weed control on Continuous weed Density at 3weeks after sowing.  (seedlings/m2)
	Variety/ Weed control treatment
	Atrazine
	Atrazine +  Nicosulfuron
	Metolachlor
	Metolachlor +  Nicosulfuron
	
	Primextra
	3weeks weedy
	4weeks weedy
	Weed check

	Oba-super 4

	6
	5
	7
	5
	5
	20
	14
	22

	Oba-super 6
	6
	5
	5
	5
	5
	20
	21
	23

	SED
	
	
	
	1.85
	
	
	
	


SED= standard error of difference

Table 12: Interaction between variety, time of application and weed control in continuous weed biomass at 3 weeks after sowing (g/m2)
	Variety
	Time of-day-application / Weed control treatment
	Atrazine
	Atrazine +  Nicosulfuron
	Metolachlor
	Metolachlor +  Nicosulfuron
	Weed check
	Primextra
	3weeks weedy
	4weeks weedy

	Oba-super 4
	9 am
	6.9
	3.0
	4.7
	1.4
	15.8
	2.8
	6.5
	9.0

	
	4 pm
	5.1
	7.6
	6.7
	4.0
	6.7
	3.9
	5.9
	8.9

	Oba-super 6
	9 am
	2.1
	1.6
	1.4
	2.8
	8.6
	1.0
	5.0
	10.3

	
	4 pm
	2.1
	4.3
	3.3
	1.7
	23.3
	2.2
	3.4
	3.7



	SED
	
	
	
	.4.03
	
	
	
	
	


SED= standard error of difference
Table 13: Effect of weed removal, Insecticide and time of day application on number of infested plants 2018
	
	Number of plants/plot
	Number of infested plants/plot

	Treatments
	2 WAS
	4 WAS
	6 WAS
	8 WAS
	2 WAS
	4 WAS
	6 WAS
	8 WAS

	Weed removal (W)
	
	
	
	
	
	
	
	

	4 weeks Weedy
	77
	77
	47
	46
	6
	51
	17
	16

	Weedy Check
	77
	77
	32
	32
	6
	51
	8
	8

	Hoeing @3&6 WAS
	78
	78
	78
	77
	7
	53
	33
	31

	SED
	1.61
	1.61
	4.13*
	4.28*
	0.30
	2.49
	1.97*
	1.72*

	Insecticide (I)
	
	
	
	
	
	
	
	

	No Application
	77
	77
	52
	51
	7
	61
	28
	27

	Cover Force
	78
	78
	54
	54
	7
	52
	20
	20

	Lara Force
	76
	76
	53
	52
	4
	53
	17
	16

	Strong Force
	78
	78
	52
	52
	6
	47
	15
	15

	Tihan
	76
	76
	50
	49
	8
	46
	16
	15

	SED
	1.10
	1.10
	2.07
	2.10
	0.95
	5.93
	6.16
	5.99

	Time of Day of application (T)

	1 pm
	78
	78
	54
	53
	6
	52
	19
	19

	5 pm
	78
	78
	52
	51
	7
	54
	17
	17

	9 am
	76
	76
	52
	51
	7
	49
	21
	21

	SED
	1.87
	1.87
	2.28
	2.25
	0.46
	2.98
	1.98
	1.97

	Interactions
	
	
	
	
	
	
	
	

	W x I
	NS
	NS
	*
	*
	NS
	NS
	NS
	NS

	W x T
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	I x T
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	W x I x T  
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS


WAS = weeks after sowing. * = significant at p<0.05


stands per plot. Generally, number of plant per plot declined from 6 WAS while number of infested stands was relatively higher at 4 WAS and shapely declined thereafter.  There was significant interaction between weed removal and type of insecticide applied on plant stand at 6 and 8 WAS.
In 2019 cropping season, all the treatments evaluated did not significantly affect number of plants and number of infested plants per plot except weed control measure on number of stands per plot (Table 14). At 4 WAS, herbicide treated plots had significantly higher number of infested plants as compared to weedy check plots and plots where weeds were removed after 3 or 4 WAS. At 6 WAS weedy check plots had significantly lower number of infested plants as compared to other weed control plots while at 8 WAS all plots had similar infested plants except plots appliedwith atrazine that had higher number of infested plants. No significant interaction was observed.
Similarly, in 2020 season, weed control measures significantly influenced number of plants and number of infested plants per plots (Table 15). While weed infested plots significantlyhad lower number of infested plants at 4 WAS weedy check plots maintained similar trend till 8 WAS. The interaction between maize variety and weed control measure was significant across the sampling period. The interaction between variety and weed control treatments on number of infested plants presented relatively higher infestation at all herbicide treated plots. On the other hand, the weedy plots experienced lower infestation (Table 16).
Atrazine, Primextra and Weed free plots however had 100% infestation.In the 2021 season, the Weedy check plots and plots left weedy for 3 or 4 weeks had significantly lower number of infested plants across the sampling periods (Table 17). No significant interaction was observed.
4.3.1: Number of leaves
The influence of weed removal and time-of-day application of insecticide on number of infested leaves on maize in 2018 is presented in Table 18. The number of infested leaves was not significantly affected by weed removal except at 6 and 8 WAS. Plots that were hoe weeded twice had significantly higher number of infested leaves. The infested maize leaves were significantly affected by weed removal at 4, 6 and 8 WAS.

Table 14: Effect of variety, time of day of application and weed control on number of infested plant 2019
	Treatments
	Number of plants/plot                         
	Number of infested plants/plot
	
	
	

	
	2 WAS
	4 WAS
	6 WAS
	8 WAS
	2 WAS
	4 WAS
	6 WAS
	8 WAS

	Variety (V)
	
	
	
	
	
	
	
	

	Oba-super 4
	21
	20
	17
	17
	14
	18
	17
	17

	Oba-super 6
	22
	22
	17
	17
	15
	20
	17
	17

	SED
	2.0
	2.0
	1.24
	1.27
	1.70
	2.02
	1.18
	1.22

	Time of-day application (T)
	
	
	
	
	
	
	
	

	9 am
	18
	21
	18
	18
	15
	18
	16
	16

	4 pm
	24
	24
	18
	18
	14
	17
	16
	16

	SED
	3.41
	3.79
	1.22
	1.21
	0.96
	3.78
	1.14
	1.13

	Weed control (W)
	
	
	
	
	
	
	
	

	Atrazine
	22
	22
	22
	20
	17
	19
	18
	18

	Atrazine + Nicosulfuron
	19
	19
	16
	16
	16
	27
	16
	16

	Metolachlor
	22
	22
	20
	19
	18
	20
	16
	16

	Metolachlor + Nicosulfuron 
	20
	20
	18
	18
	12
	24
	18
	18

	Primextra
	24
	23
	19
	17
	15
	29
	17
	17

	3 weeks weedy
	24
	23
	16
	16
	11
	10
	16
	16

	4 weeks weedy
	22
	22
	18
	18
	12
	11
	18
	18

	Weed check
	21
	21
	17
	16
	10
	9
	5
	17

	SED
	3.98
	3.94
	1.31
	1.32
	1.19
	3.21*
	1.37*
	1.38*

	Interaction
	
	
	
	
	
	
	
	

	V x T
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	V x W
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	W x T
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	V x T x W
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS


WAS = weeks after sowing


Table 15: Effect of variety, time of day of application and weed control treatment on number of infested plants in 2020
	Treatments
	Number of plants/plot
	Number of infested plants/plot
	
	
	

	
	2 WAS
	4 WAS
	6 WAS
	8 WAS
	2 WAS
	4 WAS
	6 WAS
	8 WAS

	Variety (V)
	
	
	
	
	
	
	
	

	Oba-super 4
	64
	65
	62
	62
	48
	57
	61
	61

	Oba-super 6
	69
	71
	64
	64
	50
	61
	64
	63

	SED
	1.76
	1.65
	3.06
	3.15
	1.83
	2.13
	3.07
	2.96

	Time of-day application (T)

	9 am
	67
	69
	64
	64
	50
	60
	63
	63

	4 pm
	66
	67
	62
	62
	48
	58
	62
	61

	SED
	2.19
	2.29
	2.52
	2.70
	2.82
	2.73
	2.62
	2.72

	Weed control (W)
	
	
	
	
	
	
	
	

	Atrazine
	72
	74
	70
	70
	76
	79
	70
	70

	Atrazine + Nicosulfuron
	72
	74
	69
	69
	64
	70
	69
	68

	Metolachlor
	68
	69
	64
	64
	53
	66
	64
	64

	Metolachlor  + Nicosulfuron
	66
	68
	65
	65
	55
	65
	62
	64

	Primextra
	65
	66
	62
	62
	63
	69
	62
	62

	3 weeks weedy
	67
	69
	65
	65
	25
	30
	62
	61

	4 weeks weedy
	59
	60
	53
	53
	30
	32
	50
	49

	Weed check
	64
	66
	60
	60
	26
	20
	35
	35

	SED
	4.31
	4.49
	4.71
	4.80*
	4.25*
	4.51**
	4.70*
	4.83*

	Interaction
	
	
	
	
	
	
	
	

	V x T
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	V x W
	*
	*
	*
	*
	*
	**
	*
	*

	W x T
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	V x T x W
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS


WAS = weeks after sowing, * = significant at p < 0.05, **= significant at p< 0.01



. 
Table 16: Interaction between variety and weed control treatments on number of infested plants at 8 WAS (seedlings/plot)
	
	Weed control
	Atrazine
	Atrazine 
 + 
Nicosulfuron
	Metolachlor



NP
	Metolachlor +  Nicosulfuron
	Primextra
	3weeks weedy
	4weeks weedy
	Weed check

	

	Variety (V)
	Oba-super 4
	64
	67
	55
	63
	56
	64
	54
	57
	

	
	Oba-super 6
	75
	70
	74
	66
	67
	67
	61
	62
	

	SED                                                                                                                 7.13


	
	
	
	
	NIP 
	
	
	
	
	
	

	Variety(V)

	Oba-super 4
	64
	66
	54
	63
	56
	60
	39
	52
	

	
	Oba-super 6
	75
	70
	74
	65
	67
	63
	58
	40
	

	SED
	
	
	
	
	7.09
	
	
	
	
	


WAS= weeks after sowing, NP= number of plants, NIP=number of infested plants
Table 17: Effect of variety, time of day of application and weed control treatment on maize number of plant and number of infested plants in 2021
	Treatments
	Number of plants/plot
	
	
	· 
	Number of infested plants/plot
	

	
	2 WAS
	4 WAS
	6 WAS
	8 WAS
	2 WAS
	4 WAS
	6 WAS
	8 WAS

	Variety (V)
	
	
	
	
	
	
	
	

	Oba-super 4
	59
	60
	56
	56
	21
	19
	21
	18

	Oba-super 6
	63
	61
	61
	61
	21
	19
	21
	19

	SED
	1.07
	2.02
	1.85
	1.79
	0.10
	0.47
	0.75
	0.68

	Time of-day application (T)
	
	
	
	
	
	
	
	

	9 am
	59
	57
	57
	57
	21
	19
	21
	18

	4 pm
	62
	61
	61
	60
	21
	19
	21
	18

	SED
	1.60
	1.36
	1.34
	2.64*
	1.25
	1.22
	1.04
	1.00

	Weed control (W)
	
	
	
	
	
	
	
	

	Atrazine
	60
	59
	59
	59
	23
	20
	23
	19

	Atrazine + Nicosulfuron
	61
	59
	59
	59
	22
	20
	22
	19

	Metolachlor
	65
	63
	63
	63
	24
	21
	24
	21

	Metolachlor + Nicosulfuron
	63
	58
	58
	57
	25
	22
	24
	21

	Primextra
	60
	56
	56
	56
	13
	11
	13
	11

	3 weeks weedy
	58
	58
	57
	57
	13
	11
	14
	12

	4 weeks weedy
	60
	60
	58
	58
	14
	12
	14
	11

	Weed check
	59
	59
	58
	58
	33
	31
	34
	30

	SED
	2.82
	2.60
	2.59
	1.13
	1.53**
	1.46**
	1.47**
	1.56**

	Interaction
	
	
	
	
	
	
	
	

	V x T
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	V x W
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	W x T
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	V x T x W
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS


WAS = weeks after sowing, * = significant at p < 0.05, **= significant at p< 0.01

Table 18: Effect of weed removal and time of day application of insecticides on number of infested leaves 2018
	Treatments
	
	Number of leaves/plot
	Number of infested leaves/plot

	
	2 WAS
	4 WAS
	6 WAS
	8 WAS
	2 WAS
	4 WAS
	6 WAS
	8 WAS

	Weed Removal (W)
	
	
	
	
	
	
	
	

	4weeks Weedy
	108
	200
	274
	312
	25
	34
	40
	35

	Weedy Check
	108
	203
	292
	357
	17
	59
	35
	42

	Hoeing @3&6 WAS
	100
	202
	632
	702
	16
	52
	196
	160

	SED
	4.20
	3.04
	39.57*
	27.30*
	1.29
	1.61*
	16.6*
	19.04*

	Insecticide (I)
	
	
	
	
	
	
	
	

	No Application
	113
	204
	407
	460
	23
	65
	159
	136

	Cover Force
	110
	203
	418
	475
	24
	45
	101
	99

	Lara Force
	103
	181
	413
	465
	18
	43
	72
	51

	Strong Force
	99
	177
	377
	443
	15
	35
	54
	49

	Tihan
	101
	205
	382
	442
	24
	34
	67
	62

	SED
	5.88
	3.05
	21.04
	17.16
	5.44
	3.92*
	10.2*
	15.58*

	Time of-day application (T)

	1 pm
	101
	205
	390
	444
	16
	41
	82
	77

	5 pm
	98
	202
	405
	452
	21
	47
	77
	73

	9 am
	116
	209
	403
	474
	21
	47
	113
	88

	SED
	6.30
	2.09
	14.21
	17.38
	2.13*
	3.16
	3.88*
	1.76

	Interactions
	
	
	
	
	
	
	
	

	W x I
	NS
	NS
	*
	*
	NS
	NS
	NS
	NS

	W x T
	NS
	NS
	*
	NS
	NS
	NS
	*
	NS

	I x T
	*
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	W x I x T  
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS


WAS = weeks after sowing, * = significant at p<0.05





Similarly, type of insecticide applied influenced the infestation of maize leave by FAW. Plots where no insecticide were applied had significantly higher number of infested maize leaves similar to plots where Cover force was applied while other plots had relatively non significant number of infested maize per plot. 
Also plots sprayed with insecticide at 9 am had significantly higher number of infested maize leaves while application of insecticide at 5 pm had significantly lower number of infested leaves, similar to 1 pm
In 2019, non of the treatments evaluated significantly influenced number of leaves and infested leaves per plot except maize variety at 6 and 8 WAS (Table 19). The Oba-super 6 maize variety had significantly higher number of leaves and infested leaves compared to non-provtamin A maize. The same trend was observed in 2020 growing season (Table 20). Plots that insecticides were applied at 9 am and weedy plots had relatively higher number of leave infestation. 
Conversely, in 2021 trial weed control measure significantly influenced number of leaves and infested leaves per plant (Table 21) while the Weedy check plots had significantly lower number of leaves (7 leaves) per plant at 8 WAS, the infested leaves at 8 WAS was relatively higher in all the weed controlled plots
4.3.2: Plant Height
In 2020 growing season (Table 22) plant height differs significantly across variety at 8 WAS where Oba-super 6 maize variety had the highest plant height of 113.50 cm which was significantly higher than 110.10 cm obtained from Oba-super 4 maize. Time-of-day application of insecticide did not affect plant height significantly although plots spread at 4 pm had a relatively plant of 113.7 cm which is higher than 109.90 cm obtained from 9 am plots. Weed control measures significantly influence maize plant height. The weedy check plots had significantly lower plant height at all the periods of estimations while plots left weedy for 3 weeks had the tallest plant height of 130.20 cm at 8 WAS similar to 126.80 cm obtained from Metolachlor + Nicosulfuron treated plots. Other herbicide treated plots had similar plant height (102.9-117.80 cm).

Table 19: Effect of pests control and time of day application of insecticides on number of infested leaves 2019
	Treatments
	Number of leaves/plot
	Number of infested leaves/plot

	
	2 WAS
	4 WAS
	6 WAS
	8 WAS
	2 WAS
	4 WAS
	6 WAS
	8 WAS

	Variety (V)
	
	
	
	
	
	
	
	

	Oba-super 4
	104
	262
	144
	203
	35
	254
	129
	129

	Oba-super 6
	103
	275
	177
	233
	35
	276
	164
	164

	SED
	4.32
	26.80
	1.30*
	4.08*
	2.04
	28.50
	4.67*
	4.67*

	Time of-day application (T)

	9 am
	107
	278
	167
	222
	37
	279
	154
	154

	4 pm
	101
	259
	154
	214
	33
	251
	139
	139

	SED
	5.04
	19.79
	6.92
	8.26
	1.74
	17.64
	8.45
	8.45

	Weed control (W)
	
	
	
	
	
	
	
	

	Atrazine
	107
	286
	166
	224
	40
	268
	151
	151

	Atrazine + Nicosulfuron
	97
	249
	151
	198
	37
	246
	136
	136

	Metolachlor
	107
	241
	140
	205
	30
	239
	134
	134

	Metolachlor + Nicosulfuron
	104
	228
	147
	206
	32
	240
	133
	133

	Primextra
	103
	257
	155
	219
	34
	260
	139
	139

	3 weeks weedy
	104
	289
	165
	22
	37
	286
	150
	150

	4 weeks weedy
	103
	279
	148
	203
	33
	268
	133
	133

	Weed check
	102
	291
	183
	237
	34
	288
	168
	168

	SED
	4.67
	24.30
	16.42
	16.20
	3.31
	24.99
	15.72
	15.72

	Interaction
	
	
	
	
	
	
	
	

	V x T
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	V x W
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	W x T
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	V x T x W
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS


WAS = weeks after sowing, * = significant at p < 0.05, **= significant at p< 0.01

Table 20: Effect of variety, time of day of application and weed control treatment on number of infested leaves 2020
	Treatments
	Number of leaves/plant
	Number of infested leaves/plant
	
	
	
	

	
	2 WAS
	4 WAS
	6 WAS
	8 WAS
	2 WAS
	4 WAS
	6 WAS
	8 WAS
	

	Variety (V)
	
	
	
	
	
	
	
	
	

	Oba-super 4
	7
	9
	10
	14
	2
	6
	8
	9
	

	Oba-super 6
	6
	9
	12
	16
	2
	9
	11
	11
	

	SED
	0.29
	1.79
	0.09*
	0.27*
	0.14
	1.90
	0.31*
	0.31*
	

	Time of-day application (T)

	9 am
	6
	8
	10
	14
	2
	8
	10
	10
	

	4 pm
	6
	9
	11
	15
	2
	7
	9
	9
	

	SED
	0.34
	1.32
	0.46
	0.55
	1.74
	1.18
	0.56
	0.56
	

	Weed control (W)
	
	
	
	
	
	
	
	
	

	Atrazine
	6
	9
	11
	14
	3
	8
	10
	10
	

	Atrazine + Nicosulfuron
	6
	7
	10
	13
	3
	8
	9
	9
	

	Metolachlor
	6
	7
	9
	13
	2
	7
	9
	9
	

	Metolachlor  + Nicosulfuron
	6
	7
	10
	13
	2
	7
	9
	9
	

	Primextra
	6
	10
	12
	16
	3
	8
	9
	9
	

	3 weeks weedy
	5
	8
	10
	14
	2
	8
	9
	9
	

	4 weeks weedy
	6
	10
	11
	14
	3
	10
	10
	10
	

	Weed check
	5
	9
	10
	13
	2
	8
	9
	9
	

	SED
	0.31
	1.62
	1.09
	1.08
	0.22
	1.67
	1.03
	1.05
	

	Interaction
	
	
	
	
	
	
	
	
	

	V x T
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	

	V x W
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	

	W x T
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	

	V x T x W
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	


WAS = weeks after sowing, * = significant at p < 0.05, **= significant at p< 0.01
Table 21: Effect of variety, time of day of application and weed control treatment on number of infested leaves, 2021
	Treatments
	
	Number  of leaves/plant
	
	
	
	
	
	
	Number of infested leaves/plant
	
	

	
	
	2 WAS
	4 WAS
	6 WAS
	8 WAS
	
	2 WAS
	4 WAS
	6 WAS
	8 WAS

	Variety (V)
	
	
	
	
	
	
	
	
	
	

	Oba-super 4
	
	6
	8
	9
	11
	
	2
	3
	4
	4

	Oba-super 6
	
	7
	8
	9
	11
	
	2
	4
	4
	4

	SED
	
	0.41
	0.22
	0.27
	0.05*
	
	0.02
	0.20
	0.14
	0.06

	Time of-day application (T)

	9 am
	
	7
	7
	8
	10
	
	2
	4
	4
	4

	4 pm
	
	6
	9
	10
	12
	
	2
	4
	4
	4

	SED
	
	0.44
	0.21**
	0.36*
	0.31*
	
	0.17
	0.13
	0.26
	0.13

	Weed control (W)
	
	
	
	
	
	
	
	
	
	

	Atrazine
	
	7
	8
	9
	11
	
	2
	3
	4
	4

	Atrazine + Nicosulfuron
	
	7
	8
	9
	12
	
	2
	4
	5
	4

	Metolachlor
	
	6
	9
	9
	11
	
	2
	4
	4
	4

	Metolachlor + Nicosulfuron
	
	7
	9
	10
	12
	
	2
	3
	4
	4

	Primextra
	
	6
	8
	8
	11
	
	3
	3
	4
	4

	3 weeks weedy
	
	7
	8
	9
	11
	
	2
	3
	4
	4

	4 weeks weedy
	
	7
	7
	9
	11
	
	2
	3
	3
	3

	Weed check
	
	7
	7
	7
	7
	
	1
	3
	4
	4

	SED
	
	0.34
	0.48*
	0.39**
	0.47**
	
	0.27**
	0.42**
	0.44
	0.39*

	Interaction
	
	
	
	
	
	
	
	
	
	

	V x T
	
	NS
	NS
	NS
	NS
	
	NS
	NS
	NS
	NS

	V x W
	
	NS
	NS
	NS
	NS
	
	NS
	NS
	NS
	NS

	W x T
	
	NS
	NS
	NS
	NS
	
	NS
	NS
	NS
	NS

	V x T x W
	
	NS
	NS
	NS
	NS
	
	NS
	NS
	NS
	NS


WAS = weeks after sowing, * = significant at p < 0.05, **= significant at p< 0.01


Table 22: Effect of variety, time of day of application and weed control treatment on plant height, 2020
	Treatments
	
	
	Plant Height (cm)
	

	
	2 WAS
	4 WAS
	6 WAS
	8 WAS

	Variety (V)
	
	
	
	

	Oba-super 4
	5.51
	10.50
	25.44
	110.10

	Oba-super 6
	5.82
	11.10
	26.43
	113.50

	SED
	0.12
	0.46
	1.20
	0.19*

	Time-of-day application (T)
	
	
	
	

	9 am
	5.86
	11.69
	26.54
	109.90

	4 pm
	5.47
	9.91
	25.34
	113.70

	SED
	0.25
	1.28
	2.50
	3.34

	Weed control (W)
	
	
	
	

	Atrazine
	5.70
	9.96
	26.40
	116.20

	Atrazine + Nicosulfuron
	5.85
	10.60
	25.19
	113.90

	Metolachlor
	5.74
	11.31
	24.24
	102.90

	Metolachlor + Nicosulfuron
	5.99
	10.03
	28.72
	126.80

	Primextra
	5.92
	10.84
	23.90
	110.10

	3 weeks weedy
	5.52
	15.58
	35.72
	130.20

	4 weeks weedy
	5.78
	11.40
	30.42
	117.80

	Weed check
	5.67
	7.34
	16.83
	79.20

	SED
	0.41
	1.10**
	1.87**
	4.45**

	Interaction
	
	
	
	

	V x T
	NS
	NS
	NS
	NS

	V x W
	NS
	NS
	NS
	NS

	W x T
	NS
	NS
	NS
	NS

	V x T x W
	NS
	NS
	NS
	NS


WAS = weeks after sowing, * = significant at p < 0.05, **= significant at p< 0.01
In 2021 growing season, maize variety and time of-day application of insecticide were not significant factors in influencing plant height (Table 23). Plant height differs significantly across weed control measure. The herbicide applied plots had relatively higher plant height at 2 and 4 WASwhile at 6 to 8 WAS, weedy check plots had significantly lower plant height compared to other plots that have similar. 
4.3.3: Yield and Yield Components 
Weed removal significantly influenced yield and yield components in the 2018 growing season (Table 24). Plots that were weeded at 3 or 6 WAS had significantly higher yield parameters and grain yield of 2.96  t/ha while plots that were weedy for the first 4 weeks had 1.83 t/ha compared to 0.69 t/ha obtained from the weedy check plots. Insecticide treated plots had significantly higher yield compared to 0.82  t/ha obtained from the control plots. Strong force treated plot had relatively higher yield of 1.95 t/ha followed by 1.84 t/ha from Cover force treated plots, the lowest yield among insecticide plots was 1.7 t/ha obtained from Tihan treated plots. Insecticide applied at 5 pm had significantly higher grain yield, 2.10 ton/ha followed by 1.79 ton/ha and 1.59 ton/ha obtained from 1 pm and 9 am treated plots, respectively.  Interaction between insecticide type and time of-day application was significant. Lara force and Strong force applied at 5 pm had significantly higher grain yield, 2.22 t/h and 2.69 t/ha respectively (Table 25).
In 2019, Oba-super 6A variety significantly yielded higher than Oba-super 4 variety ( 2.71 t/ha) Table 26. Time of-day application of insecticide did not significantly influence grain yield and yield components although application at 4 pm had higher grain yield (2.73 t/ha) than 9 am plots (2.54 t/ha). 
Weed control significantly affected yield and yield components, weedy check had significantly lower grain yield, 0.056 t/ha. Application of either atrazine or metolachlor and followed with + Nicosulfuron had relatively higher grain yield 2.92 t/ha and 3.19 t/ha respectively. Atrazine alone had lowest grain yield of 2.19 t/ha though similar to metolachlor and primextra treated plots. All plots weedy for 3 or 4 weeks before removal gave similar grain yield with the herbicides treated plots. Interaction between variety and weed control was obtained on grain yield (Table 27). Application of atrazin or metolachlor followed by a post-emergence application ofNicosulfuron gave a grain yield of 3.10 t/ha, and 3.57 t/ha, respectively. 

Table 23: Effect of variety, time of day of application and weed control treatment on plant height in 2021
	Treatments
	
	Plant Height(cm)
	
	

	
	2 WAS
	4 WAS
	6 WAS
	8 WAS

	Variety (V)
	
	
	
	

	Oba-super 4
	3.4
	16.1
	28.8
	68.0

	Oba-super 6
	3.6
	19.7
	33.4
	85.7

	SED
	0.07
	0.16*
	2.62
	5.61

	Time-of-day application (T)
	
	
	
	

	9 am
	3.5
	17.5
	31.4
	71.9

	4 pm
	3.5
	18.3
	30.7
	81.8

	SED
	0.06
	0.90
	2.06
	5.35

	Weed control (W)
	
	
	
	

	Atrazine
	3.4
	18.0
	30.3
	78.4

	Atrazine + Nicosulfuron
	3.6
	19.9
	33.1
	80.6

	Metolachlor
	3.5
	18.7
	32.9
	79.3

	Metolachlor + Nicosulfuron
	3.7
	18.5
	34.1
	86.9

	Primextra
	3.7
	17.5
	24.9
	71.5

	3 weeks weedy
	3.1
	16.4
	33.5
	79.4

	4 weeks weedy
	3.1
	16.2
	29.1
	72.5

	Weed check
	3.1
	13.5
	22.9
	42.6

	SED
	0.19*
	1.03**
	2.49**
	7.26**

	Interaction
	
	
	
	

	V x T
	NS
	NS
	NS
	NS

	V x W
	NS
	NS
	NS
	NS

	W x T
	NS
	NS
	NS
	NS

	V x T x W
	*
	NS
	NS
	NS

	
	
	
	
	


WAS = weeks after sowing, * = significant at p < 0.05, **= significant at p< 0.01






Table 24: Influence of weed removal and time of day of insecticide application on maize yield and yield components 2018
	

Treatments
	Number  of Seeds per row
	Number of rows per cob
	Cobs weight per plot (kg) 
	1000 Seeds Weight (g)
	Grain Yield (t/ha)

	Weed Removal (W)
	
	
	
	
	

	4weeks Weedy
	33
	14
	1.2
	155.7
	1.83

	Weedy Check
	26
	12
	0.4
	134.3
	0.69

	Hoeing @3&6WAS
	35
	14
	1.9
	177.1
	2.96

	SED
	0.92*
	0.24*
	0.23*
	4.22*
	3.84*

	Insecticide (I)
	
	
	
	
	

	No Application
	31
	13
	1.3
	156.1
	0.82

	Cover Force
	31
	13
	1
	152.8
	1.83

	Lara Force
	30
	13
	1.2
	160.4
	1.95

	Strong Force
	32
	14
	1.1
	155.4
	1.84

	Tihan
	32
	13
	1
	153.7
	1.70

	SED
	1.32
	0.41
	0.098
	5.68
	0.17*

	Time-of-day application (T)

	1pm
	31
	13
	1.1
	153.8
	1.79

	5pm
	32
	13
	1.3
	157.3
	2.10

	9am
	30
	13
	1.1
	155.9
	1.59

	SED
	0.65
	0.37
	0.097
	3.71
	0.12*

	Interactions
	
	
	
	
	

	W x I
	NS
	NS
	NS
	NS
	NS

	W x T
	NS
	NS
	*
	NS
	NS

	I x T
	*
	NS
	*
	NS
	*

	W x I x T  
	NS
	NS
	*
	NS
	NS


WAS = weeks after sowing, * = significant at p < 0.05








Table 25: Interaction between insecticide and time of day of application of insecticide on grain yield, 2018
	Insecticides
	Grain yield (t/ha)

	
	1pm
	5pm
	9am

	No Application
	0.79
	0.80
	0.86

	Cover Force
	1.32
	2.01
	2.16

	Lara Force
	1.61
	2.69
	1.54

	Strong Force
	1.63
	2.22
	1.66

	Tihan
	1.57
	1.65
	1.89

	SED (row)
	
	0.114
	

	SED (column)
	
	0.109
	














Table 26: Effect of variety, time of application and weed control on yield and yield components on maize, 2019
	Treatments
	Plant stand harvested
	Number of cobs
	Number of infested cobs
	Number of rows  per cob
	Number of seeds per row
	1000 Seeds weight  (g)
	Grain yield (t/ha)

	Variety(V)
	
	
	
	
	
	
	

	Oba-super 4
	42
	35
	3
	14
	31
	214
	2.56

	Oba-super 6
	45
	36
	3
	14
	32
	215
	2.71

	SED
	0.81
	1.41
	1.18
	0.22
	0.54
	6.92
	0.03*

	Time-of-day application (T)
	
	
	
	
	
	
	

	9 am
	45
	37
	4
	14
	31
	214
	2.54

	4 pm
	42
	34
	3
	14
	31
	216
	2.73

	SED
	1.29
	3.88
	0.92
	0.14
	0.45
	4.88
	0.47

	Weed control (W)
	
	
	
	
	
	
	

	Atrazine
	45
	35
	3
	14
	30
	209
	2.19

	Atrazine + Nicosulfuron
	42
	35
	3
	14
	33
	220
	2.92

	Metolachlor
	45
	36
	4
	15
	31
	210
	2.60

	Metolachlor + Nicosulfuron
	42
	34
	2
	15
	33
	223
	3.19

	Primextra
	45
	35
	3
	14
	31
	212
	2.39

	3 weeks weedy
	39
	40
	3
	15
	31
	214
	2.98

	4 weeks weedy
	51
	36
	3
	15
	32
	219
	2.90

	Weed check
	27
	14
	1
	14
	29
	91.3
	0.56

	SED
	1.46**
	3.70**
	0.96**
	0.30**
	1.16**
	5.29**
	0.35**

	Interaction
	
	
	
	
	
	
	

	V x T
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	V x W
	NS
	NS
	NS
	NS
	NS
	NS
	*

	W x T
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	V x T x W
	NS
	NS
	NS
	NS
	NS
	NS
	NS


* = significant at p < 0.05, **= significant at p< 0.01, NS= not significant


Table 27: Interaction between variety and weed control on grain yield (t/ha), 2019
	Variety/ Weed control treatment
	Atrazine
	Atrazine 
+  Nicosulfuron
	Metolachlor
	Metolachlor +  
Nicosulfuron
	Primextra
	3 weeks
Weedy
	4weeks weedy
	Weed check
	

	Oba-super 4

	2.28
	2.73
	2.68
	2.82
	2.93
	2.33
	2.48
	1.57
	

	Oba-super 6
	2.10
	3.10
	2.52
	3.57
	1.85
	3.62
	3.32
	1.55
	

	SED
	
	0.46










Table 28, shows yield and yield components of 2020 growing season, neither maize variety nor time of-day application of insecticide had significant influence on yield and yield components. Although pro-vitamin and application at 4 pm had relatively higher grain yield of  2.22  t/ha and 2.35 t/ha, respectively. In a similar trend as in 2019,  plots that were weedy for  weeks before weed removal had significantly higher grain yield, 3.71 t/ha, followed by 2.98 t/ha, 2.93 t/ha and 2.68 t/ha obtained from atrazine+ Nicosulfuron,metolachlor + Nicosulfuron and 4 weedy plots, respectively. While application of single herbicide had relatively lower grain yields compared to other plots except weedy check plots that had significantly lower grain yield of 0.51 t/ha. Interaction between variety and weed control measure was significant on grain yield (Table 29). 3 weeks weedy plots had significantly higher grain yield across the varieties while application of pre and post- emergence herbicides between relatively higher grain yield with Oba-super 6 maize variety. 
Similarly, in 2021 growing season (Table 30) Oba-super 6 variety and plots that insecticide was applied at 4 pm had higher grain yield. Plots left weedy for 3 weeks and application of metolachlor followed by Nicosulfuronhad significantly higher grain yield, 4.20 t/ha and 4.13 t/ha, respectively followed by 4 weeks weedy 3.52 t/ha and atrazine+Nicosulfuron plots (3.56 t/ha). Plots that were treated with single herbicide had relatively lower grain yield compared to other plots. The least grain yield was obtained from the weedy check plots, 0.88 t/ha. The interaction between variety and weed control was significant on grain yield (Table 31).Three weeks weedy plots and plots treated with metolachlor+Nicosulfuron had grain yield at 4 t/ha, followed by 4 weeks weedy and atrazine+Nicosulfuron plots with grain yieldof 3.5 t/ha.
4.4: Weed Host of Fall Armywarm
Ten (10) weed species belonging to 7 families within 10 genera were indentified to host Fall armyworm in 2020 and 2021 (Table 32). The indentified weed comprises of 6 annual and 4 perennial. Broad leaves dominated with 6 species, grasses were 3 and 1 sedge. Members of the poeacea had 30% of the weed host population while every other family had 10% each.



Table 28: Effect of variety, time of application and weed control on maize yield and yield components, 2020
	Treatments
	Plant stand harvested
	Number of cobs
	Number of infested cobs
	Number of rows per cob
	Number of seeds per row
	1000Seeds weight  (g)  
	Grain yield (t/ha)

	Variety (V)
	
	
	
	
	
	
	

	Oba-super 4
	56
	36
	4
	14
	28
	154.8
	2.19

	Oba-super 6
	59
	28
	6
	14
	31
	159.8
	2.22

	SED
	2.72
	2.50
	0.54
	0.90
	1.58
	4.81
	0.13

	Time-of-day application (T)
	
	
	
	
	
	
	

	9 am
	57
	30
	6
	14
	28
	154.4
	2.06

	4 pm
	58
	35
	5
	14
	30
	160.2
	2.35

	SED
	2.40
	5.00
	1.26
	0.38
	1.38
	3.68
	0.36

	Weed control (W)
	
	
	
	
	
	
	

	Atrazine
	65
	38
	8
	16
	31
	158.3
	2.24

	Atrazine + Nicosulfuron
	66
	37
	5
	16
	33
	183.3
	2.98

	Metolachlor
	64
	34
	7
	15
	29
	145.0
	1.80

	Metolachlor + Nicosulfuron
	65
	33
	5
	15
	32
	183.3
	2.93

	Primextra
	62
	35
	8
	14
	30
	152.5
	1.88

	3 weeks weedy
	65
	39
	4
	16
	33
	200.8
	3.71

	4 weeks weedy
	52
	30
	4
	15
	30
	168.3
	2.68

	Weed check
	10
	15
	2
	9
	18
	86.7
	0.51

	SED
	4.60**
	3.66**
	1.13**
	0.99**
	2.14**
	10.19**
	0.26**

	Interaction
	
	
	
	
	
	
	

	V x T
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	V x W
	*
	NS
	NS
	**
	*
	**
	*

	W x T
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	V x T x W
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	

	
	
	
	
	
	
	
	


SED= standard error of deviation, NS= not significant, * = significantly different at p< 0.05, **= significantly different at p< 0.01

Table 29: Interaction between variety and weed control on grain yield (t/ha)
	Variety/ Weed control treatment
	Atrazine
	Atrazine+     Nicosulfuron
	Metolachlor
	Metolachlor +  Nicosulfuron
	Primextra
	3weeks weedy
	4weeks weedy
	Weed check
	

	Oba-super 4

	1.97
	2.90
	1.63
	2.75
	1.85
	3.63
	2.93
	0.12
	

	Oba-super 6
	2.52
	3.07
	1.97
	3.10
	1.90
	3.78
	2.42
	0.90
	

	SED
	0.37











Table 30: Effect of variety, time of application and weed control treatment on maize yield and yield components, 2021
	Treatments
	Plant stand harvested
	Number of cobs
	Number of infested cobs
	Number of rows per seed
	Number of seeds per row
	1000 Seeds weight  (g)
	Grain yield (t/ha)

	Variety (V)
	
	
	
	
	
	
	

	Oba-super 4
	33
	33
	11
	14
	31
	177.4
	2.80

	Oba-super 6
	36
	32
	12
	15
	31
	178.7
	2.94

	SED
	0.59
	1.11
	0.34
	0.68
	0.46
	4.17
	0.03*

	Time-of-day application (T)
	
	
	
	
	
	
	

	9 am
	34
	32
	11
	14
	31
	175.5
	2.83

	4 pm
	35
	33
	11
	15
	31
	180.7
	2.92 

	SED
	0.40*
	0.60
	0.23
	0.20
	0.40
	2.64
	0.05

	Weed control (W)
	
	
	
	
	
	
	

	Atrazine
	35
	28
	12
	15
	31
	162.2
	2.48

	Atrazine + Nicosulfuron
	35
	40
	13
	15
	31
	205.3
	3.56

	Metolachlor
	36
	27
	12
	15
	31
	170.6
	2.70

	Metolachlor + Nicosulfuron
	35
	43
	13
	15
	34
	217.2
	4.13

	Primextra
	37
	26
	13
	14
	31
	147.9
	2.35

	3 weeks weedy
	33
	38
	7
	15
	32
	232.3
	4.20

	4 weeks weedy
	34
	36
	7
	15
	32
	214.3
	3.52

	Weed check
	20
	14
	2
	11
	16
	113.4
	0.88

	SED
	1.53**
	1.71**
	0.78**
	0.57**
	1.27**
	7.16**
	0.18**

	Interaction
	
	
	
	
	
	
	

	V x T
	NS
	NS
	NS
	NS
	*
	*
	NS

	V x W
	NS
	NS
	*
	NS
	*
	NS
	*

	V x T x W
	NS
	NS
	NS
	NS
	NS
	NS
	NS


* = significantly different at p< 0.05, **= significantly different at p< 0.01, NS= not significant


Table 31: Interaction between variety and weed control on grain yield (t/ha).
	Variety/ Weed control treatment
	Atrazine
	Atrazine +  Nicosulfuron
	Metolachlor
	Metolachlor +  Nicosulfuron
	Primextra
	3 weeks weedy
	4 weeks weedy
	Weed check

	Oba-super 4
	2.38
	3.50
	2.43
	4.02
	2.28
	4.02
	3.42
	0.85

	Oba-super 6
	2.57
	3.62
	2.97
	4.25
	2.42
	4.38
	3.62
	0.90

	SED
	
	
	
	0.24
	
	
	
	






Table 32: WEED HOSTS OF FALL ARMYWORM
	FAMILY
	WEED SPECIES
	MG
	LC
	2020
	2021

	
	
	
	
	EGGS
	LARVAE
	ADULTS
	EGGS
	LARVAE
	ADULTS

	Amaryllideceae
	Narcissus papyraceus Ker Gawl
	B
	P
	XXX
	X
	-
	XXX
	-
	XX

	Balsaminaceae
	Imptiens perviflora Dc.
	B
	A
	-
	X
	-
	-
	-
	-

	Commelinaceae
	Commelina benghalensis L.
	B
	P
	-
	XXX
	-
	-
	XXX
	-

	Cyperaceae
	C.  esculantus (L.)
	S
	P
	X
	XX
	-
	-
	XX
	-

	Malvaceae
	Gossypium hirsutum L.
	B
	A
	X
	XXX
	X
	XX
	XX
	-

	
	Sida acuta Burm. F. 
	B
	P
	-
	XX
	-
	-
	-
	-

	Poaceae
	Dactyloctenium aegyptium (L.)Wild
	G
	A
	X
	XXX
	-
	-
	XXX
	-

	
	Digiteria  sanguinalias (L.)Scop
	G
	A
	X
	XXX
	XX
	X
	XXX
	XX

	
	Echinochioa crus-galli (L.)
	G
	A
	XX
	XXX
	XX
	XX
	XXX
	XX

	Rubiaceae
	Richardia scabra L.
	B
	A
	-
	XX
	-
	-
	X
	-


MG = Morphological Groups; LC = Life cycle; B = Broadleaves; G = Grasses; S = Sedges, A = Annual, P = Perennial, AZ= Atrazine, 
 - = absent, X = present, XX = moderately present, XXX = highly present
The major host FAW are Digiteria  sanguinalias, Echinochioa crus-galli, Narcissus papyraceus and Gossypium hirsutum (Plate 2). All stages of FAW (eggs, larvae and adults).were identified on the weed species, while larvae alone were identified on Commelina benghalensis L and Richardia scabra L.Cyprus esculantus (L.) hosted the eggs and larvae stages of FAW.
4.5: Morphometrics and development of Fall Armyworm Encountered in the Study
Fall armyworm (FAW) dominated the maize farm used for this trial. Fall armyworm larvae with six distinct instars and 21-day developmental period were observed. First indication of FAW is translucent patches (Plate 2c), pin-hole damage or small round window-panes on young leaf tissues caused by young larval of 1st- 2nd instar.

Tables 33, 34 and 35 shows morphometrics and developmental duration of fall armyworm Spodopteraspp.larval instars in the laboratory for 2019, 2020 and 2021 respectively.The variation in instars of Spdoptera spp larvae could be associated with the fresh leaves provided ad libitumand prevailing conditions of their availing environment. The colour of the instars varied from light green to brownish black. The number of observed larval (12) showed that Sodoptera spppassed through six larval instars (Plate 3).
From the measurement of the head capsule width, a mean growth ratio of 1.61, 1. 56 and 1.66 were obtained for 2019, 2020 and 2021 levels of larval infestation, respectively. It was found that the developmental duration of the larval instars increased with increase in the number of instars. Developmental duration of 21 days was observed. The head capsule widths of Sodoptera spp larvae ranged from 0.27 mm to 2.70 mm, 0.33 mm to 2.82 mm and 0.28mm to 2.71 mm in 2019, 
[image: C:\Users\JUDITH\Desktop\MOU\IMG-20230325-WA0028.jpg]
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Table 33:  Morphometrics of Spodoptera spp larval instars encountered in 2019
	Developmental stage
	Body length 
(mm)
± SE
	Head capsule
Width (mm)
± SE
	Growth 
Ratio
	Days
	Colour

	
	
	
	
	
	

	1st Instar
	1.70d+ 1.4 
	0.27d+ 0.2
	
	1 – 3
	Light Green

	2nd Instar
	3.48d+ 0.5
	0.53d+ 0.1
	1.96
	4 – 5
	Green

	3rd Instar
	8.25cd+ 5.6
	0.94cd+ 0.4
	1.77
	6 – 7
	Light Brown

	4th Instar
	22.60bc+ 13.6
	1.60bc+ 0.4
	1.70
	8 – 9
	Brown

	5th Instar
	31.95ab+ 1.6
	2.35ab+ 0.4
	1.47
	10 – 11
	Dark Brown

	6th Instar
	41.10a+ 8.6
	2.70a+ 0.3
	1.15
	12 – 21
	Brown black

	Mean Growth Ratio
	
	
	1.61
	
	


Values in the same column followed by the same superscript(s) are not significantly different at p=0.05 using Duncan`s new multiple range test.













Table 34:  Morphometrics of Spodoptera spp larval instars encountered in 2020 
	Developmental Stage
	Body
Length (mm)
± SE
	Head capsule Width (mm)
± SE
	Growth Ratio
	 Days
	Colour

	1st Instar
	1.59d+ 1.4
	0.33d+ 0.1
	
	1 – 3
	Light green

	2nd Instar
	3.59d+ 0.5
	0.49d+ 0.1
	1.48
	4 – 5
	Green

	3rd Instar
	7.24d+2.4
	1.00d+ 0.4
	2.04
	6 – 7
	Light brown

	4th Instar
	23.42b+9.4
	1.60bc+ 0.4
	1.60
	8 – 9
	Brown

	5th Instar
	31.00ab+ 1.8
	2.25ab+ 0.2
	1.41
	10 – 11
	Dark brown

	6th Instar
	42.21a+9.2
	2.82a+ 0.3
	1.25
	12 – 21
	Brown black

	
	
	
	
	
	

	Mean Growth Ratio
	
	
	1.56
	
	

	
	
	
	
	
	


Values in the same column followed by the same superscript(s) are not significantly different at p=0.05 using Duncan`s new multiple range test.













Table 35:  Morphometrics of Spodoptera spp larval instars encountered in 2021
	Developmental stage
	Body length 
(mm)
± SE
	Head capsule
Width (mm)
± SE
	Growth 
Ratio
	Days
	Colour

	
	
	
	
	
	

	1st Instar
	1.62d+ 1.2
	0.28d+ 0.2
	
	1 – 3
	Light Green

	2nd Instar
	6.24c+ 0.5
	0.43d+ 0.1
	1.53
	4 – 5
	Green

	3rd Instar
	8.27c+4.2
	0.95cd+ 0.3
	2.20
	6 – 7
	Light Brown

	4th Instar
	20.52c+ 14.1
	2.20ab+ 0.5
	1.73
	8 – 9
	Brown

	5th Instar
	33.11ab+ 1.2
	2.25ab+ 0.4
	1.65
	10 – 11
	Dark Brown

	6th Instar
	39.10a+ 8.9
	2.71a+ 0.5
	1.20
	12 – 21
	Brown black

	
	
	
	
	
	

	Mean growth ratio
	
	
	1.66
	
	





2020 and 2021 respectively. The patterns of the head capsule width for different larval instars were similar with approximate growth ratio of 1:6. 
The application of Dyar`s rule to this study for larval instars separation produced six distinguishable instars. This study presents head capsule widths of about 0.27mm, 0.53mm, 0.94mm, 1.60mm, 2.35 mm  and 2.70 mm (Table 33)  and 0.33mm, 0.49mm, 1.00mm, 1.60mm, 2.25mm, 2.82 mm (Table 34) and 0.28mm, 0.43mm, 0.95mm, 2.20mm, 2.25mm, 2.71 mm (Table 35)  for 1st to 6th instars, respectively.
















CHAPTER FIVE
5.0 DISCUSSION
5.1 Weed Species Composition
Weed species composition differed with year which is closely linked to the cropping history of the fields. This report is similar to that of Takim (2012) in the same agro- ecological zone. About 60 weed species belonging to 23 families were enumerated in the experimental fields over three years. Andropogon gayanus Kunth, Heterotis rotundifolia (Sm) Jac and Choromolaena odorata Linn dominated the field in year 2019 while years 2020 and 2021 were dominated by Richardia scabra L.,Digitaria sanguinalias (L.),Scop, Gomphrena serrata (L.), Dactyloctenium aegyptium(L.) willd, Chloris pycnothrix Trin. and Chamaecrista rotundifolia (Pers.). On the other hand,  Cyperus esculentus Linn., Hyptis suaveolens Poit., Senna occidentalis (L.) and Allium cepa L were the least weed species encountered  in year 2019 while Trifolium dubiumsibth, Digitaria ciliaris(Retz.) Koeler, Imptiens perviflora Dc., Tridax procumbens (L.), Euphorbia heterophylla (L.), Phylluanthus amarus, Seteria pulmila (Poir), Cleome viscose and Heliantus annuus (L.) and Centrosema pubenscens, Gomphrena serrata (L.), Phylluanthus amarus, Trifolium dubiumsibth were the least weed species recorded in years 2020 and 2021. This observation confirms earlier reports by Zimdahl et al. (1988) and Ekeleme et al. (2004) that tropical soils contained  high population of weed seeds that are composed of a few dominant species and many other minor species present in low numbers.
5. 2: Weed Control Efficiency 
Weed density and biomass were higher in the unweeded control than in all other treatments in both varieties. In respect to the weed check plots and hoe-weeded plots, the herbicides at all control treatments shown significantly reduced weed parameters. This decrease demonstrates the effectiveness of herbicides in controlling weeds, as other studies have previously demonstrated Khanet al., (1991); Idriset al., (2015). Herbicides increased maize yield by 100–150 percent over weedy control and eliminated 65–90% of weed flora (Nadeem et al., 2006). It was evident that when compared to the weedy check treatment, herbicide application at all rates reduced weed growth and ground cover. However, they were unable to guarantee weed control all season long.
5.3: Effect of Weed Removal on FAW
Weeds are the main food source for many phytophagous insects, and insects that eat weeds reduce the competition between weeds and crops by giving crops more access to water, soil nutrients, and sunlight. If there are no desirable weeds to feed on, some insects may readily damage crops if their eating habits are not constrained to the weed alone (Capinera 2005). Many insects appear to be more picky or erratic in their feeding host choices, making the host lists incredibly misleading (Frank et al., 2022). Additionally, insects frequently experience very high population growth, deplete their food supply, and are compelled to eat crops (Tang et al. 2019). In order to stop insects from spreading to agricultural plants, it is crucial to apply weed management at the correct time if weeds are harboring insects that can infest crops.
Fields with diverse weed communities have more beneficial insect pest populations than fields with limited weed variety (Robert and Marcos 2000). The fields in this study featured a varied spectrum of mixed weeds, which did not significantly vary throughout the course of the three-year study period (Maclaren et al., 2020).The most prevalent weed species were Richardia scabra, Digitaria sanguinalias, Gomphrena celosioides, Cyperus species, Chloris pycnothrix, Dactyloctenium aegyptium, Euphorbia hypericifolia, Chromoleana odorata,Heterotis rotundifolia, and Andropogon gayanus.
To determine the principal weed morphological group responsible for FAW populations in maize fields, pre-emergence application of Atrazine controlled 94% of broadleaved weeds while 81.9% of grass species dominated the field. Application of Metolachlor controlled 78.8% of a variety of broadleaved species and 89.6% of grass weed species. Primextra treated fields had weed populations that were largely identical in terms of morphology. The information shown here is consistent with recent reports from Chand et al. (2016), and Bhuiyan et al (2018).
This study also showed that weeds positively influenced the number of maize plants infested with FAW; the delayed hoe-weeded and weed-checked plots had a relatively low (40–47%) infestation of FAW compared to herbicide-treated plots. In addition, maize grown in Atrazine treated plots had a greater degree of FAW infestation than maize cultivated in plots treated with other herbicides or in plots with a naturally occurring mix of weed species. According to Hay-Roe et al. (2016), native weeds and grasses served as the host for FAW's natural enemies, while Baudron et al. (2019) found greater FAW damage on maize crops grown right away after fallowing, this was most likely because graminaceous species predominated in short-term fallows. According to Moraes et al. (2020), FAW had a better chance of surviving and growing in the off-season on weeds like Goosegrass and Johnsongrass in maize.
The current study found that delaying weed removal for 3 weeks resulted in a significant average yield of 3.63 t/ha, which was a 9.37% increase from double herbicide plots, even though the application of pre- and post-emergence herbicides on the same plots had a higher grain yield compared to the use of a single herbicide (Takim et al., 2017). This finding suggests that early weed interference with maize production may be of little value when minimal (Limaet al., 2009).
5.4: Time of-Day Application of Insecticide  on FAW
In this study, pesticide application at 4 pm resulted in greater yields and yield characteristics across treatments, as well as lower infestation rates.
5.5:  Weed Removal on Yield
Prior to infesting the maize, FAW larvae attacked the producing fields' preferred noncrop vegetation (weeds). According to Henry et al. (1997)findings, this allowed the crop plants to develop through their early, very sensitive growth stage. However, it has frequently been noted that this species' larvae gather in considerable numbers on maize in plots where weed removal is delayed for 3 or 4 WAS, inflicting very minor harm to the crops. It's interesting to see that fall armyworm natural enemies were more prevalent in weedy plots than non-weedy plots. This may also account for the fall armyworm's reduced impact and population on maize plants in weedy plots.
The presence of weeds reduced crop production by competing with it for water, nutrients, and light. Nevertheless, weed check plots recorded a much lower degree of fall armyworm infestation while still recording poor yield metrics and a resolutely low yield (Carruthers et al., 1998).
Oba-super 6 maize variety and plots left weedy for 3 weeks produced the best output, followed by herbicide application weed control treatment of metolachlor + Nicosulfuron. Oba-super 6 maize variety generally indicated superior grain production in all weed control treatments. However, it was found from this investigation that the Oba-super 6 maize type is more prone to infestation than the Oba-super 4 variant.

5.6: Weed Host of FAW
Digiteria sanguinalias, Echinochioa crus-galli, Narcissus papyraceus, and Gossypium hirsutum were determined to be the main weed hosts, and they were found to harbor all stages of FAW (eggs, larvae and adults).Other weed species who hosted one or two stages of FAW includes Imptiens perviflora, Commelina benghalensis, Cyprus esculantu, Sida acuta,  Dactyloctenium aegyptium and Richardia scabra.. 60 % of the identified weed host were annual, 60 % broadleaves and member of Poeacea family had the highest population madeup 30 %. 
5.7: Morphmetrics of FAW
Fall armyworm (FAW) dominated the maize farm used for this experiment. An average life cycle of 45 days was noted in the laboratory investigation. This study's application of Dyar's rule (1890) for separating larval instars resulted in six distinct instars with a range of colours from light green to brownish black and a 21-day developmental period.
A mean growth ratio of 1.61, 1.56, and 1.66 was calculated for the 3 years of the study from the measurement of the head capsule width. It was discovered that as the number of larval instars increased, so did the developmental length of the instars.










5.8: CONCLUSION AND RECOMMENDATIONS
Maize plants damaged by armyworms were 40–47% lower where weed removal was delayed for 3–4 weeks or weeds were not controlled after planting maize compared to maize plants damaged in herbicide-treated plots. There was a 16.5% increase in the level of infestation in atrazine-treated plots compared to other herbicide-treated plots. As a result, increasing the time of weed removal allows the natural host of FAW to dominate, reducing the level of infestation on the maize plant and resulting in an increase in maize grain yield. 
1. fall armyworm had six distinct instars that ranged in colour from bright green to brownish black and a 21-day developmental period.
2. dominant natural hosts of FAW in the study area were Digitariasanguinalias, Dactylocteniumaegyptium, Echinochioacrusgalli, Narcissus papyraceus, Commelinabenghalensis and Gossypiumhirsutum
3. Digiteria sanguinalias, Echinochioa crus-galli, Narcissus papyraceus, Gossypium hirsutum, Imptiens perviflora, Commelina benghalensis, Cyprus esculantu, Sida acuta,  Dactyloctenium aegyptium and Richardia scabra are recommended as biological pest control of FAW on maize field. 
4. Early weed interference with maize production could be of little value when minimal weed control practices are employed. It is recommended to delay weed removal for 3 weeks to reduce FAW infestation and improve maize grain yield.
5. atrazine controlled 94% of broadleaved weeds and 6% of grasses, while metolachlor controlled 89.6 and 20.4% of grasses and broadleaves, respectively
6. On a commercial production however, where hand weeding is not economically and logically suitable, Metolachlor + Nicosulfuron or Atrazine + Nicosulfuron weed control treatments should be adopted. 
7. delayed weed removal for 3 weeks yielded 3.63 t/ha of grain yield, 36.9% and 9.4% increase over plots treated with herbicides once (2.29 t/ha) and twice (3.29 t/ha), respectively; and
8. time-of-day application of insecticide had no significant(p>0.05)effecton FAW and maize yield althoughplots treated at 4 pm had 3.08% increase in grain yield therefore Afternoon application of insecticide for the control of FAW is advised. 
9. Government should enlighten farmers’ especially rural dwellers about the importance and biological control of fall armyworm, Enlightenment should be made on IWM to help reduce the use of synthetic chemicals
10. More research work should be carried out on associated natural enemies of FAW and weed host. Effect of weed morphology on maize yield in association with FAW infestation should also be looked into.
The study concluded that prolonging the time of weed removal allowed the natural hosts of FAW to dominate, thereby reducing the level of infestation on the maize. The study therefore recommendedthat farmers should delay weed removal for 3 weeks to reduce FAW infestation and improve maize yield.
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Appendix 1: Soil physiochemical analysis, 2019
	Parameters
	2019

	PH(H20)
	5.14

	% organic carbon
	1.054

	% Total nitrogen
	0.116

	 Available phosphorus(mg/kg)
	7.28

	Exchangeable  Acidity
	0.40

	Exchangeable   H+ (cmol/kg)
	0.40

	Exchangeable  Al+++(cmol/kg)
	0.00

	Ca(cmol/kg)
	2.85

	Mg (cmol/kg)
	1.04

	K (cmol/kg)
	0.29

	Na(cmol/kg)
	0.21

	Mn(mg/kg)
	94.0

	Fe(mg/kg)
	102.0

	Cu (mg/kg)
	1.30

	Zn (mg/kg)
	1.46

	Sand %
	79.0

	Silt %
	12.0

	Clay %
	9.0

	Textural class
	Loamy sand











Appendix 2: Soil physiochemical analysis, 2020 and 2021.
	Parameters
	2020
	2021

	PH(H20)
	5.09
	5.45

	% organic carbon
	1.258
	0.340

	% Total nitrogen
	0.138
	0.037

	 Available phosphorus(mg/kg)
	6.88
	6.16

	Exchangeable  Acidity
	0.35
	0.35

	Exchangeable   H+ (cmol/kg)
	0.35
	0.35

	Exchangeable  Al+++(cmol/kg)
	0.00
	0.00

	Ca(cmol/kg)
	3.13
	1.84

	Mg (cmol/kg)
	1.46
	0.83

	K (cmol/kg)
	0.38
	0.28

	Na(cmol/kg)
	0.27
	0.18

	Mn(mg/kg)
	110.0
	90.0

	Fe(mg/kg)
	117.0
	83.0

	Cu (mg/kg)
	1.70
	0.97

	Zn (mg/kg)
	1.88
	1.02

	Sand %
	85.0
	80.0

	Silt %
	6.0
	13.0

	Clay %
	9.0
	7.0

	Textural class
	Loamy sand
	Loamy sand
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Appendix 3: Rain fall pattern in Ilorin, Kwara State (2018-2021).
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Plates 2a-2d : Weed hosts of Fall armyworm encountered in the study
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Plate 3 : Shows different Larval instars of Fall armyworm in the study
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Daily Rainfall Patterns in llorin, Kwara State (2018-2021).
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Plates 1a-1b : Characteristics of Fall armyworm




