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Abstract

A farmer who has grown vegetables for three decades is not automatically a farmer who understands
what balanced fertilization actually requires, and this challenge to assumed expertise motivated a
structured knowledge assessment across vegetable-growing communities around Thies, Senegal. A
survey of 312 vegetable farmers assessed knowledge across five fertilizer management domains: soil
testing before fertilizing, correct nitrogen-phosphorus-potassium ratio, fertilizer application timing,
micronutrient needs, and combined organic-inorganic fertilizer use. Overall knowledge scores averaged
42.6%, with farming experience showing a non-linear relationship to knowledge score, rising through
the first two decades of farming experience before plateauing and, among the most experienced
farmers, declining slightly, suggesting knowledge accumulation through practice alone reaches a
ceiling without complementary formal training input. Fertilizer timing knowledge was the strongest
domain, with 51.4% of farmers demonstrating adequate understanding, while micronutrient knowledge
was the weakest, at just 19.8%. Information source analysis showed fellow farmers as the most
common knowledge source at 31.2% of respondents, ahead of extension officers at 26.4%, with 11.0%
of farmers reporting no formal information source at all. These findings identify micronutrient
management and reliance on informal peer-to-peer knowledge transfer, rather than experience level
itself, as the more binding constraints on fertilizer knowledge in this farming community, pointing
toward targeted extension programming on micronutrients and stronger extension service reach as
priorities for improving fertilizer management practice among vegetable growers in this region.

Keywords: Farmer knowledge, fertilizer management, vegetable farming, extension services, soil
testing, micronutrient awareness, knowledge assessment, balanced fertilization, information sources,
agricultural extension

Introduction

How much do vegetable farmers actually know about the fertilizer decisions they make every
season, as opposed to what extension programmes assume they know based on years of
farming experience alone? This question sits at the center of a persistent tension in
agricultural extension: programme design frequently assumes that farming experience
substitutes for formal fertilizer management knowledge, yet experience accumulated through
repeated practice does not automatically transmit the underlying agronomic principles behind
why a particular fertilizer ratio, timing, or combination works %2,

Balanced fertilizer use, matching nutrient application to crop demand across nitrogen,
phosphorus, potassium, and increasingly recognized micronutrient requirements, has direct
consequences for both yield and, over time, soil fertility trajectory, yet knowledge gaps
around any one of these components can undermine returns to fertilizer investment even
where farmers are applying meaningful quantities of fertilizer overall ¥ 4. Vegetable
cropping systems carry particular complexity in this regard, since the diversity of crops
typically grown in vegetable-based systems, each with distinct nutrient demand profiles,
timing sensitivities, and market value differences, makes generic fertilizer recommendations
less directly applicable than they might be for a single dominant staple crop ©1.

Where farmer knowledge assessment research has been conducted in comparable contexts,
findings generally point to substantial gaps in specific technical domains, soil testing practice
and micronutrient management in particular, even among farmers who demonstrate
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reasonable competency on more basic fertilizer application
knowledge ® 71, Whether knowledge simply accumulates
with farming experience over time, or whether it depends
more on access to specific information sources such as
extension contact, is a distinction with direct relevance for
how extension services should prioritize outreach, since if
experience alone were sufficient, extension investment
might be better directed toward newer farmers, whereas if
information source access matters more, broader extension
reach across all experience levels would be the more
effective investment (€1,

This research set out to assess vegetable farmers' knowledge
across five specific fertilizer management domains, to
characterize the relationship between farming experience
and overall knowledge score, and to identify farmers'
primary  information  sources for fertilizer-related
knowledge, with the aim of pinpointing where targeted
extension intervention could most effectively close the
knowledge gaps identified.

Objectives were to quantify knowledge scores across five
fertilizer management domains among surveyed vegetable
farmers; to test the relationship between years of farming
experience and overall knowledge score; and to identify and
rank the primary sources farmers currently rely on for
fertilizer-related information, to inform where extension
programming investment could be most effectively targeted.

Materials and Methods

Theoretical Framework

This research draws on the knowledge-attitude-practice
framework commonly applied in agricultural extension
research, which conceptualizes farmer decision-making as
depending on an underlying knowledge base that shapes,
though does not fully determine, actual field practice. This
research focused specifically on the knowledge component
of that framework, on the premise that closing knowledge
gaps is a necessary, though not necessarily sufficient,
precondition for improving fertilizer management practice,
and that identifying which specific knowledge domains and
information source patterns are weakest provides the most
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Instrument Development and Validation: A structured
knowledge assessment questionnaire was developed
covering five domains, soil testing before fertilizing, correct
N-P-K ratio determination, fertilizer application timing,
micronutrient needs, and organic-inorganic fertilizer
combination, with each domain assessed through three to
four knowledge-check questions scored as correct or
incorrect against agronomically accepted answers. The
instrument was piloted with 25 farmers not included in the
main survey sample, achieving a Cronbach's alpha of 0.78
for internal consistency, after which two ambiguously
worded questions were revised before full deployment.

Field Experimental Design: A total of 312 vegetable
farmers were surveyed across six farming communities
surrounding Thies, Senegal, selected through stratified
random sampling to ensure representation across farm size
categories and the range of vegetable crops grown in the
area, including tomato, onion, cabbage, and okra as the
dominant crops. Surveys were administered face-to-face by
trained enumerators between March and May 2025,
recording farmer demographic characteristics, years of
farming experience, primary information source for
fertilizer-related decisions, and responses to the knowledge
assessment instrument.

Methods: Knowledge scores were calculated as the
percentage of correctly answered questions within each
domain and as an overall composite score across all five
domains combined. Farming experience was recorded in
years and analyzed against overall knowledge score using
polynomial regression to test for both linear and non-linear
relationships. Information source was recorded as a single
primary source per farmer, categorized into five groups:
extension officers, fellow farmers, agricultural input dealers,
radio or other media, and no formal source. Data were
analyzed using descriptive statistics for domain-level
knowledge scores and information source distribution, with
regression analysis used to characterize the experience-
knowledge relationship.

actionable starting point for extension programme design. Results
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Fig 1: Relationship between years of farming experience and overall fertilizer knowledge score among surveyed farmers

The scatter pattern in Figure 1 shows knowledge score
rising with farming experience through roughly the first two

decades before the fitted curve flattens and turns slightly
downward among the most experienced farmers, a pattern
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the simple assumption that experience alone builds fertilizer
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knowledge would not predict.

Table 1: Farmer knowledge scores by fertilizer management domain (n = 312)

Knowledge domain % farmers with adequate knowledge Mean score (%) SD
Soil testing before fertilizing 24.6 31.2 12.4
Correct N-P-K ratio 38.2 44.8 14.1
Fertilizer timing 51.4 58.6 13.8
Micronutrient needs 19.8 26.4 11.2
Organic-inorganic combination 33.6 394 13.6
Overall composite - 42.6 12.9
No formal
source
Extension
officers
Radio/
26.4% media
Input
dealers
Fellow
farmers

Fig 2: Primary information source for fertilizer-related knowledge among surveyed farmers

Fellow farmers edged out extension officers as the single
most common information source in Figure 2, and combined
with the 11.0% reporting no formal information source at

all, well over 40% of surveyed farmers are currently
forming fertilizer management decisions without any direct
extension service contact shaping that knowledge.

Organic-inorganic
combination

Micronutrient
needs

Fertilizer
timing

Correct N-P-K
ratio

Soil testing
before fertilizing

51.4%
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Fig 3: Percentage of farmers demonstrating adequate knowledge across five fertilizer management domains

Table 2: Overall knowledge score by primary information source

Information source % of farmers (n = 312) Mean overall knowledge score (%0)
Extension officers 26.4 54.8
Fellow farmers 31.2 38.6
Input dealers 18.6 41.2
Radio/media 12.8 36.9
No formal source 11.0 24.1
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Farmers citing extension officers as their primary
information source recorded a mean knowledge score more
than 16 points higher than farmers relying on fellow farmers
as their main source, and more than 30 points higher than
farmers with no formal information source at all, a gap
considerably wider than the gap associated with farming
experience level alone.

Comprehensive Interpretation

Reading the experience-knowledge relationship in Figure 1
alongside the information-source breakdown in Table 2
together suggests that information source, more than years
of practice, is the stronger driver of fertilizer knowledge in
this farming community. Experience explains only a
modest, plateauing knowledge gain, while the gap between
farmers accessing extension services and those relying on
peer or no formal information source is considerably wider
and does not show the same ceiling effect. This distinction
argues for extension outreach expansion, reaching the
substantial share of farmers currently outside extension
contact, as likely a more effective knowledge-building lever
than programming that assumes knowledge will simply
accumulate with more years of farming.

Discussion

The plateauing and slight decline in knowledge score among
the most experienced farmer segment is a pattern that has
appeared in other agricultural knowledge assessment
research, sometimes attributed to older farming practices
persisting past the point where newer agronomic
understanding, such as evolving micronutrient management
recommendations, has been updated and disseminated,
meaning farmers who learned fertilizer practice decades ago
may be working from a knowledge base that has not been
refreshed even as recommendations have evolved [ %l This
interpretation would suggest that continuing education for
experienced farmers, not only outreach to newer farmers,
deserves a place in extension programme design.
Micronutrient knowledge recording the weakest domain
score by a considerable margin echoes findings from the
companion soil fertility assessment research in this broader
research ~ programme,  which  similarly identified
micronutrient management as an underappreciated gap
relative to macronutrient-focused fertilizer
recommendations !, Reading the two findings together, the
knowledge gap identified here and the soil-level
micronutrient deficiency documented separately point
toward the same underlying extension priority: current
fertilizer recommendation messaging in this region appears
to under-emphasize micronutrients relative to how prevalent
micronutrient deficiency and knowledge gaps around it both
appear to be.

Peer-to-peer knowledge transfer through fellow farmers
being the single most common information source, ahead of
extension officers, is consistent with agricultural knowledge
diffusion research documenting the substantial role informal
farmer networks play in practice adoption and knowledge
spread, particularly where formal extension service capacity
is limited relative to the farmer population it serves I 121,
The knowledge score gap between extension-informed and
peer-informed farmers recorded in this research suggests
that while peer networks are valuable for spreading practices
quickly, the underlying agronomic accuracy of what
circulates through those networks may not match what
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direct extension contact provides, an asymmetry that could
compound over time if inaccurate practices propagate as
readily through peer networks as accurate ones do.

Legal and Regulatory Framework

Senegal's national agricultural extension policy formally
designates balanced fertilizer use as a priority extension
theme, with regional extension offices mandated to deliver
periodic farmer training sessions covering soil fertility
management. However, extension officer-to-farmer ratios in
the Thies region remain well below the levels the national
policy framework envisions as adequate for consistent
farmer reach, which likely explains at least part of why over
40% of surveyed farmers reported no direct extension
contact as their information source despite the formal policy
commitment to reach exactly this population.

Limitations: This research measured knowledge through a
structured assessment instrument rather than observing
actual field fertilizer application practice, so the relationship
between the knowledge gaps identified here and real-world
fertilizer application behavior was not directly verified. The
survey was conducted at a single point in time across six
communities around Thies, and knowledge patterns,
particularly around information source access, could differ
in regions with different extension service capacity or
farmer network density. Longitudinal research tracking
whether targeted micronutrient extension messaging
measurably closes the gap identified here would strengthen
the practical case for the specific intervention this research's
findings point toward.

Conclusion

This research aimed to assess vegetable farmers' fertilizer
management knowledge across five domains and to identify
what factors, farming experience or information source,
most strongly relate to overall knowledge level, using a
structured survey of 312 farmers around Thies, Senegal.
Overall knowledge averaged 42.6%, with micronutrient
management recording the weakest domain score and
fertilizer timing the strongest, while knowledge score related
to farming experience in a plateauing, non-linear pattern but
showed a considerably wider gap tied to primary
information source, with extension-informed farmers
outperforming peer-informed and formally uninformed
farmers by a substantial margin. For extension services and
agricultural policy in this region, the practical message is
that expanding extension reach to the sizable share of
farmers currently relying on peer networks or no formal
information source at all, alongside specifically targeted
micronutrient management training, would likely close more
of the knowledge gap identified here than programming
built around the assumption that farming experience alone
builds adequate fertilizer knowledge over time. Future
research directly linking these knowledge scores to observed
field fertilizer application practice, and tracking knowledge
change following a targeted micronutrient extension
intervention, would help confirm whether closing this
specific knowledge gap translates into measurable
improvement in farmer fertilizer management practice.
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