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PREFACE 

The North Eastern Region (NER) of India is widely celebrated as the nation’s “green lungs”; 

a landscape of rolling hills, dense forests and rich organic matter that sustains remarkable biodiversity 

and agricultural potential. Yet, beneath this verdant façade lies a less visible but deeply consequential 

challenge: a pervasive imbalance of secondary and micronutrients that threatens soil health, crop 

productivity and farmers’ livelihoods. Recognizing and addressing this paradox forms the foundation 

of the present atlas. 

Soils of the NER are predominantly acidic, covering nearly 91% of the geographical area and 

are shaped by high rainfall, fragile topography and continuous nutrient losses through leaching. While 

macronutrients such as nitrogen and potassium often receive due attention, deficiencies of sulphur and 

micronutrients particularly boron and zinc remain largely unrecognized and unmanaged. This “hidden 

hunger” silently constrains crop yields, impairs quality and limits the economic potential of agriculture 

in the region. The transition from traditional fertilizers to high-analysis fertilizers devoid of sulphur has 

further aggravated these deficiencies, with serious implications for oilseeds, pulses, cereals and 

horticultural crops. Among micronutrients, boron deficiency has emerged as the most widespread and 

critical constraint, directly influencing flowering, fruit set and yield stability under high rainfall 

conditions. 

The atlas book “Atlas of Sulphur and Micronutrient Status in Soils of Northeast India” 

has been conceived as a comprehensive and practical reference to bridge this critical knowledge gap. 

By integrating large-scale soil diagnostic data with geospatial mapping, this atlas presents a clear picture 

of the spatial distribution of sulphur and micronutrient deficiencies across the Northeast states. More 

importantly, it goes beyond diagnosis to offer scientifically sound, location-specific management 

options and ameliorative measures aimed at restoring nutrient balance and enhancing long-term soil 

resilience. 

Our intent is to facilitate a shift from blanket fertilizer recommendations toward precision-based 

soil health management, aligned with the principles of sustainable and climate-resilient agriculture. The 

atlas is designed to serve as a decision-support tool for researchers, extension functionaries, 

policymakers, planners, NGOs and the academic fraternity who are collectively engaged in improving 

the productivity and profitability of farming systems in the NER. 

We firmly believe that this publication will not only enrich the understanding of sulphur and 

micronutrient dynamics in acidic soils but also contribute meaningfully to evidence-based policy 

formulation, targeted nutrient interventions and improved livelihood outcomes for the farming 

community of Northeast India. It is our hope that this atlas will inspire informed action, foster 

collaboration and support the stewardship of soil resources for present and future generations. 
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Strategy for Correction of Sulphur and Micronutrients in 

North East States 

1. Manipur 

Sulphur  

 Use of Gypsum: Applying gypsum can enhance the availability of soluble sulphur in 

soils, especially in acidic conditions.  

 Chemical Extractants: Utilize specific chemical extractants like 0.5M NH4OAc, which 

has shown high correlation with dry matter yield and total plant uptake, making it a 

promising option for assessing sulphur availability in Manipur's acidic soils.  

 Soil Management: Implement soil management practices that consider the physico-

chemical properties of soils, such as organic carbon content and clay texture, to 

optimize sulphur uptake by crops.  

Micronutrients 

 Soil Management: Implementing DTPA extraction to determine the availability of 

micronutrients in the soil and making necessary corrections to improve soil health. This 

includes maintaining high organic carbon levels through compost, manure, or crop 

residues, and incorporating crops that can access less available zinc forms.  

 Fertilization: Applying zinc sulfate or other zinc-containing fertilizers to soil or as foliar 

sprays to increase the availability of zinc to crops. Iron (ferrous sulfate) has been shown 

to significantly increase yield in crops like chickpea, wheat, and paddy.  

 Crop Rotation: Rotating crops to ensure a balanced nutrient profile in the soil over time. 

This helps in maintaining soil fertility and preventing the depletion of essential 

nutrients.  

 Micronutrient Supplementation: Utilizing micronutrient supplements to address 

deficiencies in specific nutrients. This can be done through foliar sprays or soil 

application.  

 

2. Assam 

Sulphur  

 Integrated Sulfur Management: Apply sulfur alongside nitrogen, phosphorus, and 

potassium (NPK) to enhance crop yields and nutrient uptake.  

 Sulfur Fertilization: Use sulfur fertilizers at appropriate rates based on soil tests to 

ensure efficient use and maximize crop production.  



 Timing of Application: Apply sulfur at the beginning of the growing season or 20-40 

days after planting for optimal results.  

 Soil Properties: Assess soil pH and organic carbon content, as these factors influence 

sulfur availability and uptake by crops.  

 Bioinoculum: Consider using sulfur metabolizing bacteria as bioinoculants to improve 

sulfur availability in acidic soils.  

Micronutrients 

 Soil Testing: Conduct soil tests to assess micronutrient levels and determine 

deficiencies.  

 Balanced Fertilization: Apply balanced fertilizers that include essential micronutrients 

like iron, zinc, and boron to enhance soil fertility.  

 Soil Amendments: Use organic amendments and compost to improve soil structure and 

nutrient availability.  

 Precision Agriculture: Implement precision farming techniques to apply fertilizers and 

micronutrients at the right time and in the right amounts.  

 Biofortification: Consider biofortification methods to improve the nutritional quality of 

crops.  

 

3. Meghalaya 

Sulphur 

 Terrace or Bun Cultivation: This system involves constructing bench terraces on hill 

slopes to retain rainwater and prevent soil erosion. It helps in maintaining water levels 

and safely disposing of excess runoff.  

 Optimal Sulphur Source Selection: Trials indicate that gypsum is the most effective 

source of sulphur for crops like groundnut in acid Alfisols of Meghalaya, followed 

closely by single superphosphate. 

 Application Rate: A dosage of 30 kg S/ha or 40 kg S/ha (when used with zinc) is 

recommended to significantly boost crop yields and improve soil quality. 

 Integrated Nutrient Management: Combining sulphur with organic manures, such as 

Farmyard Manure (FYM) at 10 tons/ha, enhances its efficiency, especially in the high-

rainfall hilly regions where nutrient leaching is common. 

 Acid Soil Correction: Applying lime (approx. 400 kg/ha) in combination with sulphur 

and vermicompost (2.0 t/ha) enhances nutrient uptake by increasing the soil  



 Organic Amendments: Using materials like Azolla (1.6 t/ha) or green manure helps 

manage acidity and improves overall soil fertility in Meghalaya's Inceptisols. 

 Timing: To avoid high leaching losses, split application of sulphur is recommended, 

particularly for long-duration crops 

Micronutrient  

 Soil Testing: Regularly conduct soil tests to assess micronutrient levels and nutrient 

status, which helps in determining the need for amendments.  

 Organic Amendments: Incorporate organic manures and crop residues to improve soil 

fertility and maintain nutrient balance.  

 Precision Fertilization: Apply fertilizers judiciously based on soil test results to avoid 

overuse and ensure effective nutrient uptake.  

 Micronutrient Sprays: Use foliar sprays for micronutrients like Zinc, Manganese, and 

Boron to enhance crop nutrition and yield.  

 Integrated Nutrient Management: Implement Integrated Nutrient Management 

practices to promote sustainable agricultural productivity and address micronutrient 

deficiencies.  

 

4. Nagaland 

Sulphur  

 Conservation and Protection: Implement holistic policies and programs to conserve, 

protect, and restore natural resources, including soil and water.  

 Soil Survey and Testing: Strengthen soil survey and testing laboratories to establish an 

inventory of land resources and monitor soil health.  

 Land Use Practices: Change land use practices to improve soil sulfur fractions and 

bioavailability, such as adopting organic farming methods.  

 Sustainable Agriculture: Promote sustainable agricultural practices that enhance soil 

fertility and reduce erosion risks.  

 Monitoring and Awareness: Establish databases and robust monitoring systems to 

inform stakeholders about soil health and promote awareness of soil conservation.  

Micronutrients 

 Conservation and Protection: The Department emphasizes the importance of 

conservation and protection of natural resources to address soil degradation and 

preserve ecosystems.  



 Technological Interventions: Implementing technological interventions and improving 

traditional practices on a catchment/watershed basis is crucial for optimizing land 

capability and enhancing environmental protection.  

 Soil Management: Strengthening soil survey, soil testing laboratories, and cartography 

to establish an inventory of land resources is essential for a realistic land use plan.  

 Capacity Building: Capacity building programs for pre-service, in-service employees, 

and farmers' training on soil and water conservation technologies are vital for effective 

soil management.  

 Land Shaping: Techniques such as bench terrace, half moon terrace, bunding, 

trenching, and water harvesting ponds are employed to manage surface runoff and 

improve soil moisture regime.  

 Soil Health: The Soil Health Card Scheme provides personalized recommendations for 

nutrient management based on soil test results, aiding in targeted interventions.  

 

5. Sikkim 

The strategy for correcting Sulphur and Micronutrient deficiency in Sikkim, a 100% organic 

state, focuses on sustainable on-farm management, using organic nutrient sources, and 

increasing microbial activity to mineralize soil nutrients. 

Sulphur  

 Application of Organic Fertilizers: Use balanced organic fertilizers and organic manure 

to restore soil fertility and improve nutrient availability.  

 Soil Testing: Conduct soil tests to determine sulphur levels and pH, which can help in 

identifying the need for amendments.  

 Organic Matter: Incorporate well-rotted manure, compost, or green manures to enhance 

sulphur content and improve soil structure.  

 These strategies can help restore soil health and improve crop productivity in Sikkim. 

Micronutrients 

 Soil Testing: Conduct soil tests to assess nutrient availability and fertility status, which 

helps in determining the need for fertilizers and amendments.  

 Organic Matter Management: Implement organic farming practices to enhance soil 

organic matter, which can improve nutrient retention and fertility.  

 Soil Amendments: Apply soil amendments such as compost and green manure to 

increase nutrient content and improve soil quality.  



 Precision Agriculture: Utilize precision farming techniques to apply organic 

supplements at the right time and in the right amounts to maximize crop yield.  

 

6. Arunachal Pradesh 

Sulphur 

 Soil Testing: Conduct soil tests to determine the sulfur content and pH levels. This helps 

in identifying the need for correction and the appropriate method to apply sulfur.  

 Organic Matter: Incorporate well-rotted manure, compost, or green manures to enhance 

sulfur content and improve soil structure and fertility.  

 Sulfate Fertilizers: Use ammonium sulfate, potassium sulfate, or magnesium sulfate to 

provide immediately available sulfur for plants.  

 Elemental Sulfur: Apply elemental sulfur, but ensure it is oxidized by soil bacteria 

before it becomes available to plants. This method is ideal for long-term amendments 

but may take time to become effective.  

 Application Rates: Adjust the application rates based on the soil test results and the 

specific needs of the crops being grown.  

 Continuous Monitoring: Regularly monitor the soil and crop health to ensure that sulfur 

levels are maintained at optimal levels for sustainable agriculture.  

 

Micronutrients 

 Soil Testing: Regular soil testing is essential to assess the micronutrient status and 

identify deficiencies. This helps in determining the appropriate application of 

fertilizers.  

 Fertilizer Application: The use of balanced fertilizers, particularly those containing zinc 

and boron, is recommended to address deficiencies. These nutrients are crucial for the 

growth and yield of crops.  

 Agroforestry Practices: Integrating trees with crops can improve soil health by adding 

organic matter, decomposing nutrients, and reducing soil erosion. This practice can also 

enhance the availability of micronutrients in the soil.  

 

 Biofortification: Incorporating biofortification strategies, such as applying 

micronutrients directly to crops or soil, can enhance the micronutrient content in 

agricultural produce, thereby improving the nutritional quality of food.  



 Policy Support and Capacity Building: Government policies and capacity building 

initiatives are necessary to support the implementation of these strategies and ensure 

their effectiveness.  

 

7. Mizoram 

Sulphur  

 Soil & Water Conservation Techniques: These techniques aim to enhance soil 

production and improve cash crop programs such as coffee, rubber, and broom. They 

also focus on checking surface soil erosion and conserving moisture in degraded lands 

through integrated farming systems.  

 Soil Management Practices: These practices are crucial for managing soil properties 

under different land use systems, including rubber plantations, oil palm plantations, 

bamboo forests, fallow lands, and natural forests.  

 Research and Development: Ongoing research and development efforts are being made 

to improve the availability of sulphur in soils and to develop new techniques for soil 

sulphur fractionation.  

Micronutrients 

 Soil Health Card Scheme: This scheme helps farmers understand their soil condition 

and the amount of nutrients needed, thereby increasing food productivity.  

 Cover Crop: This practice involves planting cover crops between rows of crops to 

improve soil health and fertility.  

 Mulching: Mulching involves spreading a layer of organic material over the soil surface 

to improve soil structure and fertility.  

 Conservation Tillage: This method involves reducing the depth of soil plowing and 

maintaining soil cover to improve soil health and reduce erosion.  

 Agroforestry: This approach integrates trees and crops to improve soil fertility, enhance 

biodiversity, and reduce the risk of soil degradation.  

 

8. Tripura 

Sulphur  

 Application of Fertilizers: Use sulfur-containing fertilizers like gypsum or ammonium 

thiosulphate to correct deficiency. 

 Organic Amendments: Incorporate organic matter such as farmyard manure or 

vermicompost to improve overall soil fertility and sulphur levels. 



 Soil Health Card (SHC) Scheme: Utilize the Soil Health Card scheme in Tripura, 

which provides tailored recommendations for sulfur application based on soil testing. 

 Integrated Nutrient Management (INM): Apply sulfur as part of a balanced 

fertilization approach (N, P, K, and sulphur) to address high acidity and low nutrient 

status of the soil. 

 Crop Rotation: Utilize crop rotation to prevent rapid depletion of sulfur in the soil. 

 

Micronutrients 

 Soil Amendment (Liming): Since 49.20% of Tripura's soil is strongly acidic (pH 5.1–

5.5), applying lime is essential to reduce acidity and increase the bioavailability of 

essential micronutrients. 

 Integrated Nutrient Management (INM): Soil testing is recommended to identify 

deficiencies, followed by the application of micronutrient fertilizers (e.g., zinc, boron) 

along with NPK fertilizers, particularly for paddy and horticultural crops. 

 Foliar Application: For severe deficiencies, especially in fruit trees (banana, 

pineapple), foliar sprays are encouraged for rapid absorption, bypassing the acidic soil 

constraints. 

 Organic Matter Addition: Incorporating farmyard manure (FYM), compost, and 

vermicompost improves soil structure and enhances the availability of micronutrients 

in acidic soils. 

 Bio-fortification & Diversification: Promotion of cultivating and consuming bio-

fortified, nutrient-rich crops such as orange-fleshed sweet potato, high-iron pulses, 

and zinc-enriched maize, particularly for tribal communities to tackle "hidden 

hunger". 

 

 

 


