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Abstract

Bio-based inputs are increasingly promoted as alternatives or complements to conventional 
agricultural inputs, yet evidence on their adoption remains fragmented across product 
categories, behavioural outcomes, and farming contexts. This scoping review mapped 
survey-based and socio-economic evidence on how farmers perceive, evaluate, and use 
bio-based inputs in crop production systems. Following PRISMA-ScR guidance, Scopus 
and Web of Science were searched for English-language peer-reviewed survey-based socio-
economic studies involving farmers or agricultural input-use decision makers; 1904 records 
were initially identified; 448 articles were ultimately included. Data were charted using 
a structured extraction framework and synthesised across four questions addressing per-
ceptions, willingness to adopt or pay, translation into trial or actual use and post-adoption 
outcomes, and advisory, market, institutional, and policy conditions. Findings reveal ten-
sion between perceived sustainability benefits and concerns over agronomic reliability, cost, 
risk, quality, and compatibility. Willingness was conditional, and favourable attitudes or in-
tentions did not necessarily translate into actual use, highlighting an attitude–adoption gap. 
The synthesis suggests a context-dependent pathway comprising comparative appraisal, 
conditional willingness, practical feasibility, and progression towards trial or actual use. 
Post-adoption evidence remained limited in this exploratory, search-dependent mapping. 
Overall, adoption emerged as a context-dependent and system-enabled process rather than 
a direct consequence of favourable attitudes.

Keywords: willingness to adopt; willingness to pay; intention behavior gap; practical 
feasibility; risk perception; technology adoption; farm advisory services

1. Introduction
Agricultural systems are under increasing pressure to reduce environmental impacts 

while maintaining productivity, profitability, and food security. This pressure has intensi-
fied interest in practices and inputs that can reduce dependence on synthetic agrochemicals, 
support more sustainable crop production, and contribute to sustainable agricultural inten-
sification [1]. Bio-based inputs are part of this broader transition. For this review, bio-based 
inputs were operationally defined, for eligibility purposes, as biological, biomass-derived, 
organic-residue-derived, or recycled agricultural inputs used in crop production as alter-
natives or complements to conventional products. This operational definition delineated 
the scope of the review rather than providing an exhaustive taxonomy of all agricultural 
inputs that may be described as bio-based. The eligible categories included biopesticides, 
biological control agents, biofertilisers, microbial inoculants, biostimulants, biochar, com-
post, digestate, manure-derived products, organic fertilisers, and other organic or recycled 
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amendments meeting the eligibility criteria. In the fertiliser sector, bio-based products are 
also linked to circular-economy strategies, because they can recover nutrients from biolog-
ical waste streams and reduce dependence on mineral and fossil-based resources [2–4]. 
More broadly, bioeconomy frameworks emphasise the integration of renewable biological 
resources with economic efficiency, environmental sustainability, and resource-efficient 
production systems [5]. Agricultural biologicals, including microbial products, biopes-
ticides, biofertilisers, biostimulants, and biological control agents, further broaden this 
input category beyond nutrient management alone [6]. However, the contribution of these 
inputs depends on their technical potential and on whether farmers consider them credible, 
accessible, affordable, and compatible with farm management.

The adoption of bio-based inputs therefore involves technical, behavioural, economic, 
and organisational considerations. Farmers evaluate these products in relation to existing 
input regimes, agronomic routines, production risks, labour requirements, market condi-
tions, and advisory support [7,8]. A bio-based input may be environmentally attractive 
but still be difficult to adopt if it is perceived as less reliable, slower acting, more expensive, 
less familiar, or harder to integrate into existing practices. This implementation problem is 
particularly clear for bio-based fertilisers, where regulation, production-consumption flows, 
farmer acceptance, market availability, and acceptable prices remain central challenges [3]. 
It is also relevant for crop-protection inputs, where timing, reliability, efficacy, and risk 
management are central to farm-level decisions [9,10]. In this sense, bio-based inputs are 
concrete farm inputs rather than generic sustainability practices. Their uptake depends on 
how farmers assess their performance and feasibility relative to established alternatives.

A broad literature has examined farmers’ adoption of sustainable agricultural practices. 
Behavioural factors such as attitudes, perceived benefits, perceived risks, social norms, and 
perceived behavioural control are important in farmers’ adoption decisions [11]. Incentives, 
information, institutions, and enabling conditions also shape the adoption of sustainable 
agricultural practices [12], while recent evidence on ecological practices confirms that 
adoption is influenced by multiple behavioural, economic, and contextual determinants [13]. 
This literature is highly relevant, but it often addresses sustainable farming practices at 
a broad level. Bio-based inputs raise a more specific adoption problem. They involve 
decisions about whether to use, complement, or replace concrete products in farm input 
strategies. Their adoption therefore depends on general environmental attitudes and on 
product-specific perceptions of effectiveness, safety, quality, compatibility, cost, and trust.

Empirical evidence on bio-based input adoption has expanded across multiple product 
categories but remains dispersed across input-specific studies. Studies address, among 
others, compost, digestate, biochar, organic fertilisers, biofertilisers, biopesticides, biological 
control agents, and broader agricultural biologicals [3,6,7]. The expansion of this litera-
ture, which became particularly marked after 2019 in the evidence base mapped by this 
review, coincided with increasing scientific, regulatory, and policy attention to reducing 
dependence on conventional agrochemicals, recovering nutrients through circular-economy 
approaches, and developing biological alternatives for crop production. In Europe, for 
example, Regulation (EU) 2019/1009 broadened the harmonised framework for fertilising 
products to include recycled and organic materials and plant biostimulants [14], while the 
2020 Farm to Fork Strategy established targets aimed at reducing pesticide-related risks and 
fertiliser use as part of the transition towards more sustainable food systems [15]. These 
European policy developments provide contextual motivation rather than defining the geo-
graphical or regulatory boundaries of the review, which examines survey-based evidence 
from crop production systems worldwide. These developments should not be interpreted 
as the sole cause of the publication trend, which spans diverse geographical contexts, but as 
illustrating the broader shift in research and policy attention that has increased the relevance 
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of questions concerning not only the technical performance of bio-based inputs but also 
their acceptance and practical adoption by farmers. The included studies also differ in crop 
systems, geographical contexts, actor groups, methods, and adoption-related outcomes. 
Some studies focus on perceptions or attitudes. Others examine willingness to adopt, will-
ingness to pay, stated preferences, self-reported use, purchase, or current adoption. This 
diversity is valuable, but it makes it difficult to identify common mechanisms across input 
families. It also makes it difficult to distinguish whether barriers are input-specific or reflect 
broader adoption conditions shared by many bio-based inputs.

A further challenge is that intention-based and behavioural adoption outcomes are not 
always clearly separated. In biological control research, behavioural intention and actual use 
have been explicitly modelled as distinct constructs [16], while compost adoption studies 
show that practical constraints can limit use even when an input is locally relevant [17]. 
More broadly, intentions are often used as proxies for actual behaviour, although they do 
not necessarily translate into subsequent action [18]. This potential gap between favourable 
attitudes or intentions and actual adoption is particularly important when evaluating the 
uptake of bio-based inputs. A farmer may express willingness without being able to access 
the product. A farmer may try an input once without integrating it into routine management 
or may discontinue it after initial use. Recent agricultural evidence further shows that 
the predictors of intention may differ from those of actual adoption [18]. Treating these 
outcomes as equivalent therefore risks overstating the extent and persistence of adoption 
and underestimating the practical conditions needed for uptake.

This issue is closely connected to the role of advisory, market, and institutional environ-
ments. Adoption is often analysed through farmer-level variables, such as education, income, 
farm size, access to information, attitudes, and risk preferences [11–13]. These farmer-level 
factors interact with advisory services, input supply, product quality assurance, certification, 
local availability, policy incentives, cooperative arrangements, and trust in intermediaries. Ad-
visory systems are especially important because they mediate knowledge exchange and help 
farmers interpret new practices under local conditions [19]. More broadly, agricultural change 
is shaped by relations among actors, institutions, technologies, and place-specific conditions, 
rather than by individual agency or product characteristics alone [20].

Against this background, an integrated cross-input synthesis is needed to map how 
bio-based inputs are evaluated, distinguish willingness-related outcomes from practical 
use, and identify the wider conditions that enable or constrain implementation. Existing ev-
idence needs to be mapped across input categories and distinct adoption-related outcomes, 
including the less consistently reported outcomes of continued use and discontinuance. 
This is especially important because bio-based inputs are often promoted as part of sus-
tainability and circular-economy strategies, yet their adoption depends on a combination 
of behavioural, technical, economic, organisational, and institutional factors. The review 
contributes by integrating established adoption determinants across input families and 
distinct adoption-related outcomes, with particular attention to the conditions under which 
stated willingness can or cannot translate into practical use.

This scoping review aims to map and synthesise survey-based and socio-economic evi-
dence on the adoption of bio-based inputs in crop production systems. The review focuses 
on farmers, growers, farm managers, advisors, agrodealers, and other actors involved in 
agricultural input-use decisions. It addresses the following overarching research question: 
How do farmers and related agricultural actors evaluate bio-based inputs, and which be-
havioural, technical, economic, advisory, market, institutional, and policy conditions shape 
their progression towards or away from practical use? This question was operationalised 
through four synthesis questions: SQ1: How do farmers perceive bio-based inputs relative 
to synthetic alternatives? SQ2: What shapes willingness to adopt or willingness to pay 
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for bio-based inputs? SQ3: To what extent do favourable attitudes or intentions translate 
into trial or actual use, and what evidence is available on continued use or discontinuance? 
SQ4: How do advisory systems, market access, institutions, infrastructure, and policy 
conditions shape these outcomes? Together, these questions provide an integrated account 
of comparative appraisal, conditional willingness, practical feasibility, trial or actual use, 
and the more limited evidence on continued use or discontinuance.

2. Materials and Methods
2.1. Review Design and Protocol

This study was designed as a scoping review of survey-based and socio-economic evi-
dence on the adoption of bio-based inputs in crop production systems. A scoping approach 
was selected because the literature is broad, heterogeneous, and methodologically diverse. The 
included articles differ in terms of input categories, crop systems, geographical contexts, actors, 
and adoption-related outcomes. The review aimed to map the available evidence, organise 
it around recurrent mechanisms shaping perceptions, willingness, trial, and actual use, and 
examine how these mechanisms jointly shape progression towards or away from practical use.

The review followed PRISMA-ScR principles and was informed by established method-
ological guidance for scoping reviews [21–23]. The completed PRISMA-ScR checklist 
is provided as Supplementary Material S1. The review was guided by a Population–
Concept–Context framework [24]. The population comprised farmers, growers, farm 
managers, agricultural advisors, agricultural stakeholders, and other actors involved in 
agricultural input-use decisions. The concept covered perceptions, attitudes, willingness 
to adopt, willingness to pay, willingness to use, trial, actual use, continued or repeated 
use, discontinuance, barriers, drivers, and enabling conditions related to bio-based inputs. 
The context was restricted to crop production systems, including field crops, horticulture, 
orchards, vineyards, greenhouse production, and other plant-based agricultural systems. 
This framework was used to maintain a clear focus on adoption-related evidence rather than 
on the technical or agronomic efficacy of the inputs. Within this framework, the synthesis 
addressed an overarching research question on how farmers and related actors evaluate 
bio-based inputs and which conditions shape progression towards or away from practical 
use. The original review protocol was dated 9 June 2026, the date on which the database 
searches were conducted. It was formally registered on the Open Science Framework (OSF) 
on 10 June 2026 (registration QJ9NY). As the registration occurred after the searches, it was 
retrospective in relation to the search process and did not constitute prospective preregistra-
tion of the search or screening procedures. The original protocol has been retained as the 
historical record. Amendment A001, dated 27 July 2026, documented the subsequent reor-
ganisation of the research questions into four synthesis questions and secondary descriptive 
objectives. Amendment A002, approved on 4 August 2026, refined SQ3 to distinguish atti-
tudes or intentions from trial or actual use and to classify continued use and discontinuance 
separately. These amendments represented subsequent analytical refinements and did not 
retrospectively modify the original search strategy, eligibility criteria, or screening decisions. 
Accordingly, the refined SQ3 classifications and associated estimates are regarded as post 
hoc and exploratory rather than confirmatory. Six additional eligible articles identified 
through the targeted sensitivity search conducted in October 2026 were subsequently incor-
porated into the final evidence synthesis. The original protocol and its amendments are 
documented in the OSF repository (https://doi.org/10.17605/OSF.IO/A4TCD).

2.2. Eligibility Criteria
Articles were eligible when they met four core conditions. First, they had to focus 

on one or more bio-based inputs relevant to crop production. Bio-based inputs were op-
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erationally defined as biological, biomass-derived, organic-residue-derived, or recycled 
products used as agricultural inputs and considered as alternatives or complements to con-
ventional inputs. These included biofertilisers, biostimulants, biochar, compost, digestate, 
organic amendments, organic fertilisers, manure-derived products, biopesticides, biological 
control agents, microbial inoculants, and other biomass-derived or biologically based agri-
cultural inputs. Second, the articles had to involve farmers or other actors directly connected 
to agricultural input-use decisions. Third, they had to report primary empirical evidence 
based on questionnaire surveys, structured or semi-structured interviews, choice experi-
ments, stated-preference methods, or comparable survey-based socio-economic approaches. 
Mixed-method articles were eligible when the relevant survey-based component could 
be clearly identified and extracted. Fourth, the evidence had to address adoption-related 
outcomes, such as perceptions, attitudes, willingness to adopt, willingness to pay, actual 
use, barriers, drivers, or enabling conditions.

The review did not include articles that assessed bio-based inputs only from a technical 
or agronomic perspective. Articles were excluded when they reported field trials, laboratory 
experiments, or agronomic performance data without a behavioural, socio-economic, or 
decision-making component. Articles were also excluded when they focused exclusively on 
livestock systems, non-agricultural contexts, or actors not involved in crop input decisions. 
Review articles, conceptual papers, editorials, conference abstracts, and non-peer-reviewed 
documents were not eligible. This ensured that the final corpus remained centred on 
primary adoption-related evidence in crop production systems. For borderline cases, eligi-
bility was determined by the identifiable agricultural input and the presence of empirical 
adoption-related evidence, rather than by broad labels such as “organic” or “sustainable”. 
For example, a farmer survey examining decisions to adopt compost or manure-derived 
fertilisers in crop production met the eligibility criteria, whereas a study addressing general 
attitudes towards organic farming without identifiable bio-based input-use decisions did 
not. Similarly, agronomic experiments evaluating biochar performance without a survey-
based behavioural or socio-economic component were excluded. Studies involving mixed 
crop–livestock systems were eligible only when evidence concerning bio-based inputs used 
in crop production could be identified and extracted.

Eligibility was assessed against the predefined Population–Concept–Context frame-
work and eligibility criteria, with particular attention to whether the article provided 
behavioural or socio-economic evidence relevant to the adoption of bio-based inputs in crop 
production systems. Included articles therefore had to contribute empirical evidence on at 
least one adoption-related outcome within the scope of the review. Importantly, intention- 
and attitude-based outcomes were retained but distinguished analytically from evidence 
on trial, actual use, and post-adoption outcomes during synthesis. The subsequent organi-
sation of this evidence into the four synthesis questions was undertaken during evidence 
synthesis and did not alter eligibility decisions.

2.3. Information Sources and Search Strategy
The original database searches were conducted on 9 June 2026 in Scopus using the 

standard search interface with the Article title, Abstract, and Keywords fields selected, and in 
Web of Science Core Collection using Advanced Search with the database’s All Fields search 
setting. No publication-year restriction was applied. These databases were selected because 
they provide broad coverage of the peer-reviewed literature in agricultural, environmental, 
socio-economic, and interdisciplinary research fields. The search strategy combined four 
conceptual blocks: bio-based inputs, adoption-related constructs, agricultural actors or 
crop-production contexts, and survey-based or stated-preference methods.
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The final search string included terms referring to bio-based input categories, such as 
biofertilisers, biostimulants, biochar, compost, digestate, organic amendments, organic fer-
tilisers, biopesticides, biological control, microbial inoculants, and biomass-derived inputs. 
These terms were combined with adoption-related terms, including adoption, acceptance, 
perceptions, attitudes, intentions, barriers, drivers, willingness to adopt, willingness to pay, 
and willingness to use. A further block identified relevant actors and contexts, including 
farmers, growers, farm managers, agricultural stakeholders, crop production, horticulture, 
vineyards, orchards, and greenhouse systems. The final block restricted the search towards 
empirical behavioural evidence by including terms such as survey, questionnaire, choice 
experiment, stated preference, and interview. For each database, the search settings, exact 
search strings, applied filters, and record counts were retained to support reproducibility 
(Supplementary Material S2).

The original searches initially retrieved 1904 records. Of these, 814 were retrieved from 
Scopus and 1090 from Web of Science. Following retrieval, the records were restricted to 
English-language journal articles before deduplication. This step retained 1664 records, in-
cluding 691 from Scopus and 973 from Web of Science. To assess whether the comparatively 
limited evidence on continued or repeated use and discontinuance was sensitive to the 
original search specification, a post hoc targeted sensitivity search was conducted in Scopus 
and Web of Science on 14 October 2026. Two complementary query sets were used. The first 
retained the original bio-based-input, agricultural-context, and survey-method blocks while 
adding explicit terms for continued or repeated use, sustained or persistent adoption, post-
adoption, discontinuance, dis-adoption, abandonment, cessation, and related outcomes. 
The second broadened sensitivity to alternative post-adoption terminology and omitted the 
survey-method block. The same language and publication-type eligibility restrictions were 
applied. Records retrieved through the four database-query combinations were dedupli-
cated and cross-matched against the original 1203-record screening corpus. Records already 
present in the original corpus were not re-screened, whereas newly identified records were 
assessed using the original eligibility criteria. This supplementary exercise was designed as 
a targeted sensitivity analysis rather than as a comprehensive update of the original broad 
search. The six additional eligible articles identified through this search were incorporated 
into the final synthesis using the original eligibility criteria and the established extraction 
and coding framework. The complete database-specific strings and retrieval counts are 
reported in Supplementary Material S2.

2.4. Record Management, Screening, and Eligibility Assessment
Records retrieved from Scopus and Web of Science were merged and managed in a 

structured Microsoft Excel workbook. Duplicate records were removed before screening 
using DOI matching, normalised title matching, and manual checking where metadata 
were incomplete or inconsistent. This process removed 461 duplicate records, leaving 
1203 unique records for title and abstract screening.

Title and abstract screening was conducted independently in duplicate by two reviewers 
using the predefined eligibility criteria. Decisions, exclusion reasons, and reasons for uncer-
tainty were recorded separately for each reviewer and subsequently compared. Each record 
was classified as Include, Exclude, or Unclear. Records were classified as Include when the 
available information clearly indicated relevance to the review scope, as Exclude when one or 
more core eligibility criteria were clearly not met, and as Unclear when the title and abstract 
did not provide sufficient information for a reliable exclusion decision. The Unclear category 
was retained to minimise premature exclusion of potentially eligible studies.

Disagreements and uncertain cases were reassessed and resolved by consensus be-
fore final screening decisions were assigned. Agreement between the reviewers on the 
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initial title-and-abstract screening decisions (Include, Exclude, and Unclear) was retrospec-
tively assessed using the original screening records. The reviewers agreed on 1024 of the 
1203 records (85.1%), while 179 records received different initial decisions. The final classifi-
cations and corresponding reconciliation notes were documented in the screening workbook 
available in the OSF repository. At the end of title and abstract screening, 330 records were 
classified as Include, 194 as Unclear, and 679 as Exclude. Records classified as Include or 
Unclear were therefore retained for full-text retrieval, resulting in 524 reports being sought.

Of these, 510 full texts were retrieved and assessed for eligibility, while 14 reports 
could not be obtained and were recorded as unavailable. Full-text assessment applied 
the eligibility criteria defined in Section 2.2, with inclusion requiring a relevant bio-based 
input, actors involved in crop input-use decisions, a crop-production context, and primary 
empirical evidence on at least one adoption-related outcome.

The 524 reports sought for retrieval were allocated among three reviewers in progres-
sive Record_ID order, with 224, 150, and 150 reports assigned to Reviewers 1, 2, and 3, 
respectively. Of these, 510 full texts were retrieved and assessed by their assigned review-
ers (220, 147, and 143 reports, respectively). Each full text was assessed by one reviewer 
using shared eligibility criteria, screening decision rules, and structured exclusion codes. 
This allocation also allowed the same reviewer to conduct subsequent data charting and 
evidence extraction for the included articles within the assigned block, maintaining conti-
nuity between eligibility assessment and extraction. Screening decisions, exclusion reasons, 
reviewer confidence, borderline-case flags, and explanatory notes were recorded in the 
structured review workbook. Full-text assessment was not systematically performed in 
duplicate; therefore, no full-text inter-rater agreement statistic was calculated. Following 
the original full-text assessment, 442 peer-reviewed journal articles were included and 
68 reports were excluded. The main reasons for exclusion were the absence of a relevant 
bio-based input, a relevant agricultural actor, adoption-related evidence, or primary survey-
based or socio-economic data. Each excluded report was assigned a final exclusion reason. 
The complete full-text screening record, including exclusion decisions and corresponding 
reasons, is available in the OSF repository (https://doi.org/10.17605/OSF.IO/A4TCD).

2.5. Data Charting and Extraction
A structured data charting form was developed and applied to the full texts of all 

included articles. Article-level data charting was performed by the reviewer responsible 
for the corresponding full-text block using a shared extraction framework and common 
operational criteria. The form was designed to capture the information needed to describe 
the evidence base and to synthesise adoption-related findings. The form selectively captured 
article and study characteristics, bio-based input categories, actor groups, crop-production 
contexts, behavioural outcomes, and findings relevant to the review questions.

For each article, the following were extracted: bibliographic information, country 
or region, crop or production system, target population, participant type, sample size, 
study design, data collection method, analytical approach, and bio-based input category. 
This information was used to describe the structure and scope of the evidence base. The 
extraction also made it possible to map the distribution of articles across geographical areas, 
input families, crop systems, actor groups, and methodological approaches.

For descriptive methodological mapping, actor groups were summarised at the article 
level, while data-collection methods, analytical approaches, and theoretical or conceptual 
frameworks were treated as non-mutually exclusive characteristics, with multiple approaches 
reported within the same article. The extraction form also captured the behavioural and socio-
economic content of each article. Extracted fields included the main adoption-related outcome, 
whether the article measured perceptions or attitudes, willingness to adopt, willingness to pay, 
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intention, trial or first use, current or actual use, continued or repeated use, discontinuance, 
barriers, drivers, or enabling conditions. Each article was also coded for its relevance to the 
four synthesis questions. These categories were not mutually exclusive, and an article could 
contribute evidence to more than one stage or condition of the adoption process.

Key findings were extracted in a concise and structured format. When available, quantita-
tive results, qualitative findings, and author-reported interpretations were recorded separately. 
Particular attention was paid to whether evidence referred to stated willingness, intended 
behaviour, trial or first use, current or actual use, continued or repeated use, discontinuance, or 
sustained adoption. This distinction was necessary because adoption-related terms were used 
inconsistently across the literature. The complete consolidated article-level data-extraction 
dataset and the corresponding operational codebook are available in the OSF repository.

Following completion of the initial extraction dataset, targeted cross-reviewer valida-
tion and harmonisation were conducted for selected extraction decisions and fields. On 
3 August 2026, two reviewers independently re-examined 125 targeted extraction deci-
sions across 86 included articles against the corresponding full texts and the consolidated 
operational codebook. Of these decisions, 101 were confirmed without further change, 
13 resulted in consensus corrections, and 11 required harmonisation of terminology or 
formulation. In addition, 162 incomplete or malformed extraction cells were completed 
conservatively, including bibliographic titles, sampling procedures, author-reported lim-
itations, and research gaps. This targeted validation was problem-focused and should 
not be interpreted as systematic independent duplicate extraction of all 61 fields across 
the original 442-article dataset. The resulting reviewer-validated article-level dataset was 
subsequently reconciled with the evidence-synthesis materials, with additional targeted 
source verification where required. The six subsequently identified eligible articles were 
charted using the same operational definitions and harmonised input-family, crop-system, 
geographical, and adoption-outcome categories applied to the original corpus. To support 
reproducible descriptive reporting, a subsequent article-level harmonisation assigned each 
included article one mutually exclusive primary input family and one primary crop-system 
group using a codebook frozen before classification. Country information was additionally 
mapped to one mutually exclusive world-region category for descriptive reporting. The 
complete evidence base of 448 articles was additionally organised at article level by bib-
liographic information, geographical context, bio-based input, crop system, actor group, 
sample characteristics, data-collection method, adoption-related outcomes, and contribution 
to the synthesis questions (Supplementary Material S3).

2.6. Evidence Synthesis, Macro-Theme Coding, and Narrative Synthesis
The synthesis proceeded from article-level organisation to evidence-row coding. In-

cluded articles were first described by geography, input category, crop system, actor type, 
method, and adoption-related outcome. Each evidence row represented a discrete finding 
relevant to one or more synthesis questions, including a perception, determinant, barrier, 
driver, or enabling condition. A single included article could generate multiple evidence 
rows, each linked to its Record_ID and, where available, to the corresponding full-text 
location. Evidence-row coding retained the reviewer allocation established for full-text 
assessment and article-level data charting. Each reviewer generated the evidence rows 
for the included articles within the reviewer’s assigned block and assigned the relevant 
synthesis question(s), macro-theme(s), and narrative-priority category (Core, Supporting, 
or Contextual). Subsequent reconciliation, targeted verification, and quality-assurance 
activities were used to resolve identified issues and did not constitute systematic indepen-
dent duplicate coding of all evidence rows. During reconciliation, 19 evidence rows across 
14 articles were revised following source and coding checks, without adding or deleting 
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evidence rows. A subsequent SQ–macro-theme consistency check adjusted SQ and/or 
macro-theme coding in 40 evidence rows while leaving the underlying evidence statements 
and the total number of evidence rows unchanged.

The final synthesis included 2802 evidence rows from 448 included articles. Evidence was 
organised around the four synthesis questions addressing comparative perceptions of bio-based 
and conventional inputs; willingness to adopt, use, or pay; the extent to which favourable atti-
tudes or intentions translate into trial or actual use, together with evidence on continued use 
or discontinuance; and the advisory, market, institutional, infrastructural, and policy condi-
tions shaping these outcomes. This structure was designed to distinguish evidence on stated 
evaluations and intentions from evidence on realised behaviour and post-adoption trajectories.

A framework of 23 macro-themes was used to organise recurrent mechanisms across 
the synthesis questions. It covered product effectiveness and reliability, environmental and 
health perceptions, price and willingness to pay, risk and uncertainty, knowledge, technical 
implementation, access, advisory systems, policy, institutional trust, collective action, and 
value-chain conditions. The macro-theme codebook was developed through an iterative hy-
brid process: initial domains were informed by the protocol and data-charting framework, 
while categories were refined in response to recurrent evidence identified during extraction 
and synthesis. Macro-theme counts represented evidence contributions rather than mutually 
exclusive articles and were interpreted as indicators of documentary density, not as statistically 
independent observations or estimates of prevalence. Macrotheme recurrence was addition-
ally summarised at the article level as the number of unique articles contributing to each 
macrotheme, thereby avoiding interpretation of multiple evidence rows from the same article 
as independent observations. Importantly, assignment to a macro-theme did not imply that all 
contributing articles reported effects in the same direction or that the corresponding factor was 
statistically significant. Where an article explicitly reported a non-significant association, this 
was retained as such rather than treated as missing evidence; similarly, conflicting or context-
dependent findings were preserved in the evidence statements and interpreted narratively. 
Macro-theme recurrence therefore indicates how often a mechanism was examined or reported 
across the evidence base, not the consistency, magnitude, or statistical significance of its effect. 
Accordingly, the synthesis did not seek to estimate pooled associations, rank determinants by 
effect strength, or establish the overall direction or statistical consistency of associations across 
heterogeneous studies. For SQ3, evidence was further differentiated by attitudes or intentions, 
trial or first use, current or actual use, continued or repeated use, discontinuance, and direct 
evidence linking intention-related outcomes to subsequent use.

These distinctions were formalised retrospectively through the refinement of SQ3 
documented in Amendment A002. Consequently, the refined SQ3 categories and the asso-
ciated article counts were treated as post hoc descriptive findings rather than prospectively 
specified confirmatory results. Although they fell within the broader adoption scope of the 
review, the original search strategy did not include dedicated terms for trial, continued or 
repeated use, or discontinuance. The targeted sensitivity search described in Section 2.3 
was therefore used to assess the robustness of the SQ3 interpretation to alternative post-
adoption search terminology. Articles meeting the original eligibility criteria through this 
supplementary search were extracted and coded in a parallel audit pathway using the same 
article-level data-charting fields, 23-macro-theme framework, and refined SQ3 definitions 
as the primary review. Although the targeted exercise did not constitute a comprehensive 
update of the original broad search, the six eligible articles and their 31 evidence rows were 
incorporated into the synthesis. The expanded dataset consequently comprised 448 articles 
and 2802 evidence rows, analysed using the same coding framework and synthesis ques-
tions. Barriers and enabling conditions were coded separately and were not treated as direct 
evidence of transition between stages. The narrative synthesis was organised by synthe-
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sis question and macro-theme, with citations selected to provide a concise and traceable 
representation of the evidence while capturing relevant variation across regions, methods, 
and input categories. The complete article-level extraction and evidence-synthesis datasets, 
together with the operational definitions, validation procedures, targeted verification mate-
rials, and supporting audit records, are available in the OSF repository. To further support 
the auditability of the narrative synthesis, Supplementary Material S4 provides a claim-to-
study traceability matrix linking the principal synthesised findings to the corresponding 
included articles and, where available, their underlying evidence-row records.

Given the scoping and evidence-mapping purpose of the review, no formal critical 
appraisal or risk-of-bias assessment was conducted. Because much of the included evidence 
was cross-sectional and relied on stated intentions, perceptions, or self-reported behaviour, 
associations were interpreted as adoption-related patterns rather than as causal effects, 
except where stronger analytical designs supported such interpretation. The synthesis 
focused on behavioural, socio-economic, institutional, and market-related evidence; agro-
nomic efficacy and environmental performance were considered only where they shaped 
farmers’ perceptions, willingness, or adoption decisions.

Generative AI (ChatGPT; OpenAI, San Francisco, CA, USA; https://chatgpt.com/ (ac-
cessed on 31 October 2026)) was used as an assistive tool during preparation and revision of 
the review. Its uses included organisation and consolidation of reviewer-generated records, 
structured handling and merging of tabular data, file organisation, consistency checks, and 
Record_ID-based traceability across screening, extraction, and synthesis materials. The 
tool also supported drafting and language revision of manuscript passages, organisation 
of responses to reviewers, and identification of potential inconsistencies requiring source-
based verification. AI-generated suggestions and outputs were examined and edited by the 
authors; relevant numerical, bibliographic, and scientific claims were subject to verification 
against the underlying records or cited sources before incorporation. AI was not treated as 
an autonomous reviewer or an independent source of primary evidence. Responsibility for 
eligibility assessment, extraction and coding decisions, source verification, interpretation, 
and final manuscript content remained with the human authors.

3. Results
3.1. Study Selection

The database searches initially retrieved 1904 records. Of these, 814 were retrieved 
from Scopus and 1090 from Web of Science. Following retrieval, the records were restricted 
to English-language journal articles, leaving 1664 records for deduplication and screening. 
The deduplication process removed 461 duplicate records. This left 1203 unique records for 
title and abstract screening.

Title and abstract screening excluded 679 records. The recorded reasons for exclusion were 
the absence of an eligible survey-based methodology (n = 270), an irrelevant agricultural actor 
(n = 129), an ineligible bio-based input (n = 112), a non-crop-production context (n = 94), the 
absence of an adoption-related outcome (n = 37), a review or conceptual publication (n = 23), 
other reasons outside the review scope (n = 12), and the absence of primary empirical data 
(n = 2). The remaining records were retained when they were classified as Include or Unclear. 
This produced 524 reports for full-text retrieval. Fourteen reports could not be retrieved. 
Therefore, 510 reports were assessed for eligibility at full-text level.

Full-text assessment led to the exclusion of 68 reports. Of the 68 reports excluded following 
full-text assessment, 39 did not address an eligible bio-based input, 15 did not involve relevant 
agricultural actors, seven lacked adoption-related evidence, three did not meet the language 
criterion, two were not eligible peer-reviewed journal articles, and two lacked an eligible survey-
based methodology. The 14 reports that could not be retrieved were recorded separately and 

https://doi.org/10.3390/agriculture16212408

https://chatgpt.com/
https://doi.org/10.3390/agriculture16212408


Agriculture 2026, 16, 2408 11 of 49

were not included among the 68 full-text exclusions. A total of 442 articles met the eligibility 
criteria and were included in the original evidence base. Overall, the identification, screening, 
retrieval, and full-text eligibility phases resulted in the initial inclusion of 442 articles (Figure 1). 
A subsequent targeted search conducted on 14 October 2026 identified 165 records through 
Scopus and Web of Science. After removing 64 duplicates, 101 unique records remained, of 
which 22 were already present in the original screening dataset. The remaining 79 records 
underwent title and abstract screening, resulting in 64 exclusions and 15 reports assessed for 
full-text eligibility. Nine reports were excluded at this stage, while six additional articles met 
the original eligibility criteria and were incorporated into the synthesis. The final evidence 
base therefore comprised 448 articles (Figure 1).

 

Figure 1. PRISMA-ScR flow diagram showing the original Scopus and Web of Science search con-
ducted on 9 June 2026 and the post hoc targeted search conducted on 14 October 2026. The original 
search resulted in 442 included articles, while the targeted search identified six additional eligible 
articles after deduplication, cross-matching, and screening. The final synthesis included 448 articles. 
Arrows indicate the progression of records through the selection process, including the removal or 
exclusion of records at the corresponding stages.

3.2. Characteristics of the Evidence Base
The final corpus included 448 articles covering a broad range of bio-based inputs, geo-

graphical contexts, crop systems, actor groups, methodological approaches, and adoption-
related outcomes. Publication years ranged from 2000 to 2026, with a marked increase in the 
number of articles after 2019 and particularly high annual counts in 2022, 2024 and 2025. The 
2026 count represents a partial publication year because the original database searches were 
conducted on 9 June 2026 and the targeted supplementary search on 14 October 2026. For 
descriptive reporting, country information was harmonised into mutually exclusive world-
region categories. The evidence base was geographically broad but uneven. Asia accounted for 
191 articles and Africa for 157, followed by Europe (39), North America (29), Latin America 
and the Caribbean (23), Oceania (6), and multi-region or global articles (3). At the country 
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level, China was the most represented context, followed by Ethiopia, the United States, India, 
Ghana, Nigeria, Iran, Vietnam, Thailand, Kenya, Indonesia, and Bangladesh. This distribution 
describes the geography of the available evidence and should not be interpreted as a measure 
of real-world adoption.

For descriptive reporting, each article was assigned one mutually exclusive primary 
input family using the prespecified article-level harmonisation rules described in Section 2.5. 
Manure and organic fertilisers represented the largest primary input family (130 articles; 
29.0%), followed by biopesticides and biological control (115; 25.7%), compost and organic 
amendments (82; 18.3%), and mixed or other bio-based inputs (71; 15.8%). Less frequently 
represented primary families were digestate and recycled nutrients (20; 4.5%), biochar (15; 
3.3%), biofertilisers and microbial inoculants (14; 3.1%), and biostimulants (1; 0.2%). Together, 
manure and organic fertilisers and compost and organic amendments accounted for 212 articles 
(47.3% of the corpus), whereas biostimulants, biofertilisers and microbial inoculants, and 
biochar together accounted for only 30 articles (6.7%). This distribution highlights the uneven 
representation of input families within the mapped evidence base. These primary categories 
are mutually exclusive for descriptive purposes and do not replace the more detailed multi-
label input classifications retained in the article-level extraction dataset. Crop-production 
contexts were similarly harmonised into mutually exclusive primary crop-system groups. 
Cereals and staple field crops were the largest group (107 articles; 23.9%), followed by mixed 
or diversified crop systems (93; 20.8%), general or unspecified crop production (75; 16.7%), 
vegetables and annual horticultural crops (63; 14.1%), and fruit and orchard crops (49; 10.9%). 
Integrated crop–livestock or agroforestry systems accounted for 29 articles (6.5%), plantation 
and perennial cash crops for 18 (4.0%), pulses and oilseeds for 6 (1.3%), industrial, fibre and 
sugar crops for 6 (1.3%), and forage and fodder crops for 2 (0.4%). As with the primary input 
families, these groups were derived for reproducible corpus-level description while preserving 
the original crop- and production-system information in the extraction dataset.

The evidence base was strongly farmer-centred. Farmers, growers, farm households, 
or farm decision-makers were the sole target group in 359 articles (80.1%), while 82 articles 
(18.3%) combined farmers with additional agricultural stakeholders. Only 7 articles (1.6%) 
focused exclusively on non-farmer agricultural actors, such as agrodealers, input retailers, 
experts, or other intermediaries. Questionnaire surveys, structured survey interviews, or 
closely related survey instruments were used in 428 articles (95.5%). Additional data-
collection components included focus groups or group discussions in 64 articles (14.3%), 
semi-structured or in-depth qualitative interviews in 63 (14.1%), secondary survey or 
panel datasets in 55 (12.3%), and field demonstrations, trials, or participatory observation 
alongside survey evidence in 39 (8.7%). These categories were not mutually exclusive. 
Regression or econometric modelling was reported in 244 articles (54.5%), while 205 (45.8%) 
used descriptive or bivariate statistical analyses. Smaller subsets used PCA, factor, cluster, 
or index-based multivariate methods (36; 8.0%); qualitative thematic or content analysis 
(34; 7.6%); stated-preference or willingness-to-pay modelling (33; 7.4%); and SEM, path, 
mediation, or related latent-construct approaches (27; 6.0%).

Adoption-related outcomes were similarly diverse and often overlapped within individ-
ual articles: perceptions or attitudes were measured in 354 articles, intention or willingness 
in 146, willingness to pay in 37, and behavioural/use evidence in 377 articles. The compara-
tively small number of articles addressing trial, continued use, or discontinuance indicates 
limited coverage of transitional and post-adoption outcomes in the evidence base. These 
categories were not mutually exclusive and were not treated as equivalent stages; indi-
vidual articles could contribute evidence on multiple constructs, including perceptions, 
willingness, trial, current use, barriers, and post-adoption outcomes (Table 1).
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Table 1. Each study was assigned to one primary bio-based input family and one world re-
gion, whereas multiple adoption-related outcome categories could be assigned to the same study. 
P = perceptions/attitudes; I = intention/willingness; WTP = willingness to pay; T = trial/first use; 
U = current/actual use; C = continued/repeated use; D = discontinuance. The current/actual use 
category includes studies reporting actual application or previous experience with the relevant inputs, 
including documented experimental use, but excludes studies investigating only hypothetical scenar-
ios or stated preferences. Counts represent numbers of studies rather than individual observations. 
As outcome categories are not mutually exclusive, their totals should not be summed. Dashes indicate 
zero studies, and unobserved input-family–region combinations are omitted.

Primary Input Family World Region
Arti-
cles 
(n)

P I WTP T U C D

Manure/organic fertilisers

Asia 72 52 14 2 1 38 1 —
Africa 47 23 6 3 — 30 3 1
Europe 1 1 — — — — — —

North America 2 2 — 1 — — — —
Latin America and the Caribbean 7 4 3 1 — 3 — —

Oceania 1 1 1 1 — — — —

Subtotal 130 83 24 8 1 71 4 1

Biopesticides/biological 
control

Asia 47 37 14 1 — 27 3 3
Africa 32 30 17 7 1 17 1 1
Europe 11 10 4 2 1 6 — 1

North America 13 10 6 2 — 6 — —
Latin America and the Caribbean 7 6 3 1 — 4 1 1

Oceania 3 3 1 — — 1 — —
Multi-region/global 2 2 2 — — 2 — —

Subtotal 115 98 47 13 2 63 5 6

Compost/organic 
amendments

Asia 25 18 11 2 — 14 1 1
Africa 36 27 12 5 1 21 — —
Europe 8 8 5 — 1 5 2 2

North America 8 8 1 — — 7 1 1
Latin America and the Caribbean 5 4 2 1 1 2 — —

Subtotal 82 65 31 8 3 49 4 4

Mixed/other bio-based 
inputs

Asia 27 24 5 1 — 15 2 1
Africa 30 25 5 2 — 20 — —
Europe 9 9 6 2 — 3 1 —

North America 4 4 — — — 2 — —
Latin America and the Caribbean 1 1 — — — 1 — —

Subtotal 71 63 16 5 0 41 3 1

Digestate/recycled 
nutrients

Asia 7 6 1 1 — 3 — —
Africa 5 5 2 1 — 3 1 —
Europe 5 4 3 1 — 1 — —

Latin America and the Caribbean 1 1 1 — — — — —
Oceania 1 1 1 — — — — —

Multi-region/global 1 1 1 — — — — —

Subtotal 20 18 9 3 0 7 1 0

Biochar

Asia 5 4 2 — 1 2 — —
Africa 3 3 1 — — 1 — —
Europe 4 4 3 — — 1 — —

North America 1 1 1 — — 1 — —
Latin America and the Caribbean 1 1 1 — — — — —

Oceania 1 1 1 — — — — —

Subtotal 15 14 9 0 1 5 0 0

Biofertilisers/microbial 
inoculants

Asia 8 7 5 — — 2 — —
Africa 4 3 3 — 1 3 2 1

North America 1 1 1 — — 1 — —
Latin America and the Caribbean 1 1 — — — — — —

Subtotal 14 12 9 0 1 6 2 1

Biostimulants Europe 1 1 1 — 1 1 1 1

Subtotal 1 1 1 0 1 1 1 1

TOTAL 448 354 146 37 9 243 20 14
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3.3. SQ1—Perceptions of Bio-Based Inputs Relative to Synthetic Alternatives
The first review question examined how farmers and related actors perceive bio-based 

inputs relative to synthetic or conventional alternatives. At article level, the most widely 
represented SQ1 macrothemes concerned effectiveness and reliability (163 articles; 36.4% of 
the corpus), environmental and health perceptions (132; 29.5%), and economic trade-offs 
(77; 17.2%). The evidence showed a recurrent ambivalence. Bio-based inputs were often 
associated with environmental, health, or soil-related benefits. At the same time, they were 
frequently compared with synthetic inputs in terms of effectiveness, reliability, speed of 
action, practical fit, and economic convenience. These comparisons suggest that perceptions 
of bio-based inputs are inherently relational: their advantages and disadvantages are 
evaluated against the performance and familiarity of established alternatives rather than 
in isolation.

Effectiveness and reliability were central to these comparisons. In crop-protection 
studies, biopesticides and biological control agents were often viewed as safer or more 
sustainable than chemical pesticides. However, chemical pesticides were still perceived as 
faster, broader-spectrum, more effective, or more reliable in several contexts [9]. Similar 
concerns were reported by agro-input dealers, who described biopesticides as safer but 
weaker than synthetic pesticides in availability, affordability, speed, efficacy, and spectrum 
of action [25]. Citrus growers also reported concerns about the effectiveness of biological 
control, mixing restrictions, timing, price, information, and shelf life [10]. These findings 
indicate that farmers evaluate bio-based inputs through both environmental criteria and 
comparisons with the perceived performance of established synthetic options.

The evidence also showed that positive perceptions of performance can emerge when 
farmers observe concrete results. In Senegal, farmers evaluated Azolla directly against urea 
after field trials. Several farmers perceived Azolla as capable of maintaining or improving 
rice yields while reducing input costs [26]. In Kenya, farmer perceptions of biological control 
improved after the release of Acerophagus papayae and related awareness activities [27]. 
These studies suggest that perceived reliability can improve when bio-based inputs are 
tested under locally meaningful conditions.

Environmental and health benefits were also recurrent positive perceptions. Biopesti-
cides were repeatedly framed as safer for human health and the environment than chemical 
pesticides [28]. Biological control was similarly linked to reduced reliance on chemical con-
trol and to lower environmental and resistance-related concerns [27]. For fertility-related 
inputs, farmers often associated biochar-based fertilisers and organic waste products with 
soil quality, organic matter, or circularity benefits [29,30]. Recycling-derived fertilisers were 
also evaluated in terms of expected agronomic and environmental advantages, especially 
when nutrient content and product quality were well defined [31]. However, these benefits 
rarely appeared sufficient on their own. They became more relevant when connected to 
yield, cost, product quality, or practical usability.

Compatibility with existing practices was another important dimension of perception. 
Farmers judged bio-based inputs partly through their fit with machinery, labour calendars, 
application timing, storage, formulation, and management routines. Recycling-derived 
fertilisers were evaluated in relation to nutrient content, application method, texture, and 
machinery compatibility [31]. Irish tillage farmers reported that biological products were 
often used alongside conventional plant-protection products rather than as complete replace-
ments, indicating a gradual and compatibility-oriented mode of use [32]. In biological con-
trol studies, application timing and technical guidance also influenced acceptance [10,27]. 
This suggests that practical fit is part of perceived credibility.

Trust and familiarity shaped perceptions in a different but related way. Digestate was 
often treated as an unfamiliar product and was less likely to be chosen than traditional ma-
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nure [33]. In Bangladesh, acceptability of urine-enriched biochar-based fertiliser depended 
strongly on the urine source. Cow urine was more acceptable because it was familiar and 
culturally less problematic, while human urine was associated with impurity and social 
discomfort [29]. For recycling-derived fertilisers, certification, stable quality, and absence 
of contaminants were important, especially among non-users concerned about safety and 
reliability [31]. A similar pattern emerged for biodigestate and excreta-derived fertilisers, 
where farmers required independent evidence, certification, and reassurance regarding 
contaminants, health risks, and product safety [34,35]. These findings show that trust is 
tied to product origin, quality assurance, social acceptability, and credible information.

Economic trade-offs further mediated perceptions. Farmers often evaluated bio-based 
inputs by asking whether perceived benefits justified higher costs, additional labour, un-
certain returns, or switching risks. In China, farmers’ adoption of pesticide-reduction 
alternatives was shaped by economic, risk-related, and operational considerations, with 
biopesticides among the preferred replacement options [36]. In Senegal, Azolla became 
more attractive when it was perceived as maintaining yields while reducing input costs [26]. 
Agro-input dealers in Uganda also framed biopesticides through a trade-off between safety 
and weaker commercial or operational performance [25]. Overall, SQ1 shows that positive 
environmental perceptions are important, but they are filtered through reliability, usability, 
familiarity, and economic comparison.

3.4. SQ2—Willingness to Adopt and Willingness to Pay
The second review question examined what shapes willingness to adopt or willingness 

to pay for bio-based inputs. At article level, the most widely represented SQ2 macrothemes 
were expected benefits (275 articles; 61.4% of the corpus); knowledge and awareness (196; 
43.8%); price, cost, and willingness to pay (181; 40.4%); and risk and uncertainty (181; 
40.4%). The evidence showed that willingness was rarely unconditional. Farmers were more 
open to adoption when bio-based inputs were affordable, useful, easy to apply, low-risk, well 
explained, and compatible with their production systems. Willingness was therefore shaped 
by both product attributes and the decision context in which farmers evaluated them.

Price- and cost-related considerations were frequently reported across the mapped 
evidence. In New Zealand, cost strongly shaped farmers’ evaluation of biodigestate-based 
fertiliser. Some farmers reverted to synthetic fertiliser after a price increase, and marginal 
savings were not enough to justify switching [34]. In Italy, information increased farmers’ 
willingness to pay for digestate, but digestate still had to compete with familiar manure on 
price and perceived value [33]. In Ghana, farmers expressed positive willingness to pay for 
municipal solid waste compost with improved attributes, including branding, pelletisation, 
community delivery, and timing of sales with cash availability [37]. These studies show that 
WTP depends on environmental interest, price, convenience, and transaction conditions.

Willingness to pay was also relevant for pest-management bio-inputs. Mango growers’ 
WTP for a new biopesticide was associated with income, orchard size, access to advisory 
services, knowledge of the target pest, and perceived health or environmental harms as-
sociated with chemical pesticides [38]. For Aflasafe, credit access was the most consistent 
positive correlate of WTP across farmer groups, while extension contact, awareness, contrac-
tual arrangements, income, and market distance showed context-specific associations [39]. 
These findings extend the price and WTP pattern beyond fertiliser and compost products.

Product attributes strongly influenced willingness. Farmers valued known nutrient 
content, organic matter, certification, and manageable application characteristics [31,40,41]. 
Branding, pelletisation, community delivery, and sales timed to periods of greater cash avail-
ability also increased stated valuation [37]. These findings indicate that farmers respond to 
specific product features that reduce uncertainty and improve usability.
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Expected benefits were another major determinant. In a biochar adoption study in 
Northern Italy, intention was positively related to perceived usefulness and perceived ease 
of use. The economic value proposition was also a strong antecedent of perceived useful-
ness [42]. Among greenhouse vegetable farmers in Shandong, participation in technical 
training and access to organic-fertiliser subsidies were positively associated with the adop-
tion of organic substitutes for chemical fertilisers, partly through economic, resource-related, 
and environmental cognition [43]. Olive growers in Italy expressed relatively high will-
ingness to adopt olive pomace digestate and reclaimed wastewater under unchanged-cost 
scenarios, although economic cost–benefit awareness did not always increase intention 
in a linear way [44]. These findings suggest that expected benefits matter, but they are 
interpreted through cost, risk, and farm-specific feasibility.

Risk and uncertainty were repeatedly associated with lower willingness. Farmers 
hesitated when performance was uncertain, product safety was unclear, or switching from 
known inputs was perceived as risky. Biodigestate-based fertiliser raised concerns about 
long-term contamination, product safety, microplastics, heavy metals, and adverse effects, 
leading farmers to request independent evidence [34]. In biopesticide studies, willingness 
was constrained when farmers perceived biological products as less effective, slower, less 
reliable under severe infestations, or less predictable than chemical pesticides [9,28]. In 
stated-preference studies, uncertainty over quality, nutrient content, certification, and relia-
bility also influenced choices [31,40]. This confirms that willingness depends on whether 
bio-based inputs are seen as credible under production risk.

Knowledge and information provided a foundation for willingness, while price, risk, 
availability, and product fit continued to shape farmers’ evaluations. Information increased 
WTP for digestate and reduced the share of farmers who never chose it [33]. Training 
and cognition were associated with willingness or adoption-related outcomes for organic-
substitute-chemical-fertiliser practices [43]. In the biochar study, farmers formed intentions 
after receiving a standardised description, indicating that early-stage awareness can shape 
evaluation when prior knowledge was limited [42]. These findings show that information 
supports evaluation, while adoption remains conditioned by economic and practical factors.

Farmer and farm characteristics also conditioned willingness. Higher income was associated 
with higher WTP for digestate [33]. In the Kenyan biopesticide study, education, county, health 
perception, and farm specialisation were associated with WTP [28]. Compost preferences also 
varied according to how farmers valued product and access attributes [37]. In the Chinese 
biopesticide case, willingness and behaviour were shaped by perceived price burden, knowledge, 
and farmer characteristics [45]. These findings show that willingness varies across farmers 
according to resources, knowledge, production systems, and the ability to manage risk.

Evidence linking willingness-related determinants with observable behaviour was com-
paratively limited. Some studies examined how information, subsidies, or other conditions 
related to purchase or use, but such evidence remained less common than stated-preference 
measures. This reinforces the interpretation of willingness as an intermediate outcome 
rather than as a direct measure of adoption.

Overall, SQ2 indicates that willingness to adopt or pay for bio-based inputs is condi-
tional. It is shaped by price, expected benefits, perceived risk, knowledge, product attributes, 
and farmer characteristics. Favourable attitudes or stated interest therefore represent poten-
tial entry points, while evidence of subsequent trial or use requires separate assessment.

3.5. SQ3—From Favourable Attitudes or Intentions to Trial, Actual Use, Continued Use, 
or Discontinuance

The third synthesis question examined the extent to which favourable attitudes or inten-
tions were associated with trial or actual use, and the evidence available on continued use or 
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discontinuance. Under the post hoc and exploratory SQ3 classification, 19 of the 448 included 
articles (4.2%) provided direct evidence linking pre-adoption evaluations or intentions with 
trial or actual use. Of these, 16 provided direct cross-sectional evidence and only 3 provided 
direct temporal evidence. These refined SQ3 counts differ from the broader descriptive out-
come categories reported in Table 1. At article level, 377 articles were classified as containing 
behavioural/use evidence, while 243 articles were classified as addressing current or actual use 
in the article-level evidence map (Supplementary Material S3). These descriptive categories 
were not mutually exclusive and should not be interpreted as evidence of a measured transition 
from intention to use. Neither classification, on its own, established a link between a prior in-
tention or evaluation and subsequent behaviour. Thus, evidence of actual use was substantially 
more common than evidence directly documenting the transition from intention to use. The 
available studies nevertheless suggested that favourable attitudes, willingness, or awareness 
did not necessarily correspond to practical uptake. At article level, the most widely represented 
SQ3 domains included technical implementation (293 articles; 65.4% of the corpus), access 
constraints (201; 44.9%), and intention–use gaps (182; 40.6%). The 182 articles assigned to the 
intention–use-gap macrotheme represented a broader thematic category than the 19 articles 
providing direct evidence of an intention-to-behaviour relationship. The macrotheme included 
studies in which discrepancies, barriers, or conditions relevant to the translation of favourable 
evaluations into use were identified, even when the study did not directly measure both a 
pre-adoption construct and a behavioural outcome within the same analytical comparison. 
By contrast, the 19 direct-evidence articles met the more restrictive refined SQ3 criterion of 
linking a measured pre-adoption evaluation or intention with trial or actual use within the 
same study. Under the same post hoc descriptive classification, a measurement gap was 
identified in 363 articles (81.0% of the corpus). This reflects limitations in the simultaneous 
or longitudinal observation of adoption-related outcomes within the mapped evidence base 
and should not be interpreted as a confirmatory estimate of the prevalence of this gap in the 
broader literature.

Temporal studies showed that favourable evaluations could be followed by initial 
trial under locally relevant conditions, while cross-sectional studies more often compared 
attitudes or intentions with current or previous use. Farmers involved in Azolla field 
testing and biological-control programmes provided evidence of changes in evaluation and 
behaviour over time [26,27]. A compost study followed participants to first trial, whereas a 
Chinese biopesticide study documented a marked difference between stated willingness 
and reported use [45,46]. These findings suggest a possible attitude–behaviour gap, but 
they do not establish a uniform or causal transition across contexts.

Across the broader evidence base, progression towards trial or current use appeared 
contingent on practical access. Positively evaluated products could remain unusable when 
supply was irregular, delivery or application arrangements were weak, prices were high, or 
support was unavailable. Such constraints were reported for biodigestate, biopesticides, 
and biological control [9,34,47]. These studies help explain why favourable evaluations 
may remain unrealised, although they did not necessarily observe the transition directly.

Technical manageability was also recurrent. Use required knowledge of dosage, timing, 
storage, compatibility, handling, and integration with existing crop-management routines. 
Handling and storage constraints limited the use of organic inputs, labour and crop-calendar 
requirements impeded rapid composting, and misunderstanding of biofertiliser application 
reduced effective implementation [7,8,48]. The evidence therefore suggests that practical 
capacity conditions the feasibility of use.

Economic risk and incumbent routines provided a further filter. Farmers could continue 
relying on conventional inputs because they were cheaper, subsidised, familiar, or perceived 
as more reliable. Established fertiliser and pest-management systems, resource constraints, 
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and risk exposure were repeatedly associated with limited switching [9,45,49]. This pattern 
suggests path dependency, but most studies did not follow the same farmers from intention 
to subsequent behaviour.

Evidence after first use was less developed. Some studies documented repeated or 
continued use, while others identified discontinuance, dis-adoption, or return to previous 
practices. Panel and retrospective studies suggested that initial uptake could persist, remain 
intermittent, or cease depending on performance, incentives, support, and fit with farm 
management [50,51]. A separate study examined farmers’ motivations for adopting biological 
control without directly assessing continued use or discontinuance [52]. Short-term repeated 
use within the same season was also observed for Azolla, but this did not demonstrate sustained 
adoption over multiple years [26]. The available evidence therefore supports the existence of 
heterogeneous post-adoption trajectories but remains insufficient to characterise the prevalence 
or determinants of sustained use or discontinuance across input families.

The expanded evidence base incorporated six additional eligible articles identified 
through the targeted search, including four studies primarily contributing evidence on 
current use or contextual conditions relevant to persistence and two directly distinguishing 
continued use from discontinuance or dis-adoption. Among 415 rice farmers in northern 
Iran, 105 (25.3%) were continuing users of Trichogramma biological control, 125 (30.1%) 
had discontinued its use, and 185 (44.6%) had not adopted it [53]. Among 438 vegetable 
farmers in Bangladesh, 188 (42.9%) were continued/current users of pheromone traps, 
118 (26.9%) were dis-adopters, and 132 (30.1%) were non-adopters [54]. Both studies 
reconstructed previous and current adoption status retrospectively within cross-sectional 
surveys rather than through prospective panel designs. None of the six additional articles 
added a new direct comparison between a pre-adoption intention and subsequent use. The 
recovery of these studies indicates that the SQ3 evidence base is sensitive to the targeted 
search specification, although the relative contributions of search terminology, database 
availability, and indexing cannot be disentangled.

A substantial measurement gap remained. Many studies measured attitudes, willing-
ness, stated preferences, or current self-reported use without observing the full sequence 
over time. Trial, occasional use, current use, intended future use, repeated use, and sustained 
adoption were sometimes combined under a single adoption label. Direct longitudinal 
evidence was uncommon, particularly regarding continued use and discontinuance. The 
available evidence therefore supports cautious interpretation of both the attitude–use rela-
tionship and post-adoption outcomes.

Overall, SQ3 suggests that favourable attitudes or intentions are potential entry points 
rather than sufficient predictors of use. Progression towards trial or actual use appeared 
more feasible when products were accessible, technically manageable, economically ac-
ceptable, and supported by credible advice and workable infrastructure. Continued use 
and discontinuance should be treated as possible post-adoption outcomes rather than uni-
versal stages. The integration of the six additional studies strengthened the evidence on 
current use and post-adoption outcomes, particularly through two studies explicitly distin-
guishing continued use from discontinuance. Nevertheless, evidence on these later-stage 
outcomes remained substantially less developed than evidence on current use and broader 
adoption-related conditions.

3.6. SQ4—Advisory, Market, Institutional, and Policy Conditions
The fourth synthesis question examined the wider conditions that shape the feasibility 

of trial, actual use, and possible continuation beyond farmer-level evaluations. At the article 
level, advisory and extension conditions were represented in 370 articles (82.6% of the 
corpus), followed by policy incentives (288; 64.3%), market access and supply (208; 46.4%), 
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institutional trust (171; 38.2%), infrastructure and value-chain conditions (157; 35.0%), 
and collective action (155; 34.6%). The evidence showed that advisory services, input mar-
kets, policy incentives, institutional trust, collective action, and value-chain infrastructure 
influence whether bio-based inputs become credible and usable options.

Advisory and extension systems were among the most recurrent enabling conditions. 
Formal technical training was estimated to increase the probability of adopting both organic 
fertilisers and biopesticides in China [55]. In Kenya, extension agents were an important 
source of information for biopesticide users, but only a limited share had received training in 
biopesticide use [28]. Use of digital decision support tools in India was positively associated 
with smartphone ownership, internet access, and pest information from extension agents, 
and negatively associated with distance to an all-weather road [56]. Cooperative technical 
training and public biopesticide extension were estimated to increase adoption probabilities, 
with stronger effects reported for repeated training and technology demonstration than 
for publicity or subsidies alone [47,57]. These findings indicate that advisory systems are 
recurrently linked to technically informed adoption decisions.

Market access and input supply were another recurrent systemic condition. Farmers 
needed products that were available, reliable, safe, and distributed through workable 
channels. In New Zealand, biodigestate-based fertiliser required trustworthy commercial 
arrangements, reliable delivery, and clear application services before it could become a viable 
alternative [34]. In Kenya, biopesticide availability remained weak despite the presence 
of registered products [28]. Other biopesticide studies showed that extension was less 
effective when farmer demand and product supply were weak, and that limited availability, 
high prices, and registration or distribution barriers constrained adoption pathways [9,47]. 
In Colombia, preferences for bio-based fertilisers were shaped by availability, distance, price, 
and regional production capacity [41]. These studies show that adoption depends partly 
on market organisation, not only on farmer preference.

Policy incentives were recurrently associated with adoption-related outcomes and 
with the risk and cost environment. Agricultural insurance was estimated to increase the 
probability of biological pesticide use in rural China, suggesting that risk-management 
instruments may support adoption of less familiar inputs [58]. Government intervention 
through policy publicity, fiscal subsidies, and regulatory constraints was positively associ-
ated with organic fertiliser application in Xinjiang [59]. Public extension and cooperative 
training also interacted with subsidies, demonstrations, and technical support in shaping 
adoption of bio-based or green input practices [43,47]. These examples suggest that policy 
instruments may be associated with more favourable adoption-related outcomes where cost, 
risk, uncertainty, or implementation barriers are salient. However, the evidence does not 
indicate that incentives or subsidies are independently sufficient to generate adoption. Their 
practical relevance appears contingent on complementary conditions, particularly local in-
put availability, functioning distribution channels, technical support, and the infrastructure 
required for delivery and application.

Institutional trust and credibility were closely related to these policy and market con-
ditions. Farmers required independent evidence and credible information before accepting 
biodigestate-based fertiliser as safe and valuable [34]. Across bio-based inputs, limited pol-
icy communication, training, regulatory support, and quality-control arrangements could 
constrain adoption [36,59,60]. In cooperative contexts, institutional arrangements helped 
connect farmers with production services, input procurement, and market support [61]. 
Certification also acted as a safety and quality signal for waste-derived compost products, 
reinforcing the role of trusted standards in reducing perceived risk [40]. These findings 
indicate that trust depends on credible intermediaries, transparent information, accountable 
support structures, and recognised quality signals.
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Collective action also shaped adoption possibilities. Cooperative membership was 
estimated to increase the adoption of agricultural green production technologies among rice 
farmers in China, while access to cooperative services was also positively associated with 
uptake, including organic fertiliser application and green pest-control technologies [61]. 
Cooperative technical training was estimated to increase the probability of biopesticide adop-
tion, suggesting that collective or organised learning may strengthen individual uptake [57]. 
For biological control, farmer engagement, lead farmers, extension agents, agro-dealers, 
demonstration plots, and participatory agreements were identified as conditions for area-
wide coordination [62]. In the United States, extension contact predicted willingness to 
cooperate in pest control, while general trust in neighbours was not consistently signifi-
cant [63]. This suggests that organised coordination and extension contact may be more 
relevant to willingness to cooperate than general trust in neighbours alone.

Infrastructure and value-chain conditions completed the enabling environment. Recur-
rent feasibility conditions included processing capacity, transport, storage, delivery systems, 
machinery, certification, and output-market linkages. In the manure substitution study, 
transport, application machinery, manure markets, intermediaries, and contractors were 
identified as important conditions for replacing synthetic fertiliser with manure [64]. In 
Xinjiang, regional differences in organic fertiliser use were linked to livestock availability 
and fruit-market orientation [59]. In Colombia, local availability, regional production, 
competitive pricing, and shorter supply distance were identified as important conditions 
for improving the accessibility and potential for scaling of bio-based fertilisers [41]. In 
the biopesticide literature, limited supply systems and weak distribution channels also 
constrained adoption, even when farmers were interested in biological alternatives [9,28]. 
These findings show that adoption is partly a value-chain problem.

Overall, SQ4 suggests that adoption depends on enabling environments. Advisory 
services, input markets, policy incentives, institutional trust, collective action, and infras-
tructure shape whether bio-based inputs are available, trusted, affordable, and operationally 
manageable. Policy incentives should therefore be interpreted as one component of this 
enabling environment rather than as stand-alone drivers: their potential contribution de-
pends on whether farmers can obtain the input locally and access the technical, logistical, 
and infrastructural support required to use it.

3.7. Cross-Cutting Mechanisms and Evidence Gaps
Across the four synthesis questions, several recurrent patterns emerged. At the article 

level, advisory and extension conditions (370 articles), technical implementation (293), pol-
icy incentives (288), and expected benefits (275) were among the most widely represented 
macrothemes across the evidence base. Bio-based inputs were often valued for environmen-
tal, health, and soil-related benefits, but these advantages were weighed against concerns 
about agronomic reliability, cost, risk, familiarity, and practical compatibility [9,30]. Will-
ingness to adopt or pay was therefore conditional on product attributes, expected benefits, 
information, and economic and market conditions [37,39,41]. Favourable evaluations did 
not necessarily correspond to trial or actual use, particularly where product access, technical 
complexity, established routines, or support systems constrained implementation [45–47]. 
Continued reliance on conventional inputs also reflected technical and economic lock-
in [8,9,49], while advisory systems, markets, institutions, collective arrangements, and 
value chains influenced whether bio-based alternatives became feasible in practice [61,62]. 
Evidence on continued use, discontinuance, and post-adoption change remained compara-
tively limited, constraining conclusions about the persistence of adoption over time. Overall, 
facilitating and constraining conditions were not distributed uniformly across the adoption 
process: comparative appraisal was shaped mainly by perceived benefits, performance, 
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cost, compatibility, familiarity, and trust [30,34]; willingness by expected benefits, price, 
risk, product attributes, and information [33,37,42]; progression towards use by access, 
technical manageability, support, infrastructure, and institutional conditions [64]; and 
post-adoption outcomes by continued support, resource availability, farm characteristics, 
and context-specific conditions [50,65].

4. Discussion
4.1. Integrated Interpretation and Contribution of This Review

This scoping review integrates a fragmented evidence base in which perceptions, will-
ingness, trial, use, and post-adoption outcomes have often been examined separately and 
within individual product families. The main contribution of the review is to connect estab-
lished adoption determinants across bio-based input families while maintaining distinctions 
among adoption-related outcomes that are often treated as equivalent. The findings indicate 
that favourable perceptions or stated willingness should not be interpreted as direct proxies 
for use. By distinguishing comparative appraisal, willingness, practical feasibility, use, and 
post-adoption outcomes, the review provides a common analytical structure for interpret-
ing why favourable evaluation may or may not coincide with practical implementation 
across different bio-based inputs. The following sections develop this interpretation before 
integrating the evidence into a recurrent pathway for bio-based input adoption.

4.2. Comparative Appraisal: Sustainability, Performance, and Credibility
Comparative appraisal emerged as a recurrent component because bio-based inputs 

were generally evaluated relative to established alternatives rather than in isolation. Envi-
ronmental, health, soil-quality, and circularity benefits could strengthen their appeal, but 
these advantages were assessed alongside expected agronomic performance, cost, risk, and 
compatibility with existing practices [9,27–30]. This comparison with incumbent systems 
helps explain why environmental advantages alone were insufficient to establish credibility. 
Conventional inputs often benefited from familiarity, established supply channels, known 
application routines, and accumulated experience, whereas biological alternatives could 
introduce uncertainty regarding performance, timing, handling, or reliability [9,10,25]. 
Product credibility therefore combined perceived effectiveness with operational compatibil-
ity. This was particularly evident for recycling-derived fertilisers, for which application char-
acteristics and machinery requirements mattered [31], and for biological crop-protection 
products that were sometimes integrated with rather than substituted entirely for conven-
tional inputs [32]. Product origin, safety, and quality assurance were especially important 
for waste- and recycling-derived inputs. Farmers expressed concerns about contaminants, 
pathogens, nutrient variability, and long-term effects when evaluating biodigestate and 
excreta-derived fertilisers [34,35]. Certification and stable product quality therefore reduced 
uncertainty by providing recognised signals of product credibility [31,40].

Credibility could also change through direct or observed experience. Demonstrations 
and locally relevant evidence could modify evaluations of effectiveness, risk, and com-
patibility [26,27]. Comparative appraisal should therefore be understood as potentially 
revisable rather than as a fixed pre-adoption judgement.

4.3. Conditional Willingness and Willingness to Pay
Favourable appraisal was commonly associated with conditional willingness, while 

actual use remained contingent on economic, technical, and contextual conditions. Farmers 
were more open to adopting or paying for bio-based inputs when prices were acceptable, 
benefits were credible, risks were manageable, and product characteristics matched farm 
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requirements. Willingness should therefore be interpreted as a qualified evaluation rather 
than as an unconditional preference for a biological or circular alternative.

Price seldom operated independently. Willingness depended on combinations of 
expected benefits, product attributes, risk, access, quality assurance, income, and deliv-
ery conditions [31,37–41]. Willingness-to-pay estimates should therefore be interpreted 
as conditional valuations of particular product and access configurations rather than as 
unconditional preferences for an input category. Across input families, technical usefulness 
and economic attractiveness were therefore intertwined rather than separable dimensions 
of willingness [42,43]. Risk and uncertainty constrained willingness where product perfor-
mance, safety, or reliability remained unclear. Farmers considering biodigestate requested 
independent evidence on contaminants and long-term effects [34], while biopesticide will-
ingness was reduced when biological products were considered less reliable under severe 
pest pressure [9,28]. Certification, quality assurance, and credible information reduced 
some of this uncertainty, but did not eliminate concerns about cost or practical fit.

Information and knowledge supported evaluation but did not remove economic, supply, 
or implementation constraints [33,43]. Awareness is therefore better interpreted as enabling 
informed appraisal than as a sufficient driver of subsequent adoption. The evidence also 
confirms the need to distinguish willingness to adopt from willingness to pay. Farmers 
may express openness to a product while being unwilling or unable to purchase it at the 
offered price. Willingness to pay measured under hypothetical conditions captures product 
evaluation at an intermediate stage and requires confirmation through purchase behaviour 
in functioning markets [66,67]. Stated-preference outcomes provide valuable information on 
product evaluation, but they remain intermediate indicators within a wider decision process.

4.4. Agricultural Support Systems and Practical Feasibility
A central interpretive finding of the synthesis is that stated willingness and practical 

use are separated by feasibility conditions that depend partly on the farmer and partly on 
the surrounding agricultural system. Product access illustrates this distinction. Positively 
evaluated inputs could remain difficult to use when supply, delivery, distribution, or applica-
tion arrangements were inadequate. The operational form of this constraint differed across 
products, from timely availability of crop-protection biologicals to delivery and application 
logistics for fertiliser-related inputs [9,28,34,41]. Technical manageability likewise con-
nected knowledge with implementation. Dosage, timing, storage, compatibility, handling, 
and interpretation of field outcomes required more than general awareness, supporting 
a role for training, demonstrations, and continuing technical advice during implementa-
tion [47,55,57]. Quality assurance and institutional trust also formed part of feasibility, 
particularly where safety, contaminants, nutrient content, efficacy, or product consistency 
were uncertain. Certification, independent testing, and trusted intermediaries provided 
signals that could reduce uncertainty surrounding unfamiliar products [34,35,40,60]. Infras-
tructure and logistics were especially relevant for fertility-related inputs, where transport, 
storage, machinery, processing capacity, and service provision could determine whether a 
technically acceptable product was practically usable [64].

The evidence suggests that policy instruments can shape feasibility by modifying cost 
and risk conditions. Agricultural insurance was associated with higher biological-pesticide 
use, consistent with a risk-sharing mechanism [58], while publicity, fiscal subsidies, and regu-
latory measures were associated with organic-fertiliser application [59]. However, subsidies 
or information alone had limited value where inputs were not available locally or where the 
distribution, technical support, logistics, machinery, or other infrastructure required for imple-
mentation was inadequate. The mapped evidence therefore supports interpreting incentives as 
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part of coordinated policy arrangements that combine financial support with input availability, 
advisory services, quality assurance, and the infrastructure needed for practical use.

Collective arrangements added another feasibility dimension where implementa-
tion depended on coordination beyond the individual farm. Cooperatives and area-wide 
biological-control programmes illustrate how training, input procurement, services, and 
coordination among farmers, advisors, suppliers, and institutions can shape practical im-
plementation [61,62].

4.5. Shared Mechanisms and Input-Specific Adoption Challenges
The cross-input synthesis identified several mechanisms that recurred across input 

families, particularly perceived effectiveness, affordability and cost, risk and uncertainty, 
knowledge, practical compatibility, access, and advisory support. Their recurrence did 
not imply uniform effects across products or contexts; rather, similar decision problems 
appeared in different technical forms. For example, reliability was relevant across both 
crop-protection and fertility-related inputs, but referred mainly to pest-control efficacy and 
speed in the former and to nutrient consistency, product quality, and field performance 
in the latter. Access likewise recurred across families, while the relevant constraint could 
involve timely availability of biological-control products, transport and application of bulky 
organic inputs, or reliable supply of microbial products. For cross-input interpretation, the 
eight primary input families used for descriptive reporting were consolidated into four 
broader clusters: crop-protection biologicals, fertility and recycled organic inputs, microbial 
inputs and biostimulants, and mixed or other bio-based inputs.

For biopesticides and biological control agents, the most prominent concerns involved 
speed of action, effectiveness under severe pest pressure, timing, shelf life, spectrum of control, 
and integration with existing pest-management programmes [9,10]. These concerns were 
particularly salient for crop-protection biologicals because failure could have immediate and 
visible production consequences, while synthetic pesticides provided a familiar benchmark for 
speed and predictability [68,69]. Biological control may also require coordination beyond the 
individual farm, particularly where area-wide pest suppression depends on collective partici-
pation [62]. Thus, although risk, knowledge, access, and advisory support were shared with 
other input families, pest pressure, timing, efficacy under severe infestations, and coordination 
requirements were more product-specific features of this cluster.

Fertility-related and recycled inputs raised a different set of concerns. Farmers con-
sidered nutrient content, consistency, contaminants, odour, storage, transport, machinery 
compatibility, and application costs when evaluating digestate, compost, manure-derived 
products, and recycled fertilisers [31,34]. Here, affordability and perceived benefits again re-
curred as shared mechanisms, but feasibility depended more specifically on bulk transport, 
storage, application machinery, nutrient consistency, contamination concerns, certification, 
and functioning local value chains. Logistics and quality assurance therefore occupied a 
more prominent role than in many crop-protection studies, reflecting the physical character-
istics and handling requirements of these products. Microbial inputs and biofertilisers posed 
further uncertainties regarding biological variability, expected field performance, proper 
handling, and the distinction between initial experimentation and sustained use. Farmers 
could express interest or report current use without evidence that use was maintained over 
time, suggesting that experience and learning may remain important after first use [70]. 
Knowledge, advisory support, technical implementation, and supply therefore overlapped 
with the other clusters, whereas correct handling, dosing and storage, variable biological 
performance, and uncertainty about persistence after initial trial were more characteristic 
of microbial products. Interpretation is necessarily cautious because this cluster contained 
only 15 articles. The mixed/other category showed the greatest internal heterogeneity. Its 
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recurrent mechanisms—access, affordability, advisory support, policy, and infrastructure—
were broadly consistent with the other clusters, but many articles concerned combined 
practices or multi-component packages. As a result, adoption-related outcomes could not 
always be attributed to a single bio-based input, limiting product-specific inference.

Taken together, the comparison suggests a distinction between recurrent decision mecha-
nisms and product-specific expressions of those mechanisms. Effectiveness, cost, risk, knowl-
edge, access, technical manageability, and advisory support recurred across multiple input fam-
ilies, whereas speed and pest-control predictability were especially salient for crop-protection 
biologicals; nutrient consistency, contamination, bulk transport, and machinery requirements 
for fertility and recycled organic inputs; and biological variability, handling, dosing, and post-
trial uncertainty for microbial inputs. These patterns caution against treating bio-based inputs 
as a uniform policy or market category. They also show why similar policy instruments may 
perform differently across product families: the general constraint may be shared, while the 
practical problem that must be resolved is input-specific (Table 2). Nevertheless, the limited 
number of studies concerning biostimulants (n = 1), biofertilisers and microbial inoculants 
(n = 14), and biochar (n = 15) does not support generalisable conclusions for these individ-
ual input families. Findings concerning these products should therefore be interpreted as 
context-specific observations rather than representative evidence of their adoption patterns. 
Heterogeneity was also evident within individual mechanisms. Some determinants showed 
positive associations in particular settings but weak, non-significant, or context-dependent 
relationships elsewhere. Such findings were retained in the synthesis rather than resolved by 
majority counting. Accordingly, the cross-input comparison identifies recurring mechanisms 
and contrasts in their practical expression, but it should not be interpreted as evidence that a 
given determinant has a uniform direction or effect size across all bio-based inputs.

Table 2. Shared adoption mechanisms, input-specific challenges, key feasibility conditions, and main 
evidence gaps across the major bio-based input-family clusters represented in the review.

Input-Family 
Cluster Articles (n) Shared Mechanisms Input-Specific Challenges Key Feasibility 

Conditions Main Evidence Gaps

Crop-protection 
biologicals 115

Effectiveness and 
reliability; risk; 

knowledge; technical 
implementation; 

advisory support; 
access and supply.

Speed and predictability; 
efficacy under severe pest 
pressure; timing and shelf 
life; fit with existing pest 

management; coordination 
in some settings.

Timely supply; 
specialised advice; 

demonstrations and 
efficacy evidence; trained 

extension/agrodealers; 
quality assurance; 

coordination where 
needed.

Mainly 
cross-sectional or 

self-reported 
evidence; limited 

evidence on repeated 
use; heterogeneous 
biological-control 

strategies.

Fertility and 
recycled organic 

inputs
247

Expected benefits; 
affordability; risk; 

technical 
implementation; access; 
advisory support; trust 
and quality assurance.

Nutrient consistency; 
contaminants; bulkiness; 

storage and transport; 
machinery, labour and 

application requirements.

Certification/testing; 
reliable supply; transport, 
storage and application 

services; suitable 
machinery; finance; 

functioning local value 
chains.

Current use is often 
not separated from 

sustained use; limited 
discontinuance 
evidence; high 
within-cluster 
heterogeneity.

Microbial inputs 
and 

biostimulants
15

Knowledge; expected 
benefits; technical 
implementation; 

advisory support; 
access and supply.

Variable field performance; 
correct handling, dosing 

and storage; low familiarity; 
uncertainty over persistence 

after trial.

Training; clear 
application guidance; 

credible product 
information and quality 
control; reliable supply; 

follow-up technical 
support.

Small evidence base; 
especially limited 
longitudinal and 

post-adoption 
evidence.

Mixed/other 
bio-based inputs 71

Technical 
implementation; access; 
affordability; advisory 

support; policy; 
infrastructure and 

value-chain conditions.

Co-primary inputs or 
multi-component packages; 

interdependence among 
practices; difficulty 

attributing uptake to one 
input family.

Integrated advice and 
supply; coordinated 

services/incentives; local 
adaptation; logistics and 

market linkages.

High internal 
heterogeneity; 

limited input-specific 
inference; not a single 

coherent product 
family.
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4.6. A Recurrent Interpretive Pathway for Bio-Based Input Adoption
Taken together, the findings support a recurrent, context-dependent pathway through 

which farmers evaluate and potentially use bio-based inputs. The synthesis further suggests 
that drivers, enablers, and barriers recur with different emphases across evidence concerning 
appraisal, willingness, practical use, and post-adoption outcomes rather than forming a 
single undifferentiated set of adoption determinants. This pathway is not proposed as a 
fixed or universal sequence, but as an interpretive framework linking components that recur 
across input families and farming contexts (Figure 2).

Figure 2. Recurrent, context-dependent interpretive pathway linking comparative appraisal, condi-
tional willingness, practical feasibility conditions, trial or actual use and on-farm integration, and 
post-use outcomes. Drivers/enablers and barriers are associated with each component. Arrows 
represent possible progression among components as an interpretive synthesis of the evidence, rather 
than empirically established causal or temporal transitions; dashed feedback arrows indicate possible 
feedback from use and subsequent experience to earlier evaluations and willingness. Dark-blue, teal, 
and green headers visually distinguish the pathway components, while light-green boxes indicate 
drivers/enablers and light-red boxes indicate barriers.

Importantly, the distribution of evidence suggests that different constraints and en-
abling conditions tend to recur in studies addressing different components of the adoption 
process. Information, perceived credibility, and product attributes were frequently repre-
sented in evidence on appraisal and willingness, whereas access, supply reliability, technical 
manageability, advisory support, and infrastructure were prominent in studies addressing 
trial or actual use. These contrasts should not be interpreted as direct estimates of changes 
in determinant importance across sequential adoption stages. Most underlying studies were 
cross-sectional and involved different populations, input families, contexts, and outcome 
definitions, and only a small number directly observed behavioural change over time. The 
contribution of the framework therefore lies in organising recurrent determinants according 
to the adoption-related component to which they appear most relevant, rather than in 
establishing a stage-dependent causal hierarchy. The framework begins analytically with 
comparative appraisal, as farmers evaluate bio-based inputs against established alternatives 
in terms of environmental and health effects, agronomic performance, safety, cost, familiar-
ity, risk, and compatibility with farm operations. Favourable appraisal was often associated 
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with willingness to consider, adopt, or pay for the input, but such willingness remained 
conceptually and empirically distinct from observed behaviour. In studies addressing trial 
or actual use, practical-feasibility conditions were repeatedly reported as possible enablers 
or constraints. Availability, affordability, technical manageability, credible advice, product 
quality, certification, supply reliability, credit, insurance, transport, machinery, and collective 
arrangements were associated with whether farmers could practically implement bio-based 
inputs. These recurrent conditions provide plausible explanations for why positive attitudes 
or intentions may coexist with non-use, but the predominantly cross-sectional evidence 
does not establish that they causally mediate a transition from willingness to behaviour. 
These conditions should not be understood as a single threshold, but as an interacting 
configuration of product, farm, economic, market, advisory, institutional, infrastructural, 
and collective conditions.

After initial use, several outcomes are possible. Use may remain occasional, involve 
partial substitution, become repeated and integrated into routine management, or end 
through discontinuance or return to conventional inputs. Some studies also suggested that 
experience may feed back into subsequent appraisal and willingness: successful experiences 
were associated with greater trust or perceived effectiveness, whereas negative experiences 
were associated with uncertainty or renewed reliance on conventional inputs. Peer observa-
tion and advisory feedback may further transmit these experiences to other farmers [26,27]. 
These relationships should nevertheless be interpreted as context-dependent patterns rather 
than as a universally observed feedback mechanism.

The individual elements of this pathway are consistent with established theories of 
innovation adoption and agricultural behaviour [71,72]. The contribution of the present re-
view lies in integrating these elements across multiple bio-based input families and in using 
practical feasibility as an interpretive bridge between stated willingness and realised use. 
The framework is therefore intended primarily as an organising and diagnostic heuristic 
rather than as an empirically validated temporal sequence. Limited uptake may be associ-
ated with unfavourable appraisal, low willingness, feasibility constraints, an unsuccessful 
trial, or discontinuance after initial use, but the available evidence does not establish a fixed 
ordering or causal progression among these conditions. These possibilities imply differ-
ent research questions and potentially different forms of governance, policy, and practical 
intervention. The proposed pathway complements, but is not equivalent to, established 
adoption theories. The Theory of Planned Behaviour distinguishes behavioural intention 
from perceived behavioural control and behaviour [71], whereas Diffusion of Innovations 
emphasises the innovation-decision process, communication, learning, and the possibility 
of rejection or discontinuance [73]. Agricultural adoption research additionally highlights 
learning, economic fit, and the changing value of a practice over time [72]. Relative to these 
perspectives, Figure 2 is deliberately diagnostic rather than a mandatory linear sequence: 
practical feasibility is considered explicitly alongside willingness, and first use may be 
followed by repeated use, partial substitution, or discontinuance, with potential feedback to 
subsequent appraisal. The mapped studies, however, do not establish that these elements 
occur in a uniform temporal order or are causally connected. The framework also sug-
gests three propositions for future empirical testing rather than findings established by the 
present review. First, the association between initial intention and subsequent observed use 
should be weaker where product availability, application capacity, or advisory support are 
constrained; a comparable intention–use association across constrained and unconstrained 
settings after accounting for relevant confounders would challenge this proposition. Second, 
experiences of using a bio-based input should be associated with subsequent changes in 
perceived reliability or willingness; longitudinal evidence showing no relationship between 
experience and later evaluations would challenge the proposed feedback component. Third, 
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the relative importance of feasibility constraints should differ across input families, notably 
between bulky fertility-related inputs and crop-protection biologicals; the absence of mean-
ingful input-family differences under comparable conditions would challenge this aspect 
of the framework. These propositions require prospective or repeated-measure designs 
and cross-input comparisons; they are not validated by the predominantly cross-sectional 
studies mapped here.

4.7. Implications for Research, Policy, and Practice
The pathway has direct implications for adoption research. Awareness, favourable 

attitude, willingness, willingness to pay, trial, current use, repeated use, discontinuance, 
and sustained adoption should be defined and measured separately. Combining these 
outcomes obscures where the adoption process advances or breaks down.

More longitudinal evidence is required to determine whether willingness becomes use 
and whether initial use is maintained. Studies should measure perceptions and intentions 
before subsequent behaviour and, where feasible, combine surveys with purchase records, 
application data, farm logs, or repeated observations. This is particularly important because 
predictors of intention may differ from predictors of observed behaviour [18].

Research should also investigate post-adoption dynamics. Trial may lead to routine use, 
partial substitution, incorrect application, disappointment, or abandonment. Understanding 
these transitions would clarify whether low uptake results from limited entry into the 
pathway or from failure to stabilise adoption after experimentation.

Practical feasibility conditions should be examined directly. Future studies should mea-
sure product availability, supply reliability, advisory capacity, certification, infrastructure, 
credit, insurance, and local policy implementation rather than relying solely on farmers’ 
perceptions or simple proxies. Comparative research could then assess which feasibility 
conditions are common across inputs and which are product- or context-specific.

Taken together, the patterns identified across the four synthesis questions support a 
bottleneck-oriented interpretation of bio-based input adoption. Rather than treating limited 
uptake as a single problem requiring generic promotion, governance strategies could first 
identify the component of the adoption process at which the main constraint occurs and 
align support instruments accordingly. Where the main constraint lies in comparative 
appraisal, independent performance evidence and locally relevant trials may help address 
uncertainty about efficacy, safety, and product credibility [34]. Where willingness is weak, 
interventions addressing price, product attributes, information, and physical accessibility 
may be more relevant [41]. Where the main bottleneck lies between willingness and use, 
governance may need to address supply, application logistics, advisory support, access to 
machinery or services, and risk-sharing conditions [47,58,64]. After initial use, continued 
technical or resource support and attention to farm- and context-specific conditions may 
contribute to sustained use, although evidence on preventing discontinuance remains 
limited [50,65].

The evidence also suggests that governance instruments should be considered as 
context-dependent policy mixes rather than as isolated measures. Information can modify 
product appraisal without removing price or access constraints, as observed for bio-based fer-
tiliser preferences in Colombia [41]. Risk-sharing instruments can alter actual-use decisions 
in specific settings [58], while market channels, supply reliability, application arrangements, 
and technical support represent separate feasibility conditions for other inputs [34,64]. The 
diagnostic value of the pathway therefore lies in matching combinations of instruments to 
the constraints that appear to limit progression towards feasible and continued use, rather 
than assuming that a single intervention will be sufficient.
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The appropriate mix will differ across input families. Biopesticides may require spe-
cialised pest-management advice, timely availability, and evidence of their effectiveness 
under local infestation conditions. Recycled fertilisers may depend more strongly on certifi-
cation, nutrient consistency, transport, storage, and application infrastructure. Comparative 
evidence also indicates that the same input category may face different combinations of 
economic, informational, institutional, and market constraints across farming contexts [9]. 
Governance strategies may therefore need to be tailored simultaneously to the adoption 
bottleneck, the input family, and the local farming context.

4.8. Limitations of the Review
The broad scope of the review required harmonisation across input categories, actors, 

methods, and adoption-related outcomes, thereby facilitating cross-input comparisons but 
necessarily simplifying some technical and contextual differences. The search was limited 
to Scopus and Web of Science, English-language peer-reviewed articles, and excluded grey 
literature. The geographical distribution of the evidence was also uneven, with Asia and 
Africa accounting for most of the included literature, while Europe, North America, Latin 
America and the Caribbean, and Oceania were represented by substantially fewer articles. 
This imbalance may influence the relative prominence of particular barriers, drivers, and 
enabling conditions in the synthesis, because adoption is shaped by place-specific mar-
ket structures, advisory systems, institutional arrangements, infrastructure, production 
systems, and resource constraints. Consequently, mechanisms that recur frequently in 
the mapped literature should not automatically be assumed to have the same relevance 
or expression in less-represented regions. The geographical pattern should therefore be 
interpreted as a characteristic of the available evidence base rather than as evidence that 
bio-based input adoption is more prevalent, more constrained, or more intensively studied 
for equivalent reasons across world regions. In addition, the original search strategy did not 
include dedicated terms for trial, continued or repeated use, or discontinuance. A post hoc 
targeted search identified six additional eligible articles, which were incorporated into the 
final 448-article synthesis. Two of these articles provided direct evidence on continued use 
and discontinuance or dis-adoption. Their identification demonstrates that the coverage 
of post-adoption outcomes was sensitive to search terminology. Although this integration 
expanded the evidence base, the targeted search was not a comprehensive update of the 
original strategy. Furthermore, OSF registration on 10 June 2026 followed the original 
searches conducted on 9 June 2026 and was therefore retrospective in relation to the search 
stage. The refined SQ3 classifications introduced through Amendment A002, including 
the direct-evidence and measurement-gap counts, represent post hoc exploratory findings 
rather than confirmatory estimates. Full-text eligibility assessment and initial article-level 
data charting were performed by one assigned reviewer per report, with unresolved el-
igibility cases discussed within the review team and targeted cross-reviewer validation 
subsequently applied to selected extraction decisions and fields. Most included studies 
relied on cross-sectional, stated-intention, perception, or self-reported behavioural evidence. 
Only three articles provided direct temporal evidence linking a pre-adoption evaluation 
or intention with subsequent behaviour, while the much larger cross-sectional evidence 
base generally captured associations between constructs measured at the same point in 
time or compared different groups of respondents. Consequently, associations between 
attitudes, intentions, feasibility conditions, and use should not be interpreted as demon-
strating causal transitions. The same limitation applies to comparisons of determinants 
across components of the proposed pathway: differences in their recurrence may reflect 
variation in study populations, input families, measurement approaches, and contexts 
rather than genuine changes in determinant importance over time. The synthesis therefore 
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identifies recurrent adoption-related patterns rather than establishing causal relationships, 
a causal ranking of determinants, or a fixed ordering among appraisal, willingness, feasibil-
ity, and use. No formal assessment of methodological quality or evidence certainty was 
undertaken. Furthermore, evidence-row coding and article-level extraction were subject 
to targeted verification and reconciliation rather than independent duplicate coding of 
a randomly selected sample. Consequently, formal inter-rater reliability coefficients for 
these procedures were not available. As with all evidence syntheses, the conclusions of 
this review are necessarily conditioned by the scope, methodological characteristics, and 
reporting quality of the primary studies included. Finally, agronomic reliability, safety, 
and performance were considered only insofar as they shaped perceptions, willingness, or 
adoption decisions. The limited availability of direct temporal and longitudinal evidence 
means that Figure 2 should be interpreted as an evidence-organising framework rather 
than as a validated model of sequential behavioural change. Future longitudinal research is 
needed to determine whether, when, and under which conditions favourable appraisal is 
followed by willingness, trial, actual use, continuation, or discontinuance, and whether the 
relative influence of specific determinants genuinely changes across these outcomes.

5. Conclusions
This scoping review indicates that adoption of bio-based inputs can be interpreted 

as a context-dependent and system-enabled process rather than as a direct consequence 
of favourable attitudes. Farmers evaluate these inputs relative to established alternatives, 
and their willingness to adopt or pay depends on expected benefits, cost, risk, knowledge, 
product characteristics, and practical fit. Whether such willingness progresses towards trial 
or actual use further depends on the availability of workable technical, economic, advisory, 
market, institutional, and infrastructural conditions. The evidence was concentrated in 
manure-derived and organic fertilisers, compost and organic amendments, and biopesticides 
and biological control. Fertility-related inputs were particularly associated with questions of 
nutrient consistency, transport, storage, and application feasibility, whereas crop-protection 
biologicals raised more specific concerns regarding efficacy, timing, reliability, and technical 
support. These findings should not be generalised to underrepresented bio-based input 
families or assumed to apply uniformly across geographical contexts, particularly given the 
concentration of studies in Asia and Africa.

By distinguishing comparative appraisal, willingness, practical feasibility, use, and 
post-adoption outcomes, the review provides an interpretive framework for examining 
where adoption may advance, stall, or reverse. From a governance perspective, this dis-
tinction suggests a bottleneck-oriented approach in which support instruments are aligned 
with the component of the adoption process where constraints are most evident and, where 
necessary, combined into context-dependent policy mixes. Such strategies may therefore 
need to account simultaneously for the adoption bottleneck, the bio-based input family, 
and the local farming context. Evidence on continued use and discontinuance remains 
comparatively limited. The incorporation of six additional articles strengthened the ev-
idence on current use and post-adoption outcomes, particularly by adding two studies 
that explicitly distinguished continuation from discontinuance. Nevertheless, later-stage 
evidence remained comparatively sparse. Future research should more clearly distinguish 
continuation from discontinuance and rely more extensively on longitudinal and observed 
behavioural evidence. The mapped evidence suggests that the contribution of bio-based 
inputs to agricultural transitions is likely to depend not only on their technical potential, 
but also on whether they can become credible, accessible, manageable, and economically 
viable options within farmers’ production systems.
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