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[bookmark: _Toc229888289]Search strategy and eligibility criteria
[bookmark: _Hlk226254021]A systematic literature search was conducted to identify relevant publications on conventional breeding for FAW resistance in maize, covering the period from 2000 to 2025. The following electronic databases were explored: Google Scholar, PubMed, Scopus, Web of Science, CAB Abstracts, and the CGIAR publications repository (CIMMYT, IITA). The search strategy combined Boolean operators (AND, OR) with keywords as follows: ("Zea mays" OR "maize" OR "corn") AND ("Spodoptera frugiperda" OR "fall armyworm" OR "FAW") AND ("host plant resistance" OR "insect resistance" OR "pest resistance") AND ("conventional breeding" OR "plant breeding" OR "mating design" OR "diallel" OR "line × tester" OR "North Carolina design" OR "recurrent selection" OR "backcross" OR "introgression") AND ("Africa" OR "Sub-Saharan Africa" OR "tropical" OR "subtropical"). Additional articles were identified by manually screening reference lists of key publications and relevant conference proceedings.
Studies were included if they were: (i) peer-reviewed research articles, reviews, or institutional technical reports; (ii) focused on conventional breeding methods for FAW resistance in maize; (iii) reported on identification or evaluation of maize genotypes for FAW resistance; and (iv) conducted in tropical or subtropical environments, with priority given to SSA. Studies were excluded if they focused exclusively on transgenic Bt maize, chemical control, or non-breeding management strategies.
Following the PRISMA checklist 2020 (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines, titles and abstracts were screened for relevance, and full texts of potentially eligible articles were assessed against the inclusion criteria. 
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[bookmark: _Toc229888290]Table S1. Systematic literature search strategy and search results (1st January 2000- 31st December 2025)
	Database
	Search string
	Filters applied
	Notes
	Search results on 31st December 2025

	Google Scholar
	("Zea mays" OR maize OR corn) AND ("Spodoptera frugiperda" OR "fall armyworm" OR FAW) AND ("host plant resistance" OR "insect resistance" OR "pest resistance") AND ("conventional breeding" OR "plant breeding" OR "mating design" OR diallel OR "line x tester" OR "North Carolina design" OR "recurrent selection" OR backcross OR introgression) AND (Africa OR "Sub-Saharan Africa" OR tropical OR subtropical)
	Year range: 2000-2025
	Broad search engine; includes grey literature
	412

	Scopus
	TITLE-ABS-KEY (("Zea mays" OR maize OR corn) AND ("Spodoptera frugiperda" OR "fall armyworm" OR FAW) AND ("host plant resistance" OR "insect resistance" OR "pest resistance") AND ("conventional breeding" OR "plant breeding" OR "mating design" OR diallel OR "line x tester" OR "North Carolina design" OR "recurrent selection" OR backcross OR introgression) AND (Africa OR "Sub-Saharan Africa" OR tropical OR subtropical))
	Year: 2000-2025; Document type: Article, Review
	Peer-reviewed indexed literature
	377

	Web of Science
	TS=(("Zea mays" OR maize OR corn) AND ("Spodoptera frugiperda" OR "fall armyworm" OR FAW) AND ("host plant resistance" OR "insect resistance" OR "pest resistance") AND ("conventional breeding" OR "plant breeding" OR "mating design" OR diallel OR "line x tester" OR "North Carolina design" OR "recurrent selection" OR backcross OR introgression) AND (Africa OR "Sub-Saharan Africa" OR tropical OR subtropical))
	Timespan: 2000-2025; Indexes: SCI-EXPANDED
	High-impact journals
	272

	[bookmark: _Hlk228016928]CAB Abstracts
	("Zea mays" OR maize OR corn) AND ("Spodoptera frugiperda" OR "fall armyworm" OR FAW) AND (resistance OR "host plant resistance" OR "insect resistance" OR "pest resistance") AND ("plant breeding" OR diallel OR "line x tester" OR "North Carolina design" OR "recurrent selection" OR backcross* OR introgress*) AND (Africa OR "Sub-Saharan Africa" OR tropical OR subtropical)
	Year: 2000-2025
	Strong agronomy coverage
	751

	CGIAR publications repository
	(Zea mays OR maize OR corn) AND (Spodoptera frugiperda OR fall armyworm OR FAW) AND (resistance OR host plant resistance OR insect resistance OR pest resistance) AND (plant breeding OR diallel OR line × tester OR North Carolina design OR recurrent selection OR backcross OR introgression) AND (Africa OR Sub-Saharan Africa OR tropical OR subtropical)
	Year: 2000-2025
	Strong evidence bases for FAW host plant resistance in Africa
	425






[bookmark: _Toc229888291]Table S2: PRISMA checklist 2020 guidelines
	Section and Topic
	Item #
	PRISMA 2020 Checklist Item
	Reported (Yes/No)
	Page number(s)

	TITLE
	1
	Identify the report as a systematic review.
	Yes
	p. 1

	ABSTRACT
	2
	See the PRISMA 2020 for Abstracts checklist.
	Yes
	pp. 1-2

	INTRODUCTION
	3
	Describe the rationale for the review in the context of existing knowledge.
	Yes
	pp. 2-4

	 
	4
	Provide an explicit statement of the objective(s) or question(s) the review addresses.
	Yes
	p. 4

	METHODS
	5
	Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses.
	Yes
	pp. 4-5

	 
	6
	Specify all databases, registers, websites, organizations, reference lists and other sources searched or consulted to identify studies. Specify the date when each source was last searched.
	Yes
	pp. 4-5

	 
	7
	Present the full search strategies for all databases, registers and websites, including any filters and limits used.
	Yes
	Supplementary Materials pp. 5-6

	 
	8
	Specify the methods used to decide whether a study met the inclusion criteria, including how many reviewers screened each record and report, whether they worked independently, and details of automation tools used.
	Yes
	pp. 5-6

	 
	9
	Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked independently, processes for obtaining or confirming data from investigators, and automation tools used.
	Yes
	p. 6

	 
	10a
	List and define all outcomes for which data were sought. Specify whether all results compatible with each outcome domain in each study were sought.
	Yes
	pp. 6-7

	 
	10b
	List and define all other variables for which data were sought and describe assumptions made about missing or unclear information.
	Yes
	p. 5-6

	 
	11
	Specify the methods used to assess risk of bias in the included studies.
	Yes
	p. 6; Supplementary Materials pp. 6–10

	 
	12
	Specify for each outcome the effect measure(s) used in the synthesis or presentation of results.
	No
	Not applicable (qualitative synthesis)

	 
	13a
	Describe the processes used to decide which studies were eligible for each synthesis.
	Yes
	pp. 5-6

	 
	13b
	Describe methods required to prepare the data for presentation or synthesis.
	Yes
	p. 7

	 
	13c
	Describe any methods used to tabulate or visually display results of individual studies and syntheses.
	Yes
	p. 7; Tables 1-2; Figures 1–2

	 
	13d
	Describe any methods used to synthesize results and provide a rationale for the choice(s).
	Yes
	p. 7

	 
	13e
	Describe any methods used to explore possible causes of heterogeneity among study results.
	Yes
	pp. 7, 22-24

	 
	13f
	Describe any sensitivity analyses conducted to assess robustness of synthesized results.
	No
	Not conducted

	 
	14
	Describe any methods used to assess risk of bias due to missing results in a synthesis.
	No
	Not conducted

	 
	15
	Describe any methods used to assess certainty (or confidence) in the body of evidence.
	No
	Not conducted

	RESULTS
	16a
	Describe the results of the search and selection process, from the number of records identified to the number of studies included, ideally using a flow diagram.
	Yes
	pp. 6-7; Fig. 1

	 
	16b
	Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded.
	Yes
	p. 7

	 
	17
	Cite each included study and present its characteristics.
	Yes
	pp. 8-24; Tables 1-2

	 
	18
	Present assessments of risk of bias for each included study.
	Yes
	p. 9; Supplementary Materials pp. 8-11

	 
	19
	For all outcomes, present, for each study: summary statistics and effect estimate where applicable.
	Yes
	pp. 8-24

	 
	20a
	For each synthesis, briefly summarize the characteristics and risk of bias among contributing studies.
	Yes
	pp. 8-24

	 
	20b
	Present results of all statistical syntheses conducted.
	No
	Not applicable (no meta-analysis)

	 
	20c
	Present results of all investigations of possible causes of heterogeneity among study results.
	Yes
	pp. 24-27

	 
	20d
	Present results of all sensitivity analyses conducted.
	No
	Not conducted

	 
	21
	Present assessments of risk of bias due to missing results for each synthesis assessed.
	No
	Not assessed

	 
	22
	Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed.
	No
	Not assessed

	DISCUSSION
	23a
	Provide a general interpretation of the results in the context of other evidence.
	Yes
	pp. 24-26

	 
	23b
	Discuss any limitations of the evidence included in the review.
	Yes
	p. 26

	 
	23c
	Discuss any limitations of the review processes used.
	Yes
	p. 26

	 
	23d
	Discuss implications of the results for practice, policy, and future research.
	Yes
	pp. 27-28

	OTHER INFORMATION
	24a
	Provide registration information for the review, including register name and registration number, or state that the review was not registered.
	Yes
	p. 7

	 
	24b
	Indicate where the review protocol can be accessed, or state that a protocol was not prepared.
	Yes
	p. 7

	 
	24c
	Describe and explain any amendments to information provided at registration or in the protocol.
	No
	Not applicable

	 
	25
	Describe sources of financial or non-financial support for the review and the role of the funders or sponsors.
	Yes
	p. 7; Funding section

	 
	26
	Declare any competing interests of review authors.
	Yes
	p. 30; Conflict of Interest section

	 
	27
	Report which of the following are publicly available and where they can be found: template data collection forms, data extracted from included studies, analytic code, and other materials used in the review.
	Yes
	Supplementary Materials; Data Availability Statement



Risk of Bias Framework for Plant Breeding Studies (RoB-PB Tool)
The methodological quality and potential sources of bias of the studies included in this review were assessed using the Risk of Bias Framework for Plant Breeding Studies (RoB-PB Tool). The assessment considered key domains including clarity of study objectives, adequacy of experimental design, replication and randomization procedures, validity of phenotyping methods, appropriateness of statistical analyses, and completeness of reported data. Each study was subsequently categorized as having low, moderate, or high risk of bias based on the overall methodological rigor and transparency of reporting.
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	Domain
	Signaling Question
	Reported (Yes/No)
	Risk of Bias Judgment

	1. Genetic Material Characterization
	Were the maize genotypes/inbred lines/hybrids clearly identified and described?
	 
	Low / Some concerns / High

	
	Was the source or pedigree of germplasm reported?
	 
	Low / Some concerns / High

	
	Was the resistance background or breeding objective specified?
	 
	Low / Some concerns / High

	2. Experimental Design
	Was the experimental design clearly stated (RCBD, alpha lattice, split-plot, etc.)?
	 
	Low / Some concerns / High

	
	Were the number of replications adequately reported?
	 
	Low / Some concerns / High

	
	Was randomization implemented and described?
	 
	Low / Some concerns / High

	
	Were environmental conditions or trial locations adequately described?
	 
	Low / Some concerns / High

	3. Fall Armyworm Infestation and Screening Method
	Was the infestation method clearly described (artificial or natural infestation)?
	 
	Low / Some concerns / High

	
	Were infestation timing and growth stage standardized?
	 
	Low / Some concerns / High

	
	Was insect pressure uniform across treatments?
	 
	Low / Some concerns / High

	
	Were FAW scoring scales or phenotyping protocols validated or referenced?
	 
	Low / Some concerns / High

	4. Trait Measurement and Data Collection
	Were agronomic and resistance traits clearly defined?
	 
	Low / Some concerns / High

	
	Were measurements collected using standardized procedures?
	 
	Low / Some concerns / High

	
	Was the timing of observations adequately reported?
	 
	Low / Some concerns / High

	
	Were assessors blinded or trained to reduce observer bias?
	 
	Low / Some concerns / High

	5. Statistical Analysis
	Were statistical models appropriately described?
	 
	Low / Some concerns / High

	
	Were genotype, environment, and G×E effects appropriately analyzed?
	 
	Low / Some concerns / High

	
	Were assumptions of statistical tests verified?
	 
	Low / Some concerns / High

	
	Were genomic or quantitative genetic analyses adequately validated?
	 
	Low / Some concerns / High

	6. Outcome Reporting
	Were all measured outcomes reported clearly?
	 
	Low / Some concerns / High

	
	Were measures of variability provided (SE, SD, CI, etc.)?
	 
	Low / Some concerns / High

	
	Were missing data or excluded observations explained?
	 
	Low / Some concerns / High

	
	Was selective reporting avoided?
	 
	Low / Some concerns / High

	7. Reproducibility and Applicability
	Were methods sufficiently detailed for replication?
	 
	Low / Some concerns / High

	
	Were multi-environment or multi-season validations conducted?
	 
	Low / Some concerns / High

	
	Were conclusions supported by the data presented?
	 
	Low / Some concerns / High

	
	Were study limitations acknowledged?
	 
	Low / Some concerns / High





3. Overall Risk of Bias Judgment
	Overall Judgment Criteria
	Assessment

	Low risk of bias
	Most domains adequately addressed with complete methodological transparency

	Some concerns
	One or more domains insufficiently reported or partially addressed

	High risk of bias
	Major flaws in design, phenotyping, statistical analysis, or reporting


[bookmark: _Toc229888293][bookmark: _Hlk229828662]Table S3: Risk of bias assessment of included studies using the RoB-PB tool
	Study
	Study type
	Clear objectives reported
	Experimental design adequately described
	Replication or randomization reported
	Phenotyping method validated
	Statistical analysis appropriate
	Missing or incomplete data
	Overall risk of bias
	Reported (Yes/No)

	Abubakar et al. (2025)
	Screening trial
	Yes
	Yes
	Yes
	Yes
	Yes
	Low
	Low
	Yes

	Aguirre et al. (2016)
	Field evaluation
	Yes
	Yes
	Moderate
	Moderate
	Yes
	Low
	Moderate
	Yes

	Amegbor et al. (2025)
	Hybrid evaluation
	Yes
	Yes
	Yes
	Yes
	Yes
	Low
	Low
	Yes

	Asare et al. (2023)
	Screening and hybrid evaluation
	Yes
	Yes
	Yes
	Yes
	Yes
	Low
	Low
	Yes

	Ashok et al. (2023)
	CRISPR laboratory study
	Yes
	Yes
	Moderate
	Moderate
	Yes
	Moderate
	Moderate
	Yes

	Badji et al. (2020)
	GWAS/comparative genomics
	Yes
	Yes
	Yes
	Moderate
	Yes
	Low
	Low
	Yes

	Brooks et al. (2005)
	QTL mapping
	Yes
	Yes
	Yes
	Moderate
	Yes
	Low
	Low
	Yes

	Brooks et al. (2007)
	Genetic resistance analysis
	Yes
	Yes
	Yes
	Moderate
	Yes
	Low
	Low
	Yes

	Chandrasena et al. (2018)
	Resistance characterization
	Yes
	Yes
	Yes
	Yes
	Yes
	Low
	Low
	Yes

	Chiriboga Morales et al. (2021)
	Cultivar resistance evaluation
	Yes
	Yes
	Yes
	Yes
	Yes
	Low
	Low
	Yes

	Crossa et al. (2017)
	Genomic selection review
	Yes
	NA
	NA
	NA
	Yes
	NA
	Moderate
	No

	De Groote et al. (2020)
	Survey/impact assessment
	Yes
	Yes
	Moderate
	Moderate
	Yes
	Moderate
	Moderate
	Yes

	Goergen et al. (2016)
	Pest outbreak report
	Yes
	Moderate
	No
	Moderate
	Moderate
	Moderate
	High
	Yes

	Huang et al. (2014)
	Bt resistance study
	Yes
	Yes
	Yes
	Yes
	Yes
	Low
	Low
	Yes

	Job et al. (2022)
	Genetic analysis
	Yes
	Yes
	Yes
	Yes
	Yes
	Low
	Low
	Yes

	Kamweru et al. (2022)
	Genomic analysis
	Yes
	Yes
	Yes
	Moderate
	Yes
	Low
	Low
	Yes

	Kamweru et al. (2023a)
	Hybrid prediction study
	Yes
	Yes
	Yes
	Yes
	Yes
	Low
	Low
	Yes

	Kamweru et al. (2023b)
	Artificial infestation trial
	Yes
	Yes
	Yes
	Yes
	Yes
	Low
	Low
	Yes

	Kasoma et al. (2020)
	Screening trial
	Yes
	Yes
	Yes
	Yes
	Yes
	Low
	Low
	Yes

	Kasoma et al. (2021a)
	Combining ability study
	Yes
	Yes
	Yes
	Yes
	Yes
	Low
	Low
	Yes

	Kasoma et al. (2021b)
	Diversity analysis
	Yes
	Yes
	Yes
	Moderate
	Yes
	Low
	Low
	Yes

	Koffi et al. (2020)
	Impact assessment
	Yes
	Yes
	Moderate
	Moderate
	Yes
	Moderate
	Moderate
	Yes

	Kumela et al. (2019)
	Farmer perception survey
	Yes
	Yes
	Moderate
	No
	Moderate
	Moderate
	Moderate
	Yes

	Matova et al. (2022a)
	Tolerance evaluation
	Yes
	Yes
	Yes
	Yes
	Yes
	Low
	Low
	Yes

	Matova et al. (2022b)
	Stability analysis
	Yes
	Yes
	Yes
	Yes
	Yes
	Low
	Low
	Yes

	Nagaraja et al. (2023)
	Gene editing study
	Yes
	Yes
	Moderate
	Moderate
	Yes
	Moderate
	Moderate
	Yes

	Nesma et al. (2023)
	Genotype evaluation
	Yes
	Yes
	Moderate
	Moderate
	Yes
	Moderate
	Moderate
	Yes

	Nogueira et al. (2019)
	Antibiosis/oviposition study
	Yes
	Yes
	Yes
	Yes
	Yes
	Low
	Low
	Yes

	Nuambote-Yobila et al. (2023)
	Resistance mechanism study
	Yes
	Yes
	Yes
	Yes
	Yes
	Low
	Low
	Yes

	Nuambote-Yobila et al. (2025)
	Combining ability study
	Yes
	Yes
	Yes
	Yes
	Yes
	Low
	Low
	Yes

	Nyaga et al. (2019)
	Genome-wide analysis
	Yes
	Yes
	Yes
	Moderate
	Yes
	Low
	Low
	Yes

	Oloyede-Kamiyo et al. (2021)
	Resistance screening
	Yes
	Yes
	Moderate
	Moderate
	Yes
	Moderate
	Moderate
	Yes

	Prasanna et al. (2022)
	Review/perspective
	Yes
	NA
	NA
	NA
	Moderate
	NA
	Moderate
	No

	Soujanya et al. (2022)
	Phenotyping validation
	Yes
	Yes
	Yes
	Yes
	Yes
	Low
	Low
	Yes

	Storer et al. (2010)
	Bt resistance characterization
	Yes
	Yes
	Yes
	Yes
	Yes
	Low
	Low
	Yes

	Van den Berg et al. (2021)
	Review
	Yes
	NA
	NA
	NA
	Moderate
	NA
	Moderate
	No

	Viana and Potenza (2000)
	Antibiosis evaluation
	Yes
	Yes
	Yes
	Yes
	Yes
	Low
	Low
	Yes

	Wambi et al. (2025)
	Selection index study
	Yes
	Yes
	Yes
	Yes
	Yes
	Low
	Low
	Yes

	Warburton et al. (2023)
	Genetic mechanisms review
	Yes
	NA
	NA
	NA
	Moderate
	NA
	Moderate
	No

	Williams and Davis (2000)
	Germplasm registration
	Yes
	Moderate
	Moderate
	Moderate
	Moderate
	Moderate
	Moderate
	Yes

	Womack et al. (2020)
	QTL mapping
	Yes
	Yes
	Yes
	Moderate
	Yes
	Low
	Low
	Yes

	Woolfolk et al. (2025)
	Integrated resistance review
	Yes
	NA
	NA
	NA
	Moderate
	NA
	Moderate
	No

	Xu et al. (2020)
	Genomic selection review
	Yes
	NA
	NA
	NA
	Moderate
	NA
	Moderate
	No

	Yan et al. (2007)
	Statistical methodology paper
	Yes
	Yes
	NA
	NA
	Yes
	Low
	Low
	Yes



Abbreviations: NA = not applicable; RoB-PB = Risk of Bias for Plant Breeding studies.
Overall risk interpretation: Low = low likelihood of systematic bias; Moderate = some methodological concerns; High = major limitations affecting reliability.
