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Abstract

Fertilizer is a critical input for improving agricultural productivity in Ethiopia; however, both adoption rates and ap-
plication intensity remain suboptimal, particularly in the arid and semi-arid areas of the Amhara region. This study
examined the socio-economic and institutional determinants of fertilizer adoption and intensity among smallholder
farmers. A multistage sampling technique was employed to select 304 representative households. Descriptive and infer-
ential statistical methods were used to analyze the data, and a double hurdle model was applied to separately identify
the factors influencing the initial adoption decision and the subsequent intensity of fertilizer application. The empirical
findings indicate that the decision to adopt fertilizer was significantly influenced by access to extension services, farmers’
technical knowledge, subjective perceptions of fertilizer use, output and input market prices, and proximity to input
distribution centers. In contrast, the intensity of fertilizer use was primarily determined by cooperative membership,
farm size, household size, annual income, market proximity, and specific knowledge of fertilizer application techniques.
Moreover, the fertilizer intensity index revealed a substantial gap between recommended and actual application rates.
On average, farmers applied only 19.01 kg/ha of Urea and 24.32 kg/ha of NPS—levels considerably below national
recommendations—indicating serious underutilization of fertilizer inputs. To address this gap and enhance food se-
curity, the study recommends strengthening extension services, expanding decentralized input distribution systems,
implementing market stabilization mechanisms, and promoting evidence-based demonstration trials to positively shift
farmers’ perceptions regarding the yield benefits of balanced nutrient application.
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Introduction

Agriculture is the backbone of Ethiopia’s economy, con-
tributing roughly a third of its gross domestic product, em-
ploying around 80-85 percent of the population, and gen-
erating the bulk of export earnings, thereby underpinning

both rural livelihoods and national development (FAO
2023; IFAD 2025; MoA and ATI 2025). Agricultural in-
tensification remains a critical pathway for achieving
food security in Ethiopia, where increasing productivity
per unit area is essential due to land scarcity (Rashid et
al. 2014). Agricultural intensification involves the use of
improved inputs, such as fertilizers. Different types of
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fertilizers are available for crop production, but the two
most common are organic and inorganic fertilizers (Am-
itava 1985). Organic fertilizers include manure, compost,
and vermicompost, and inorganic fertilizers include urea,
DAP, and NPS (FAO 1985). However, this study focused
on inorganic fertilizers such as urea and NPS, which are
vital inputs to boosting crop yields in Ethiopia.

Inorganic fertilizer application is a key input for in-
creasing grain yield. For instance, Belachew et al. (2022)
reported that the combined use of recommended fertilizer
rates and improved crop varieties can increase yields by
2-3 times and by 24-160%, respectively. Similarly, Workat
etal. (2020) demonstrated that the application of fertilizer
with recommended sowing dates and appropriate agro-
nomic practices increased grain yield by 122% compared
to controls. In recognition of these productivity gains, the
Ethiopian government has promoted the use of inorganic
fertilizers as a key strategy to enhance agricultural pro-
duction and productivity (Assefa et al. 2021).

Despite these efforts, fertilizer adoption and application
rates remain well below the recommended levels, particu-
larly in the north-eastern parts of the Amhara Region (Te-
wodros et al. 2020). Many smallholder farmers operating
under low-input, low-output production systems either
apply fertilizer at sub-optimal rates or do not use inorgan-
ic fertilizer at all (Morris et al. 2007; Lulseged et al. 2017).
Although several studies have examined the adoption and
intensity of agricultural technologies, including fertilizer
use, across different regions of Ethiopia (Bayissa 2014;
Bedilu et al. 2021; Mengistu and Degefu 2017; Amsalu and
Alebachew 2021; Atinkugn 2022), most were conducted
in agroecological settings that differ markedly from the
present study area in terms of rainfall patterns, soil fertili-
ty, and climatic conditions.

Therefore, there is a clear need for rigorous empirical
studies that generate context-specific evidence on the fac-
tors underlying the suboptimal application of inorganic
fertilizer among smallholder farmers. Such evidence is es-
sential for designing effective and impactful research and
development interventions. Although numerous related
studies have been reviewed, to the best of the authors’
knowledge, no prior study has specifically examined the
determinants of inorganic fertilizer adoption and the in-
tensity in this particular setting. To fill this gap, the pres-
ent study investigates the socio-economic and institution-
al factors influencing fertilizer adoption and application
intensity among smallholder farmers in the northeastern
drylands of the Amhara Region, Ethiopia.

Conceptual framework

The decision to adopt fertilizer and the extent of its appli-
cation can be conceptualized within a utility- and prof-
it-maximization framework, given farmers’ behavioural
assumptions and production constraints (David 2012;
John et al. 2015). In this framework, farmers are assumed
to be rational decision-makers who allocate their limited
resources to maximize expected utility or profit, typically
reflected in outcomes such as yield and income (David
2012; Penson 2015). The adoption decision constitutes
the first stage, determining whether or not a farmer uses
fertilizer, while the second stage concerns the intensity
of fertilizer application, conditional on adoption. Both
the decision to adopt and the level of use are influenced
by a range of interrelated factors (Fig. 1), including de-
mographic characteristics, socioeconomic conditions,
institutional arrangements, and plot-specific attributes
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Figure 1. Conceptual framework designed by the authors.
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(Deresse and Tekilu 2019). Collectively, these factors
shape smallholder farmers’ decisions regarding fertilizer
use and the extent of its application.

Research methodology
Description of the study areas

The study was conducted in three districts (Sekota, Te-
huledere, and West Belesa) found within three zones in the
Ambhara region, which were selected purposively based on
their lower/non-fertilizer-use experience. These districts
represent diverse agroecological conditions, including vari-
ations in rainfall, soil fertility status, and topography (Fig. 2).

Sekota District is located in the Wag-himra zone of the
Ambhara Region. It is one of the eight districts in the zone,
comprising 25 kebeles. It lies approximately 720 km northeast
of Addis Ababa and 420 km from Bahir Dar. Geographically,
the district is situated between 12°23" and 13°16'N latitude
and 38°44' and 39°21°E longitude. The altitude ranges from
1,500 to 2,200 meters above sea level. The district is charac-
terized by low and erratic rainfall from 350 to 650 mm annu-
ally (Tewodros et al. 2017; Getamesay et al. 2021).

The Tehuledere district is found in the South Wollo zone
of the Amhara Region, located about 430 km from Addis
Ababa. It is one of the 22 districts in the zone and covers
a total area of 44,030 hectares. The altitude ranges from
1,488 to 2,900 meters above sea level. The area receives a

mean annual rainfall of approximately 1,030 mm and has
an average annual temperature of 21 °C. Geographically,
it is positioned at 11°17'N latitude and 39°42'E longitude
(Seid 2013; Adera and Noah 2019).

The West Belesa district is one of the Central Gondar
zone districts located approximately 706 km north of Ad-
dis Ababa and is included within the Tekeze lowland sor-
ghum and goat livelihood zone. Geographically, it is found
at 12°15'N latitude and 37°45'E longitude. The district ex-
hibits considerable topographic variation, with altitudes
ranging from 150 to 1,500 meters above sea level. It is char-
acterized by relatively high temperatures, with an average
annual temperature of 33.5 °C, and receives an annual
rainfall range of 800 to 1,200 mm (Tsigie 2020; Yasin 2022).

Sampling procedures

The sampling frame for this study comprised both fer-
tilizer users and non-users residing in the same kebeles
and engaged in cereal crop production. A multistage sam-
pling technique was employed to obtain a representative
sample. In the first stage, the Wag-himra, North Wollo,
and Central Gondar Zones, with their respective districts,
were purposively selected considering their relatively low
or negligible fertilizer application. In the second stage,
five kebeles were selected from the three districts using
simple random sampling. Subsequently, households with-
in the selected kebeles were stratified as fertilizer users
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Figure 2. Location map of study areas.
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and non-users to ensure representation of both groups.
Finally, 313 households were selected proportionally from
each stratum using systematic random sampling from a
total population of 1,673 major cereal-producing house-
holds. A non-response rate of 2.875% was recorded from
the total sample of 313 households, resulting in 304 valid
observations used for the final analysis. The sample size
was determined using Kothari’s (2004) sample size deter-
mination formula as follows.

Z?2.P-q-N
n=—=
S(N-1)+22-P-q (D)

Where: n is the sample size, Z is the Z-value correspond-
ing to the desired confidence level (1.96 for a 95% con-
fidence level), p is the estimated population proportion
(0.5), qis 1-p, and N is the population size.

Methods of data collection

Before the start of the main survey, the data collection in-
struments were revised and finalized based on feedback
obtained from the pretest. Both quantitative and qual-
itative data were collected from primary and secondary
sources. Primary data were gathered through a household
survey using a semi-structured questionnaire. To com-
plement the survey data, key informant interviews (KIIs)
were conducted to provide in-depth insights and con-
textual understanding. In each district, four key inform-
ants were purposively selected, including a development
agent, a district agricultural officer, a cooperative officer,
and a kebele administrator. Secondary data were obtained
from both published and unpublished sources, including
books, official reports, academic journals, conference pro-
ceedings, and working papers.

Methods of data analysis

The collected data were analyzed using various statistical
techniques, including descriptive and inferential statis-
tics, as well as an econometric model using STATA soft-
ware version 17.

Data were analyzed using both descriptive and inferen-
tial statistical methods. Descriptive statistics—specifically
means, standard deviations, frequencies, and percentages—
were employed to summarize the demographic and socioec-
onomic characteristics of the sampled households. Inferen-
tial statistical techniques were applied to examine differences
between fertilizer users and non-users. An independent
samples t-test was used to compare continuous variables,
while a chi-square test was employed to assess differences in
categorical variables (Ruth 2011). Furthermore, the level of
fertilizer application (Urea and NPS) for major crops was es-
timated using a fertilizer intensity index, as specified below.

F;

Y; = A (2)

Where:

+ Y, = Fertilizer intensity for the i household or plot
(kg/ha);

+ F, = Quantity of fertilizer applied by the i* house-
hold or plot (kg);

+ A =Total area of land cultivated by the i household
or plot (ha).

Econometric model and its specification

The Tobit, Heckman, and Double Hurdle models
(DHM) are commonly used to analyze the determinants
of technology adoption and usage intensity. However,
both the Tobit and Heckman models have inherent lim-
itations. The Tobit model assumes normally distributed
errors, which may not always hold, and constrains par-
ticipation and intensity decisions to a single underlying
process (Tobin 1958; Maddala 1983; Green 2002). The
Heckman two-stage model is not specifically designed
to handle corner solutions, in which a substantial num-
ber of observations take on genuine zero values (Heck-
man 1979; Green 2002).

In contrast, the Double Hurdle model overcomes these
limitations by modeling the adoption decision and the in-
tensity of use as two separate processes. It accommodates
voluntary zero outcomes and provides greater flexibili-
ty, effectively addressing issues of dual endogeneity and
heteroscedasticity between the decision to adopt and the
level of use (Cragg 1971; Jones 1989; Burke 2009; Bhekani
2020). Importantly, the DHM assumes no selectivity bias,
further enhancing the reliability of its estimates (Bhekani
2020). Based on these advantages and the results of model
specification tests, the DHM was selected for this study
(Adem 2023). Equation (3) represents the first stage of the
household’s decision to use fertilizer (Cragg 1971).

Ii = aiXi +uj,w ~ N(O, ].) (3)

D; = 1ifo; X; + u; > 0, Oifo; X; +1u; <0

Wherei=1,2,3...n, d*i represents the latent variable for
the decision to adopt fertilizer, X, denotes the vector of
explanatory variables hypothesized to influence adoption,
a, is a vector of parameters to be estimated, and u, denotes
the error term. The observed binary outcome Di reflects
the actual decision of the i smallholder farmer, such that
Di = 1 if the farmer adopted fertilizer and Di = 0 other-
wise. According to Green (2002), the following equation is
a truncated regression part of the model for use intensity.

y*i2- = Xi- 4, -ei- &~ N - (0,62) (4)
yi = yiify; > 0 and D; = 1,0 = otherwise

Where: Y, represents the intensity of inorganic fertiliz-
er use, which depends on the latent variable Y' being
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greater than zero and conditional on the decision to
use D, fertilizer. X, is the vector of explanatory variables
hypothesized to determine the intensity of inorganic fer-
tilizer use, B denotes the unknown parameters to be esti-
mated in the model, g, and u, are the respective error terms
assumed to be independent and distributed.

As noted by Green (2002), the following equation rep-
resents the truncated regression component of the model
for technology use intensity.

logLpr = Y [111{1 — & (0;X;) ® (ﬁfi)}+

0

s, [m {<I> (Xy)) L0 (ﬂ) } (5)

(& 9

Where: ® = standard normal cumulative distribution
function, and @ = density function.

To justify the use of the Double Hurdle model (DHM),
a likelihood ratio (LR) test was conducted by comparing
the log-likelihood values obtained from separate estima-
tions of the probit, truncated regression, and Tobit mod-
els, following the procedure outlined in Green (2002).

r = —=2[lnyr — (Inrp + lnTg)] (6)

Where: L = likelihood for the Tobit model with the same
coefficients, L,= likelihood for the Probit model, fit sepa-
rately, L = likelihood for the truncated regression model,
fit separately. Variables used in the double hurdle model
are listed in Table 1 as follows.

Result and discussion

Descriptive and inferential statistics results

Descriptive and inferential analyses were performed for both
dummy and continuous variables. Table 2 shows that 63% of
the total samples were fertilizer users and 37% were non-us-
ers. The comparison between fertilizer users and non-users
reveals statistically significant differences in several key var-
iables. Specifically, a household’s cooperative membership,
extension contact, and knowledge of fertilizer application
are significantly different between the two groups.

The comparison of smallholder farmers’ characteristics
between fertilizer users and non-users indicates that there
were no statistically significant differences in the mean
values of any continuous variables (Table 3).

Model specification and post-estimation test

Before the main analysis, post-estimation diagnostic
checks and model specification tests were conducted for
both the Double Hurdle Model (DHM) and the Tobit
model to ensure robustness and identify the most ap-
propriate specification. Multicollinearity among the
explanatory variables was assessed using the Variance
Inflation Factor (VIF), and the results indicated no ev-
idence of multicollinearity, confirming that the models
were well specified.

Table 1. Definition, measurement, and the hypothesis of variables.

Variable Type Variables Definition and measurement Values Hypothesis
Dependent variable
Adoption Decision Dummy Households decision to fertilizer use 1 = Yes, 0 = otherwise
Intensity of fertilizer Continuous Amount of fertilizer used by the household Kg/ha
Independent Variables
Age Continuous Age of the household head (years) Years +
Age square Continuous +
Sex Dummy The sex of the household 1 = Male, 0 = Female +
Education Continuous The education level of the household Years of schooling +
Family Size Continuous Number of family members Number +
Experience Continuous Farm experiences of the household Years +
Livestock Ownership ~ Continuous Number of livestock owned by household Number in TLU +
Farm size Continuous Total area of the plots Area in hectares +
Plot slope Dummy Slope of the plot 1 = Steep, 2 = Mid, 3 = Flat -
FA. Experience Continuous Fertilizer application experience Years +
Soil fertility Ordinal Soil fertility of the plot 1 = Good, 2 = Medium, 3 = Poor +
Extension access Dummy Extension access of the household 1 = Yes, 0 otherwise +
Coop. membership Dummy Cooperative membership of a household 1 = Yes, 0 otherwise +
Credit access Dummy Credit access of the household 1 = Yes, 0 otherwise +
Distance to market Continuous The distance to the market Minutes walked +
Distance input center ~ Continuous  The distance to the source of the input center Minutes walked +
Income of HH Continuous Total annual income of the household/year Birr +
Price of fertilizer Continuous Average fertilizer price Birr -
Perception Ordinal Farmers perception on fertilizer use Strongly disagree (1) to Strongly agree (5) +
KFA Dummy Knowledge of fertilizer application 1) Yes 0) No

Note: TLU indicated that “Tropical Livestock Unit” was calculated based on the (ILCA 1990).
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Table 2. Chi-square test for users and non-users for dummy variables (n = 304).

Variables Responses Users (191) Non-users (113) Chi-square test value
Freq. % Freq. %

Education status of the household Illiterate 91 47.64 61 53.98

Read & write 27 14.14 9 7.96 ns

Grade 1-4 16 8.38 11 9.73 o
Grade 5-8 36 18.85 20 17.70
Grade 9-12 21 10.99 12 10.52

Household’s cooperative membership Yes 153 80.10 77 68.14 e
No 38 19.90 36 31.86

Credit access of the household Yes 165 86.39 96 84.96 ns
No 26 13.61 17 15.04

Extension service of the household Yes 163 85.34 71 37.17 X
No 28 14.66 42 62.83

Knowledge of fertilizer application Yes 139 72.77 13 11.50 o
No 52 27.23 100 88.50

Note: *** p<.01, ** p<.05, * p<.1

Source: Survey data, 2023.

Table 3. Independent t-test between users and non-users for continuous variable (n = 304).

Variable Users (191) Non-users (113) P-value
Mean Std. Dev. Mean Std. Dev.

Age of the household 44.471 11.403 44.885 15.005 0.6420
Family size 5.393 1.737 4.858 1.917 0.6422
Farm experience 24.728 11.457 25.150 14.188 0.7358
Livestock ownership (TLU) 5.098 3.445 4.096 2.582 0.7412
Distance Input 49.162 29.626 51.903 32.094 0.2719
Distance to the market 85.052 42.55 85.221 40.33 0.5543
Farm Size 1.426 0.762 1.272 0.694 0.7986
Annual Income from the crop 60718.429 21246.761 60336.212 22963.263 0.9278
Annual off-farm income 3732.618 8994.71 3250.442 10048.784 0.6042

Note: *** p<.01, ** p<.05, * p<.1

Source: Survey data, 2023.

To compare model performance, the DHM was tested
against the Tobit model using a likelihood ratio (LR) test and
the Akaike Information Criterion (AIC), following Cragg
(1971). The LR test statistic (2344.287) substantially exceed-
ed the critical chi-square value (x* (21) = 20.337) at the 5%
significance level, leading to rejection of the Tobit model in
favour of the DHM. Additionally, the DHM reported a low-
er AIC value, further supporting its superiority. These results
indicate that fertilizer adoption and intensity decisions are
governed by two distinct behavioural processes rather than
a single underlying mechanism (Cragg 1971; Akaike 1974).

Furthermore, the inverse Mills ratio was statistically
insignificant, suggesting the absence of sample selection
bias and indicating that the Heckman selection model was
not required (Heckman 1979).

Fertilizer use intensity of smallholder farmers
The intensity of fertilizer application for major crops was

quantified using the intensity index method (Green 2002).
Empirical results indicate that farmers applied an average of

Innovations in Agriculture

19.01 kg/ha of urea and 24.32 kg/ha of NPS—rates that fall
considerably below the recommended levels of 50 kg/ha and
100 kg/ha, respectively. This disparity represents a substan-
tial application gap of 61.98% for urea and 75.68% for NPS.
These results underscore a significant ‘application gap’ that,
if bridged, could substantially enhance regional crop yields.

6041.5

YiUrea = m =19.01 Kg
and
T
YINPS = —317795 = 24.32 Kg

Determinants of smallholder farmers' decision
to use fertilizer utilization

Extension contact had a positive and statistically significant
effect on fertilizer adoption. Farmers who received more fre-
quent extension visits were 2.1% more likely to adopt inor-
ganic fertilizer, consistent with the findings of Muhammed et
al. (2020), Mideksa (2021), who reported that extension ser-
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vices have a substantial impact on farmers’ agricultural input
utilization. Similarly, knowledge of fertilizer application pos-
itively influenced adoption decisions; farmers with adequate
knowledge were 13% more likely to use fertilizer. This result
is supported by Bhekani (2020), who reported that knowl-
edgeable farmers are 17.28% more likely to adopt fertilizer.

Distance to input centers exhibited a negative and sig-
nificant effect. Specifically, each additional minute of trav-
el time reduced the probability of fertilizer use by 0.02%,
underscoring the importance of proximity in minimiz-
ing transaction and transport costs and ensuring timely
access to inputs. This finding aligns with Hassen et al.
(2012), who identified proximity to input centers as a crit-
ical constraint to effective input utilization.

Farmers’ perceptions also played an important role.
Those with favourable perceptions toward fertilizer use
were 3.7% more likely to adopt it, consistent with At-
inkugn (2022). In contrast, fertilizer price had a negative
and statistically significant effect; higher prices reduced
the likelihood of fertilizer use by 2.0%. This finding cor-
roborates Akpan et al. (2012), who found that rising input
prices discourage fertilizer adoption, particularly among
resource-constrained households.

Table 4. Double hurdle model estimation results (n = 304).

Determinants of smallholder farmers' fertilizer
use intensity

The second hurdle model, which examines the intensity of
fertilizer use among adopting farmers, shows that several
factors significantly influence the quantity of fertilizer ap-
plied. Education level, knowledge of fertilizer use, house-
hold income, experience with fertilizer application, and
cooperative membership all had positive and significant
effects, whereas farm size and distance to market negative-
ly affected fertilizer application intensity (Table 4).
Cooperative membership significantly increased fer-
tilizer application by 11.69 kg per hectare compared to
non-members (p < 0.10). This finding underscores the
vital role cooperatives play in bridging the gap between
farmers and essential inputs, fostering a culture of more
intensive fertilizer use through collective bargaining and
shared knowledge—an observation consistent with Mertey
et al. (2014). In contrast, farm size exerted a strong nega-
tive influence (p < 0.01); each additional hectare of land
was associated with a 9.27 kg reduction in fertilizer appli-
cation. This suggests a strategic trade-off in management:
farmers with larger holdings often prioritize total volume,

Variables Probit Truncated
Coefficient Std. Err. Marginal effect Coeflicient Std. Err.

Sex 0.247 0.723 0.019 -7.346 9.211
Age of the household -0.020 0.026 -0.002 - -
Age square - - - -0.00021 0.003
Education level -0.001 0.117 -0.00006 -0.403 1.36
Family size -0.037 0.147 -0.003 1.238 1.574
Farm experience 0.013 0.026 0.001 0.193 0.313
Cooperative membership -0.524 0.422 -0.040 11.686** 5.023
Credit access 0.738 0.478 0.056 4.084 5.846
Extension frequency 0.275** 0.138 0.021 0.099 1.22
Livestock ownership (TLU) 0.02 0.074 0.002 0.136 0.745
Distance to the input center -0.003** 0.006 -0.0002 -0.09 0.075
Distance to market -0.004 0.007 -0.0003 -0.189*** 0.061
Fertilizer application experience -0.01 0.03 -0.001 0.677* 0.37
Knowledge of fertilizer use 1.708*** 0.45 0.130 30.18*** 4.902
Farm size 0.356 0.308 0.027 -9.2690* 2.961
Soil fertility status of the plot -0.534 0.297 -0.041 -1.408 3.23
Slop of the plot 0.032 0.209 0.002 -1.968 2.584
Perception of fertilizer 0.493%* 0.278 0.037 3.724 3.353
Fertilizer price 0.030*** 0.0026 0.020 -0.019* 0.003
Annual Income 0.00014 0.00009 -0.000 0.0001** .0000879
Constant -2.051 1.638 - 37.568 18.607
Sigma -0.001 117 32.527 1.319
Observation 304 191
Log likelihood -39.794 -1489.90
Wald chi-square 321.606 233.390
Prob > chi-square 0.000 0.000
Pseudo R? 0.8016 -
AIC 121.589 3023.81

Note: *** p<.01, ** p<.05, * p<.1

Source: Survey data 2023.
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spreading limited resources across a broader landscape.
Conversely, smallholders, operating with limited space,
treat every plot as a critical asset, applying inputs more
precisely and intensively to squeeze the highest possible
yield from every square meter. These results align with the
findings of André and Mulat (1996), Akpan et al. (2012),
and Tewodros et al. (2020), who all observed that small-
er-scale farmers tend to invest more heavily in per-unit
land productivity to compensate for their lack of acreage.

Annual household income exerted a positive and signif-
icant influence on fertilizer application (p < 0.05). While
the coeflicient of 0.0001 kg per additional Ethiopian Birr
(ETB) appears small, it reflects the broader capacity of
wealthier households to overcome liquidity constraints and
allocate more capital toward agricultural inputs. This rela-
tionship confirms that financial liquidity is a prerequisite
for technology adoption in resource-poor settings, a find-
ing supported by Martey et al. (2014) and Mengistu and
Degefu (2017). Conversely, market distance was found to
be a significant barrier (p < 0.01). Each additional minute
of travel time to the nearest market reduced fertilizer use by
0.189 kg, reinforcing the findings of Akpan et al. (2012) and
Aman et al. (2022). This highlights how high transaction
costs and the physical burden of transporting inputs to re-
mote areas directly suppress application intensity. Techni-
cal knowledge regarding fertilizer application had the most
substantial positive impact (p < 0.01). Households with a
firm grasp of application techniques applied 30.18 kg more
fertilizer per hectare than their less-informed counterparts.
The results show that simply providing the input is insuf-
ficient; capacity building is critical for intensification, as
previously argued by Alexandra and Barrett (2015). Final-
ly, fertilizer price negatively and significantly impacted use
intensity (p < 0.10), indicating that if the price increases,
fertilizer application would be reduced by 0.019 kg, which
is consistent with Akpan et al. (2012).

Conclusion

This study aimed to analyze the factors influencing fertiliz-
er adoption and application intensity among smallholder
farmers in three districts of northeastern Amhara, Ethio-
pia—an area known for persistently low fertilizer use. The
results indicate that the decision to use fertilizer is signifi-
cantly improved by extension service, farmers’ knowledge,
perceptions of fertilizer use, market distance, and fertilizer
prices. Meanwhile, the intensity of fertilizer application is
influenced by cooperative membership, farm size, house-
hold income, distance to markets, knowledge of fertilizer
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application, and fertilizer prices. The analysis also revealed
higher gaps between actual and recommended fertilizer
application rates, with farmers applying only 38.02% of
the recommended urea and 24.32% of the recommend-
ed NPS. This indicates considerable fertilizer underuti-
lization and a large gap in yield potential. Therefore, to
bridge these gaps, it is essential to strengthen extension
services, provide farmers with practical training, improve
access to input centers, and make fertilizers more afforda-
ble. Addressing these challenges would enhance fertilizer
use efficiency, increase crop productivity, and contribute
meaningfully to food security in the study areas.
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