IMPARTING FARMERS TRAINING

ON

AWARENESS CREATION AMONGST FARMERS FOR THE ADOPTION OF SOIL HEALTH CARDS

BY

STATES/ UTs DEPARTMENT OF AGRICULTURE

IN

COORDINATION WITH KVK’s SAU’s

And ICAR INSTITUTES etc

Contents
	Session. No.


	Topics


	Page No.

	I. 
	Integrated Nutrient Management, concepts, Implementation of INM activity and advantages of INM etc.


	1-4

	II. 
	Soil Testing, Objectives of Soil Testing, GPS based collection of Soil samples and Fertilizer recommendations.


	4-10

	III. 
	Field visit at Demonstrations site– How to collect soil samples & use of GPS and;
To show crop performance under Soil Health Card technology Vs farmers practice.


	     -

	IV. 
	Soil Health Card (SHC) scheme, Its objectives, Key features of SHC and Benefits of Soil Health Card.

Use of soil amendment and calculating fertilizer need.


	10-15

	V. 
	Method for using and production of organic and biological sources such as Green Manuring and How to use green manures.

Bio-fertilizers, their mobilization potential and  method of application 

 
	  15-19

	VI. 
	Different types of compost/ Manures and their production technology such as FYM, Compost NADEP compost and Vermicompost.


	19-22


Integrated Nutrient Management
For Soil Health and Sustainable Agriculture
Training Course contents
What is Integrated Nutrient Management
Integrated nutrient management is a practice of using minimum effective dose of sufficient and balanced quantities of organic and inorganic fertilizers in combination with specific microorganisms (biofertilizers) to ensure optimum availability of nutrients for maintaining:
1. Soil health and soil’s biological life
2. Continued availability of nutrients in balanced form
3. High yields without soil depletion and 
4. Optimum utilization of all available resources
Integrated nutrient management encourages the use of on-farm organics, thus it saves on the cost of purchased fertilizers for crop production. 
The basic concept of integrated nutrient management (INM) or integrated plant nutrition management (IPNM) is the adjustment of plant nutrient supply to an optimum level for sustaining the desired crop productivity. 
It involves proper combination of:
1. Chemical fertilizers, 
2. Organic manure, 
3. Green manure
4. Crop, residues, 
5. Mineral amendments (lime, dolomite, gypsum etc)
6. Integration of N2~fixing crops (like pulses such as rice bean, Black gram, other pulses and oilseeds such as soybean) as intercrops or rotation crops 
7. Bio-fertilizers and 
8. On-farm dung urine base microbial concoctions to maintain high microbial activity
The cropping system rather than individual crop, and farming system rather than an individual field, should be the focus of attention.
Under rainfed dryland farming conditions, generally soil moisture availability is the primary limiting factor on crop yields, not soil nutrients as such, hence IPNM requires the adoption of improved rainwater management practices (conservation tillage, tied ridging etc), so as to increase the effectiveness of available water. 
INM use five major sub-concepts, viz:
1. Plant nutrients stored in the soil. 
2. Plant nutrients, recycled through crop residues, organic manure and domestic wastes. 
3. Plant nutrients purchased or obtained from outside the farm.
4. Plant nutrient loses e.g. those removed from the field in crop harvest and lost from the soil through volatilization (ammonia and nitrogen oxide gases and leaching (nitrate, sulphate etc.) or leaching
5. Plant nutrient outputs e.g. nutrient uptake by the crops at harvest time. 
The integrated nutrient management thus operates at plot level, optimizing the utilization of plant nutrients from multiple sources which are locally available, to improve the agronomic efficiency of added chemical nutrients and at the same time reducing the losses of nutrients. 
Organic recycling is most crucial and must be promoted through INM for keeping natural nutrient cycling functional to improve soil fertility and productivity at low cost. 
Implementation of INM Activities:
Different stages of implementation of INM are as follows: 
1. Diagnostic phase - collection of soil samples, soil testing and identification of deficiencies (Soil Health Cards an important tool) 
2. Analysis of constraints – Deficiencies, ways to overcome, available resources and need for external fertilizers
3. Preparing potentiality and feasibility summary – work out contribution by each input, calculate need for external inputs, due care to secondary and micronutrients, need for soil amendments (like liming for acidic soils and gypsum for alkaline soils)
4. On-farm demonstrations – Yield comparisons and soil health parameters on fields grown by general practices and using INM practices 
5. Evaluation of INM activities. 
Components of INM:
Components of INM and their use: Major components of integrated nutrient management are:
 
1. Diversified cropping systems instead of mono-cropping including intercrops
2. Effective rotations instead of same cropping system year after year
3. Integration of soil fertility improving crops (nitrogen fixing crops) like green manures, legumes etc. Legume trees and bushes can also be maintained at farm boundary for leaf manuring
4. Recycling of crop residues either as composts or as mulch
5. Use of organic manures like FYM, compost, vermicompost, biogas, slurry, poultry manure, bio-compost, press mud cakes, phospho-compost 
6. Utilization of Bio fertilizers 
7. Proper water management, especially in water stressed areas
8. Efficient genotypes which respond to optimum nutrient availability 
9. Balanced use of fertilizer nutrients as per the requirement and target yields after taking into consideration of nutrients coming from different sources. 
Developing INM prescription:
In the first stage information on following is collected and analysed: 
1. Farming/cropping systems 
2. Crops and varieties grown 
3. Awareness about soil fertility problems. 
4. Collection of soil samples 
5. Soil testing facility and understanding soil health cards
6. Need for pH correction through lime/dolomite
7. Use of chemical fertilizers, and other agro-chemicals. 
8. Use of organic manure. 
9. Availability of fertilizer and other inputs. 
10. Irrigation sources and practices. 
11. Constraints in the adoption of INM technologies. 
12. Consideration of market opportunities and commercial value of the crop being taken
The INM technologies should be compatible with the local farming system and should be adoptable keeping in view of the local climatic conditions, resources and purchasing capacity of the farmer. 
Therefore, attention must be paid to examine the interaction among different components of INM and the management of crops and animals that constitute farming system. 
Some of the agronomic parameters which need attention are:
1. cropping pattern and rotations
2. intercropping practices, 
3. biological condition of the field (weeds, diseases, and insects), 
4. soil conditions, 
5. Irrigation facilities and 
6. Climatic conditions. 
Common Constraints of INM:
Common constraints encountered by the farmers in adoption of INM technology are as follows:
1. Non-availability of FYM and organic manures. 
2. Difficulties in growing green manure crops (time constraint and water). 
3. Non-availability of bio-fertilizers. 
4. Non-availability of soil testing facilities. 
5. High cost of chemical fertilizers. 
6. Non-availability of water. 
7. Lack of knowledge and poor advisory services. 
8. Non-availability of improved seeds.
How INM differs from conventional system
	Conventional
	Integrated nutrient management

	Emphasis is given more on yield through maximum use of chemical fertilizers, use of high yielding varieties and chemical pesticides along with irrigation facilities.
	INM approaches consider nutrients from different sources, notably organic materials, inherent potential of soil, nutrient carried over from previous crop and transformation of nutrients in soil by biological activity

	Focusses mainly on productivity and corrects the anomaly and deficiency through addition of added inputs
	INM integrates/ combines the objectives of production with ecology and environment, optimum crop nutrients, optimum functioning of the soil health, minimum nutrient losses and no or minimum adverse effect of practices


Advantages
1. Judicious use of all available sources
2. Optimum exploitation of natural nutrient cycles and biomass recycling
3. Enhance availability of applied as well native soil nutrients
4. Synchronize the nutrient demand of the crop with nutrient supply from native and applied sources
5. Provides balanced nutrition to crops and minimises adverse impacts and deficiencies and imbalances
6. Improve and sustain the physical, chemical and biological functioning of the soil
7. Minimize soil health and fertility deterioration
8. Optimizes long term productivity
9. Improves overall farm economics and ensure better quality produce.
Important Components of INM
1. Soil Testing and Soil Sampling
Why Soil Testing is needed?
The impaired soil health due to imbalanced fertilizer use coupled with low use of organic manures is much to be blamed for declining fertilizer responses and crop productivity. The inadequate, poorly managed, imbalanced andnon-integrated fertilizers/ nutrients use coupled with neglect of organic manures have caused multi nutrient deficiencies, organic carbon reduction and deterioration of soil health in Indian soils. Apart from this, as size able area is acidic and salt affected and at places soils are contaminated with pollutants, toxins adversely affecting the food chain, reflecting that the soil health of the Indian soil is rampantly ailing. The micro nutrients deficiencies and excessive use of fertilisers in soils are.also linked to malnutrition and health related disorders in human sand animals.
In the present scenario, the fertility assessment of soils is not only the need of the hour but also advantageous to the planners, administrators, fertilizer dealers, extension workers and above all individual farmers for taking care of soil health. Thus, there is an urgent need to prepare available nutrient status in respect of nitrogen, phosphorus and other essential plant nutrients along with physico-chemical properties such as pH, EC & Organic Carbonate which govern the availability of the nutrients to some extension soils for which soil testing is a must.
What is Soil Testing?
Soil testing commonly refers to the analysis of soils to determine the nutrients content, composition and other physico-chemical properties of the soils for soil fertility evaluation for sound fertilizers recommendation for sustainable crop/ cropping system planning, reclamation/ amelioration of problematic soils and monitoring& maintenance of soil health.
.
Soil testing is a rapid and accurate method for assessing the nutrients contents that are deficient in a soils and that if one applies these deficient nutrients, higher yields are assured. It is a complex set of scientific procedures involving accurate analytical methods. Each recommendation based on a soil test takes into account the values obtained by these accurate analyses. Soil testing is the first step in obtaining higher yields and maximum returns from the money invested on fertilizers and a mandatory prerequisite for the generation of Soil Health Cards.
The results of a soil analysis provide doses of nutrients needed to supplement these in the soils. Applying the appropriate type & doses of needed nutrients will give the farmer more reasonable chances to obtain higher crop yield.
Objectives of Soil Testing:
1. To provide an available nutrient status, reaction (acidic/alkaline) and other characteristics of the soils.
2. To evaluate the fertility status of the soils for nutrient management programme.
3. To study the nutrient dynamics due to cultivation over a period of years.
4. To generate soil fertility maps, these soil fertility maps can be used for:
a. Delineating areas of nutrient deficiencies/ sufficiencies.
b. Delineating nutrient requirement for deficient areas etc.
5. To provide basis for sound fertilizer recommendations for crops and Lime & Gypsum requirement for acidic and salt affected soils respectively.
6. To generate soil test based soil health cards for the distribution to the farmers.
7. To provide basis for the development of efficient INM models.
GPS based Collection of soil samples: 
The sampling of soil is a challenging job, worthy of detailed consideration due to the variability of soils. It is obvious that the details of the procedure should be determined by the purpose for which the sample is taken.
Soil sampling includes collecting the so is taking into account the variability of soils, handling and processing the soil samples and final sub sampling for the actual analytical determination.
Materials required:
1. Sampling tools: Different soil sampling tools are used depending upon the method. They are: spades, khurpa, pick axe and stainless steel augers (Posthole, screw or, Carpenter and tube).
2. Bucket or tray;

3. Information sheet and paper tags;

4. Cloth bags; 

5. Copying pencil/ marker;
6. Pestle and mortar;
7. Sieves;
8. GPS.
What is Global Positioning System (GPS)?
GPS is required to geo-reference the ground truth data that in turn enable users to know the precise location and elevation of the area under study. It helps in taking the geo-coordinates i.e. Lat & Long values.
Procedure of soil sampling:
The procedure to be followed is strictly governed by the following factors:
i. The purpose for which the sample is required
ii. The nature of the soil, whether homogenous or heterogeneous
iii. Depth of sampling and the topography of horizon boundaries
iv. Other liabilities and assets such as availability of time, sample's storing space etc.
The different procedures areas under:
For soil fertility evaluation:
Procure village map with khasra numbers & field boundaries. Sample each land holding separately, however, avoid the area within a holding differing distinctly in appearance, crop growth, slope, topography, drainage or are known to have fertilized or manured just recently. Plot each sample against the khasra number on the village map. Each sample must be Geo-coordinated.
Collection of composite soil sample:
A composite soil sample is equivalent to an average of soil sample. A composite soil sample gives a mean analytical value representative of the soil sampling volume from which the composite samples were drawn. Analysis for carbon, nitrogen, phosphorus, micronutrients and other soil properties made on composite soil samples have been found to be equivalent to the mean of analysis of individual cores. Similar results were found by SLUSI in a study.
The fundamental requirements of valid composite sampling are:
1. Each core should be of the same volume and represent the same cross section of the sampling volume.
2. There should be no chemical interactions of soil composited that are significant to the objective.
3. The soil unit selected for one composite sample should be homogeneous for the objective of the analysis.
4. Take a composite sample from each area as follows:-
a. Scrap away surface litter, ifany.
b. Take a uniform core of soil from surface top lough depth (15cm) by means of stainless steel soil auger or soil tube or give a V shaped cut upto a depth of 15cm with spade or Khurpa and take 1.5cm thick uniform slice of soil.
c. Take soil from6-8 random spots in a zig zag pattern in the field, collecting the mina clean container or bucket.
d. Do not sample unusual spots such as area recently fertilized, old bunds, marshy spots, compost piles or other non-representative locations.
e. Mix well the soil collected from different spots of the field and take 1/2kg composite sample as follows:-
i. Divide the soil collected into four parts and discard any two of them.
ii. Mix well the soil of remaining two parts and again divide into four parts, out of which only two are taken and put in a clean plastic bag and then insert this bag inside a fresh cloth bag free from fertilizer salt etc.
f. Air dry the sample under shade. Do not dry the soil in the sun or by artificial heating with stove or furnace etc.
5. Label each sample with the name, address and khasra number, prepare two labels one to be put inside the bag and other to be tied on the bag. Labels should be written with copying pencil or marker but not in ink.
6. Fill out an information sheet with the following information:
I. Sample number, khasra number with Lat & Long.

II. Date of sampling 

III. Address
IV. Intended use of sample
V. Local name of soil if any 

VI. Type of land (irrigated or un irrigated)
VII. Source of irrigation 

VIII. Natural drainage or water table 

IX. Susceptibility of land to flooding 

X. Slope of land (level, sloping, undulated)
XI. Rotation of crops followed 

XII. Details of manures or soil amendments applied
XIII. Any specific problems.
Note:- Practical training in soil sampling be imparted other participating farmers during farmers training.
For Salt Affected Soils (Kallar) reclamation:
Since Kallar soils are formed due to movement of alkaline salt in the soil with the water, these areas should be sampled depth-wise separately (about 1/2kg from each depth) starting from the top 15cm layer, 15-30cm layer and then each 30cm layer to a depth of 100cm or to the water table if encountered at a shallow depth.
Soil samples can be taken from Kallar lands by using either a soil auger or by first digging a 100cm deep profile/ pit and then collecting samples from that pit as under:
1. Mark the vertical side of the pit at 15cm, 30cm and 60cm depth from the surface.
2. Holding bucket at 15cm, 15 to 30cm, 30 to 60cm and 60cm to 100cm, cut uniform slices of soil separately (about 1/2kg soil) from every layer.
3. Take a separate sample of the surface crust and in case of a hard pan or concretion layer also note the depth.
4. Pack the samples and label the bags in the same way as for soil fertility evaluation.
5. The information sheet to be sent along with the sample of a Kallar soils must include the following information:-
I. Nature of soil 

II. Hardness and permeability of soil
III. Salinity, cause and source, if known 

IV. Topography
V. Seasonal rain fall 

VI. Irrigation and frequency of water logging, water-table
VII. Crop rotation 

VIII. Soil management history 

IX. Natural vegetation and conditions of plant cover
X. Depth of the hard pan or concretion layer (if present) and its thickness.
Benefits of Soil Testing:
Over the past six decades, the practice and use of soil testing has become widely accepted in agriculture.
1. It provides recommendations for appropriate doses of fertilizers application and type of fertilizer to be applied to optimize yields on sustainable basis.
2. Soil testing recommendations will reduce over use and under use of fertilizers.
3. It reduces input cost and cultivation cost.
4. Soil testing reduces water pollution and environmental deterioration.
5. It provides a best nutrient management with a potential benefit to the farmers of higher income.
6. Soil testing provides a superior environmental risk management.
7. It improves crop quality and higher tolerance to diseases and pests damages.
8. Above all, it forms a basis for the generation of soil health cards and soil fertility maps for the benefit of the farmers.
9. Soil sampling and soil testing done before a crop is to be sown/ grown, makes it best indicator of fertilizers requirements forth at crop.
2.  Fertilizer Recommendations and Soil Health Card scheme
Fertilizer Recommendations
A soil analysis isused to determine the level of nutrients found in a soil samples. Soil samples are analyzed, adopting standard analytical procedures. The soil test results are further collated, evaluated, interpreted and grouped into different categories & classes based on the standard rating of individual parameters.
These categories and classes are further assessed based on the detailed information and deploying a correct calibrated method i.e. general fertilizer recommendation (GFR) or Soil Testing & Crop Response (STCR) as the case may be and taking into consideration the physical properties of soil, as it specific & crop specific fertilizer recommendations are made. These recommendations provided uses of the fertilizer nutrients needed to supplement these in the soil. Applying the appropriate type & quantity of needed fertilizer will give farmers more reasonable chances to obtain the higher crop yield.
The recommended doses are expressed in terms of quantities of various fertilizers to be used as single or inconjuction with organic manures. Such recommendations should be explained to the farmers in person to ensure their application fully. The recommendations are, however, required to be communicated in local language.

The parameter-wise soil test result values, fertilizers recommendations along with land holding-wise individual farmers details are further entered, uploaded and printed on a specifically designed proforma meant for the purpose of generation and issuance of soil health cards to the farmers across the country.
Soil Health Card (SHC) Scheme
A flagship Soil Health Card (SHC) Scheme was launched by Hon’ble PM in Feb, 2015 at Suratgarh, Rajasthan to assist States/UTs Governments with the aim to provide soil test based nutrients status of soils to all farmers across the country through issuance of soil health cards so as to enable them to improve and maintain soil health.
What is a Soil Health Card (SHC) scheme?
It is a Government of India’s scheme promoted by the Department of Agriculture & Co-operation under the Ministry of Agriculture. It is being implemented through the Department of Agriculture of all the States and Union Territories Governments. A SHC is meant to give all farmers soil nutrient status of their holding (s) and advice them on the dosage & type of fertilizers and also the needed soil amendments that should be applied to maintain soil health.
SHC scheme's objectives
1. To provide sound recommendations for appropriate doses of fertilizers application and type of fertilizer to be applied to optimize yields on sustainable basis.
2. To promote soil test based nutrient management for enhancing nutrient use efficiency.
3. To strengthen Soil Testing Laboratories (STLs) through capacity building.
4. Strengthening, upgradation and automation of existing STLs.
5. Creation of new soil testing infrastructure.
6. To strengthen linkages with SAUs/ KVKs/ other research organizations.
7. To diagnose soil fertility related constraints through uniform standardized procedures of soil sampling and soil testing across the country.
8. To provide sound ameliorant recommendations for Lime & Gypsum requirement for acidic and salt affected soils respectively.
9. To build capacities of district and state level staff and of progressive farmers for promotion of nutrient management practices.
10. Boosting awareness creation amongst farmers about importance of soil testing / INM.
11. Generation of Soil fertility maps, using Soil Health Card data.
Key Features of the Soil Health Card Scheme
1. The government has planned tocoverall thefarmersacross the country under the scheme.
2. Uniform soil sampling procedure throughout the country.
3. GPS based soil sampling.
4. Participation of farmers in drawing of soil samples from their fields.
5. A uniform standardized soil testing methodology across the country.
6. Land holding-wise nutrients status first ever in the country.
7. Standardized and uniform procedure for calculating fertilizers Recommendations.
8. Provide a national database on soil nutrients status and help to monitor and improve soil health.
9. Provide holding-wise data on soil health related disorders and problematic soils.
What is a Soil Health Card?
SHC is a Farmers friendly printed report that a farmer is having for each of his holdings. It contains the status of soil with respect to 12 parameters, namely N, P, K (Macro-nutrients); S (Secondary-nutrient); Zn, Fe, Cu, Mn, B (Micro-nutrients) along with physico-chemical properties such as pH, EC & Organic Carbon etc which govern the availability of these nutrients to some extent in soils.
In other words, Soil health card is a field-specific and soil testing based detailed printed report of soil fertility status and other important soil parameters that affect crop productivity and sustainability. Soil health card provides information to farmers on nutrients status of their soils along with recommendation on appropriate type and dosage of fertilizers to be applied in an judicious & integrated way to optimize yield and improving soil health. Soil status is assessed regularly so that nutrient deficiencies and problems are identified and fertiliser & amendments applied.
How can a farmer use a SHC?
The card contains an advisory based on the soil nutrient status of a farmer’s holding. It shows recommendations on dosage of different nutrients needed. Further, it advises the farmers on the type & doses of fertilizers and amendments to be applied in the soils, so as to realize optimal yields.
Are the farmers getting a card every year?
During cycle-I (2015-2017) and cycle-ll (2017-2019), SHCs were made available to the farmers across the country once in a cycle of 2years, which indicates the status of soil health of a farmer’s holding for that particular period. The SHC issued in the next cycle enabled to record the rate of changes in the soil nutrient status. However, during 2019-20 model village scheme was implemented in 6954 villages (one village in each block) and nearly sixteen lakhs cards were distributed to the farmers.
What are the norms of sampling?
During cycle-l (2015-2017) and cycle-ll (2017-2019) soil samples were drawn in a grid of 2.5 ha in irrigated area and 10 ha in rain-fed area whereas, during 2019-20, model village program was implemented in 6954 villages (one from each block) in the country for land holding-wise collection of soil samples and testing. Accordingly, soil samples were drawn land holding-wise.
Are the farmers involved in soil sampling?
In both, grid-wise and landholding-wise sampling was done adopting participatory model i.e. involving farmers in soil sampling. The State/UT Governments are collecting samples through the staff of their Department of Agriculture or through the staff of an out sourced agency in a participatory mode involving farmers. GPS co-ordinates were also recorded at the time of soil sampling which in turn were downloaded on the respective States/UTs STLs computer. In all, nearly 2.53 and 2.73 crore soil samples were collected in cycle-I and cycle-ll respectively whereas, 18.28 lakhs samples were collected during 2019-20 in model village program.
What is the ideal time for soil sampling?
Soil Samples are taken two times in a year, after harvesting of Rabi and Kharif Crops respectively or when there was no standing crop in the field.
How many SHCs were distributed to farmers so far?
Since the inception of the scheme, nearly 10.74 crore and 11.75 crore SHCs were distributed to the farmers across the country duringcycle-I (2015-17) and cycle-ll (2017-19) respectively whereas in model village program nearly 15.70 lakh cards were distributed to the farmers in 6954 villages.
A sample Soil Health Card is given at Annexure-I.
Soil Health card includes the following information
1. Card details
Card number, name of the farmer, validity etc are mentioned on the card.
2. Farmers details
Details of the farmers such as name of village and tehsil/ mandal etc are included. Aadhar number will help in maintaining the uniqueness and faster identification of the farmer. Mobile number isuse ful for rapid dissemination of the soil test results as well as provides other timely soil health related advisories/ updates.
3. Soil sample details
Geo tagging of the sample (latitude and longitude) is essential for locating the soil sample site accurately. This will help in collection of the sample from the same location periodically to monitor soil health status. Khasra number of the field from which the sample is collected is also mentioned to cross check the location.
4. Soil test results
Soil test results are provided in terms of the abstract value of the parameter tested (along with unit) as also rating and categories of the parameter as low/ medium/ high for macronutrients, deficient/ sufficient for micronutrients and interpretation for the soil physico-chemical parameters (pH, EC, organiccarbon).
5. Fertilizer recommendations
Based on the soil test values fertilizer recommendations are provided, taking into consideration the geographical location of the farm, crop to be grown, irrigation status, nutrient deficiencies etc.
6. Secondary and micro-nutrient recommendations
Taking into consideration the secondary and micronutrient deficiencies and the crops to be grown, the recommendations are given along with the method of application and quantity/concentration of the fertilizers to be applied.
7. General recommendations:
           For the reclaimation/ amelioration of salt affected and acidic soils, gypsum and lime requirements are also mentioned. Application of organic manures and bio-fertilisers are also recommended alongwith fertilisers recommondations to promote INM.
Benefits of SHCs?
1. It provides Soil Health Cards to all the farmers across the country so as to improve and maintain soil health.
2. It will promote judicious and integrated use of fertilisers.
3. It provides recommendations for appropriate doses and type of fertilizers and manures to be applied to in an integrated manner to optimize yields.
4. It will reduce over use and under use of fertilizers that in turn will reduce the fertilizers consumption, input cost and overall operational cost.
5. It will reduce water pollution and environmental deterioration.
6. It provides a best nutrient management with a potential benefit to the farmers of higher income.
7. The demand for organic sources of plant nutrient like bio-fertilizers, organic manure, vermi-compost, slow release nitrogenous fertilizer like neem/ sulphur coated urea will increase, which in turn improve the soil fertility as well nutrient use efficiency.
8. Enhances the availability of applied as well as native and sprangly soluble nutrients.
9. Mitigate global warming.
10. In nut shell, SHC strongly recommends Integrated Nutrient management for correcting fertility related disorders in soils and improving soil health for sustainable agriculture.
3. Use of Soil amendments
More than 50% of the Indian soils are suffering from the problems of imbalances of nutrientsthat not only affect the productivity but also minimizes the use efficiency of applied fertilizers. To obtain optimum use efficiency and productivity acidic soil (having pH below 5.5) require soil amendment with lime or do lomite, while in alkaline soils (having pH above 8.5) require soil treatment with gypsum.
Therefore, depending upon the soil pH and as per the recommendations given in Soil Health Cards (SHC) use appropriate quantity of soil amendment. Simply correcting the soil pH alone has the potential to increase the productivity by 20-30%.
4. Calculating Macro, secondary and micronutrient needs
Based upon the soil test report and recommendations given in SHC work out the need for nutrients in terms of N, P and K. In case if soil test report also indicate micronutrient deficiency then consider the use of micronutrients also.
Now take into account the organic and biological sources. 
a. One cycle of green manure can add minimum of 20-30 kg of N along with other nutrients and lot of organic carbon
b. Organic manures – Every one ton of FYM/ compost contributeabout 15 kg N and vermicompost about 20 kg N along with other nutrients
c. Combined application of biofertilizers can help in mobilization of 20-25 kg of nutrients
d. Use of biomass mulch help in organic carbon build up in the soil
e. Legume intercrops and legume crop rotations also help in enriching the soil with 10-15 kg of N,
f. Now calculate the credits from these sources and calculate the need for chemical fertilizers in terms of N, P and K. Also consider addition of micronutrients, if required
g. Organic manures and biofertilizers are to be used at the time of sowing. Soil amendments are either incorporated either before sowing or at the time of sowing.
h. As per the crop need and recommendations divide the chemical fertilizer doses according to the crop growth stages, such as basal dose, first top dressing, second top dressing etc.
i. Ensure effective water management, more especially in water stressed areas.
Methods for using and production of Organic and Biological Sources
1. Green Manuring
Green manures are plants grown to accumulate nutrients for the main crop. When they have built up maximum biomass, they are incorporated into the surface soil. As green manure crops are usually cut before flowering, it is different from growing a legume crop in the rotation. Once incorporated into the soil the fresh plant material releases nutrients quickly and will be fully decomposed within a short period of time. Old or coarse material (e.g. straw, twigs, etc.) will decompose at a slower rate than green fleshy material and will therefore contribute more to the build-up of soil organic matter than to fertilizing the crop.
How to use green manures 
a) Sowing the green manure
1. If grown within a crop rotation, the time of sowing must be chosen such that the green manure can be cut down and worked into the soil before the next crop is sown.
2. Green manures need water for germination and growth.
3. The ideal seed density must be tested for each individual situation. It depends on the species chosen.
4. In general no additional fertilization is necessary. If legumes are grown in a field for the first time, inoculation of the seeds with the specific rhizobia may be necessary to profit from nitrogen fixation of the legume.
b) Working the green manure into the soil 
1. Timing: The time gap between digging in the green manure and planting the next crop should not be longer than 2 to 3 weeks, so as to prevent nutrient losses from the decomposing green manure.
2. Crushing: Green manures are worked in most easily when the plants are still young and fresh. If the green manure plants are tall or contain bulky and hard plant parts, it is preferable to chop the plants into pieces to allow easier decomposition. The older the plants, the longer decomposition will take. The best time to dig in green manure plants is just before flowering.
c) Depth of incorporation
Green manures should not be ploughed deeply into the soil. Instead they should only be worked in to the surface soil (in heavy soils only 5 to 15 cm deep, in light soils 10 to maximum 20 cm deep). In warm and humid climates the material can also be left on the soil surface as a mulch layer.
2. Bio-fertilizers
Biofertilizers viz: Rhizobium, Azotobacter, Azospirillum, PSB, Zinc Solubilzing Bacteria (ZSB), Potash Mobilising Bacteria (KMB) and Pseudomonas etc have been found to be very effective tools for fertility management and biological nutrient mobilization. 
Different biofertilizers and their nutrient mobilization potential
	S. No.
	Types of Biofertilizers
	Recommended for use in crops

	1. 
	Rhizobium
	All legume crops such as pulses (green gram, black gram, cowpea, French bean, rice bean, red gram, Bengal gram, horse gram, Trigonella etc) and legume oil seeds (ground nut, soybean). 


	2. 
	Azotobacter
	A free living N-fixer. Can be used in all non-legume crops, in soils having moderate organic carbon and medium to low moisture contents 
Can fix up to 20-25 kg N/ha/cropping season


	3. 
	Azospirillum
	A free living associative symbiont, thriving in rhizospheric region of soil. Can be used in all non-legume crops. Fixes 25-35 kg N/ha/ cropping season.
Works well in medium high moisture conditions with wide pH range of 5.0 to 8.0.


	4. 
	Acetobacter
	It is an endosymbiont which lives inside the plant tissue of sugarcane and some other crops having high sugar contents (such sweet sorghum, beet root etc).
Acetobacter on proper establishment in sugarcane plants has been found to be fixing up to 150 kg N/ha/ cropping season.

	5. 
	Phosphate solubilizing biofertilizer
	Phosphate solubilizing bacteria help in solubilization of fixed phosphorus present in the soil. It can solubilize 15-20 kg of P2O5/ha/ cropping season under organic management systems. Application of PSB with rock-phosphate is recommended as P-fertilizer in organic fields.
Application of PSB in conjunction with Rhizobium, Azotobacter or Azospirillum helps in mobilization of both N and P.


	6. 
	Potash Mobilizing biofertilizer
	Potash mobilizing biofertilizers help in mobilization of immobilized potash in the soil through release of some acids and ligands which degrade silica particles and thus release potash ions from silica complex and help increase its availability.
Potash biofertilizer application in combination with nitrogen fixing and phosphate solubilizing biofertilizers help in mobilization of all the three essential nutrients.


	7.
	NPK Consortia
	It is a mixture of Nitrogen fixing, phosphate solubilizing and potash mobilizing bacteria and is an ideal supplement for meeting balanced nutrient needs.


	8.
	Mycorrhiza
	It is an symbiotic fungal biofertilizer and not only help in mobilization of phosphorus to the plants, but also help plants harvest more and more water and micronutrient minerals from deeper layers of soils.
It can be used in all crops and is generally recommended as soil application. 5-10 kg dry carrier based mycorrhizal biofertilizer is needed for 1 ha area.


Bio-fertilizers Available in Market
Now a days bio-fertilizers are available commercially in following forms:
a. Moist carrier based powdered formulations
b. Liquid biofertilizers
c. Lyophilized dry powders
Method of application:
Biofertilizers can be applied as seed treatment, seedling root dip treatment and as soil treatment. Among different methods seed treatment is most effective. Other methods are used when seed treatment is not feasible.
Doses for application 
1. Seed treatment
· Moist carrier based - 200 gm each of nitrogen fixing, PSB and KMB per 10 kg of seed (total 600 gm/10 kg seed)
· Liquid biofertilizer – 100 ml of each of nitrogen fixing, PSB and KMB per 10 kg of seed (total 300 ml/10 kg seed).
· Lyophilized dry powder – 10 gm each of nitrogen fixing, PSB and KMB per 10 kg of seed (total 30 gm/10 kg seed)
2. Seedling root dip treatment
· Moist carrier based – 1 kg each of nitrogen fixing, PSB and KMB for seedlings to be planted in one ha in case of vegetable crops and 2-3 kg/ ha for transplanted rice.
· Liquid biofertilizer – 500 ml each of nitrogen fixing, PSB and KMB for seedlings to be planted in one ha in case of vegetable crops and 1-1.5 lit/ ha for transplanted rice.
· Lyophilized dry powder – 100 gm each of nitrogen fixing, PSB and KMB for seedlings to be planted in one ha in case of vegetable crops and 200gm/ ha for transplanted rice.
3. Soil treatment
· Moist carrier based – 4-5 kg each of nitrogen fixing, PSB and KMB per ha mixed with 500 kg compost/ FYM
· Liquid biofertilizer – 2 lit of each of nitrogen fixing, PSB and KMB per ha mixed with 500 kg compost/ FYM
· Lyophilized dry powder – 100-150 gm each of nitrogen fixing, PSB and KMB per ha mixed with 500 kg compost/ FYM or applied mixed with irrigation water or through drip irrigation.
Method of application
1. Seed treatment
Suspend required quantity of biofertilizers in 600-750 ml of water. Sugar or gum acacia may be added to ensue sticking of biofertilizers with seeds. Mix it thoroughly to obtain slurry. Pour this slurry on 10 to 12 kg of seed and mix by hands, till all the seeds are uniformly coated. Dry the treated seeds in shade and sow immediately. For acidic and alkaline soils it is always advisable to use 1 kg of slacked lime or gypsum powder respectively for coating the wet biofertilizer treated seeds. 
Seedling root dip treatment: 
Suspend required quantity of different biofertilizers into just sufficient quantity of water (12-15 lit depending upon the quantity of seedlings required to be planted in one ha). Dip the roots of seedlings in this suspension for 20-30 min before transplanting. 
In case of paddy make a sufficient size bed (2mt x 1.5mt x 0.15mt) in the field, fill it with 5 cm of water and mix with required quantity of biofertilizers thoroughly. Now dip the roots of seedlings in this bed for 8-12 hours (overnight) and then transplant. 
2. Soil treatment
For soil treatment depending upon the total number of plants per acre mix required quantity of different biofertilizers in 15-20 lit of water and mix thoroughly. Spread 500-600 kg of dry FYM/ compost on pucca floor and sprinkle biofertilizer suspension. Mix with a spade and leave for incubation for 24-48 hrs. For acidic soils mix 25 kg lime with this mixture. In plantation crops apply this mixture at the root zones by dibbling. In some field crops the mixture is broadcast evenly in the moist field and mixed with soil just before sowing. In sugarcane the biofertilizer manure is to be applied in furrows near the root zone, after 30-40 days of planting and covered with soil. In potato it is to be applied after 20 days of planting or at the time of earthing-up operations. In case of sugarcane and potato, if setts/tubers are not treated with plant protection chemicals then biofertilizer compost mixture can be applied in furrows immediately before planting. 
Different Types of Composts/ Manures and their production methodology
A. Farm Yard Manure
· FYM can be prepared in both over ground or underground pit. Pit can be of any shape ranging from circular (1 mt deep and 2.5 mt wide) to rectangular (1 wide x 1.5 mt height and x 2 mt long). Fully underground tank of about same size can also be prepared in brick and mortar. 
· While selecting the site ensure that there is no waterlogging. If possible provide temporary shed with thatch roof.
· Spread cow dung mixed with cattle shed bedding material, leaf litter or crop waste (1:1 ratio). Keep on filling the pit till it is 1.5 to 2 ft above the ground (in case of pits) or up to 1.5 mt height. 
· Alternatively, cow dung and crop waste etc can be spread in alternate layers till 1.5 mt height. Cover the pit with some tarpaulin or gunny bag or seal with mud plaster
· In underground tanks for aeration insert 3-4 bamboo poles in the biomass and remove them after sealing to provide holes for aeration.
· Maintain adequate moisture (55-60%) by sprinkling water at repeated interval
· After 30 days when temperature of the heap starts declining then turn the contents. Again, make a heap and cover.
· To enrich the nutrient content 15-20 kg of rock phosphate and 8-10 kg of wood ash per ton of the composting material can also be added to the heap at the time of first turning. 
· After another 25-30 days give another turning and cover the heap
· FYM will be ready in about 90-100 days’ time.
· In cases where micro-nutrient enriched FYM is to be prepared then, mix required quantity of micro-nutrient mineral at the time of first turning.
· To enrich it further allow the FYM to dry to 25% moisture and sprinkle with cattle urine @ 50 lit/ ton and use within 4-5 days.
B. Compost
Modified Indore method of aerobic composting is the most popular and simple method of producing nutrient rich compost. 
· Make out a pucca or earthen pit with brick separations of about 6 mt length, 1.5 mt wide and 1 mt depth. Divide the pit into 3 compartments each of about 2x1.5x1 mt. Two pits are use for filling and one is kept empty for turning.
· Compost can also be prepared in over-ground tanks made of bamboo or wooden pieces or in baskets (if quantities are small)
· Raw material needed for composting includes crop waste, residue, leaf litter, weed biomass, home/ kitchen waste and cattle dung slurry.
· Chop the biomass into small pieces of about 1-2 inches. Avoid using woody materials.
· For enriched compost 15-20 kg rock-phosphate and 8-10 kg wood ash per tone of the material can also be used.
· Soak dry biomass in water for about 24 hrs. Fill soaked biomass into middle pit up to 2 ft above ground. Drench the biomass with cattle dung slurry. Cover the pit with tarpaulin or gunny bags or seal with mud plaster.
· After seven days fill another pit in the same manner
· After 30 days of first pit filling open the pit and transfer the contents to third pit after mixing. 
· After 30 days of second pit filling transfer its content to empty pit. 
· Maintain moisture at about 50-60%, if required keep on sprinkling the water.
· Turning and changing of pits is required first at 30 days and 2nd at 60 days.
· Compost will be ready in about 90-100 days.
C. NADEP Method of Composting
· This method of composting was developed by an old Gandhian worker of Maharashtra (from Pusad in Maharashtra), called Narayan DeoraoPandharipande and therefore derives its name abbreviated as NADEP.
· NADEP compost is prepared in an aerobic tank made up of bricks and cement.  The size of the tank is 12'x5'x3'. All the four walls of NADEP tank are provided with 6" vents by removing every alternate brick after the height of 1 ft. from bottom for aeration.  Tank can be constructed in mud mortar or cement mortar.
· The tank is first plastered by dilute cattle dung slurry to facilitate bacterial activity from all four sides.  It is then filled with composting material as follows: 
· First layer comprises of 4 to 6" thick stack of fine sticks or stems or straw (This is provided to facilitate aeration), followed by 4 to 6" layer of dry and green biomass.
· Approximately 4 kg cattle dung is mixed with 100 litres of water.  This slurry is sprinkled thoroughly on the agricultural waste to facilitate microbial activity.  This slurry is used only as a bacterial inoculum in this method.
· Approximately 60 kg of soil is sprinkled uniformly over the biomass layer. Addition of soil serves three purposes (1) retention of moisture (2) soil micro-flora helps in biodegradation and (3) it acts as buffer and controls pH of media during decomposition.  
· In this way, approximately 10-12 layers are filled in the tank.  
· The tank is filled approximately 1.5' above the height of the tank.  After filling the tank, biomass is covered with 3" thick layer of soil and sealed with cattle dung and mud plaster.  Ensure that the tank is filled and sealed with in 48 hrs.
· After 15-30 days of filling, the volume of biomass in the tank gets automatically reduced to 2 ft.  At this time, without disturbing the initial sealing layer, tank is refilled by giving 2-3 similar layers over it and is resealed.  After this filling, the tank is not disturbed for 3 months, except that it is moistened at an interval of every 6-15 days according to the weather conditions.
· From each NADEP tank, approximately 2.5 tons of compost is prepared within 100-120 days. From one tank approximately 7-8 tons of compost can be prepared in one year in three cycles.
D. Vermicompost
· Vermicompost is prepared either in pit or in heap. The dimensions of heap or pit are kept at 10 x 4 x 2 feet. 
· The length and width can be increased or decreased depending on the availability of material but not the depth because the earthworms’ activity is confined to 2 feet depth only. 
· First of all select a site, which is not under any economic use, and is shady and there is no water stagnation. 
· The site should be near to a water source.
· Layering of heap or pit
· 1st layer: bedding material of 1" thick with soft leaves
· 2nd layer: 9" thick organic residue layer finely chopped material 
· 3rd layer: Dung + water equal mixture of 2" layer.
· Continue the layering of pile up to ground level in the case of pit method and up to 2ʹ in heap or surface bed method. 
· Maintain proper moisture and temperature by turnings and subsequent staking. Allow the material to decompose for about 24 days. The temperature of the pile will increase initially but will come down to normal temperature by 20-24th day.
· After 24, days of starting, 4000 worms are introduced in to the pit [1m2 = 2000 worms] without disturbing the pit by regular watering 
· Protect the worms against natural enemies like ants, lizards, snakes, frogs, toads etc., 
· The entire raw material will be turned into the vermicompost in the form of worm excreta. The turnover of the compost is 75% [the total material accommodated in the pit is 1000 kg and the out put will be 750 kg]
Annexure-I
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