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ABSTRACT
Horticultural crops vegetables, fruits and flowers offer some of the highest returns

per unit of land and labour in agriculture, but realizing this potential depends on farm-
ers adopting modern production, protection and post-harvest technologies that are
often more technically demanding and capital-intensive than field-crop practices. Ex-
tension education is the primary institutional mechanism through which such knowl-
edge is transferred from research to practice. This review synthesizes recent evidence
on the impact of extension education on horticultural technology adoption, drawing
on farm-level studies, quasi-experimental evaluations and systematic reviews. Across
contexts, structured extension interventions combining demonstration, training and
advisory support raised horticultural yields by 20–30%, cut input costs by roughly
25%, and reduced post-harvest losses to 10–15%, with farm income gains exceeding
50% over traditional practice. In India, farmers exposed to Krishi Vigyan Kendra inter-
ventions achieved high-to-medium adoption of improved horticultural technologies
at a rate of 76.67%, compared with 57.33% among non-beneficiaries. Farmer Field
Schools raised technology cognition and adoption on Chinese greenhouse vegetable
farms, though effectiveness varied sharply by technology type: new varieties diffused
easily, while capital-intensive facility technologies proved far harder to extend. Evi-
dence from Chile, Nepal and Nigeria confirms that the intensity, duration and design
of extension contact not simply its presence determines its impact, and that extension
is most effective when paired with credit access, group learning and, increasingly,
digital advisory follow-up. Despite these gains, a persistent knowledge practice gap
remains: even well-informed horticultural farmers often fail to adopt practices requir-
ing specialized inputs or infrastructure, such as bio-fertilizers, protected cultivation
or advanced post-harvest handling. The review concludes that maximizing the pro-
ductivity impact of extension education in horticulture requires sustained, hands-on,
technology-differentiated delivery models integrated with input and credit systems,
rather than one-off information campaigns.

INTRODUCTION

Horticultural crops occupy a distinctive place in mod-
ern agriculture: vegetables, fruits, flowers and plan-
tation crops generate substantially higher value per
hectare than staple cereals, and their expansion is cen-
tral to strategies for raising smallholder income, im-
proving nutrition and diversifying rural economies. Re-

alizing this potential, however, depends on a wider and
more technically demanding set of production prac-
tices than field-crop agriculture — hybrid seed and
grafted planting material, drip and micro-irrigation,
integrated nutrient and pest management, protected
cultivation structures such as greenhouses and poly-
houses, and specialized post-harvest handling, grad-
ing and storage. Because these technologies are of-
ten more capital-intensive, information-dependent and
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management-sensitive than conventional field-crop in-
puts, the gap between what agronomic research recom-
mends and what farmers actually practice tends to be
wider in horticulture, and closing it depends heavily on
the quality of extension education available to produc-
ers (Priya et al., 2025).

Extension education — encompassing training
programmes, on-farm demonstrations, farmer field
schools, advisory visits and, increasingly, digital and
ICT-based delivery — is the principal institutional
channel through which horticultural research reaches
farm-level practice. A substantial and growing body of
evidence now allows a more precise assessment of how,
and how much, extension education actually shifts
farmer knowledge and adoption behaviour in horticul-
tural systems specifically, rather than in agriculture
generally. This review synthesizes that evidence to
address three questions: (i) what magnitude of impact
does extension education have on horticultural tech-
nology adoption and resulting productivity; (ii) which
extension delivery mechanisms and design features
are most strongly associated with adoption gains; and
(iii) where does a knowledge–practice gap persist even
after successful knowledge transfer, and why. The
review closes with implications for extension design
in horticultural development programmes.

OVERALL IMPACT OF EXTENSION EDUCATION
ON HORTICULTURAL TECHNOLOGY ADOP-
TION

Aggregate evidence across horticultural crops points to
substantial, consistent productivity gains from struc-
tured extension education. A review of extension in-
terventions across modern onion production — cover-
ing hybrid seed use, drip irrigation, integrated nutri-
ent management, pest and disease control, mechaniza-
tion and improved storage — found that such interven-
tions raised yields by 20–30%, cut pesticide and fertil-
izer costs by close to 25%, and lowered post-harvest
losses from typically high levels to 10–15%, collectively
boosting farm income by more than 50% relative to tra-
ditional systems (Priya et al., 2025). These effects op-
erated through several channels simultaneously: im-
proved input-use efficiency, better pest and disease con-
trol, and reduced physical losses between harvest and
sale, illustrating that extension’s impact on horticul-
tural systems is rarely confined to a single practice or
production stage.

A broader scoping review of 54 studies examining
technology-enabled agricultural extension found that
the large majority (64.8%) reported positive outcomes

on farmer knowledge or technology adoption, with a
further 27.8% reporting mixed outcomes and very few
studies finding no significant effect (Xu et al., 2023).
Importantly, this review distinguished between agricul-
tural technology (the innovations being extended) and
educational technology (the tools used to extend them),
concluding that the two work best in combination —
that is, the productivity benefit of a horticultural inno-
vation is realized more fully when it is paired with an
effective pedagogical delivery method, rather than as-
suming that technical merit alone

INSTITUTIONAL EXTENSION MODELS: EVI-
DENCE FROM KRISHI VIGYAN KENDRAS

India’s Krishi Vigyan Kendra (KVK) system — district-
level farm science centres that combine training pro-
grammes, front-line demonstrations and on-farm test-
ing — offers some of the most direct evidence on exten-
sion’s impact specifically within horticulture. A study
of 225 farmers in Kolar district, Karnataka, comparing
KVK beneficiaries with non-beneficiary farmers found
that 76.67% of beneficiaries achieved high-to-medium
adoption of improved horticultural production tech-
nologies, compared with 57.33% of non-beneficiaries;
conversely, 42.67% of non-beneficiaries showed low
adoption, more than double the 23.33% low-adoption
rate among beneficiaries (Kumar, Reddy & Shashid-
har, 2024). Figure 1 illustrates this adoption gap.The
authors attributed the higher adoption among bene-
ficiaries directly to exposure through demonstrations,
on-farm trials and structured training sessions, which
both raised technical knowledge and built farmer con-
fidence in applying new practices — consistent with
the broader finding that extension’s effect on adoption
operates through knowledge gain as an intermediate
step rather than through information provision alone.
This pattern is echoed across the wider KVK literature,
where front-line demonstrations are consistently iden-
tified by farmers as the most effective single extension
method for driving adoption of new horticultural and
crop technologies.

FARMER FIELD SCHOOLS AND TECHNOLOGY-
SPECIFIC ADOPTION PATTERNS

Farmer Field Schools (FFS) — a participatory, season-
long, hands-on training model — have been extensively
evaluated in horticultural settings. A study of 274
tomato and cucumber greenhouse farm households in
Beijing, China, using Tobit models found that FFS par-
ticipation significantly increased both farmers’ cogni-
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tion of new agricultural technologies and their subse-
quent adoption rates (Cai, Hu &Hong, 2022). Critically,
this study found that the effect of FFS varied substan-
tially by technology category: new crop varieties were
comparatively easy to disseminate through FFS but,
once disseminated, did not always translate into sus-
tained adoption, whereas facility-based technologies —
such as protected cultivation infrastructure and associ-
ated climate-control equipment — proved considerably
more difficult to extend, reflecting their higher capital
cost and management complexity.

This technology-differentiated pattern has direct im-
plications for horticultural extension design: a sin-
gle FFS curriculum or delivery intensity is unlikely to
be equally effective across the full range of horticul-
tural technologies, and extension programmes promot-
ing capital-intensive protected cultivation or precision-
irrigation technologies may require more sustained,
higher-intensity engagement than those promoting
simpler agronomic practices such as improved varieties
or spacing.

EXTENSION DELIVERY DESIGN: WHAT MAKES
EXTENSION MORE EFFECTIVE

Beyond the simple presence or absence of extension
contact, several studies have identified specific design
features that determine howmuch impact extension ed-
ucation has on horticultural technology adoption. Ta-
ble 1 summarizes reported impacts from several ma-
jor extension mechanisms evaluated in horticultural or
closely related farming systems, and Table 2 summa-
rizes the underlying factors found to shape extension
effectiveness.

Table 1. Reported impacts of selected extension mech-
anisms on horticultural knowledge and technology adop-
tion.

In Central Chile, a study of vegetable and berry farm-
ers receiving technical assistance through privately de-
livered extension found that higher adoption intensity
was positively associated with the duration of individ-
ual extension visits, the number of group-based activi-
ties, and farmers’ access to incentives and credit pro-
vided alongside the extension service; farm size and
the value of production were also positively associated
with adoption intensity (Jara-Rojas et al., 2020). This
suggests that extension effectiveness in horticulture is
not simply a function of contact frequency, but of the
depth and complementary resourcing of that contact
table 2

Table 2. Factors found to shape the effectiveness of

extension education in raising horticultural and agricul-
tural technology adoption.

Complementary evidence from Nepal reinforces the
value of combining in-person training with real-time
digital extension: smallholder rice farmers who re-
ceived sequential agricultural training together with
digital extension services showed adoption rates for
recommended split urea application that were 11.4–
15.7 percentage points higher than those receiving
training alone, translating into a 35–56% increase in
yield (Karki Nepal et al., 2025). Although this study
concerned a staple crop, its core finding — that layering
digital follow-up onto in-person training substantially
outperforms either channel alone — is directly relevant
to horticultural extension, where technologies such as
fertigation scheduling, pest-threshold monitoring and
post-harvest timing depend on timely, context-specific
advice that digital channels are well suited to deliver
between in-person visits.

Structural enablers external to the extension en-
counter itself also matter. In Nigeria, access to public
extension services and cooperative membership were
both found to have a positive and statistically signifi-
cant effect on technology adoption and household wel-
fare, but this impact was significantly stronger among
farmers who also had access to formal credit, indi-
cating that extension and financial access function
as complements rather than substitutes (Wossen et
al., 2017). A global meta-analysis of the developing-
world adoption literature similarly found that the ef-
fectiveness of extension in raising adoption interacts
with farmer education: extension’s effect on simpler
technologies, such as improved varieties, was great-
est where farmer education was low, acting as a sub-
stitute for formal schooling, whereas for more com-
plex natural-resource-management technologies, ex-
tension effectiveness rose with farmer education, act-
ing instead as a complement that helped educated farm-
ers translate advice into correct practice (Ruzzante,
Labarta & Bilton, 2021).

THE PERSISTENT KNOWLEDGE–PRACTICE
GAP

A recurring finding across the horticultural extension
literature is that raising farmer knowledge does not
automatically translate into full adoption of recom-
mended practices, particularly where a practice re-
quires specialized inputs, infrastructure or market link-
ages that farmers do not directly control. A study of
onion farmers in Maharashtra, India, assessing both
knowledge and adoption of pre- and post-harvest man-

DOI: https://doi.org/10.48165/asl.2025.1.04.01 3



Kumar Yadav Agro-Science Letters Vol.1(4) (2025)

Table 1
Extension mechanism Reported impact on knowledge / adoption Source
Krishi Vigyan Kendra (KVK) training,
demonstrations and on-farm testing
(horticulture, India)

76.67% of beneficiary farmers reached high-to-
medium adoption of improved horticultural tech-
nologies vs. 57.33% of non-beneficiaries

Kumar, Reddy &
Shashidhar (2024)

Farmer Field Schools (FFS), greenhouse
tomato and cucumber farms (China)

Significantly increased farmers’ cognition and
adoption of new technologies; effect size varies
by technology type — new varieties spread easily
but are harder to adopt; facility technologies are
hardest to extend

Cai, Hu & Hong
(2022)

Private extension companies (technical
assistance program), vegetable and
berry farms (Chile)

Adoption intensity positively associated with dura-
tion of extension visits, number of group activities,
and use of incentives/credit; farm size and produc-
tion value also mattered

Jara-Rojas et al.
(2020)

Sequential agricultural training plus
real-time digital extension (rice, Nepal)

11.4–15.7 percentage-point higher adoption of rec-
ommended split urea application; 35–56% higher
yield vs. training alone

Karki Nepal et al.
(2025)

Structured horticultural extension pack-
age (on-farm demonstration, training,
ICT advisory) – onion, multi-country
review

Yield gains of 20–30%; pesticide/fertilizer cost cuts
of ~25%; post-harvest losses reduced to 10–15%;
farm income up more than 50%

Priya et al. (2025)

Extension-linked knowledge trans-
fer on pre- and post-harvest practices
(onion, India)

Only 40% of farmers reached high knowledge and
41.67% medium adoption; practices needing spe-
cialized inputs (bio-fertilizers, market intelligence)
remained poorly adopted despite awareness

Sahu et al. (2022)

Public extension access and cooperative
membership (Nigeria, multi-crop)

Positive and statistically significant effect on tech-
nology adoption and household welfare; effect
strongest for farmers with access to formal credit

Wossen et al.
(2017)

agement practices found that only 40% of farmers
reached a high knowledge category, and only 41.67%
displayed medium-level adoption; farmers were gener-
ally knowledgeable about and adopted practices requir-
ing only labour and basic technique, such as harvest-
ing at optimummaturity, proper handling, curing, sort-
ing and grading, but consistently under-adopted prac-
tices requiring specialized inputs or market access, in-
cluding selection of suitable cultivars, nursery manage-
ment, application of bio-fertilizers and bio-fungicides,
market intelligence and secondary processing (Sahu et
al., 2022).

This pattern indicates that the knowledge–practice
gap in horticulture is not uniform across practice
types: it is narrowest for practices that depend mainly
on farmer skill and effort, and widest for practices
that depend on external inputs, capital or market in-
frastructure the farmer cannot access through knowl-
edge alone. The implication for extension design is
that knowledge transfer must be paired with input
supply chains, credit access and market linkages for
the highest-value, most input-dependent horticultural
technologies to translate into practice — a finding
consistent with the credit-complementarity result re-
ported for Nigeria (Wossen et al., 2017) and the incen-
tive/credit association reported for Chile (Jara-Rojas et

al., 2020).

Similar soil- and practice-specific information gaps
have been documented in wider smallholder farming
populations: in Tanzania, a majority of surveyed farm-
ers lacked awareness of basic soil information relevant
to their own land, a deficit significantly associated with
lower adoption of improved practices generally (Jus-
tine, Ocansey & Csorba, 2025), underscoring that di-
agnostic, farm-specific information — not generic tech-
nology promotion — is often the missing link between
extension contact and adoption.

DIGITAL AND ICT-ENABLED EXTENSION IN
HORTICULTURE

Digital tools are increasingly embedded within horti-
cultural extension delivery, both as a stand-alone chan-
nel and, more effectively, as a complement to in-person
training. A systematic review of 49 studies on ICT-
based agricultural extension — spanning mobile apps,
SMSmessaging, educational videos and voice-based ad-
visory services — found that 76% reported increased
adoption of recommended practices and 74% reported
higher yields, with effectiveness strongly dependent
on well-designed messaging, adequate user training
and integration with complementary in-person sup-
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Table 2
Factor Effect on extension

effectiveness
Source

Method:
hands-on
demonstra-
tion and
group learn-
ing vs. one-
way messag-
ing

Of 54 studies reviewed,
64.8% reported positive
outcomes when technology-
enabled, interactive exten-
sion methods were used;
combined agricultural +
educational technology out-
performed either alone

Xu et al.
(2023)

Intensity and
duration of
contact

Longer extension visits
and more frequent group
activities were positively
associated with higher tech-
nology adoption intensity

Jara-
Rojas
et al.
(2020)

Complemen-
tary struc-
tural support
(credit, incen-
tives, inputs)

Impact of extension on
adoption and poverty re-
duction was significantly
stronger for farmers who
also had access to formal
credit

Wossen
et al.
(2017)

Farmer edu-
cation level

Extension effect on adop-
tion of improved varieties
was greatest where edu-
cation was low (substi-
tution effect); for more
complex natural-resource-
management technologies,
extension effectiveness rose
with farmer education (com-
plementary effect)

Ruz-
zante,
Labarta
& Bilton
(2021)

Technology
complexity /
type

Simple technologies (e.g.,
new varieties) diffuse easily
through basic extension;
complex, capital-intensive
or facility-based technolo-
gies (e.g., protected cultiva-
tion, precision irrigation)
require more intensive, sus-
tained extension support

Cai, Hu
& Hong
(2022)

Combination
of in-person
training with
digital/ICT
follow-up

Training combined with
real-time digital exten-
sion outperformed training
alone on both adoption and
yield outcomes

Karki
Nepal
et al.
(2025)

General in-
formation
access vs.
narrowly
practice-
specific mes-
saging

General information access
was a more consistent pre-
dictor of adoption across
studies than narrowly tar-
geted, single-practice mes-
saging

Arslan
et al.
(2022)

port rather than technology deployment in isolation
(Mulungu, Kassie & Tschopp, 2025). For horticultural
crops in particular, where management decisions such
as irrigation scheduling, spray timing and harvest win-
dows are highly time-sensitive, this capacity for real-
time, low-cost advisory delivery represents a natural
complement to periodic in-person training and demon-
stration, as illustrated by the Nepal rice evidence dis-
cussed in Section 5.

DISCUSSION: TOWARDMORE EFFECTIVEHOR-
TICULTURAL EXTENSION

Synthesizing the evidence reviewed, several conclu-
sions emerge about how extension education can be
designed to maximize horticultural technology adop-
tion. First, the magnitude of impact is substantial
and economically significant — yield gains of 20–30%
and income gains exceeding 50% are consistently re-
ported where extension is well implemented — but
this impact is conditional on delivery quality rather
than guaranteed by the mere existence of an exten-
sion programme. Second, hands-on, demonstration-
based and group-learning methods (KVK front-line
demonstrations, farmer field schools) consistently out-
perform passive information transfer, echoing find-
ings from the broader agricultural extension litera-
ture. Third, technology complexity matters: simple,
low-capital innovations such as improved varieties dif-
fuse readily through basic extension contact, while
capital-intensive, infrastructure-dependent technolo-
gies such as protected cultivation require sustained,
higher-intensity engagement paired with credit and in-
put access. Fourth, digital and ICT-based channels add
the greatest value not as replacements for in-person
extension but as complements that extend its reach
and timeliness between physical contacts. Finally, be-
cause the knowledge–practice gap is widest precisely
for the highest-value, most input-dependent horticul-
tural technologies, extension programmes aiming to
raise adoption of such technologies must be integrated
with input supply, credit and market-access interven-
tions rather than treated as a purely informational ex-
ercise.

These findings carry practical implications for pro-
gramme design:

● Prioritize demonstration and hands-on formats
(front-line demonstrations, farmer field schools) over
lecture-based or one-way messaging for technically
complex horticultural practices.

● Calibrate extension intensity to technology com-
plexity — simple agronomic practices may require only
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light-touch extension, while protected cultivation, pre-
cision irrigation and post-harvest infrastructure need
sustained, multi-visit engagement.

● Pair extension delivery with credit and input-
access mechanisms, since knowledge alone does not
overcome capital or market-access constraints for
input-dependent technologies.

● Layer digital and ICT-based advisory services onto
in-person training to provide timely, context-specific
guidance between physical visits, particularly for time-
sensitive horticultural operations.

● Diagnose and address farm-specific information
gaps (e.g., soil status, market conditions) rather than
relying solely on generic technology promotion.

CONCLUSION

Extension education has a demonstrable and econom-
ically meaningful impact on the adoption of modern
horticultural technologies, with well-implemented in-
terventions raising yields by 20–30%, cutting input
costs by roughly a quarter, and lifting farm income
by more than half relative to traditional practice. In-
stitutional models built around hands-on demonstra-
tion and sustained farmer engagement — India’s Kr-
ishi Vigyan Kendra system and Farmer Field Schools
internationally — consistently outperform passive in-
formation delivery, and their effectiveness is further
shaped by contact intensity, complementary access to
credit and inputs, and the complexity of the technology
being extended. Yet a persistent knowledge–practice
gap remains, concentrated specifically in horticultural
technologies that depend on specialized inputs, capital
or market linkages beyond the farmer’s direct knowl-
edge or control. Closing this gap will require extension
systems that go beyond information transfer to inte-
grate demonstration-based training, digital follow-up,
and complementary input and credit access — a com-
bination that the evidence reviewed here identifies as
the most reliable pathway from horticultural research
to farm-level productivity gains.
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