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INTRODUCTION 

Long-term fertilizer experiments (LTFE) are essential 

tools for understanding how continuous nutrient 

management influences soil health, crop productivity, 

and sustainability. Initiated in many countries during 

the 1970s, these experiments compare the effects of 

chemical and organic fertilizers, alone and in 

combination, on soil physical, chemical, and biological 

properties over decades. In India, the All India 

Coordinated Research Project on LTFE (AICRP-LTFE) 

has been evaluating such impacts across different agro-

ecosystems since 1970, aiming to enhance soil quality 

and guide rational fertilization strategies.  

Soil Physical Health 

Long-term fertilization markedly alters soil physical 

properties. Studies from rice and other cereal cropping 

systems show that integrated nutrient management — 

combining inorganic fertilizers with organic 

amendments such as farmyard manure — improves soil 

structure, infiltration rate, and hydraulic conductivity 

compared to unfertilized controls. For example, 

enhanced infiltration rates (from 3 mm hr⁻¹ in controls 

to over 8 mm hr⁻¹) and increases in water-stable 

aggregates were observed with combined organic and 

inorganic inputs. These changes contribute to better 

water retention and resistance to erosion in intensively 

cultivated soils. 
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Chemical Properties and Nutrient Status 

Continuous long-term fertilization significantly 

influences soil nutrient dynamics: 

 Soil Organic Carbon (SOC): Balanced and 

integrated application of nutrients increases 

SOC content over time, supporting soil 

fertility and carbon sequestration. In a 48-

year LTFE under finger millet-maize 

cropping, SOC nearly doubled under 

integrated nutrient management compared to 

unfertilized plots.  

 Micronutrient Availability: Long-term 

manuring and balanced fertilization also 

enhance micronutrient availability (e.g., Fe, 

Mn, Zn, Cu) in Vertisols, whereas 

imbalanced or no fertilizer treatments can 

lead to depletion.  

 P Availability in the Rhizosphere: 

Balanced use of NPK and FYM increases 

phosphorus availability in both rhizosphere 

and bulk soil in rice systems, indicating 

improved nutrient mobilization when organic 

inputs complement chemical fertilizers.  

Moreover, experiments across global croplands 

show that while chemical fertilizers can increase 

total SOC stocks, the efficiency of carbon 

sequestration varies with soil properties such as 

texture and initial fertility.  

Biological Properties and Microbial Activity 

Soil biological health — including microbial 

biomass, diversity, and enzyme activity — is a 

sensitive indicator of fertilization effects: 

 Microbial Biomass: Long-term application 

of organic amendments increases soil 

microbial biomass carbon (SMBC) and 

nitrogen (SMBN) more than inorganic 

fertilization alone.  

 Microbial Community Structure: 

Extended fertilization alters microbial 

community composition, which in turn 

affects carbon mineralization processes. 

Certain non-dominant bacterial groups are 

strongly associated with changes in carbon 

dynamics under long-term nutrient 

management.  

 Enzyme Activities: Studies indicate 

enhanced dehydrogenase and other enzyme 

activities under organic and integrated 

nutrient treatments, reflecting increased 

microbial activity and soil biochemical 

function.  

Long-term mineral fertilization may reduce 

microbial network complexity compared to 

organic amendments, indicating that exclusive 

use of chemical fertilizers can negatively affect 

soil biological robustness over time.
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Soil Organic Matter Dynamics 

SOC not only increases in quantity but also 

changes in quality under long-term nutrient 

management. Organic fertilization tends to drive 

the transformation of dissolved organic matter 

toward more chemically stable compounds, 

reducing biodegradability and enhancing long-

term carbon retention in soil matrices. This 

molecular transformation contributes to greater 

carbon persistence and potential sequestration 

benefits.  

Crop Productivity and Sustainability 

Improvement in soil health through balanced and 

integrated fertilization is strongly linked to 

sustained crop productivity. Long-term 

experiments repeatedly show that combined 

nutrient management sustains higher yields 

compared with unfertilized or exclusively 

chemical fertilizer plots. This outcome 

underscores the importance of soil health as a 

foundation for both agricultural productivity and 

sustainability. 

Key Lessons from LTFE 

1. Balanced Nutrient Management is 

Crucial: Synergistic use of inorganic 

fertilizers and organic amendments 

significantly enhances soil fertility, carbon 

levels, and biological activity compared to 

sole reliance on chemical fertilizers. 

2. Soil Type Matters: Edaphic factors such as 

texture and initial soil fertility influence how 

soils respond to long-term fertilization, 

affecting carbon sequestration potential and 

nutrient dynamics. 

3. Biological Indicators are Sensitive 

Measures: Microbial biomass and 

community structure offer early and sensitive 

indicators of soil health changes under 

prolonged nutrient management regimes. 

4. Integration over Intensification: Long-term 

evidence suggests that integrated nutrient 

management supports soil sustainability 

better than intensification based solely on 

high rates of mineral fertilizers. 

 

CONCLUSION 

LTFE findings highlight that long-term 

fertilization practices must move beyond yield 

maximization to emphasize soil health and 

sustainability. Balanced and integrated nutrient 

strategies enhance soil physical, chemical, and 

biological quality, sustain productivity, and 

contribute to climate resilience through improved 

carbon sequestration. Policy and management 

practices should therefore prioritize integrated 

nutrient management tailored to specific soil and 

crop systems to achieve long-term agricultural 

sustainability. 
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