Strengthening the evidence to
support micronutrient management
practices and recommendations in
Ontario corn and soybean production

A RESEARCH AND INNOVATION ROADMAP




Strengthening the evidence to support
micronutrient management practices and
recommendations in Ontario corn and
soybean production

A RESEARCH AND INNOVATION ROADMAP

M.A. (Amy) Lemay PhD,
Dilrukshi Kombala Liyanage

VISTA Science & Technology

October 2026

Strengthening the evidence to support micronutrient ‘
management practices and recommendations in A RESEARCH AND INNOVATION ROADMAP
Ontario corn and soybean production | STA

cccccccccccccccc



Table of contents

BaCKZIOUNG......eiiiiieieiieeee ettt ettt e st e bt e st e s eab e e s abe e s st e e e nb e e e abeeesnbeeeneeeeane 2
PUrPOSE OF the TOAAMAD 1. iui ettt 3
The starting point - what the evidence tells US.........cccccvviiviiiiiiniiiniiiniii, 3
From knowledge gaps to research Priorities .........cccccivvviiiviiiniiiiniiiniiiiniiiiiiicciececse e 4
From gap type 10 reSEarch rESPONSE ....ccuiuiiiiiiiiiiiteeee ettt 5
Strategic research and innovation Priorities .........ceeviiiiiiiniiniiniiiniiiiiere e 6
Strengthen the diagnostic foundation for micronutrient management .........cccooeeceniniiccinnnccenne 6
Identify the conditions that distinguish responsive from non-responsive fields .........cccccccnnicinn 7
Expand Ontario-relevant field validation ..........occiiiiic e 7
Improve evidence for selecting and implementing management strategies........ooveeeeirreeinrienn. 8

Establish whether micronutrient interventions produce meaningful value

Integrate evidence across the decision PathWay .........cciiiciin e
Cross-cutting principles for future research ... 9
Micronutrient-SPeCifiC PriOTItIES ....ccccveerrruierriiieriiierrtte ettt ettt e e s staeesareessteessaeesasaeenas 10
Applying the strategic priorities by MIiCroNUEIENT ......ooiiiiiiiii e 12
Knowledge mobilization and implementation ...........ccceeeeeriieeriieeniieeniieeeeeeeee et 12
Strengthen evidence-informed guidance ..................

Support field-specific interpretation and decisions

Maintain an accessible and evolving knowledge base........oociiiiiiiiiiic 13

RoAAMAP fOI @CHION ..c.uviiiiiiiiiiiciccet ettt 13

Strengthening the evidence to support micronutrient ‘
management practices and recommendations in A RESEARCH AND INNOVATION ROADMAP
Ontario corn and soybean production | STA

SCIENCE 8 TECHNOLOGY.



Background -

Background

Micronutrient management in corn and soybean production presents a difficult evidence and
decision-making challenge. Crop response to micronutrient interventions can vary with soil
conditions, environmental factors, crop and genotype, nutrient interactions, management
practices and application methods. Ontario's current micronutrient guidelines also require
updating, while the volume and complexity of the available research make it difficult for
growers, agronomists and other stakeholders to navigate and interpret the evidence.

The project Scientific evidence to support micronutrient management practices and
recommendations for corn and soybean production in Ontario was undertaken to make the
evidence base for micronutrient management in Ontario corn and soybean production more
accessible and useful. The project was designed to provide accessible, synthesized
knowledge that can support management practices, inform the development and updating
of recommendations and guidelines, and identify priorities for future research and innovation.

Three complementary reports address different elements of the project. Mapping the
evidence to support micronutrient management practices and recommendations in Ontario
corn and soybean production - a systematic map identified and characterized 1,365 records
published from 2010-2025 and identified 126 records generated under conditions
considered to have high or moderate relevance to Ontario. It provides the evidence
foundation for the broader project. Covering nine micronutrients (boron, chlorine/chloride,
cobalt, copper, Iron, manganese, molybdenum, nickel and zinc), it established what literature
is available, where knowledge is concentrated or limited, and how much of the international
literature has greater potential relevance to Ontario production conditions. Using evidence to
support micronutrient management practices and recommendations in Ontario corn and
soybean production - a knowledge synthesis takes the next analytical step. It interpreted and
integrated the Ontario-relevant knowledge identified through the systematic map, organizing
it into an applied decision pathway and examining how different forms of knowledge
contribute to micronutrient management decisions.

The systematic map and knowledge synthesis show that the available knowledge varies
considerably among micronutrients and management questions. Some gaps reflect limited
Ontario-relevant knowledge, while others occur where substantial research exists but does
not provide the information needed for management decisions. The knowledge synthesis
further identifies weaknesses in connecting diagnosis, production context, management, crop
response and production outcomes.

The project also developed the Ontario Corn and Soybean Micronutrients Knowledge Hub, a
searchable knowledge base built from the systematic-map results. The Knowledge Hub
makes the mapped literature more accessible to farmers, agronomists, policymakers,
researchers and other stakeholders, while the three reports provide progressively different
ways of using that knowledge: mapping the available evidence, interpreting the Ontario-
relevant knowledge, and identifying priorities for strengthening the evidence base.
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The starting point - what the evidence tells us

Purpose of the roadmap

The Research and Innovation Roadmap draws on the findings of the systematic map and
knowledge synthesis to identify critical knowledge gaps and strategic directions for future
research and innovation in micronutrient management for Ontario corn and soybean
production. It is intended to help researchers, research funders, government, industry and
other stakeholders identify where future effort could most effectively strengthen the
knowledge available for management decisions and recommendations.

The roadmap does not propose new micronutrient management recommendations. Rather, it
provides an evidence-informed foundation for priority setting, discussion and future research
planning, based exclusively on the findings of the systematic map and knowledge synthesis.

The starting point - what the evidence tells us

The systematic map and knowledge synthesis provide a substantially clearer picture of the
knowledge available to support micronutrient management in Ontario corn and soybean
production. Both reports also show that the principal challenge is not simply a lack of
research. The more consequential issue is whether the available knowledge can support the
decisions growers, agronomists and others need to make.

The knowledge synthesis organized the information needed for micronutrient management
around an applied decision pathway that connects diagnosis, production context,
management, crop response, meaningful outcomes and interpretation. The available
knowledge is uneven both among micronutrients and across the six components of the
applied decision pathway.

A large international literature translates into a much smaller Ontario-relevant knowledge
base

The systematic map identified 1,365 eligible records published between 2010 and 2025.
Only 126 (9.2%) were classified as having high or moderate relevance to Ontario based on
similarities in glaciation history, climate and corn and soybean production systems. Most of
this Ontario-relevant knowledge was generated outside Canada: five records were Canadian.
Ontario therefore has access to a considerably larger body of potentially relevant
international knowledge, but its usefulness depends on whether findings can be transferred
to Ontario soils, environments and production systems.

Knowledge is uneven across micronutrients and management needs

The Ontario-relevant knowledge base is substantially stronger for some micronutrients than
others. Zinc, iron and manganese are the most extensively represented, while nickel and
cobalt are particularly sparse. However, the number of records alone does not determine
whether a meaningful knowledge gap exists. A micronutrient can have a substantial literature
while still lacking the evidence required for a management decision or a recommendation.
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The starting point - what the evidence tells us -

The same imbalance occurs across types of knowledge. The knowledge synthesis found more
attention to crop response, nutrient physiology and application approaches, but considerably
less information about economic performance, field-specific decision support, root and
rhizosphere processes, microbial interactions, and transferability.

Crop response is conditional

Across the knowledge synthesis, micronutrient status and crop responsiveness to intervention
were not equivalent. Soil and tissue tests, deficiency symptoms, critical levels and sufficiency
ranges can contribute to diagnosis, but no single indicator consistently establishes that
treatment will produce an agronomic benefit. Response can depend on soil characteristics,
environmental conditions, crop and genotype, nutrient interactions and management
practices.

This shifts the research challenge from simply determining whether a micronutrient treatment
can produce a response toward determining which fields are likely to respond, under what
conditions, and to which management approach.

A biological response is not necessarily a meaningful management outcome

The evidence also distinguishes changes in nutrient uptake, tissue concentration, physiology,
biomass, yield, crop quality and profitability. These outcomes cannot be treated as
interchangeable. Increased tissue nutrient concentration, for example, does not establish that
yield increased, while an agronomic response does not establish that an intervention was
profitable.

Economic evidence represents a particularly important weakness. Economic analysis
occurred in only 6.9% of the international records and 4.8% of the Ontario-relevant subset.
This leaves limited evidence for determining whether observed crop responses are
sufficiently large and consistent to justify the cost of intervention.

The critical need is stronger connections across the management decisions

Collectively, the systematic map and knowledge synthesis point toward a research challenge
that is broader than filling isolated gaps. Evidence is needed to connect diagnosis and field
conditions with appropriate management, management with crop response, crop response
with meaningful agronomic and economic outcomes, and those findings with
recommendations that are transferable to Ontario conditions.

The knowledge synthesis therefore concluded that future work would be most useful where it
strengthens these connections. It specifically identified local calibration of diagnostic
indicators, replicated multi-site field evaluation, comparisons among products and
application strategies, economic assessment, longer-term soil and environmental outcomes,
and better identification of responsive and non-responsive fields.
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From knowledge gaps to research priorities

The systematic map and knowledge synthesis identified numerous gaps in the evidence
base, but not every knowledge gap represents the same research need or warrants the same
response. The systematic map made an important distinction between areas where little
Ontario-relevant knowledge exists and areas where substantial research exists but does not
provide the information needed to support a management decision. Areas where little
Ontario-relevant knowledge exists may require new research, while areas where substantial
research exists but does not provide the information needed to support a management
decision may be better addressed through targeted validation, synthesis or research
designed to connect existing knowledge more directly to management decisions.

The gaps identified across the two reports can be considered in four related categories:

Evidence gaps occur where relevant knowledge is limited or absent. These are most
apparent for some of the less-studied micronutrients and for topics that have received
comparatively little research attention.

Validation gaps occur where potentially useful knowledge exists but has not been sufficiently
evaluated under Ontario or closely comparable production conditions. These gaps are
particularly important where recommendations, diagnostic thresholds or management
practices have been developed in different soils, climates or production systems.

Decision gaps occur where research exists but does not adequately answer a practical
management question. Examples include knowing that a crop can respond to a micronutrient
without being able to identify which fields are likely to respond or observing a biological
response without knowing whether it produces a meaningful agronomic or economic benefit.

Integration gaps occur where individual pieces of knowledge exist but are not sufficiently
connected to support management decisions. For example, diagnostic information may exist
without evidence linking it to crop response, or evidence of crop response may exist without
information about its agronomic or economic value. The knowledge synthesis shows the
importance of connecting diagnosis, production context, management strategy, crop
response and outcomes rather than considering each independently.

These distinctions matter because different gaps call for different responses. Evidence gaps
may require new primary research where an important Ontario need can be demonstrated.
Validation gaps may require Ontario or closely comparable field testing of existing findings.
Decision gaps call for research designed around the specific information needed to make a
management decision. Integration gaps require research or synthesis that connects existing
evidence across diagnosis, production context, management, crop response and outcomes.
In some cases, focused synthesis of existing evidence may be more appropriate than
commissioning additional primary research.
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From gap type to research response

Research priority should therefore not be determined simply by the number of studies
available. The systematic map identified several considerations for determining where
additional research may be most valuable: the agronomic importance of the micronutrient,
the likelihood of deficiency or crop response under Ontario conditions, relevance to
management decisions, the consequences of uncertainty, and whether existing information
may already be sufficient to support decisions.

The knowledge synthesis added another consideration: where additional work would
strengthen weak connections in the management decision pathway. It highlighted needs
including local calibration of diagnostic indicators, replicated multi-site field evaluations,
clearer comparisons among management approaches, economic assessment, longer-term
soil and environmental outcomes, and improved identification of conditions that distinguish
responsive from non-responsive fields.

The strategic research and innovation priorities that follow respond to these different types of
gaps. Section 4 identifies the major research needs that cut across micronutrients, while
Section 5 considers how the type of gap, and therefore the appropriate research response,
differs among individual micronutrients. This distinction is important: a sparse knowledge
base does not automatically establish a high research priority, and a substantial knowledge
base does not mean that the evidence required for an Ontario management decision is
available. In some areas new research may be needed; in others, targeted validation or
focused synthesis may provide the more appropriate response.

Strategic research and innovation priorities

The systematic map and knowledge synthesis point toward six interconnected areas where
future research and innovation could strengthen the evidence available for micronutrient
management in Ontario. Together, these priorities address the evidence, validation, decision
and integration gaps described in Section 3. The appropriate response will vary depending
on the nature of the gap: some questions require new research, while others may be better
addressed through Ontario-relevant validation, focused synthesis or research designed to
connect existing knowledge more directly to management decisions.

The priorities therefore focus on resolving uncertainties that constrain management decisions
rather than increasing research activity uniformly across all nine micronutrients.

Strengthen the diagnostic foundation for micronutrient management

Primary gaps addressed: validation, decision

Why it matters. Micronutrient intervention begins with determining whether there is a
credible nutrient problem. Soil tests, tissue analysis, deficiency symptoms and critical or
sufficiency ranges can contribute to that assessment, but nutrient status does not necessarily
predict crop response to fertilization. Diagnostic thresholds developed elsewhere may not
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Strategic research and innovation priorities

transfer directly to Ontario conditions. The systematic map identified specific gaps in current
guidance, including the absence of OMAFA iron tissue reference values, divergence in the
upper manganese reference value for soybean, and the absence of a comparable corn
molybdenum benchmark.

Research and innovation directions. Focus on Ontario calibration and validation of diagnostic
indicators; evaluate combinations of diagnostic information rather than individual indicators
in isolation; and undertake targeted review and validation where potentially useful
information already exists.

Priority questions

¢ How well do existing soil and tissue indicators predict micronutrient response under
Ontario conditions?

e Which combinations of diagnostic indicators and field information provide the
strongest evidence of need?

®  Where can existing diagnostic guidance be validated or synthesized, and where is
new research required?

Identify the conditions that distinguish responsive from non-responsive
fields

Primary gaps addressed: decision, integration

Why it matters. Micronutrient responses are conditional. Soil pH, texture, organic matter,
drainage, moisture, temperature, nutrient interactions, crop characteristics and management
can influence nutrient availability and crop response. Consequently, evidence that a
treatment produced a response somewhere does not establish that it will produce the same
response in an Ontario field.

Research and innovation directions. Identify combinations of soil, crop, environmental and
management conditions associated with deficiency and response; improve characterization
of production context in field research; and investigate how field variability can support more
targeted identification of response risk.

Priority questions:

e What conditions most consistently distinguish responsive from non-responsive fields?

*  Which combinations of soil, environmental, crop and management characteristics
provide useful indicators of response risk?

e How can field variability be incorporated into micronutrient decision-making?
Expand Ontario-relevant field validation
Primary gaps addressed: validation

Why it matters. Only a small proportion of the international literature was considered
sufficiently comparable to Ontario for inclusion in the Ontario-relevant knowledge base, and
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Strategic research and innovation priorities !

only five of those records were Canadian. For recommendations and guidance, replicated
field evidence generated in Ontario or sufficiently comparable production environments
provides the most directly applicable information.

Research and innovation directions. Increase replicated, multi-site and multi-year field
evaluation; target production environments relevant to Ontario; and use research designs
that allow response to be related to soil, environmental and management conditions.

Priority questions:

e Which important findings from the existing knowledge base require validation under
Ontario conditions?

e Under what Ontario production environments should validation be concentrated?

* How consistent are responses across sites, years and production conditions?

Improve evidence for selecting and implementing management strategies

Primary gaps addressed: decision, validation

Why it matters. The knowledge synthesis did not identify a universally effective application
strategy. Route, placement, rate, timing, nutrient source, formulation and compatibility with
other inputs can all affect performance, while specialized and multi-nutrient products can
make it difficult to attribute observed responses to a particular component.

Research and innovation directions. Conduct clearer comparisons among management
options; improve reporting of fertilizer form, source, rate, timing and application method; and
evaluate management strategies in relation to diagnosed need and production context.

Priority questions

e Which management approaches perform most consistently under the conditions in
which intervention is warranted?

e How do rate, timing, placement, source and formulation influence outcomes?

e How can research designs better distinguish the effects of individual micronutrients in
multi-component products?

Establish whether micronutrient interventions produce meaningful value

Primary gaps addressed: decision, integration

Why it matters. Changes in nutrient concentration, uptake, physiology, biomass, yield and
other outcomes are not interchangeable. A biological response does not necessarily translate
into an agronomic benefit, and an agronomic response does not necessarily translate into
economic value. Economic performance is one of the least developed parts of the Ontario-
relevant knowledge base. Longer-term soil and environmental outcomes are also identified
as an area requiring greater attention.
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Research and innovation directions. Connect biological responses to management-relevant
outcomes; incorporate economic assessment into field research; assess response consistency
and risk; and strengthen evidence concerning longer-term soil and environmental outcomes.

Priority questions:

*  When do observed biological responses translate into meaningful yield, quality or
other agronomic benefits?

e When are those benefits economically worthwhile?

e How consistent are benefits across sites and years? What longer-term soil or
environmental outcomes need to be considered?

Integrate evidence across the decision pathway

Primary gaps addressed: integration

Why it matters. The knowledge synthesis identified an important weakness in the
connections among diagnosis, production context, management, crop response and
meaningful outcomes. Evidence addressing individual components of the decision pathway
does not necessarily provide sufficient information to support a field-level decision.
Strengthening these connections is therefore an important research need.

Research and innovation directions. Connect diagnostic, production-context, management
and outcome information; strengthen field-specific evidence; assess transferability to
Ontario; use focused synthesis where existing evidence can resolve uncertainty without
additional primary research.

Priority questions:

e What combinations of evidence are needed to support a field-level micronutrient
decision with confidence?

e How can locally relevant evidence be integrated into decision support?

e  When is evidence generated outside Ontario sufficiently transferable to inform
recommendations?

e Where can synthesis and validation address uncertainty more efficiently than new
primary research?

Cross-cutting principles for future research

Across the six priorities, the systematic map and knowledge synthesis support several
recurring principles: give greatest weight to Ontario or closely comparable field evidence;
use replicated multi-site research where appropriate; document soil, environmental and
management context; clearly describe the intervention being evaluated; distinguish
biological responses from management-relevant outcomes; incorporate economic evidence
where production value is the objective; and design studies so that findings can be
compared, synthesized and assessed for transferability.
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Micronutrient-specific priorities

Micronutrient-specific priorities

The strategic priorities do not apply equally to all nine micronutrients. The systematic map
and knowledge synthesis show substantial differences in Ontario-relevant knowledge
available and, consequently, in the nature of the remaining knowledge gaps. Some
micronutrients have substantial existing knowledge but require validation or stronger
connections to management decisions, while others have more fundamental evidence gaps.
The appropriate research response therefore differs by micronutrient (Table 1).

Importantly, a smaller knowledge base does not automatically indicate a higher research
priority. Decisions about additional research should also consider the micronutrient's
agronomic importance, likelihood of deficiency or crop response under Ontario conditions,
relevance to management decisions, consequences of uncertainty, and whether existing
information may already be sufficient.
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Micronutrient-specific priorities

Table 1. Micronutrient-specific gaps and research directions.

Micronutrient

Principal
gap(s) types

Current Knowledge Base

Research response

Extensive knowledge exists, but

Targeted validation and

sufficiency information was not
identified.

. Decision / important questions remain about research connecting existing
Zinc N . 4 o .
validation diagnosis, response conditions and knowledge to Ontario
management-relevant outcomes. management decisions.
. . L . Focused synthesis and
Substantial evidence exists, including L sed syntne .
N . . validation of diagnostic
Validation / potentially relevant tissue ranges, but . . .
Iron o . ) information before assuming
decision Ontario has no tissue reference . .
new primary research is
values for corn or soybean. ;
required.
Substantial evidence exists, but the
s upper soybean tissue reference value Targeted review and validation
Validation / . ; ) . ) o ) .
Manganese decision in Ontario guidance differs from of the identified diagnostic
comparable values identified in the uncertainty.
literature.
Substantial knowledge exists,
_— including diagnostic information, but . .
Validation / 2 ) ) Targeted synthesis and Ontario-
Boron o uncertainties remain about its R
decision L . relevant validation.
application to Ontario management
decisions.
Substantial knowledge exists,
_— including diagnostic information, but ) .
Validation / . S . Targeted synthesis and Ontario-
Copper . its application to Ontario i
decision . . relevant validation.
management decisions requires
further assessment.
Knowledge is more limited; corn . .
9 o Establish Ontario need and,
. lacks both a current Ontario tissue
Evidence / where warranted, generate new
Molybdenum L benchmark and a comparable .
validation . . evidence to address
benchmark in the Ontario-relevant
. fundamental gaps.
literature.
. . . Establish whether an important
Ontario-relevant evidence is sparse Ontario agronomic or
Chlorine/chloride | Evidence and comparable tissue sufficiency : 9 :
. . . o diagnostic need exists before
information was not identified. . o o
investing in additional research.
Ontario-relevant evidence is ver . . .
. y Establish Ontario agronomic or
. . sparse and comparable tissue ) .
Nickel Evidence - . ) diagnostic relevance before
sufficiency information was not . S o
. o investing in additional research.
identified.
Ontario-relevant evidence is ver . . .
sparse and comparable fissue Y Establish Ontario agronomic or
Cobalt Evidence P P diagnostic relevance before

investing in additional research.

The micronutrient-specific directions should be interpreted as different starting points for

future research rather than as a ranking of the nine micronutrients (Table 1). For zinc, iron,

manganese, boron and copper, the existing knowledge base provides a foundation for more

targeted validation, synthesis and decision-focused research. For molybdenum, more

fundamental gaps remain in some areas, particularly corn diagnostics. For chlorine/chloride,
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Knowledge mobilization and implementation

nickel and cobalt, the limited evidence base first requires consideration of whether an
important Ontario agronomic or diagnostic need exists before substantial new research is
undertaken.

Applying the strategic priorities by micronutrient

Rather than treating the nine micronutrients as nine independent research programs, the six
strategic priorities provide the common framework. The appropriate mix of new research,
validation and synthesis differs by micronutrient. Zn, Fe and Mn offer comparatively
substantial existing knowledge from which specific decision gaps can be addressed; B and
Cu provide a foundation for more targeted validation; and Mo, CI/Cl—, Ni and Co require
greater selectivity in determining whether identified evidence gaps correspond to
consequential Ontario management needs.

Knowledge mobilization and implementation

Generating stronger evidence will not by itself improve micronutrient management. Research
findings must also be interpreted, synthesized and communicated in ways that support
decisions by growers, agronomists, extension specialists and other agricultural advisors. The
knowledge synthesis shows why this is particularly important for micronutrients: responses
are conditional, evidence generated elsewhere may not transfer directly to Ontario, and
evidence that a biological response can occur is not necessarily sufficient to support a field
recommendation.

Knowledge mobilization should therefore preserve the context, conditions and uncertainty
associated with the evidence rather than reduce complex findings to generalized
recommendations. The objective should be to help users determine when available evidence
is relevant to a particular management question and how confidently it can be applied.

Strengthen evidence-informed guidance

As research and validation address the priorities identified in this roadmap, the resulting
knowledge should be incorporated into Ontario guidance where the evidence is sufficiently
strong. Particular attention should be given to areas where the systematic map identified
specific diagnostic questions or where new Ontario-relevant research changes the basis for
existing recommendations.

Guidance should distinguish between evidence that helps explain micronutrient processes
and evidence that directly supports management recommendations. Diagnostic thresholds,
application rates and recommendations developed outside Ontario should not be
transferred without considering differences in soils, climate, cropping systems, analytical
methods and management conditions.
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Roadmap for action

Support field-specific interpretation and decisions

Knowledge mobilization should help users work through the decision pathway rather than
provide blanket micronutrient recommendations. Resources should reinforce the connections
among:

strength and
relevance of
the supporting
evidence

diagnosed
need

production
context

appropriate
management

expected crop
response

meaningful
outcome

This approach would help growers and advisors interpret soil and tissue information
alongside field history, soil and environmental conditions, crop observations and locally
relevant response information. The synthesis indicated that confidence in a decision increases
when several lines of information reinforce one another and should remain lower when
important connections are missing.

Maintain an accessible and evolving knowledge base

The systematic map and knowledge synthesis provide an organized foundation of
micronutrient knowledge that can support future research, guidance and extension. The
Ontario Corn and Soybean Micronutrient Knowledge Hub provides searchable access to the
Ontario-relevant knowledge identified through the systematic map.

The Knowledge Hub provides a foundation that could be updated as new Ontario and
comparable evidence becomes available. Periodic updating would maintain the value of the
project knowledge base, provide continuing access to relevant research, and make it easier
to revisit specific management questions as the evidence develops.

Knowledge mobilization products can also be tailored to different uses. For example,
research and evidence summaries for researchers and policy or guidance developers, and
more applied interpretation resources for agronomists, advisors and growers. In all cases,
knowledge mobilization products should clearly identify which conclusions are well
supported, which depend on particular conditions, and which questions remain unresolved.

Roadmap for action

The research needs identified in this roadmap will require different responses. Some gaps
may be addressed by synthesizing or validating existing knowledge, while others require new
Ontario-relevant research. The systematic map specifically cautions against assuming that
every identified gap requires additional primary research and recommends focused synthesis
where relevant information already exists but has not been adequately evaluated for Ontario
application.

A practical approach is therefore to move from assessing the need for additional research,
through targeted knowledge development, to integration and implementation (Table 2).
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Table 2. From evidence gaps to implementation. The action roadmap shows how different research needs can be addressed
through three connected areas of activity: assessing and focusing research needs, developing and validating knowledge, and
integrating and applying findings. The areas are not intended as a fixed sequence; the appropriate starting point and
combination of actions will depend on the type of knowledge gap and the existing evidence base.

Assess and focus

Develop and validate

Integrate and apply

Determine whether identified gaps
represent consequential Ontario
management needs.

Undertake new research where
important evidence gaps remain.

Integrate findings across the
decision pathway.

Synthesize existing evidence where
additional primary research may not
be necessary.

Validate diagnostics, thresholds and
other findings under Ontario or
closely comparable conditions.

Update guidance where the
accumulated evidence provides a
sufficient basis for change.

Identify specific findings and
recommendations that require Ontario
validation.

Conduct replicated multi-site field
research where transferability or
response consistency remains
uncertain.

Translate evidence into field-
relevant extension and advisory
resources.

Focus research questions on the
conditions and decisions where
uncertainty matters.

Connect management interventions
with agronomic, economic and other
meaningful outcomes.

Clearly communicate the
conditions under which findings
apply and where uncertainty
remains.

These actions should not be interpreted as a strictly linear sequence. New research may

identify additional uncertainties, validation may demonstrate that findings do not transfer as

expected, and synthesis may reveal that existing evidence is sufficient to address questions

previously considered research gaps. The roadmap should therefore support an iterative

process in which new knowledge is continually assessed against the management decisions it

is intended to inform.

The systematic map and knowledge synthesis show that strengthening micronutrient

management in Ontario does not require equivalent research effort across all nine

micronutrients. The opportunity is to direct research, validation and synthesis toward the

uncertainties that most constrain management decisions, strengthen the connections among

diagnosis, production context, management and meaningful outcomes, and translate

sufficiently established knowledge into useful guidance. This roadmap provides an evidence-

informed starting point for researchers, funders, government, industry and other stakeholders

to determine where those efforts should be directed.
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Since 1998, VISTA Science & Technology has been supporting Canada's agrifood sector to drive the discovery,
development, commercialization and adoption of agri-innovations. We understand the challenges of
putting research into action in the face of overwhelming challenges.

Whether you are discovering or developing new agri-innovations, putting research into practice, or investing in or

funding agrifood research, you will benefit from our independent, evidence-based analyses, advice and solutions

Contact us at info@vistast.com
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