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Abstract 

Background: Maize is one of the most important cereal crops worldwide, serving as a staple food and a major source of livestock 
feed. However, fertilizer mismanagement in maize cultivation often leads to low nutrient-use efficiency, higher production costs, 
and environmental degradation. Enhancing fertilizer use efficiency (FUE) is therefore critical for sustainable maize production 
and food security. 
Objectives: This study aims to (i) assess the current status of fertilizer use efficiency in maize cultivation, (ii) identify key factors 
influencing nutrient uptake, and (iii) recommend improved nutrient management strategies for enhancing productivity and 
sustainability. 
Methods: A field-based study was conducted in maize-growing regions using a stratified random sampling method covering 120 
farmers. Primary data were collected through structured surveys and field observations, while secondary data were sourced from 
extension reports. Fertilizer use efficiency was estimated using partial factor productivity (PFP), agronomic efficiency (AE), and 
recovery efficiency (RE). Statistical analysis was performed using SPSS, with regression models applied to determine major 
drivers of efficiency. 
Results: Findings revealed that the average PFP of nitrogen in maize was 48 kg grain per kg N applied, while AE stood at 12 kg 
grain per kg N. Farmers who adopted balanced fertilizer application (N:P:K in 2:1:1 ratio) achieved 15–20% higher yields 
compared to those relying primarily on nitrogen alone. Timely application and integrated use of organic manure further improved 
FUE by 10%. 
Conclusion & Implication: The study concludes that balanced fertilization, precision application, and integration of organic 
inputs are essential for improving FUE in maize. Policy interventions promoting soil testing, farmer training, and site-specific 
nutrient management can significantly reduce fertilizer wastage while enhancing crop productivity and environmental 
sustainability. 
 

Keyword: Maize, Fertilizer use efficiency, Nutrient management, Sustainable agriculture, Crop productivity  
 
 

Introduction 

Context: Maize is a globally important cereal crop, serving as 
both a staple food and a key raw material for feed and 
industry. Its productivity depends heavily on external nutrient 
inputs, particularly nitrogen, phosphorus, and potassium. 
However, in many regions, fertilizer use in maize farming is 
inefficient and unbalanced—farmers often apply excessive 
nitrogen while neglecting other nutrients. This not only 
lowers fertilizer use efficiency (FUE) but also results in 
higher production costs, nutrient losses, soil degradation, and 
environmental pollution. Improving FUE in maize cultivation 
is therefore crucial to ensure food security, enhance farm 
profitability, and promote sustainable agricultural systems. 
 

Gap in Existing Research: Previous studies have focused 
largely on yield responses to fertilizer application rather than 
systematically analyzing efficiency indicators such as partial 
factor productivity (PFP), agronomic efficiency (AE), and 
recovery efficiency (RE). Research on site-specific nutrient 
management practices, integration of organic manures, and 
the role of socio-economic factors in influencing FUE 
remains limited. Furthermore, empirical studies linking 
farmers’ actual practices with measured efficiency outcomes 
are scarce, leaving a gap in evidence-based recommendations 
for improving FUE in smallholder maize production systems. 
 
Objective(s) of the Paper: To assess the current status of 
fertilizer use efficiency in maize cultivation. 

https://www.allagriculturejournal.com/


 

~ 21 ~ 

International Journal of Agriculture Development https://www.allagriculturejournal.com/ 

1. To analyze the relationship between fertilizer 
management practices and efficiency outcomes. 

2. To identify major agronomic and socio-economic drivers 
influencing FUE. 

3. To propose strategies for improving fertilizer efficiency 
in maize-based farming systems. 

 
Expected Contribution: This paper is expected to provide a 
comprehensive assessment of fertilizer use efficiency in 
maize production, bridging the gap between agronomic 
research and farmer-level practices. By integrating efficiency 
metrics with field-level observations, the study will contribute 
to developing more balanced nutrient management strategies. 
It will also generate policy-relevant insights for promoting 
soil testing, precision farming, and integrated nutrient 
management (INM). Ultimately, the findings will support 
smallholder farmers in reducing input costs, improving yields, 
and adopting environmentally sustainable practices. 
 
Literature Review 

Overview and thematic framing 

Fertilizer use efficiency (FUE) in maize cultivation is a 
central topic in agronomy and sustainable intensification 
debates. FUE broadly measures how effectively applied 
nutrients (N, P, K, and micronutrients) are converted into crop 
outputs, and is commonly expressed through indicators such 
as Partial Factor Productivity (PFP), Agronomic Efficiency 
(AE), and Recovery Efficiency (RE). The literature spans 
agronomic experiments, farm-level surveys, nutrient-
management trials, and modelling studies. Major strands 
include (a) agronomic trials assessing balanced fertilization 
and site-specific management, (b) evaluations of integrated 
nutrient management (INM) combining organic and inorganic 
inputs, (c) socio-economic studies linking farmer practices 
and knowledge to FUE, and (d) policy and environmental 
assessments addressing nutrient losses and externalities. 
 
Critical synthesis of existing studies 

Agronomic trials and balanced fertilization 

Controlled field trials consistently show that balanced 
application of N, P and K—often accompanied by secondary 
nutrients or micronutrients where soils are deficient—yields 
higher PFP and AE compared with N-dominant regimes. 
These studies demonstrate clear dose–response relationships 
and identify yield plateaus beyond which additional fertilizer 
reduces AE and increases environmental losses. Strengths of 
this body of work include rigorous experimental control, soil 
testing integration, and measurement of recovery rates. 
However, trials often occur under optimal management 
conditions (timely planting, irrigation, pest control) and on 
research stations or demonstration plots, which limits external 
validity for smallholder fields where heterogeneity, resource 
constraints, and management errors are common. 
 
Integrated nutrient management (INM) and organic 

amendments 

Research on INM finds that combining inorganic fertilizers 
with organic inputs (farmyard manure, compost, crop 
residues) can improve RE and sustain soil organic matter, 
thereby improving long-term FUE. Studies report 8–20% 
increases in PFP or yield stability under INM, along with 
enhanced soil health indicators. The principal critique is scale 
and continuity: many studies are short-term (1–3 seasons), 

and results depend on reliable access to quality organic 
inputs—often scarce for resource-poor farmers. Moreover, the 
labour and logistical constraints of collecting and applying 
organic matter receive limited realistic treatment in the 
literature. 
 
Precision and site-specific nutrient management 

SSNM and precision approaches (rate, timing, placement) 
deliver improved AE and reduce nutrient losses in 
experimental and operational studies. Tools include soil 
testing, leaf/plant diagnostics, and decision support systems. 
While SSNM shows strong potential, uptake barriers include 
cost of testing, limited extension coverage, and low farmer 
familiarity with diagnostic tools. Many SSNM studies 
emphasize techno-efficacy but understate institutional and 
behavioral constraints to adoption. 
 
Farmer behavior, knowledge, and socio-economic drivers 

Several farm-level surveys link poor FUE to knowledge gaps, 
risk aversion, and capital limitations. Farmers frequently 
overapply N as insurance against poor yields but underinvest 
in balanced nutrients or soil tests due to immediate cost 
constraints or lack of access. This literature importantly 
grounds agronomic recommendations in socio-economic 
reality, highlighting that technical options alone cannot ensure 
efficiency improvements. A persistent methodological issue is 
reliance on self-reported input quantities and yields, which 
introduces recall bias and measurement error. 
 
Environmental and policy perspectives 

Macro studies evaluate environmental externalities (nitrate 
leaching, N2O emissions) and explore policy levers like 
fertilizer subsidies, soil testing programs, and advisory 
services. They show that blanket subsidy regimes often 
encourage overapplication and reduce FUE, whereas targeted 
subsidies and support for testing can improve outcomes. 
However, the policy literature sometimes lacks micro-level 
behavioral insights and misses heterogeneity in smallholder 
contexts. 
 
Methodological strengths and weaknesses across the 

literature 

Strengths: Controlled experiments provide clear mechanistic 
understanding of nutrient responses; INM studies demonstrate 
the role of organic matter in maintaining soil function; socio-
economic surveys contextualize farmer decisions. 
Weaknesses: 

• External validity: Many agronomic results are not 
replicated at scale across heterogeneous smallholder 
farms. 

• Temporal scope: Short-duration studies cannot capture 
long-term soil fertility dynamics and cumulative effects 
on FUE. 

• Measurement issues: Heavy reliance on self-reported 
data and limited use of standardized FUE metrics reduces 
comparability. 

• Integration gap: Studies typically focus on single 
dimensions (technical, socio-economic, or policy) rather 
than integrated, interdisciplinary assessments. 

• Adoption pathways: There is limited causal evidence on 
what extension or incentive structures reliably change 
farmer behavior toward more efficient nutrient practices. 
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Table 1: Comparative table of illustrative findings 
 

Study Type Typical Intervention/Focus Typical Reported Effect on FUE/Yield Common Limitation 

Agronomic trials 
(balanced NPK) 

Balanced NPK rates vs N-only +10–25% PFP; increased AE 
Research-plot conditions; limited 

farmer realism 

INM studies (organic + 
fertilizer) 

FYM/compost + reduced inorganic 
fertilizer 

+8–20% yield; improved RE & soil C 
Short duration; limited organic 

availability 

SSNM / Precision Soil testing, timing, placement +15% AE; reduced N losses Cost, scale, low extension capacity 

Household surveys Farmer practices and knowledge 
Correlates: overapplication of N; low P/K 

use 
Self-reported data; endogeneity 

issues 

Policy analyses Subsidy re-design, testing programs 
Targeted support improves FUE; blanket 

subsidies reduce it 
Macro focus; limited micro 

behavioral data 

 

Identification of Research Gap 

While the literature provides robust technical insight into how 
fertilizer management affects maize yields and efficiency 
under controlled conditions, three interlinked gaps remain: 
1. Farm-level empirical linkage between measured FUE 

and actual farmer practices: There is a shortage of 
studies that simultaneously measure on-farm nutrient 
balances (soil tests, applied rates, recovery) and 
rigorously document farmer decision processes, 
economic constraints, and labor dynamics across seasons. 

2. Longitudinal assessments of FUE under real farming 

systems: Most research is short-term; there is a need for 
multi-season studies that track soil fertility, farmer 
investments, and environmental indicators to assess 
sustainability of interventions. 

3. Integrated interventions and adoption pathways: 
There is limited causal evidence on what combination of 
incentives (credit, targeted subsidies), extension 
modalities (digital advisories, demonstrations), and 
technologies (rapid soil tests, IoT/decision tools) 
effectively lead to sustained improvements in FUE 
among smallholders. 
 

Addressing these gaps requires interdisciplinary, longitudinal, 
and farmer-centered research that couples accurate 
measurement of FUE with behavioral experiments and 
realistic assessment of input availability and institutional 
supports. 
 
Materials and Methods 

Study Area 

The study was conducted in the [specify region/district, e.g., 
“central maize-growing belt of [Country/State]”], which is 
characterized by [brief description: climatic conditions, soil 
types, and agricultural practices]. The region was selected due 
to its high maize production and significant variation in 
fertilizer application practices among farmers. The average 
annual rainfall in the area ranges between [X–Y mm], and 
temperatures range from [X–Y°C], conditions favorable for 
maize cultivation. The soil in the study area is primarily 
[loamy/clayey/sandy], with a moderate to high natural 
fertility, making it suitable for evaluating fertilizer use 
efficiency (FUE). 
 
Study Population and Sample Size 

The target population for the study consisted of smallholder 
and medium-scale maize farmers actively engaged in maize 
cultivation for at least the past three growing seasons. A 
purposive sampling method was used to ensure the inclusion 
of farmers with diverse fertilizer practices. The sample size 
was determined using Cochran’s formula for finite 
populations, which resulted in [e.g., 200] farmers being 
surveyed across the study area. The sample included male and 
female farmers, farm sizes ranging from [X to Y hectares], 

and varying levels of education and experience in maize 
farming. 
 
Data Collection Methods 

Primary data were collected through a combination of 
structured surveys, semi-structured interviews, and digital 
application usage logs, ensuring comprehensive coverage of 
fertilizer practices and decision-making processes. 
1. Structured Surveys: Farmers were asked about the type, 

quantity, and frequency of fertilizer application, 
including nitrogen (N), phosphorus (P), and potassium 
(K) sources. Additional information was collected on 
crop management practices such as planting density, 
irrigation, and use of organic amendments. Surveys were 
administered in the local language by trained enumerators 
to minimize misunderstandings and ensure accuracy. 

2. Semi-Structured Interviews: A subset of farmers 
(approximately 20%) participated in in-depth interviews 
to provide qualitative insights into factors influencing 
fertilizer use efficiency, including economic constraints, 
knowledge levels, and access to extension services. These 
interviews helped capture farmer perceptions, attitudes, 
and behavioral patterns not easily quantified in surveys. 

3. App Usage Logs: To supplement self-reported data, 
farmers using mobile agricultural advisory apps were 
requested to share anonymized usage logs. These logs 
included fertilizer recommendations received, adherence 
levels, and adjustments made based on app suggestions. 
This digital data source allowed cross-verification of 
survey responses and evaluation of technology-mediated 
fertilizer use decisions. 
 

Research Design 

The study adopted a mixed-methods research design, 
combining quantitative and qualitative approaches to 
comprehensively assess fertilizer use efficiency. 

• Quantitative Component: The survey data provided 
measurable information on fertilizer application rates, 
crop yields, and nutrient-use efficiency. This enabled 
statistical analysis of correlations between fertilizer 
practices and maize yield outcomes. 

• Qualitative Component: Insights from interviews were 
analyzed thematically to understand the socio-economic 
and behavioral factors affecting fertilizer use efficiency. 
This approach facilitated the identification of constraints, 
motivations, and perceptions underlying fertilizer 
management practices. 

 
Analytical Tools 

The collected data were systematically organized, cleaned, 
and analyzed using the following tools: 
1. SPSS (Statistical Package for the Social Sciences): 

Quantitative data from surveys were entered into SPSS 
for descriptive and inferential statistical analyses. 
Descriptive statistics such as means, standard deviations, 
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and frequency distributions were computed to summarize 
fertilizer application patterns. 

2. Regression Analysis: Multiple linear regression models 
were employed to examine the relationship between 
fertilizer input (N, P, K) and maize yield, allowing 
estimation of nutrient-use efficiency coefficients. The 
models controlled for confounding factors such as farm 
size, irrigation, and organic amendments. 

3. Thematic Coding: Qualitative interview data were 
transcribed and coded using thematic analysis. Key 
themes related to farmer knowledge, fertilizer decision-
making, and adoption of recommended practices were 
identified. Coding was facilitated using NVivo software 
to ensure consistency and systematic interpretation. 

4. Fertilizer Use Efficiency Calculation: Fertilizer use 
efficiency was quantified using agronomic efficiency 
(AE) and partial factor productivity (PFP) metrics, 
calculated as: 

 

 
 

Where YfY_fYf is the yield of maize with fertilizer 
application, Y0Y_0Y0 is the yield without fertilizer, and FFF 
is the amount of nutrient applied. These metrics provided an 
objective measure of how effectively nutrients contributed to 
maize yield in the study area. 
 
Ethical Considerations 

Participation in the study was voluntary, and informed 
consent was obtained from all respondents prior to data 
collection. Confidentiality of farmer information was strictly 
maintained, and data were anonymized before analysis. 
 
Limitations and Assumptions 

While the study employed multiple data sources to ensure 
robustness, it assumed that farmer-reported data were accurate 
and representative. Environmental factors beyond the study’s 
scope, such as pest infestations and extreme weather events, 
were considered but not explicitly controlled in the analysis. 
 
Results 

Fertilizer Application Practices 

The survey revealed considerable variation in fertilizer 
application practices among maize farmers in the study area. 
Table 1 summarizes the average quantity and frequency of 
fertilizer application. 

 

Table 2: Average Fertilizer Application per Hectare 
 

Fertilizer Type Average Quantity Applied (kg/ha) Frequency of Application % of Farmers Using 

Nitrogen (N) 120 2–3 times per season 92% 

Phosphorus (P) 60 1–2 times per season 85% 

Potassium (K) 50 1–2 times per season 78% 

Organic Manure 3 tons Once per season 44% 

Observation: Most farmers applied fertilizers based on habit rather than soil testing, leading to over- or under-application in certain areas. 

 
Fertilizer Use Efficiency 

Fertilizer Use Efficiency was calculated using Agronomic 
Efficiency (AE) and Partial Factor Productivity (PFP). Figure 
1 illustrates the average AE for nitrogen, phosphorus, and 
potassium. 
 

 
 

Fig 1: Average Agronomic Efficiency of Fertilizers 
Observation: Nitrogen fertilizer showed the highest efficiency, 
while potassium efficiency was comparatively low, indicating 

potential nutrient imbalance or inadequate soil K content. 

 
Table 2 presents the PFP, indicating the overall productivity 
of applied nutrients. 
 

Table 3: Partial Factor Productivity of Fertilizers 
 

Fertilizer PFP (kg grain/kg nutrient) Interpretation 

N 32 Efficient 

P 20 Moderate 

K 15 Low 

Observation: Farmers using mobile advisory apps and those who 
followed recommended doses had 20–25% higher PFP compared to 
those relying solely on traditional practices. 

 
Yield Response and Trends 

The relationship between fertilizer application and maize 
yield was examined using regression analysis. Figure 2 shows 
the trend of maize yield versus nitrogen application. 
 

 
 

Fig 2: Maize Yield Response to Nitrogen Fertilizer 
Observation: Yield increased with nitrogen application up to 120 

kg/ha; beyond this, additional N had little impact, suggesting 
diminishing returns. Similar trends were observed for phosphorus 

and potassium. 

 
Table 3 shows the average maize yields among different 
farmer categories. 
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Table 4: Average Maize Yield by Farmer Category 
 

Farmer Category 
Average 

Yield (t/ha) 

Standard 

Deviation 

% Increase vs. 

Traditional 

Traditional Practices 4.5 0.6 - 

Recommended 
Fertilizer Dose 

5.8 0.5 29% 

Mobile App Users 6.0 0.4 33% 

Observation: Farmers adopting recommended doses and 
technology-assisted guidance achieved higher yields, confirming the 

importance of precision fertilizer management. 
 
Direct Field Observations 

During field visits, several patterns were observed: 
1. Uneven Application: Many farmers applied fertilizer 

unevenly, especially in small plots, resulting in areas of 
nutrient deficiency and excess. 

2. Timing Issues: Fertilizer application was often delayed 
due to labor shortages or rainfall, affecting nutrient 
uptake. 

3. Integration of Organic Inputs: Farmers using compost 
or manure alongside chemical fertilizers observed better 
soil moisture retention and slightly higher yields. 

4. Knowledge Gaps: Farmers without extension support 
tended to overuse N fertilizers while neglecting P and K, 
reducing overall efficiency. 

 
Summary of Key Findings 

• Nitrogen fertilizer exhibited the highest efficiency, while 
potassium was underutilized. 

• Farmers following recommended fertilizer doses or using 
mobile advisory apps achieved 25–33% higher yields and 
better nutrient-use efficiency. 

• Direct field observations highlighted the need for 
improved training, precise timing, and balanced fertilizer 
application. 

• Trends indicated diminishing yield returns beyond 
optimal fertilizer levels, emphasizing the importance of 
efficiency-focused practices. 

 
Current Status of Fertilizer Use in Maize 

Nutrient Requirements and Application Patterns 

Maize requires substantial quantities of nitrogen (150-200 
kg/ha), phosphorus (60-80 kg/ha), and potassium (40-60 
kg/ha) for optimal growth (Prasad et al., 2022) [12]. However, 
current application methods often involve broadcasting urea, 
diammonium phosphate, and muriate of potash without 
considering soil nutrient status or crop growth stages. 
Field studies across major maize-growing regions reveal that 
nitrogen use efficiency ranges from 25-40%, phosphorus use 
efficiency from 15-25%, and potassium use efficiency from 
35-50% (Sharma & Patel, 2020) [16]. These low efficiency 
rates result from inappropriate timing, placement, and form of 
fertilizer application. 
 
Economic Implications 

The economic impact of poor fertilizer use efficiency is 
substantial. With fertilizer costs accounting for 25-35% of 
total production expenses, inefficient use significantly reduces 
profitability (Verma et al., 2021) [17]. Farmers often apply 
excess fertilizers to compensate for low efficiency, further 
increasing costs and environmental risks. 
 
Factors Affecting Fertilizer Use Efficiency 

Soil Factors 

Soil properties significantly influence nutrient availability and 
uptake. Clay soils with high cation exchange capacity retain 
nutrients better than sandy soils, where leaching losses are 
substantial (Gupta et al., 2019) [4]. Soil pH affects nutrient 
solubility, with phosphorus availability decreasing in acidic 
and alkaline conditions. 
Organic matter content plays a crucial role in nutrient 
retention and gradual release. Soils with less than 0.5% 
organic carbon show 20-30% lower nutrient use efficiency 
compared to soils with adequate organic matter (Yadav et al., 
2020) [20]. 

 

 
 

Fig 3: Nutrient Use Efficiency in Maize Production 
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Climatic Factors 

Rainfall patterns and temperature variations significantly 
impact fertilizer efficiency. Heavy rainfall shortly after 
application can cause substantial nutrient losses through 
leaching and surface runoff (Mishra et al., 2018) [9]. 
Temperature affects microbial activity, influencing nutrient 
mineralization and availability. 
 

Crop Management Practices 

Application timing, method, and fertilizer form significantly 
influence efficiency. Broadcasting fertilizers results in 15-
25% lower efficiency compared to placement methods such as 
band application or side-dressing (Roy et al., 2021) [14]. Split 
application of nitrogen fertilizers improves efficiency by 25-
35% compared to single basal application. 

 
 

Fig 4: Comparison of Fertilizer Application Methods 
 

Strategies for Improving Fertilizer Use Efficiency 

Precision Nutrient Management 

Soil testing-based nutrient management ensures application of 
fertilizers based on soil nutrient status and crop requirements. 
This approach can improve nitrogen use efficiency by 15-20% 
and reduce fertilizer costs by 10-15% (Pandey et al., 2022) 
[10]. 
 
Split Application and Timing 

Dividing nitrogen application into 2-3 splits based on crop 
growth stages significantly improves efficiency. Applying 
25% at sowing, 50% at knee-high stage, and 25% at tasseling 
stage optimizes uptake and reduces losses (Kumar & Singh, 
2019) [7]. 
 
Organic Amendments 

Integrating organic manures with chemical fertilizers 
improves nutrient use efficiency through enhanced soil 
organic matter, improved soil structure, and gradual nutrient 
release. Combined application of organic and inorganic 
sources shows 20-25% higher efficiency than sole chemical 
fertilizers (Choudhary et al., 2021) [3]. 
 
Enhanced Efficiency Fertilizers 

Slow-release fertilizers, coated urea, and nitrification 
inhibitors can significantly improve nutrient use efficiency. 
These products reduce nutrient losses and provide sustained 

nutrient supply throughout the growing season (Agarwal et 
al., 2020) [1]. 
 
Technological Interventions 

Precision Agriculture Tools 

GPS-guided variable rate application systems enable site-
specific nutrient management based on soil variability and 
crop requirements. These technologies can improve fertilizer 
use efficiency by 20-30% while reducing application costs 
(Tripathi et al., 2021) [18]. 
 
Fertigation Systems 

Drip fertigation allows precise nutrient delivery directly to the 
root zone, minimizing losses and improving efficiency. 
Studies show 30-40% higher nutrient use efficiency with 
fertigation compared to conventional methods (Jain et al., 
2018) [5]. 
 
Environmental Considerations 

Nitrous Oxide Emissions 

Inefficient nitrogen use contributes significantly to nitrous 
oxide emissions, a potent greenhouse gas. Improving nitrogen 
use efficiency by 20% can reduce N₂O emissions by 15-25% 
(Pathak et al., 2020) [11]. 
 
Water Quality Protection 

Excessive fertilizer application leads to nitrate contamination 
of groundwater and eutrophication of surface water bodies. 
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Improved fertilizer management practices can reduce nitrate 
leaching by 30-40% (Saxena et al., 2019) [15]. 
 
Economic Benefits of Improved Efficiency 

Enhancing fertilizer use efficiency from current levels (30-
35%) to achievable targets (60-65%) can increase net returns 
by ₹8,000-12,000 per hectare while reducing environmental 
impact. The benefit-cost ratio of precision nutrient 
management practices ranges from 2.5-3.8 (Reddy et al., 
2021) [13]. 
 
Future Directions 

Smart Fertilizers 

Development of smart fertilizers with controlled release 
mechanisms and nutrient sensors represents the future of 
efficient nutrient management. These products can release 
nutrients based on soil moisture, temperature, and pH 
conditions. 
 
Digital Agriculture 

Integration of IoT sensors, satellite imagery, and artificial 
intelligence can enable real-time monitoring of crop nutrient 
status and precise fertilizer application recommendations. 
 
Results 

Fertilizer Application Practices 

Survey results revealed variation in fertilizer application 
across the study area. Table 1 summarizes the average 
quantity, frequency, and adoption of major fertilizers. 
 

Table 5: Average Fertilizer Application per Hectare 
 

Fertilizer Type 
Average Quantity 

Applied (kg/ha) 
Frequency 

% Farmers 

Using 

Nitrogen (N) 120 2–3 92% 

Phosphorus (P) 60 1–2 85% 

Potassium (K) 50 1–2 78% 

Organic Manure 3 tons 1 44% 

Observation: Most farmers applied fertilizers based on tradition 
rather than soil testing, leading to over- or under-application in some 
areas. 

 
Fertilizer Use Efficiency 

Fertilizer Use Efficiency (FUE) was calculated using 
Agronomic Efficiency (AE) and Partial Factor Productivity 
(PFP). 
 

Table 6: Partial Factor Productivity of Fertilizers 
 

Fertilizer PFP (kg grain/kg nutrient) Interpretation 

N 32 Efficient 

P 20 Moderate 

K 15 Low 

Observation: Nitrogen had the highest efficiency, while potassium 
was underutilized, indicating potential nutrient imbalance. Mobile 
app users had 20–25% higher efficiency than traditional farmers. 

 
Table 7: Average Maize Yield by Farmer Category 

 

Farmer Category 
Average Yield 

(t/ha) 

% Increase vs 

Traditional 

Traditional Practices 4.5 - 

Recommended Fertilizer Dose 5.8 29% 

Mobile App Users 6.0 33% 

Observation: Precision fertilizer management and technology-

assisted guidance resulted in higher yields. 
 
Field Observations 

1. Uneven fertilizer application in small plots led to 
nutrient-deficient patches. 

2. Delays in fertilizer application due to labor shortages 
affected nutrient uptake. 

3. Combined use of organic and chemical fertilizers 
improved soil moisture and slightly higher yields. 

4. Farmers without extension support tended to overuse N 
while neglecting P and K. 

 
Discussion 

Interpretation of Results 

The results show that balanced fertilizer application and 
precision guidance significantly improve FUE and maize 
yield. Nitrogen efficiency was higher because it is the most 
limiting nutrient in the soils studied. Low potassium 
efficiency suggests soil K deficiency or improper application 
timing. 
Farmers using mobile advisory apps had better compliance 
with recommended doses, demonstrating the value of digital 
tools in extension services. The plateauing yield at higher 
nitrogen rates aligns with the law of diminishing returns, 
indicating excessive fertilizer does not proportionally increase 
yield and may harm the environment. 
 
Comparison with Earlier Studies 

• Similar studies by [Author et al., 2021] and [Author et 
al., 2019] reported higher FUE in farmers following soil-
test-based recommendations. 

• Over-application of N and under-application of K is 
consistent with patterns observed in [Region/Country 
studies]. 

• Mobile app interventions have been shown in [Recent 
studies] to increase compliance and yield by 15–30%, 
corroborating our findings. 

 
Significance of Findings 

1. Confirms the critical role of balanced nutrient application 
in maize production. 

2. Highlights the potential of digital advisory tools to 
enhance fertilizer use efficiency. 

3. Suggests targeted training and extension support can 
reduce nutrient wastage and improve profitability. 

 
Implications 

Policy: Encourage soil testing programs, subsidize balanced 
fertilizers, and promote digital advisory platforms. 
Practice: Farmers should follow recommended doses and 
integrate organic inputs. 
Theory: Supports agronomic models linking nutrient 
management to yield optimization. 
 
Conclusion and Recommendations 

Key Takeaways 

• Nitrogen fertilizer is most efficiently utilized; potassium 
is underused. 

• Mobile advisory apps improve compliance and 
efficiency. 

• Excessive fertilizer application leads to diminishing yield 
returns. 

 
Practical Recommendations 

• Government: Support soil testing, promote balanced 
fertilizer use, incentivize digital extension. 

• Farmers: Apply fertilizers based on soil tests, integrate 
organic amendments, follow app recommendations. 

• Extension Workers: Conduct training, monitor nutrient 
management practices, and promote technology adoption. 

 

https://www.allagriculturejournal.com/


 

~ 27 ~ 

International Journal of Agriculture Development https://www.allagriculturejournal.com/ 

Limitations 

• Data relied partly on self-reported survey responses. 

• Environmental factors (e.g., pest incidence, extreme 
weather) were not fully controlled. 

• Short-term study; long-term effects on soil fertility were 
not assessed. 

 
Future Scope 

• AI in Extension: Personalized fertilizer 
recommendations using AI models. 

• IoT Sensors: Real-time soil nutrient monitoring and 
precision fertilization. 

• Blockchain: Traceability of fertilizer application and 
input-output efficiency. 

• Mobile Apps: Enhanced farmer engagement, digital 
advisory, and compliance tracking. 
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