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Trait prioritization studies have guided research, development and
investment decisions for public-sector crop breeding programmes since

the1970s, but the research design, methods and tools underpinning
these studies are not well understood. We used PRISMA-ScR (Preferred
Reporting Items for Systematic review and Meta-Analysis Protocols) to
evaluate research on trait ranking for major crops over the past 40 years
(1980-2023). Data extraction and descriptive analysis on 657 papers show
uneven attention to crops, lack of systematic sex disaggregation and
regional bias. The lack of standardized trait data taxonomy across studies,
and inconsistent research design and data collection practices make
cross-comparison of findings impossible. In addition, network mapping of
authors and donors shows patterns of concentration and the presence of
silos within research areas. This study contributes to the next generation
ofinnovationin trait preference studies to produce more inclusive,
demand-driven varietal design that moves beyond trait prioritization
focused on productivity and yield.

Public-sector crop breeding programmes play acentral rolein ensuring
food security around the world. These programmes are responsible for
research and development on a variety of crops, reflecting the needs
and preferences of a diverse population of growers as well as proces-
sors, traders and consumers. Public-sector crop breeding programmes
areincreasingly becoming demand-led and data driven’, starting with
product design, which requires understanding of trait preferences
of heterogeneous target populations in a given environment. Trait
preferences are then formalized through target product profiles to
guide breeding™’.

Studying trait preferences initially requires definition of what is
meant by the term ‘trait’. This varies from definitions rooted in func-
tionality in an evolutionary fitness sense’ to narrower definitions of
inherited and measurable crop characteristics that increase yield or

alleviate biotic and abiotic stresses. Traits help define a variety and
distinguishit from other varieties ina market segment’. Here we define
the term‘trait’inabroad sense as ‘observable crop characteristics that
canbeidentified by stakeholders’, or simply, phenotypic variables of a
crop (https://cropontology.org/about).

The process through which a wide range of crop attributes are
identified and translated into actionable breeding decisions is called
trait prioritization®. Studies that engage stakeholders in a crop value
chain to generate data for trait prioritization are called trait prioriti-
zation studies. Trait prioritization studies are particularly important
for crop breeders targeting marginalized smallholder farmers who
are seldom directly engaged in providing input into breeding pro-
gramme decision-making for varietal design®. Releasing a variety with
a suite of traits that does not reflect end-user preferences leads to
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Fig.1|Map of evidence distribution by country and by crop group (1980-2023). a, RTB. b, Cereals. ¢, Legumes. d, Vegetables and fruits. The bars below each figure
represent the total number of studies for each group in each country, with the shading indicating the relative intensity of studies for that country.

lower adoption®’. Trait prioritization studies therefore hold potential
for breeders to overcome the stubbornly low adoption rates for key
food security crops®. These studies also help donors and institutional
leadership guide their strategic goals and investments.

Despite the centrality of trait prioritization inguiding varietal devel-
opmentwithhigheradoption potential, the methodologies that under-
pinthis work are seldom examined. Crop trait prioritization studies have
historically relied on eliciting farmer preferences using direct ranking
or choice experimentation®*', In addition, decades of plant breeding
andvarietal selection relying on participatory methods have also yielded
rich trait prioritizationinformation across crops and continents™', Trait
prioritization studies are multidisciplinary or interdisciplinary, which
adds complexity to research design and implementation®.

We soughttoidentify best practice as well as most effective tools
and methods for trait prioritization. Recent research found systematic
bias tosocio-economic differencesintrait preference studies; for exam-
ple, only 25% of studies reported sex-disaggregated trait preference
data'. This is despite mounting evidence on the impact of how social
differences such as household food security, poverty and gender inter-
sect toshape differential crop trait preferences™ . A scoping review of
stakeholder preference studies focused onrice' revealsimportant gaps
instakeholder representation and heterogeneity in trait preferences,
but it lacks focus on the robustness of tools and methods utilized to
collect trait data. We hypothesize that a lack of systematic attention
byresearchers to methods and tools for collecting and analysing trait
prioritization data hinders good quality, unbiased and representative
data collection, which in turn results in public-sector crop breeding
programmes’ inability to make data-driven decisions. The aim of our

scoping review is to fill this gap in the literature by generating a com-
prehensive and critical review of crop trait prioritization tools and
methods, servingas aresource for crop breeding programmes to build
onforresearch design.

Results

Studies are unevenly distributed geographically

Atotal of 564 original studies met the inclusion criteria. Of these stud-
ies, 83% were peer-reviewed articles and 17% were from grey literature
sources. Morethan 50% of the research on trait prioritization hasbeen
published since 2016. Figure 1shows the map of evidence distribution
by country and by crop group. Ethiopia and India have the highest num-
ber of included studies, followed at a distance by Nigeria, Ghana, USA
and Uganda. A large share of the studies (57%) took place in sub-Saharan
Africa, while studiesin South Americaaccount for only 6% of the total.
We found that studies conducted in the Middle East and North Africa
comprise only 2% of our total sample. Studies analysing trait priorities
for root-tuber-bananas (RTB), cereal and legume crops are almost
exclusivelylocatedin South Asia, sub-Saharan Africaand South America
(96%), while trait priorities for fruits and vegetables are predominantly
(59%) studied in North Americaand Europe. Extended Data Fig.1shows
the global evidence distribution by country.

Surveys and descriptive analyses drive trait prioritization

To collect trait data, amajority (58%) of studies identify preferred traits
through direct questions (Fig. 2), including individual surveys and
focus group discussions. Trait prioritization through direct experience
comes second (24%), including participatory varietal selection (PVS)
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Fig.2|Summary of tools that researchers use to gather end-users’ feedback
on trait priorities. The inner ring outlines the four broad categories to which the
21tools are mapped. The outer ring shows the tools within each broad category
that were most frequently mentioned across the included studies. The relative
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areaoccupied by categories indicates their relevance. Full dataand frequencies
for each category are presented in Supplementary Table 1. PRA, participatory
rural appraisal; WTP, willingness-to-pay; FGDs, focus group discussions.

and demonstration plots. Around 10% of the trait preferences are col-
lected using choice experiments and sensory evaluations (see category
Other). The number of tools used within each study varies. More than
athird of the studies report using only one tool for trait prioritization,
withindividual surveys (33%), PVS (14%) or focus group discussions
(10%) being the most used. Another third employ two tools, combining
individual surveys with focus group discussions or with PVS. The use of
more than one tool is more frequent in recent studies. Peer-reviewed
articles have amedian of two tools per study compared with the median
of onetoolforstudiesinthe grey literature. To prioritize collected trait
data, frequency counts and hypothesis testing are most often used,
followed by economic modelling, multivariate analyses and ranking
(Fig. 3). Only 5% of the studies used qualitative data analysis, even
though one of the most commonly used data collection tools are focus
group discussions that require qualitative analysis. Few papers are
mixed-method studies combining descriptive methods and hypothesis
testing (13%), followed by even fewer mixed-method studies employing
descriptive methods and economic modelling (6%).

Trait prioritization studies are mainly formally led

Trait prioritization studies on cereals tend to be more participatory
(54% of the studies), while studies on legumes (51%) and RTB crops
(41%) are less so. Participatory research is uncommon (14%) on veg-
etables and fruits. Looking more closely at respondents and how they

were engaged, we found that information on sample size and sampling
procedureis highly variable and lack robustness. Of the studies, 12% fail
toreport the number of respondents engaged, while 52% exclusively
involve farmers without specifying whether they are also consumers or
producers. Less than19% of the studies involve consumers or traders or
otheractorsintheseed system. We also observe anormalized approach
of sampling roughly 250 respondents for trait preference studies,
irrespective of crop group, country or method deployed (Extended
Data Fig. 2). Triangulating authors’ self-reporting of participatory
methodology in studies, we classified the studies as farmer-led or
formal-led and consultative or collaborative (see Table 1in Methods).
A vast majority (90%) of the studies that self-report as participatory
are classified as formal-led. Only 12.5% of the self-reported partici-
patory studies are formal-led collaborative breeding experiments,
with farmers testing varieties in their own field and with their own
management practices.

Gender bias limits data on trait priorities of women farmers

Only 37% of the studies collect sex-disaggregated data on trait prefer-
ences. Recent studies sex-disaggregate data more frequently, with a
median publication year of 2016 for sex-disaggregated and 2012 for
non-disaggregated data. Sex-disaggregation ismore commonin trait
prioritization studies on RTB crops, legumes, and vegetables and fruits,
compared with cereals (Fig. 4a). Among studies that sex-disaggregate,
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Fig. 3| Summary of analytical approaches for trait prioritization. The inner
ring outlines the seven broad categories to which the 24 methods are mapped.
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categories indicates their relevance. Full data and frequencies for each category
are presented in Supplementary Table 2. ANOVA, analysis of variance; LSD, least
significant difference; GLM, generalized linear model; PCA, principle component
analysis.

studies on vegetables and fruits showed higher numbers of women
engaged, while research on legumes showed slightly lower numbers
(Fig. 4b). Only 1.7% of studies collected intrahousehold trait prefer-
ence data.

Of the studies that collect sex-disaggregated data on trait prefer-
ences, 84% find sex-based trait differences. Seventy per cent of the
studies that show sex-based differences in preferences rely on previ-
ous findings from the literature (40%) or additional qualitative (31%)
or quantitative (25%) methods within the same study to explain these
differences. In discussing sex-disaggregated results, authors use gen-
dered roles to explain them. Characteristics such as ease of peeling,
higher nutrient content, culinary attributes, richness in vitamins and
postharvest qualities are explained by using stereotypical descrip-
tions of women’s roles in food processing and preparation. Few stud-
ies considered other social demographic factors for disaggregating
respondents’ preferences. Of the studies, 37% disaggregate data by
state or region, 3% disaggregate data by both region and gender, and
only 0.9% disaggregate preferences by age.

Lack of standard taxonomy hinders synthesis of trait data
We explored the evolution of trait priorities by plotting the position of
seven highly recurring traits (high yield, pest and disease resistance,

drought tolerance, market demand, taste, early maturity and col-
our) across time and crop groups (Extended Data Fig. 3). Unsurpris-
ingly, we observe the importance of high yield. However, we also
observe heterogeneity in its importance; for example, high yield is
lessimportantin RTB crops and vegetables and fruits thanin cereals.
There is an increase in the importance of early maturity, pest and
disease resistance, and drought tolerance in cereals. Taste ranks
high among RTB crops, while pest and disease resistance rank
highin vegetable and fruit crops. Supplementary Table 4 details the
top-three ranked traits for three specific crops in each crop group
by decade.

While generating Extended Data Fig. 3 and Supplementary
Table 4, we observed a high level of trait description heteroge-
neity within crops, with no established trait taxonomy process
followed. To explore this further, we extracted an illustrative
subsample of studies focused on rice traits in India in three
consecutive years (Supplementary Table 3). Despite the simi-
larities in the typology of these studies (all non-participatory, no
sex-disaggregated data collection), and even shared authorship
and study methods, all three studies yielded separate trait priority
lists, emphasizing the difficulties in synthesizing useful data from
these studies.
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Fig.4|Sex-disaggregated data on trait prioritization. a, Studies collecting
sex-disaggregated data on preferences. b, Percentage of women respondentsin
the subset of studies collecting sex-disaggregated data. In b, the sample is 216
studies. The boxplots indicate the median (horizontal line), the interquartile
range from 25% to 75% (lower and upper box limits) and the standard deviation
(whiskers); the minimum value is 0, the maximum value is 100, the median s
49.50%, the first quartile is 32% and the third quartile is 57%.

Author and donor networks reveal research and funding silos
Finally, we tracked the evolution of author networks across time to
visualize theresearch and donorrelationshipsinthese studies. Figure 5a
shows the co-authorship network where we observe 10 predominant
clusters, each one characterized by the presence of one main author
catalysing the collaboration. Collaborations between clusters are rare
(Fig. 5b): despite being prolific in terms of studies, these co-authoring
communities areisolated, and studies rarely involve authors from dif-
ferent clusters. The evolution through time is shownin Extended Data
Fig.4.Looking at the evolution of the authors’ network between 1990
and 2020, we find that the patternin Fig. 5is the result of recent years.
The network of donors is reported in Extended Data Fig. 5. Funding
for trait prioritization studies is highly centralized, with five donors
accounting for nearly half of the studies in this scoping review.

Discussion

Crops critically important for food security and nutrition, such
as roots, tubers and bananas, or fruits and vegetables, receive less
attention than cereals in the trait prioritization literature. Prioritiza-
tion of cereals in national policies reflects an emphasis on calories as
the primary driver of food security, which is frequently paired with a
general lack of attention to nutrition sensitivity within agricultural
programmes”*° on crops that offer dietary diversity, such as fruits and
vegetables focused onserving populationsin Asia, sub-Saharan Africa
or South America. This has consequences for vulnerable populations

atrisk of malnutrition and micronutrient deficiencies, especially dur-
ing food crises. Recent findings claim that the effects of food infla-
tion and recent food shortages increase wastage, increase the risk of
stunting and decrease diet quality for 1.2 million childrenin 44 low and
middle-income countries®. A lack of research attention on crop trait
preferences for nutritious crops in this context risks perpetuating this
systematic food and nutrition insecurity.

The lack of robustness in study design and taxonomy of traits
limits the usefulness of trait prioritization data for crop breeding. It
was nearly impossible to aggregate trait preferences across studies
without astandardized taxonomy of traits, to enable data-driven deci-
sions at scale. Taxonomies can have far-reaching impact beyond the
plant science communities. Initiatives such as the recently announced
‘Vision for Adapted Crops and Soils’ demonstrate governments’ and
international agencies’ response to identify the role of crop breeding
to support agriculture’s response to climate change, especially for
countrieswith the poorest and hungriest populations®’. Without better
methods guidingthe data collectionto supportresearch, development,
investment and prioritization decisions, crop breeding will not be able
to deliver onits promise to support the world with healthy, nutritious
and sustainable crops.

There is very little research on trait prioritization being con-
ducted in South America despite arising interest in crop breeding
in the region®. This regional bias may reflect a choice to exclude
non-English language materials. However, similar results are reported
in other recent systematic scoping reviews in agriculture where
Spanish-language publications were included®"*. This gap is also at
odds with the centrality of participatory trait preference research for
large public-sector crop breeding programmes in the region, such as
the International Potato Center”. A lack of available robust research
from this part of the world may have disastrous consequences, given
climate change and South America’s importance to the global com-
modities trade”?%. Furthermore, a glaring dearth of data from the
Middle East and North Africaraises questions around research neglect
inthisregionatatime whenwidespread conflictand migration would
require the opposite. Whether the regional bias in trait prioritization
studiesisdriven by policy and donor priorities requires further analy-
sis. However, the network mapping offers a glimpse into differences
in donor priorities for groups of crops, as well as changes in the roles
of different types of donor (universities vs foundations) over time.
This raises questions on the types of study supported and how these
replicate dominant donor priorities®.

Studies with robust designs, where clear research questions are
accompanied by good data collection, methodological and analyti-
cal plans, are rare®°. For example, robust sample size calculation is
critical, with easily available strategies to do so (see ref. 31). Few papers
discussed respondent selection and sample construction, raising ques-
tions on representativeness and external validity of the results they
present. Sample size calculations were often overlooked by the authors
and may indicate sampling guided by habit and practicality, rather than
robust study design. Whilein some cases sample size calculations might
simply not have been reported in studies even if conducted, we posit
that alack of attention to respondent sampling in trait prioritization
studies could be producing misleading and unrepresentative results
for crop breeders.

Understanding how and why gender shapes trait preferences
is critical for breeding programmes to develop new varieties
inclusively and equitably*>*, Gender analysis minimally requires
sex-disaggregated trait prioritization data. Without this data, breed-
ers remain uninformed on trait preferences important to women and
may overgeneralize for communities on the basis of incomplete trait
preference input™*. In addition, recent literature documents how
intersecting social identities and roles in crop value chains shape trait
preferences”*>**% Most studies do not report socio-economic or
sex-disaggregated data on trait prioritization study respondents,
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Fig. 6 | PRISMA flow diagram. Overview of the steps used in the process of
screening, with number of records at each step.

although studies that do are more recently published studies (see
refs. 36,37), potentially pointing to a shift in the practice in trait pri-
oritization studies.

Robust study design includes appropriate data collection tools
and analysis methods. Direct question-based user preference elicita-
tionis most common inthe studies we review. This could be problem-
atic, asdirectelicitation of user preferences hasbeen shown to produce
questionable results®. Another problematic trend we observe is the
frequent use of qualitative methods (such as focus group discussions)
indatacollection, with veryrare use of qualitative methods of analysis.
Skills to collect and analyse high-quality qualitative data are exceed-
ingly rare in public-sector breeding programmes®, which may explain
this observation. Some of the more commonly used tools and analysis
methods may also stem from the siloed research networks our analysis
uncovered. Leading academicresearchers playing key rolesin networks
may cause such siloing*.

This scoping review captures arich history of participatory plant
breeding" (for specific case studies, see refs. 14,41-44). The results
show wide variability across participatory trait prioritization studies,
dueinparttoauthors conflating ‘participation’ with ‘participatory’,only
engaging end-usersina consultative form. Formal-led and consultative
participatory breeding is more common in public-sector breeding*.
Our findings confirm this trend, with only a small number of studies
reporting trait prioritization data from farmers testing varieties in
their own fields and with their own management practices. Studies that
use on-farm testing (direct experience)*® or more-novel video-based
product concept testing methods* to capture trait prioritization may
partially circumvent biases that arise from direct questions.

Conclusion

Our findings identify key gaps in the current trait prioritization lit-
erature of interest to crop breeders, donors and the broader plant
science community. The many data gaps—ranging from geography
to socio-demographic, to crops critical for nutrition—raise questions

oninequalities in research development and prioritization. Breed-
ing programmes will struggle to become demand-driven through
evidence-based decisions if errant data collection practices are not
addressed. We conclude with recommendations to inform future trait
prioritization studies to address these identified gaps. First, the lack of
trait data from nutritious crops in sub-Saharan Africa, Asia and South
America, and a dearth of data from the Middle East and North Africa
present clear priorities for more research. Second, crop breeding man-
agement databases and increasingly well-developed crop ontology
definitions*® should be linked more closely to trait preference studies to
enable higher cross-comparability. Third, all studies should at least col-
lect datafrom men and women, and sex disaggregate dataat collection
and analysis to enable gender-informed trait prioritization. Lastly, rigor-
ousstudy design, including representative sampling, power calculations,
and choice of appropriate research methods and analysis approaches
underpin the validity and utility of future trait prioritization studies.

Methods
Thereporting guidelines for asystematic scoping review, PRISMA-ScR,
were used to examine the tools and methods for trait elicitation and
ranking over the past 40 years in plant breeding programmes across
time, study locations, crop groups, institutions and genders®. Sys-
tematic scoping reviews are used to explore the evidence in a field to
address questionsrelating to what is known about a topic, what canbe
synthesized fromexisting studies to develop policy or practice recom-
mendations, and what aspects of a topic have yet to be addressed by
researchers*®, Systematic scoping reviews are gaining popularity across
agricultural development and other fields because they provide a
birds-eye view of evidence gaps across afield of research and are useful
for further in-depth research on a particular topic*~.

Figure 6 presents the PRISMA flowchart used in the process of
screening the literature for this scoping review. The Supplementary
Information outlines the complete protocol used in this study.

Protocol and registration

The protocol was created following PRISMA-ScR* and registered on
11 March 2022. The approved protocol detailed exclusion and inclu-
sion criteria, definitions, review questions and the search strategy.
The protocol was updated and finalized on 8 July 2022 (https://osf.
io/ayw8q). After input from reviewers, the search was broadened and
updated, and arevised search was done on 23 June 2023.

Research question and eligibility criteria
The guiding question for the scoping review is: What tools and methods
have been used for trait prioritization in plant breeding programmes
across time, study locations, crop groups, institutions and genders?
Inclusion consisted of original research or reviews that explicitly
discuss trait prioritization asit relates to crops, varieties, seeds, plant-
ing materials or germplasm. Any articles that reported on research
outside of the domains of plant breeding, seed systems, or agronomy
(forexample, livestock or non-food crop studies) were excluded. The
search had norestriction on dates and geographical scope. Only studies
published in English were included.

Information sources

We searched five electronic databases of scholarly journal articles for a
comprehensiveretrieval: Scopus, Web of Science, CAB Direct, AgEcon
Search and BIOSIS. A large body of relevant literature is likely to exist
outside of scholarly publications, so 12 grey literature sources were
searched as well: Commonwealth Scientific and Industrial Research
Organization (CSIRO), Gardian, International Fund for Agricultural
Development (IFAD), JPAL (Abdul Latif Jameel Poverty Action Lab) /
ATAI (Agricultural Technology Adoption Initiative) impact evaluations
(IPA), Overseas Development Institute (ODI), UK Department for Inter-
national Development (DFID), World Bank, World Health Organization
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Table 1| Summary of main variables analysed in the study

Variable type

Information collected

Trait prioritization taxa

Mention of trait prioritization vs mention of trait preferences

Journal/Publishing organization

Journal/Organization publishing the study

Institution Institution that implemented the trait prioritization study
Donor Donor providing funding for the trait prioritization study
Crop Specific crop at the centre of the study

Variety Varieties of the crop considered

Ranking If the traits were ranked

Data disaggregation

Trait ranking data disaggregated by any variable (sex, region, age or any other variable specified)

Timeframe

Year(s) in which the trait prioritization study was conducted

Declared breeding purpose

Any statements on the aims of the breeding programme, for yield vs for climate vs for nutrition vs for food security

Geographic area of the study

Individual country vs regional vs global

Data analysis method

Specific method used to analyse the trait preferences collected. We categorize methods according to the type of analysis
performed. We distinguish between ranking methods, qualitative methods, descriptive methods, statistical hypothesis
testing and econometric methods. We heuristically structure methods according to their main analytical purpose.

Data collection tool

Specific tool used to collect trait preferences. We categorize tools according to the type of trait prioritization performed.
We distinguish among preferences elicited through direct questions, choice experiments, direct experience or models and
secondary data. We categorize the tools as such to reduce the complexity of the data extracted (a total of 21 unique tools
were mentioned across studies), choosing to heuristically structure the tools around these themes.

Specific mention of

Local vs traditional vs indigenous knowledge

Specific mention of

Priority setting

Degree of end-users’ engagement

To analyse the data on farmers’ engagement, we relied on the framework of ref. 23. The framework distinguishes between
formal-led and farmer-led participatory breeding research. The institutional approach suggested by ref. 23 identifies two loci
of control or decision making and two main institutional approaches: one where farmers join in breeding experiments that
have been initiated by formal breeding programmes (formal-led participatory breeding) and another where scientists seek to
support farmers’ own systems of breeding, varietal selection and seed maintenance (farmer-led participatory breeding). We

adopt this framework in investigating end-users’ engagement in ‘Trait prioritization studies are mainly formally led'.

Unless otherwise specified, in categorizing methods and tools, we allowed papers with multiple tools and methods to be included in multiple categories. This might have led to double

counting on some occasions.

(WHO), United Nations Environment Programme (UNEP), World Food
Programme (WFP), Food and Agriculture Organization (FAO) and
AgriLinks (USAID Feed the Future platform). While there was substan-
tial overlap between some of these grey literature sources, searching
all sources was necessary to exhaust the literature®.

Searchstrategy
As asearch strategy, we used keywords and subject headings to dis-
cover articles that covered the population and topic identified in the
research question. Anexample of asearch strategy for Web of Science
isincluded below.

Row number Search string

1 TS= (farme* OR household OR supplie* OR consume* OR
producer OR trade* OR processo* OR dealer OR student*
OR expert* OR seed company OR responde* OR stakeh* OR

particip*)

2 TS=((trait OR variet* OR characterist*) NEAR (prefer* OR priorit*
OR select* OR adopt*))

3 TS=(((breed* AND (plant OR variet*)) OR crop* OR agronom*
OR farm* OR agricultur* or seed*))

4 TAND 2 AND 3

Weinvestigated each source for optimal search strategy and translated
the searchintothe most appropriate terminology for that source. The
grey literature sources, most of which do notinclude advanced search
features, were searched by manually inputting the keywords and select-
ing results that fit the inclusion criteria. The search strategies and all
resources searched are provided in Supplementary Information.

Selection of sources of evidence

We performed the final searches of all scholarly databases on 23 June
2023.Searches of all grey literature sources took place over the period
from 12 March 2022 to 6 July 2022. Upon completion of all searches,
17,786 records were retrieved and uploaded into Covidence for review
(https://www.covidence.org/). After deduplication, a total of 11,978
unique records was obtained. After screening based on titles and
abstracts, 1,325 studies were identified as being potentially relevant
totheresearchtopic. We obtained the full-text versions of the articles,
with eacharticle being reviewed and confirmed as appropriate by the
authors. After completing this process, 657 studies were included in
the data extraction (Fig. 6).

Data extraction

Apeer-review process was used for title, abstract and full-text screen-
ing. A data-extraction framework of 40 questions supported the inclu-
sionand selection process. Extensive pre-testing helped tailor the set of
questions and asked a minimum number of information that could be
answered by all papers. The framework is provided in Supplementary
Information, with a full extraction template reported.

Datasynthesis

After the extraction phase, data were synthetized descriptively using
R (v.4.2.3) and R studio®. The network representation of authors,
affiliations and donors was carried out in VOSviewer**. We grouped
data according to four major crop categories: cereals, legumes, RTB,
and vegetables and fruits. Commodity crops (spices, cotton, coffee
and sugarcane) and ornamental plants composed 3% of the sample
and were excluded from the data synthesis. Table 1 summarizes the
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variables used in data synthesis to answer the main research question
of the study.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

The data utilized for this study are publicly available and are
hosted on the GitHub repository at https://github.com/TufanLab/
trait-priority-scoping-review.git.

Code availability

The code utilized for this study is publicly available and is hosted
on the GitHub repository at https://github.com/TufanLab/
trait-priority-scoping-review.git.
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Extended Data Fig. 1| Map of evidence distribution by country (1980-2023). The bar below the map represent the total number of studies in each country, the
shadingindicative of the relative intensity of studies for that country.
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Extended Data Fig. 5| Network of co-authors, across time. The size of the nodes indicate higher number of collaborations. Edges indicate co-authorship. Nodes are
grouped into clusters, which are distinguished by colors.
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Data collection
Upon completion of all searches for the scoping review, we proceeded to upload the records into Covidence Library System (https://
www.covidence.org/), where studies were screened over a set of inclusion and exclusion criteria. A peer-review process was used for title and
abstract and full-text screening. A data extraction framework of 40 questions supported the inclusion and selection process.

Data analysis After the extraction phase, data were synthetized descriptively using R (version 4.2.3) and R-studio (R code team, 2021). The network
representation of authors, affiliations and donors is carried out in VOSviewer (Van Eck and Waltman 2010). The code utilized for this study is
made publicly available and hosted in the following GitHub repository: https://github.com/TufanLab/trait-priority-scoping-review.git
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- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The data utilized for this study is publicly available and hosted in the following GitHub repository https://github.com/TufanLab/trait-priority-scoping-review.git.
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Study description The study is a scoping review. The reporting guidelines for a systematic scoping review PRISMA-ScR (Preferred Reporting Items for
Systematic review and Meta-Analysis Protocols) (Tricco et al. 2018) was used to examine the tools and methods for trait elicitation
and ranking over the past forty years in plant breeding programs across time, study location, crop group, institutions, and gender.
Systematic scoping reviews are used to explore the evidence in a field to address questions relating to what is known about a topic,
what can be synthesized from existing studies to develop policy or practice recommendations, and what aspects of a topic have yet
to be addressed by researchers.

Research sample The data collection protocol was created according to PRISMA-ScR (Preferred Reporting Items for Systematic review and Meta-
Analysis Protocols). We searched five electronic databases of scholarly journal articles for a comprehensive retrieval: Scopus, Web of
Science, CAB Direct, AgEcon Search, and BIOSIS. A large body of relevant literature was likely to exist outside of scholarly
publications, so twelve grey literature sources were searched as well: Commonwealth Scientific and Industrial Research Organization
(CSIRO), Gardian, International Fund for Agricultural Development (IFAD), JPAL/ATAI impact evaluations (IPA), Overseas Development
Institute (ODI), UK Department for International Development (DFID), World Bank, World Health Organization (WHO), United Nations
Environment Programme (UNEP), World Food Programme (WFP), Food and Agriculture Organization (FAO), AgriLinks (USAID Feed
the Future platform). While there was significant overlap between some of these grey literature sources, searching all sources was
necessary to exhaust the literature. As a search strategy we used keywords and subject headings to discover articles that covered the
population and topic identified in the research question. The search strategies and all resources searched are provided in Appendix Il
of the manuscript. The sample of captured studies is representative of the research space.

Sampling strategy Inclusion consisted of original research or reviews which explicitly discuss trait prioritization as it relates to crops, varieties, seeds,
planting materials, or germplasm. Any articles that reported on research outside of the domains of plant breeding, seed systems, or
agronomy (e.g., livestock or non-food crop studies) were excluded. There was no restriction on the search for dates, geographical
scope. Only studies published in English were included.

Data collection A peer-review process was used for title and abstract and full-text screening. Researchers engaged in the data collection were not




Data collection blind to experimental conditions and study hypotheses.
A data extraction framework of 40 questions supported the inclusion and selection process. Extensive pre-testing helped tailoring the
set of questions and ask a minimum number of information which could be answered by all papers. The framework is provided in
Appendix I of the manuscript, where a full extraction template is reported. Researchers engaged in the data collection were not
blinded to experimental conditions and study hypotheses.

Timing We performed the final searches of all scholarly databases on June 23, 2023. Searches of all grey literature sources took place over
the period from March 12, 2022, until July 6, 2022. Upon completion of all searches there were 17,786 records retrieved and
uploaded into Covidence for review (https://www.covidence.org/). After deduplication, there were a total of 11,978 unique records.
After screening based on title and abstract, 1,325 studies we identified as being potentially relevant to the research topic. We
obtained the full text versions of the articles, with each article being reviewed and confirmed as appropriate by the authors. After
completing this process, 657 studies were included in the data extraction.

Data exclusions 17,786 records were identified from 5 peer-reviewed databases and 12 gray literature sources. 10.653 records were excluded
because considered irrelevant according to the inclusion criteria (see research sample section above). 1,325 full-text records were
screened for eligibility. 668 were excluded for the following reasons: 388 because trait prioritization is not at the center of the study
(appears only in future works), 94 because end-users were not engaged, 94 because they were not focused on trait prioritization at
all, 51 because full text was not available, 19 because they referred to non-food crops, 8 because the main text was not in English, 7
because they were not in the domain of plant breeding, agronomy, or seed systems and finally 7 because they referred to food
processing and not varietal traits. The final number of studies included for review was 657.
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Non-participation No participants were involved in the study.

Randomization This study does not entail allocating participants in experimental groups.
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