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INTRODUCTION 

  

Agriculture remains a major source of livelihood for millions 

of farming households, but increasing farm income is 

becoming more difficult because of rising input costs, climate 

variability, soil degradation, water scarcity, pest pressure and 

unstable market conditions. A farmer may achieve a high crop 

yield but still earn low net income if fertilizer, irrigation, 

labour, energy and plant protection costs are excessive. 

Therefore, improving agricultural profitability requires an 

integrated approach that considers both the production and 

economic sides of farming. 

The concept of doubling farmers' income is 

particularly relevant in the Indian agricultural context. It does 

not mean that every farmer can achieve exactly twice the 

income through a single intervention. Rather, it represents the 

broader objective of increasing the economic returns obtained 

from farming through higher productivity, lower costs, 

improved resource efficiency, diversification, better prices, 

value addition and reduced production risks. Soil fertility 

management is an important component of this process 

because nutrient deficiencies and excessive fertilizer use can 

both reduce profitability. 

Soil testing provides a scientific foundation for 

nutrient management. Instead of applying fertilizers based on 

generalized recommendations or experience, farmers can 

determine the nutrient status of their fields and adjust fertilizer 

application to meet crop requirements. Soil test-based 

recommendations consider the soil's nutrient-supplying 

capacity and the expected crop response. Research on soil test 

based nutrient management in India has demonstrated its 

potential to improve crop productivity and economic returns. 

The next technological development is the use of nano 

fertilizers. These fertilizers are designed using nanoscale 

materials or nutrient delivery systems that may improve 

nutrient availability, uptake and utilization.   

 

 

 

  

 

  

  

 

 

 

 

 

 

Article History 

Received:  01. 09.2026 
Revised:    06. 09.2026  
Accepted: 11. 09.2026 

 

This article is published under the 

terms of the Creative Commons 

Attribution License 4.0. 

 

 

*Corresponding Author  

Amina Anisha Ekka* 

 

 
 

 

 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


 

 

Copyright © Sep., 2026; Current Agriculture Trends                                                                                           26 

 

Their potential advantage lies in more 

controlled nutrient delivery and the possibility 

of reducing losses through leaching, 

volatilization or fixation. However, nano 

fertilizers should not be considered a universal 

replacement for conventional fertilizers. Their 

effectiveness depends on formulation, crop, 

soil conditions, application method and dose, 

while environmental and food safety 

considerations remain important.  Climate 

smart agronomy provides the broader 

framework within which these technologies 

can operate. Climate smart agriculture seeks to 

sustainably increase productivity and income, 

strengthen resilience to climate change and, 

where possible, reduce greenhouse gas 

emissions.  The integration of soil testing, 

efficient nutrient delivery and climate smart 

crop management therefore offers a practical 

pathway for improving farm profitability while 

protecting soil and natural resources. 
 

Soil Testing as the Starting Point for 

Profitable Crop Production 
 

Soil is the foundation of crop production. 

Every field has a different combination of 

physical, chemical and biological 

characteristics. Even within the same village, 

nutrient availability may vary because of 

differences in cropping history, fertilizer 

application, irrigation, soil texture, organic 

matter and erosion. Soil testing provides 

information about these differences. Common 

soil test parameters include pH, electrical 

conductivity, organic carbon and available 

nitrogen, phosphorus and potassium. 

Depending on the crop and region, secondary 

nutrients and micronutrients such as sulfur, 

zinc, iron, manganese, copper and boron may 

also be examined. 

The importance of soil testing is not 

simply that it identifies nutrient deficiencies. It 

can also identify nutrients that are already 

available in adequate amounts. This prevents 

farmers from applying unnecessary quantities 

of fertilizers. The economic importance of this 

approach is considerable. If a farmer applies 

fertilizer according to generalized 

recommendations, part of the investment may 

provide little additional yield where the soil 

already contains adequate nutrients. Soil test 

based recommendations can redirect 

expenditure toward nutrients that are actually 

limiting crop production. The Soil Test Crop 

Response approach goes a step further by 

relating soil nutrient status to crop 

requirements and a realistic yield target. 

Recent research has demonstrated that such 

approaches can support site specific fertilizer 

recommendations and improve nutrient 

management efficiency.  
 

From Soil Diagnosis to Fertilizer 

Recommendation 
 

A soil test becomes economically valuable 

only when the results are converted into an 

appropriate management recommendation. 

Laboratory analysis alone does not increase 

crop yield. The information must be 

interpreted according to crop type, variety, 

expected yield, planting season, irrigation 

availability and previous nutrient management. 

For example, a field intended for wheat may 

require a different nutrient strategy from a 

field intended for pulses or vegetables, even 

when the soil test values are similar. Crop 

nutrient demand changes according to crop 

species, yield target and growth stage. 

The principle should therefore be to 

apply the right nutrient in the right quantity at 

the right time and through the appropriate 

method. Soil testing also supports integrated 

nutrient management. Mineral fertilizers can 

be combined with farmyard manure, compost, 

crop residues, green manure and biofertilizers 

where appropriate. This approach can improve 

nutrient availability while supporting soil 

organic matter and biological activity. 
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Evidence from Soil Health Card based 

studies in India demonstrates the economic 

potential of soil test based recommendations. 

Singh, Kumar and Kushwah reported 

increased yields and net returns in wheat, 

mustard and chickpea after adoption of soil 

test based recommended fertilizer doses in 

Gwalior, Madhya Pradesh.  A study among 

farmers in western Uttar Pradesh similarly 

reported increases in crop yields and 

reductions in production costs after adoption 

of soil test based fertilizer recommendations. 

 

Table 1: Integrated Pathway from Soil Testing to Improved Farm Income 
 

Stage Main intervention 
Expected agronomic 

benefit 

Potential economic 

benefit 

Soil diagnosis 
Soil sampling and laboratory 

testing 

Identification of nutrient 

status and soil constraints 

Avoidance of 

unnecessary input 

expenditure 

Nutrient 

planning 

Soil test based fertilizer 

recommendation 
Balanced crop nutrition 

Improved fertilizer 

use efficiency 

Nano nutrient 

application 

Appropriate nano fertilizer 

according to approved 

recommendations 

Potentially improved 

nutrient delivery and uptake 

Possibility of 

reducing input losses 

and improving 

productivity 

Climate smart 

agronomy 

Improved varieties, water 

management and conservation 

practices 

Greater productivity and 

resilience 

Reduced crop failure 

and production risk 

Crop 

diversification 

Cereals, pulses, oilseeds, 

vegetables and horticultural 

crops 

Better resource use and 

biological diversity 

Multiple sources of 

farm income 

Precision 

management 

Site specific application and 

timely interventions 

Better use of water, 

nutrients and crop 

protection inputs 

Lower production 

costs 

Harvest 

management 

Timely harvesting and post-

harvest handling 

Reduced losses and 

improved quality 

Greater quantity and 

marketable produce 

Marketing 

and value 

addition 

Grading, storage, processing 

and direct marketing 

Improved product quality 

and shelf life 

Higher price 

realization and 

income 

 

Nano Fertilizers and the Future of Nutrient 

Management 
 

Conventional fertilizers have played a major 

role in increasing agricultural production. 

However, nutrient losses can occur through 

leaching, runoff, volatilization, fixation and 

other processes. The proportion of applied 

nutrients actually recovered by crops can 

therefore be substantially lower than the 

quantity supplied. Nano fertilizers are being 

investigated as a technology for improving 

nutrient delivery efficiency. Depending on 

their formulation, nutrients can be associated 

with nanoscale carriers or structures that 

influence nutrient release and plant uptake. 

Nano nitrogen, nano zinc, nano iron and other 

nano nutrient formulations have received 

considerable research attention. Their potential 

applications include seed treatment, foliar 

application and soil or root zone application. 

The proposed benefits include 

improved nutrient utilization, controlled 

nutrient release and potentially reduced losses. 

Reviews have reported promising effects of 

certain nano fertilizer formulations on plant 
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growth, nutrient uptake and stress responses.  

However, it is important to avoid exaggerated 

claims. Nano fertilizers are not automatically 

more efficient than conventional fertilizers in 

every crop or environment. Their performance 

can depend on particle size, chemical 

composition, coating, concentration, 

application method, crop species, soil 

characteristics and environmental conditions. 

Economic feasibility is another important 

consideration. A technology can improve yield 

but still fail to increase farmer income if its 

purchase and application costs are too high. 
 

Nano Fertilizers and Nutrient Use 

Efficiency 
 

Nutrient use efficiency refers broadly to how 

effectively crops convert supplied nutrients 

into useful plant biomass or harvested product. 

Improving nutrient use efficiency can increase 

profitability because farmers obtain more crop 

output from each unit of fertilizer applied. 

Nano fertilizers may contribute to this 

objective through controlled nutrient release 

and improved interaction between nutrients 

and plant tissues. Some studies suggest that 

nano formulations can increase nutrient uptake 

and improve physiological processes 

associated with crop growth.  

Nevertheless, nutrient use efficiency 

should be considered within the complete 

production system. A crop suffering from 

drought cannot necessarily use additional 

nutrients effectively. Similarly, nutrient 

application cannot compensate for severe soil 

acidity, waterlogging, pest damage or poor 

crop establishment. The best approach is 

therefore to combine soil testing with nutrient 

management and appropriate water and crop 

management. 
 

Climate Smart Agronomy for Resilient 

Production 
 

Climate change is increasing uncertainty in 

agricultural production. Farmers may 

experience irregular rainfall, prolonged dry 

periods, extreme temperatures, flooding and 

changes in pest and disease pressure. Climate 

smart agronomy attempts to address these 

challenges through management practices that 

simultaneously improve productivity, 

strengthen resilience and reduce environmental 

impacts. These three objectives form the 

central framework of climate smart 

agriculture.  

Important practices include drought 

tolerant crop varieties, efficient irrigation, 

rainwater harvesting, conservation agriculture, 

crop diversification, improved soil organic 

matter, integrated nutrient management and 

weather informed crop planning. Water 

management is especially important because 

nutrient efficiency and water availability are 

closely connected. A crop with adequate 

nutrients but insufficient water may fail to 

convert those nutrients into yield. 
 

Climate Smart Agronomy and Fertilizer 

Efficiency 
 

Climate smart nutrient management should 

focus on synchronizing nutrient availability 

with crop demand. Split fertilizer application 

can reduce the period during which nutrients 

remain exposed to losses. Slow release 

fertilizers and controlled nutrient delivery 

systems may also help maintain nutrient 

availability over longer periods. Organic 

matter management is another important 

component. Returning crop residues and 

applying suitable organic amendments can 

improve soil structure and water retention. 

Healthy soils generally provide a 

better environment for root development and 

nutrient uptake. Consequently, soil carbon 

management should be considered alongside 

mineral and nano fertilizer technologies. 

Climate smart agriculture is not a single 

package that can be applied identically 

everywhere. Its practices must be adapted to 

local climate, soil, crop and socioeconomic
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conditions. FAO describes climate smart 

agriculture as a context specific approach 

intended to increase productivity and incomes 

while strengthening resilience and addressing 

greenhouse gas emissions.  
 

Connecting Yield Improvement with Farm 

Income 
 

• Higher yield is an important 

component of increased income, but it 

is not the only component. 

• Farm income can be improved through 

several pathways. 

• The first is increasing yield per unit of 

land. Soil testing and balanced nutrient 

management can help overcome 

nutrient limitations. 

• The second is reducing production 

costs. Efficient fertilizer use can 

reduce unnecessary expenditure, while 

improved water management can 

reduce irrigation costs. 

• The third is reducing crop losses. 

Better pest management, timely 

harvesting and improved post-harvest 

handling can increase the proportion 

of production that reaches the market. 

• The fourth is crop diversification. 

Farmers can combine cereals with 

pulses, oilseeds, vegetables, fruits, 

livestock or other suitable enterprises 

according to local conditions. 

• The fifth is improving price 

realization. Grading, storage, 

processing, collective marketing and 

direct market access can increase the 

value obtained from agricultural 

produce. 
 

From Field Management to Harvest 

Management 
 

The period between sowing and harvesting 

determines only part of the final economic 

outcome. Harvest timing and post-harvest 

management can strongly influence 

marketable yield. Harvesting crops at the 

appropriate maturity stage can reduce losses 

and improve quality. Careful threshing, drying, 

cleaning, grading and storage can further 

protect produce. For perishable horticultural 

crops, cold storage, packaging, processing and 

local value addition can be especially 

important. Therefore, a farmer should consider 

the complete production chain. 

The sequence can be understood as: 
 

Soil diagnosis → nutrient planning → crop 

establishment → climate smart 

management → precision input use → pest 

and disease monitoring → timely harvesting 

→ post-harvest management → value 

addition → improved market realization 
 

Role of Digital Agriculture 
 

• Digital agriculture can strengthen the 

connection between soil testing and 

field management. 

• Mobile applications can store soil test 

information and provide fertilizer 

recommendations. Geographic 

information systems can map soil 

fertility differences across farms. 

Remote sensing can identify crop 

stress, while weather data can support 

irrigation and crop planning. 

• Artificial intelligence may eventually 

combine soil, weather, crop and 

market information to provide more 

comprehensive decision support. 

• For farmers, the ultimate value of 

digital technology will depend on 

whether it simplifies decision making 

and improves profitability rather than 

simply generating large amounts of 

information. 
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Figure 1: Components of integrated pest management (IPM) for sustainable crop protection. 

 

A Practical Strategy for Farmers 
 

• A practical income improvement 

strategy should begin with soil testing 

before each major cropping cycle or at 

an appropriate interval based on local 

recommendations. 

• The farmer should then select crops 

and varieties suitable for the soil and 

climate. Fertilizers should be applied 

according to soil test based 

recommendations rather than habitual 

application. 

• Nano fertilizers should be considered 

only when the product is properly 

approved, scientifically supported and 

economically justified for the crop and 

local conditions. 

• Water should be managed according to 

crop requirement and soil moisture 

conditions. 

• Crop residues and suitable organic 

materials should be managed in ways 

that improve soil health. 

• Weather forecasts should be used to 

guide irrigation, fertilizer application 

and crop protection decisions where 

reliable services are available. 

• Finally, farmers should calculate 

production costs and net returns rather 

than evaluating success only through 

yield. 
 

Future Prospects 
 

• The future of profitable agriculture 

will increasingly depend on the 

integration of soil science, plant 

nutrition, nanotechnology, climate 

science and agricultural economics. 

• Soil testing will provide the diagnostic 

foundation. Precision nutrient 

management will translate diagnosis 
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into action. Nano fertilizers may 

provide additional tools for targeted 

nutrient delivery where their 

performance and safety are 

established. Climate smart agronomy 

will help crops remain productive 

under increasingly variable 

environmental conditions. 

• The next step will be the development 

of integrated decision support systems 

capable of combining soil test 

information, weather forecasts, crop 

growth stages, nutrient requirements 

and economic data. 

• Such systems could eventually provide 

farmers with field specific 

recommendations such as when to 

irrigate, which nutrient to apply, how 

much to apply and when to harvest. 

 

CONCLUSION 
 

Increasing farmers’ income requires more than 

simply increasing crop yield. Soil testing, 

balanced nutrient management, appropriate use 

of nano fertilizers, climate-smart practices, 

efficient resource use, crop diversification and 

better post-harvest management can together 

improve farm profitability and resilience. The 

future of agriculture lies in integrating these 

approaches with precision and digital 

technologies to reduce costs, minimize risks 

and improve returns. Thus, healthy soils, 

efficient inputs and informed decisions can 

provide a strong foundation for more 

profitable and sustainable farming. 
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