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Abstract 

 Nutrient depletion and imbalanced use of fertiliser nutrients, inappropriate tillage and rain- water 
management practices often result in land degradation. Declining soil health contributes to climate change 
through loss in soil productivity, biodiversity, soil carbon, and moisture and ecosystem services. In order to 
address declining soil health, government of India has launched a soil health card (SHC) scheme aimed at need 
base use of chemical fertilisers. The paper points out the short-comings in the SHC scheme. Balanced and need 
base use of chemical fertilizers can be helpful in environmental protection and restoring soil health. The paper 
identifies potential agronomic practices and production management systems that can reduce our dependence 
on synthetic nutrients. Integration of soil fertility management domains with computer based QUEFT crop 
model has the potential of making fertiliser recommendations more domain and crop specific and less 
cumbersome. For soil health assessment chemical indicators must be integrated with physical and biological 
properties of the soils which can be predicted through reflectance spectroscopy. For assessing soil health 
related issues across different agro-ecoregions, there is however an urgent need for building-up more robust 
soil reflectance libraries. 
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Introduction 

 Agricultural policies associated with the Green 

Revolution have played a dominant role in enhancing the 

production of chemical fertilizers for meeting the 

nutrient needs of crops to boost their productivity. Green 

Revolution era shaped agronomic research, much of 

which was singularly focused on use of chemical 

fertilizers to harness the potential of the new improved 

cultivars. In our zeal to enhance total production, we 

grossly overlooked the need for balanced use of N:P:K 

fertilisers and the importance of regulatory functions of 

soils. Subsidies on chemical fertiliser nutrients promoted 

not only over-use but also their imbalanced use and 

discouraged farmers to use bulky organic manures. 

Farmers have further resorted to crop residues burning 

to enable easy intensification of the cropping systems. 

As a management practice, residue burning may hasten 

decline in quality of soil organic matter (SOM), the major 

soil ingredient facilitating soil aggregation and structural 

stability1–3. Decline in SOM also reduces the ability of 

soils to absorb and retain soil moisture4,5 and sustain 

biotic activity that make soils a life-giving entity. The 

extensive and elaborate matrix of soil microorganisms 

and other life forms are known to contribute to soil 

health. Soil microbes play a key role in bioremediation, 

contribute to agricultural productivity by modulating 

disease, increasing plant tolerance to abiotic stress, and 

nutrient cycling6. Any adverse effect on the regulatory 

soil functions (e.g. regulation of nutrient and moisture 

supplies, drainage congestions, soil erosion etc.) also 

significantly reduces productivity of soils.  

National Soil Health Card (SHC) Scheme  

 Soil testing should lead to a better prognosis of 

the constraints beyond nutrients, help target 

management practices to alleviate constraints (chemical, 

physical & biological) and indicate how the soils will 

respond to specific management practices. The usual 

chemical tests of soils currently in vogue, apparently do 

not take us beyond fertiliser use and indicate very little 

about the physical and biological constraints/ properties 

of the soils. Also, significant differences amongst 

climate, soil and management, make it impossible to 

extrapolate the results of fertilizer recommendation from 

one site to others. Integrated analysis of the long-term 

rice-wheat yield trials conducted at 23 locations across 

the Indo-Gangetic plains indicated that wheat yields had 

not improved even after 7-23 years, while surprisingly 

rice yields had declined during the same periods7.  Yield 

gap analysis in cereal crops, which provides a measure 

of untapped production capacity, have been observed to 

be large and highlighted by others as well8–11. Low 

productivity was linked to several lows in rainfall, 

fertilizer use and irrigated area12. However, low 

agricultural productivity and poverty in the eastern 

districts located between 78.83o and 86.13o  East 

longitude, were observed to be in parallel with high 

rainfall13due to difficulties in managing the soil physical 

environment and poor resource endowments of the 

farmers. Several workers have pointed out that it is 

possible to bridge the management yield gaps through 

adoption of better bet practices11,14. Low farm 

productivity generally implies that the lots of the farmers 

can only be improved through (i) a higher support price 

policy (ii) a reduction in production costs, and (iii) 

enhanced productivity of the resources.  

 It appears that the innovative production 

management system such as ―conservation agriculture‖ 

can meet the last two requirements in addition to 

supporting a healthy and vibrant ecosystem15–18.  

Recently, Planning Commission (Niti Aayog)19 has also 

indicated that real income of the farmers have come 

down by 1.36% a year over the last five years. 

Therefore, the government will need to pursue both, the 

price and the production management system routes to 

lift the lots of the farmers. For example, Mohapatra20 

has indicated that compared with soil application, 

fertiliser use efficiency can be improved by 42 to 67% 

for different crops with drip fertilisation to enhance farm 

gate incomes. In pursuance, Government of India 

launched the National Soil Health Card Scheme (SHC) in 

2015 to address the laudable concerns of soil health in 

the country. The scheme will monitor soil health and 

engage experts to help farmers in carrying out the 

corrective measures. In order to improve reliability of 

the test reports, the scheme is paying attention that the 

persons who carry out soil analysis and also the one 

involved with drafting of the recommendations for the 

farmer do not change hands over time for greater 

effectiveness of the scheme. SHC scheme has a 

provision to send 1% soil samples to State referral 

laboratories for validation of the soil test reports. So far, 
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25.5 million samples have been collected and more than 

95% of these have been analysed. 

 The efficacy of the SHC depends on a three-step 

process, namely (i) collection of representative soil 

samples and farmers‘ inputs about their fields, (ii) 

reliable chemical analysis of the soil samples in a timely 

manner, and (iii) development of soil test based 

recommendations, duly recognising any other soil 

constraint such as drainage congestion, soil depths, poor 

soil moisture retention, rolling landscapes, soil erosion, 

poor biotic activity or soil borne diseases/ pests etc.21,22. 

Any dislocation or delay in the three-step process could 

easily render the SHC service ineffective. Currently, 

representative soil samples are collected in a grid 

pattern, wherein a sample is drawn from each 2.5 and 

10 ha of irrigated and rain-fed farms, respectively. The 

criteria is arbitrary in absence of information on spatial 

variability on the farms and whether sample represents 

a specific resource management domain (RMD). Soil 

samples received in the laboratory lack geo-tags. 

Farmers‘ are not required to provide their indigenous 

knowledge on what ails their soils and how farm soils 

respond to management practices adopted in specific 

production systems. This makes prognosis of the farm 

problems very difficult based on chemical tests alone. 

Prescription is likely to be as good, as the diagnosis.   

The short-circuited scheme (irrigation water quality not 

considered at all) appears to be oriented just to contain 

the workload in the 3-year cycle of repeat analytical 

work. There is a general concern on the infrastructure 

quality and the trained manpower in some of the soil 

testing laboratories. The SHC scheme has little research 

back stopping for reducing the burden of reliable and 

representative soil sample collections, analytical and 

other work associated with testing of large number of 

soil samples. Consequently, soil-testing laboratories are 

overcrowded with large sample inventories and busy 

with preparation of fertiliser recommendations ahead of 

each planting season.  

 Soils are the keystone of healthy and vibrant 

ecosystems, providing physical, chemical, and biological 

substrates and functions necessary to support life but 

are under constant threat from heavy use, poor 

management and changing climate. In the on-going 

National Soil Health Card Scheme (SHC), report cards 

provide chemical analysis on status of macro- (N,P,K,S) 

and micro-nutrients (Fe, Zn, Cu, Mn and /B) besides 

values for electrical conductivity (EC), pH and soil 

organic carbon (SOC). The soil test based fertiliser 

recommendations in SHC are based on either the                 

area-general fertiliser recommendations of the state 

governments or on the basis of targeted yield equations 

developed by the soil test crop response scheme (STCR) 

of the Indian Council of Agricultural Research (ICAR). 

 SHC scheme in its present form does not take us 

beyond fertiliser recommendations, and does not 

capture or monitor soil functions which make soils a 

living system, providing a range of eco-services for 

mankind (e.g. filtration of water, aquifer recharge, 

preventing nitrate pollution of drinking water, water 

retention and supplies and climate change etc.). SHC 

scheme also does not consider the physical and 

biological attributes of soils, which can also influence the 

use efficiency of resource inputs in crop production, both 

positively and negatively. It provides little information on 

the impact of specific nutrient management practices on 

soil health. Thus the SHC scheme misses the vital 

connection to soil health vis-a-vis multiple ecosystem 

services provided by soils. It is for these reasons, 

enhancing total food production without due diligence 

on soil degradation processes and ecosystem services, 

has been a fundamental flaw of the Indian strategy for 

food security under the new realities of climate change. 

Excessive dependence on chemical fertiliser nutrient 

based approach for maintaining soil fertility, without 

adequate attention to management of soil organic 

carbon and rain-water has only contributed to continued 

and accelerated soil degradation in the Indian summer 

monsoon season ( hot summers: April- June: monsoon 

season: July –September). Summer deep plowing, bare 

fallows and crop residue burning all together reduce the 

capacity of the soils to absorb rainwater and convert it in 

usable soil moisture by crop plants. As a consequence, 

natural resources are now showing multiple signs of 

fatigue and decline17,23. 

Fertiliser Use and soil Health 

 Generally farmers apply P and K fertiliser 

nutrients as basal application along with a starter dose 

of N at the time of crop seeding. The balance of N 

fertiliser dose is subsequently top-dressed in 2-3 splits or 

variably applied ―on-the-go‖ in response to proximal 

http://www.openaccesspub.org/
http://openaccesspub.org/
https://openaccesspub.org/journal/jar
https://openaccesspub.org/journal/jar/copyright-license
https://doi.org/10.14302/issn.2639-3166.jar-18-2496


 

Freely Available  Online 

     www.openaccesspub.org  |  JAR    CC-license    DOI : 10.14302/issn.2639-3166.jar-18-2496     Vol-1 Issue 3 Pg. no.  18  

crop sensing using chlorophyll meter, GreenSeeker, Yara 

N and Crop Circle sensors24–27. In terms of the effect on 

soil health and crop production there is no conflict 

between mineral fertilizers and organic nutrient sources; 

quite the contrary, their use is complimentary28. Applied 

N is generally accepted to enhance biomass and hence 

soil organic matter29,30 which is subsequently 

decomposed31 in presence of synthetic N. This makes 

the role of applied N in organic matter decomposition, 

little controversial. But on the whole, long term 

experiments from all over the world have pointed out 

that adequate and balanced use of mineral fertilizers, 

generally result in an increase in soil organic matter 

(SOM) and better biological life in fertilised than                    

non-fertilised plots32–34. Given the fundamental coupling 

of microbial C and N cycle, dominant occurrence of both 

elements in SOM, and their close correlation to 

mineralization, practices that lead to loss of soil organic 

C also have serious implications on soil nitrogen. 

Considerable evidence from 15N-tracer investigations 

indicates that plant uptake is generally greater from 

native soil N than from N applied via fertilizers35. Thus, 

native soil N dictates the efficiency of applied fertilizer N 

as well as the quantity of N lost from the soil-plant 

system. This has implications for soil functioning and 

crop productivity. While it is considered that the 

availability of carbon substrate is normally the primary 

limiting factor on microbial activity, in soils, this is not 

necessarily the case, and there is accumulating evidence 

that soil microbes may frequently be N limited36,37. Thus, 

nutrients, land-use and management practices act as 

controlling inputs for the processes within soil system 

and hence of the soil health. If there are no additions of 

nutrients to replace those lost through crop offtake and 

other processes, the capacity of the soil ecosystem to 

deliver production and other services declines, and so 

does the health of the soil37. The impact of nutrient 

additions on the assemblages of mineral, soil organic 

matter constituents and soil organisms is complex. This 

is because the organisms involved in organic matter 

decomposition, nutrient cycling and soil structure 

formation are ultimately themselves becoming the 

primary or secondary constituents of soil organic 

matter16. This soil carbon sponge however, is of great 

significance for its influence on soil aggregation, water 

infiltration, water retention, access to essential 

nutrients, and support a diverse range of microbial 

processes. Soil organisms respond sensitively to land 

management practices and climate and correlate well 

with beneficial soil and ecosystem functions38. 

Strategy for Reducing Dependence on Chemical 

Fertilisers 

 The Prime Minister of India has urged that our 

dependence on chemical nutrient fertilisers be reduced 

to half in the coming years to protect environment and 

improve soil health. In spite the fact that this is a 

laudable objective and a challenge for agricultural 

researchers, developmental agencies and the farmers, it 

is yet to ignite a debate on how this objective can be 

achieved sooner than later. This challenge would call for 

a major shift away from the singular focus on chemical 

fertilisers to more of the biological approaches to sustain 

and enhance the current levels of crop production.  To 

save on fertilisers, we need to (a) identify potential 

agronomic practices that reduce use of synthetic 

nutrients and (b) identify production management 

systems having the targeted effect. The enunciated 

policy statement implies that we immediately promote 

the adoption of agronomic practices such as (i) inclusion 

of legumes in the cropping systems, (ii) conjunctive use 

of chemical fertiliser and organics, (iii) rely on nutrient 

recycling with cropping pattern differing in rooting 

pattern, (iv) application of beneficial symbiotic microbial 

associations, (v) deploy in situ / ex situ composting 

techniques to improve biotic activity in the soils, (vi) 

increase botanical N fixation, (vii) raise green manuring 

crops,(viii) use microbial inoculants to improve nutrient 

access in soils (arbuscular mycorrhiza and P solubilizing 

bacteria) and (ix) promote rational use of nutrients in 

cropping systems, etc.. The production management 

system strategy requires promoting the adoption of 

(soil, water, and crop management strategies) that 

improve resource use efficiency and build soil organic 

carbon. Conservation agriculture (CA) is one such 

innovative production management system, which is 

close to organic farming. CA allows use of agrochemicals 

and its yield potential is hardly debatable, unlike the 

organic farming. CA as a production management 

system has the targeted effect in reducing the use of 

synthetic fertilisers through attributes such as: (i) tillage 

practices that reduce the rate of SOM decomposition, 

runoff and soil erosion (avoidance of summer deep 
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plowing), and conserve soil moisture etc. to improve soil 

health (ii) enable seeding in excessively moist (surface 

seeding) or in dry soils (dry seeding) and inclusion of 

high biomass producing crops, (iii) residue retention and 

brown manuring, (iv) switch from monoculture to 

rotation cropping and annual to perennial crops, (v) 

reduce fallowing during rainy season (vi) avoids sudden 

land use changes39–41, and (vii) adoption of agroforestry 

systems etc.. Soil organic matter content and carbon 

levels are central to the ability of soil to provide essential 

services to society. Since soils have the potential to help 

mitigate climate change: it should be part of the 

solution, not part of the problem42. On the scales, it 

appears that to be able to move in the ‗implied 

direction‘, it would be even more important that we 

must re-orient our production management systems 

such that they begin to promote and enhance 

agroecosystems health under new realities of climate 

change. 

 Globally, research outputs have clearly indicated 

that inclusion of M3 research namely, soil Organic 

Matter, soil Microbes and soil Moisture retention, is 

critical in arresting and reversing soil degradation 

processes. Most researchers are in agreement that the 

M3 soil attributes enhance soil productivity, improve 

nutrient and water use efficiency, reduce production 

costs and significantly benefits the environment. There 

is an urgent need to move away from the traditional 

tilled agriculture (having many conflicting and 

unsustainable practices) to production management 

system such as the conservation agriculture (CA). CA 

consists of four broad intertwined management 

practices: (1) drastic reduction in soil disturbance, (2) 

maintenance of a continuous vegetative soil cover; (3) 

direct sowing; and (4) sound crop rotations. CA based 

production systems mimics natural agroecosystems and 

hence would result in numerous environmental benefits 

such as decreased soil erosion and water loss due to 

runoff, decreased carbon dioxide emissions and higher 

carbon sequestration, OM build-up, efficient nutrient 

cycling, reduced fuel consumption, increased water 

productivity, less flooding, and recharging of 

underground aquifers15,43, reduce compaction in the 

subsoil, and cracking in Vertisols. No-till agriculture with 

residue retention on soil surface has been found more 

carbon efficient and helpful in producing more at less 

cost and improve soil health in the process13,44. It is our 

strong belief that conservation agriculture principles can 

and must form an important component of the national 

strategy to produce more food, sustainably at lower 

costs, improve environmental quality and preserve 

natural resources15,18. Adding more chemical inputs to 

the soil, without addressing other parallel soil health 

concerns is bound to prove futile and is only expected to 

further aggravate the widening N:P:K ratios and 

inefficient use of fertiliser nutrients. 

Resource Management Domain Concept for Reducing 

Analytical Workload in the Labs  

 Agricultural research, based on agro-climatic 

zone, was initiated by ICAR in 1979 with an objective to 

generate location specific data for identification of the 

major problems limiting agricultural growth. Using the 

criteria of soils, physiography, bio-climate (climate, 

crops, and vegetation) and length of the growing 

season, ICAR delineated the country into 20                        

agro-ecoregions (AER) and 60 agro-eco-sub-regions 

(AESR). These criteria carved out homogenous regions 

for their growth potential, but did not reflect on the 

socio-economic endowments, market support and 

service sector in agricultural development. The AER 

concept also ignored the fact that introduction of 

irrigation water alleviates a major constraint for crop 

production and in fact provides opportunities for 

diversification of agriculture. In order to further refine 

the concept, ICAR introduced the concept of Production 

System Research (PSR), which is not only analogous to 

AER and geographical approach but goes beyond both 

of them.  PSR concept integrates all the system 

components for determining productivity and profitability 

of the system. A total of 126 agro-climatic, NARP zones 

were earlier delineated in the country, based on 

ecological parameters like topography, rainfall pattern, 

soil types, temperature, cropping pattern and water 

availability which influence the type of vegetation45. 

Later on the ICAR bundled the NARP Agro-climatic zones 

into 15 prioritised production systems46 under the 5           

agro-ecosystems (Irrigated, Rainfed, Hill and Mountains, 

Coastal and Arid ecosystems). Within each production 

system, homogenous resource management domains 

(e.g. soil fertility) can be further delineated such that 

each land unit is having similar production constraints 

and needed similar management.  
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Managing the natural resource base and sustaining 

agriculture require land based solutions. To meet these 

stated objectives, researchers have focused on the 

integration of biophysical and socioeconomic parameters 

to characterize land management units, also known as 

resource management domains / zones47–49  for better 

resource management and sustainable agricultural 

production. Resource management domain/ unit is a 

homogenous land unit having similar constraints and 

need similar management approach for a specific land 

use. The concept of homogenous resource management 

units/ zones/ domains has progressed through many 

stages and has now found its way into precision farming 

for site-specific crop management51.  This school 

became very popular when field comparisons of uniform 

versus variable fertiliser applications showed that there 

was considerable variability at scales finer than soil 

mapping units52.  

 The way forward seems that all exiting spatially 

distributed point chemical test patterns of N, P and K 

etc. be used for development of a georeferenced soil 

fertility framework. Using all the existing chemical soil 

test values obtained from analysis of spatially distributed 

samples in the state soil testing lab, an unsupervised 

classification method of multivariate clustering was used 

to delineate eight homogeneous soil fertility              

management zones53 as illustrated in figure (1). Farmers 

primarily practice rice–wheat/Indian-mustard cropping 

systems in Karnal, Haryana. The mean values of N/OC, P 

and K combinations for each of the eight delineated 

homogenous fertility management zones are given in 

tabular form below figure (1). Using the mean nutrient 

values in the QUEFTS (Quantitative Evaluation of Fertility 

on Tropical Soils) crop model, enables one to compute 

domain and crop-specific fertiliser recommendations53-55.  

 The RMD frame-work allows cost-effective 

procedures for soil sample acquisition, and drastically 

reduces analytical work, besides enabling researchers to 

incorporate significant factors that regulate the supply of 

nutrients and hence fertiliser recommendations. 

Resource domains having a specific N, P and                          

K combinations allows for real-time fertiliser                           

recommendations26,53–58 for different cropping systems 

using different management practices (conventional or 

zero tillage). Computer aided modelling approaches uses 

the inherent nutrient supplying capacity of the soils 

(omission plot data and nutrient interactions) but may 

also consider the effects of tillage, residues and soil 

management options in regulating the supply nutrients 

vis-a-vis need for additional fertiliser. The resource 

management domain concept will also enable adoption 

and use of the customised fertiliser grades in the specific 

fertility domains. At present, SHC report does not 

consider effect of poor irrigation water quality, known to 

limit crop production and degrade soil health. The 

enabling concept of resource management domains will 

link the problem of poor quality ground waters, with soil 

fertility/ SHCs and also recommend corrective measures. 

The customised fertiliser approach will make                     

recommendations more realistic and save on costly 

fertiliser nutrients and improve soil health through use of 

balanced fertilisers.   

Soil Health Assessment  

 For agriculture to remain productive, it has to 

return to its roots and rediscover the importance of 

healthy soils. The two crucial characteristics of a healthy 

soil include rich diversity of its biota and the high soil 

organic matter content59. Attempts to quantify soil 

health generally involve estimation of physical, chemical 

and biological properties and also an assessment of 

large scale feature of environment such as bioclimate60.  

Soil fertility, water quality, erosion resistance and 

climate mitigation are considered as very important 

ecosystem services61 which relate to soil organic matter 

(SOM). The SOM integrates the concept of soil health 

and ecosystem services and also facilitates the impact 

assessment of management practices on C build up               

vis-a-vis on sustainability of the ecosystem services. 

Comprehensive Assessment of Soil Health (CASH) 

approach of the Cornell University places primary 

emphasis on the identification of specific soil constraints 

in agroecosystems, thereby aiding in the selection of 

land management solutions to increase land productivity 

and minimize environmental impact22,62. The CASH 

approach measures 15 physical, biological, and chemical 

soil indicators which relate to relevant soil functions and 

are interpreted through three types of scoring functions 

(more is better, less is better and an optima function). 

Knowledge of the relationship between indicators and 

the relevant scoring functions enable one to translate 

measured indicator values into a unit-less score. 

Recently it has suggested63 that development of              
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Figure 1. Resource management domains for soil fertility delineated for the Karnal District, Haryana, India 
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region-specific scoring functions may be appropriate 

after more complete regional soil health data analyses. 

According to them, simplified soil health tests can be 

based on the use of at least four indicators namely the 

active carbon, penetration resistance, respiration rate 

and water stable aggregates.  

Remote Sensing for Soil Health Assessments  

 Remote sensing applications in agriculture are 

generally classified according to the type of platforms for 

the sensor (satellite, drones, tractor mounted and 

ground based). The associated imaging systems of the 

sensors are differentiated based on the altitude of the 

platform, spatial resolution of the image, and the 

minimum return frequency for sequential imaging of 

temporal patterns in soil or plant characteristics. 

Improvements in spatial resolution, improves the 

homogeneity of soil or crop characteristics due to 

decrease in pixel size. Vigorous above-ground crop 

stands, invariably supported by a profuse root system in 

the soil below surface, reflects on health of the soils. 

Crop performance can be measured using remotely 

sensed NDVI (Normalized Difference Vegetation Index) 

data on a large scale. A low NDVI may reflect to several 

soil conditions (poor drainage, secondary salinization, 

soil compaction, shallow soil depths and low moisture 

and nutrient deficiencies etc.) that limit plant growth. 

NDVI images enable us to map the combined effect of 

several soil health indicators besides isolating slick/ hot 

spots constraining crop growth. 

 Recent researches51,63-67 have indicated that               

near-infrared reflectance spectroscopy and                    

Vis-near-infrared reflectance (VNIR) spectroscopy can 

reliably predict/ estimate several chemical, physical and 

biological indicators of soil health65-71such as : soil water 

content, clay, sand, organic C (fractions), inorganic C, 

TOC or SOM, total C, C/N, CEC, exchangeable Ca and 

Mg, total N, pH, total concentration of potential pollutant 

metals/metalloids (As, Cd, Hg and Pb), enzyme 

activities, biomass C, and C and N mineralization, crop 

yield and biomass. CASH scores together with remote 

sensing techniques provide a better basis for quick 

dynamic fertiliser recommendations and assessment and 

management of the soil health. Soil health related issues 

across different agro-ecoregions however continues to 

be a subject of intense research for building up more 

robust reflectance libraries. 

Summary  

 Conventional chemical soil testing approach 

provides information about amendment needs and 

fertiliser doses for replenishment of plant nutrients 

depleted through crop production, leaching and soil loss. 

This approach has proved useful in increasing 

agricultural production, but its sole focus on fertilizer 

recommendation, ignores the physical and biological 

environment of the soils which also significantly 

influence crop production. The inadequacy of the soil 

fertility recommendations spurred developments for a 

more comprehensive assessment of soil health, based 

on the triad of physical, biological, and chemical 

properties, which is more sensitive to land management 

practices and reportedly better correlated to ecosystem 

processes. Remote sensing techniques map the 

combined effect of several soil health indicators over 

larger areas besides identifying areas where soil 

properties (physical/ chemical/ biological) are becoming 

growth limiting factor. Soil fertility management domains 

when integrated with high resolution soil health 

assessments can allow us to map the state of soil health 

on a larger scale, and reduce soil testing costs and 

accelerate farm advisory services.  

References  

1. Dormaar JF, Pittman UJ, Spratt ED.1979. Burning 

crop residues: effect on selected soil characteristics 

and long-term wheat yields. Can J Soil Sci. 59(2):              

79–86.  

2. Almendros G, Dorado J, González-Vila F, Blanco M, 

Lankes U. 2000. 13C NMR assessment of 

decomposition patterns during composting of forest 

and shrub biomass. Soil Biol Biochem. 32(6):                   

793–804.  

3. Malhi S, Kutcher H. 2007. Small grains stubble 

burning and tillage effects on soil organic C and N, 

and aggregation in northeastern Saskatchewan. Soil 

Tillage Res. 94(2):353–61.  

4. Debano LF, Savage SM, Hamilton DA. 1976. The 

Transfer of Heat and Hydrophobic Substances 

During Burning1. Soil Sci. Soc. Am. J. 40(5):779.  

5. Mataix-Solera J, Doerr S. 2004. Hydrophobicity and 

aggregate stability in calcareous topsoils from                         

http://www.openaccesspub.org/
http://openaccesspub.org/
https://openaccesspub.org/journal/jar
https://openaccesspub.org/journal/jar/copyright-license
https://doi.org/10.14302/issn.2639-3166.jar-18-2496


 

Freely Available  Online 

     www.openaccesspub.org  |  JAR    CC-license    DOI : 10.14302/issn.2639-3166.jar-18-2496     Vol-1 Issue 3 Pg. no.  23  

fire-affected pine forests in southeastern Spain. 

Geoderma. 118(1–2):77–88.  

6. Manter DK, Delgado JA, Blackburn HD, Harmel D, 

Pérez de León AA, Honeycutt CW. 2017. Opinion: 

Why we need a National Living Soil Repository. Proc 

Natl Acad Sci. 114(52):13587–90.  

7. Tirol-Padre A, Ladha JK. 2006. Integrating rice and 

wheat productivity trends using the SAS                              

mixed-procedure and meta-analysis. Field Crops 

Res. 95(1):75–88.  

8. Aggarwal PK, Kalra N. 1994. Analysing the 

limitations set by climatic factors, genotype, and 

water and nitrogen availability on productivity of 

wheat II. Climatically potential yields and 

management strategies. Field Crops Res. 38(2):             

93–103.  

9. Aggarwal PK, Bandyopadhyay SK, Pathak H, Kalra N, 

Chander S, Kumar S. 2000. Analysis of Yield Trends 

of the Rice-Wheat System in North-Western India. 

Outlook Agric. 29(4):259–68.  

10. Pathak H, Ladha J., Aggarwal P., Peng S, Das S, 

Singh Y, et al. 2003. Trends of climatic potential and 

on-farm yields of rice and wheat in the                        

Indo-Gangetic Plains. Field Crops Res. 80(3):                

223–34.  

11. Sahrawat Y. 2009. Cereal System Initiative for 

South. New Delhi: CIMMYT; p. 153.  

12. Chand R, Garg S, Pandey L. 2009. Regional 

Variations in Indian Agriculture- A District Level 

Study. Discussion Paper NPP 01/2009. NCAP, ICAR 

New Delhi. 126p.   

13. Gupta R, Yadav R. 2014. Sustainable Food 

Production in IndoGangetic Plains: Role of Improved 

Cultivars in Cropping System Intensification for 

Small Farm Holders. In: Advances in Soil Science: 

Soil Management of Small Holder Agriculture 

[Internet]. USA: CRC Press;. p. 113–43.                 

Available from: https://www.crcpress.com/                                  

Soil-Management-of-Smallholder-Agriculture/                  

Lal-tewart/p/book/9781466598584. 

14. Waddington SR, Li X, Dixon J, Hyman G, de Vicente 

MC. 2010. Getting the focus right: production 

constraints for six major food crops in Asian and 

African farming systems. Food Secur. 2(1):27–48.  

15. International Assessment of Agricultural Knowledge, 

Science, and Technology for Development (Project), 

McIntyre BD, editors.2009. Global report: Agriculture 

at a crossroads. Washington, DC: Island Press; 590 

p. (Agriculture at a crossroads).  

16. Rao DLN. 2017. Microbial and Biochemical Origins of 

Soil Organic Matter: Insights from History and 

Recent Ecological and Bio-molecular Advances. In: 

S.K.Sanyal (Ed.) Souvenir 82nd Annual Convention 

and National Seminar of Indian Society of Soil 

Science. Kolkata: Unpublished; p. 77–89. DOI 

10.13140/RG.2.2.26676.966.  

17. Hobbs PR, Sayre K, Gupta R. 2008. The role of 

conservation agriculture in sustainable agriculture. 

Philos Trans R Soc B Biol Sci. 363(1491):543–55.  

18. Hobbs P, Gupta R, Jat RK, Malik RK.2017. 

Conservation agriculture in the indogangetic plains 

of india: past, present and future. Exp Agric.                  

19:1–19.  

19. Chand R. 2018. How government can double farmer 

incomes [Internet]. http://www.livemint.com/. 2018 

[cited 2018 Feb 6]. Available from: http://

www.livemint.com/

Opinion/45AvvlBEwrMdmk6OWOOrK/                          

How-government-can-double-farmer-incomes.html 

20. Indian Council of Agricultural Research (ICAR). 

Annual Report, 2016–17 [Internet]. New Delhi; 2017 

p. 204. Available from: http://www.icar.org.in/

content/dare-icar-annual-report-2016-17-english 

21. Karlen DL, Mausbach MJ, Doran JW, Cline RG, Harris 

RF, Schuman GE. 1997. Soil Quality: A Concept, 

Definition, and Framework for Evaluation (A Guest 

Editorial). Soil Sci. Soc. Am. J. 61(1):4.  

22. Moebius-Clune BN, Moebius-Clune DJ,  Gugino BK,  

Idowu OJ, Schindelbeck RR, Ristow AJ, van Es HM, 

Thies JE,  Shayler HA, McBride MB, Wolfe DW, 

Abawi GS. 2016. Comprehensive assessment of soil 

health– The Cornell framework manual 3rd ed. 

Cornell University, Geneva, NY.  

23. Duxbury J, Abrol I, Gupta R, Bronson K. 2000.             

Long-Term Soil Fertility Experiments with                            

Rice-Wheat Rotations in South Asia. Rice Wheat 

http://www.openaccesspub.org/
http://openaccesspub.org/
https://openaccesspub.org/journal/jar
https://openaccesspub.org/journal/jar/copyright-license
https://doi.org/10.14302/issn.2639-3166.jar-18-2496


 

Freely Available  Online 

     www.openaccesspub.org  |  JAR    CC-license    DOI : 10.14302/issn.2639-3166.jar-18-2496     Vol-1 Issue 3 Pg. no.  24  

Consortium for the Indo-Gangetic Plains, RWC/ 

CIMMYT, New Delhi.    

24. Raun WR, Solie JB, Johnson GV, Stone ML, Mullen 

RW, Freeman KW, et al. 2002. Improving nitrogen 

use efficiency in cereal grain production with optical 

sensing and variable rate application. Agronomy J. 

94(4):815.  

25. Holland K. 2003. Light sensing instrument with 

modulated polychromatic source [Internet]. Lincoln 

NE; US 7.408,145 B2, 2003 [cited 2018 Feb 6]. 

Available from: https://patents.google.com/patent/

US7408145B2/en 

26. Singh B, Sharma RK, Jaspreet-Kaur, Jat ML, Martin 

KL, Yadvinder-Singh, et al. 2011. Assessment of the 

nitrogen management strategy using an optical 

sensor for irrigated wheat. Agron Sustain Dev. 31

(3):589–603.  

27. Link A, Reusch S. 2006. Implementation of                     

site-specific nitrogen application-status and 

development of the YARA N-Sensor. Implement              

Site-Specific Nitrogen Appl-Status Dev YARA                       

N-Sens.37–41.  

28. Singh B, Ryan J. 2015. Managing Fertilizers to 

Enhance Soil Health [Internet]. First edition,                    

IFA, Paris. https://www.fertilizer.org/images/

Library_Downloads/2015_ifa_singh_ryan_soils.pdf    

29. Pathak H, Byjesh K, Chakrabarti B, Aggarwal PK. 

2011. Potential and cost of carbon sequestration in 

Indian agriculture: Estimates from long-term field 

experiments. Field Crops Res. 120 (1):102–11.  

30. Majumder B, Mandal B, Bandyopadhyay PK. 2008. 

Soil organic carbon pools and productivity in relation 

to nutrient management in a 20-year-old                          

rice–berseem agroecosystem. Biol Fertil. Soils. 44

(3):451–61.  

31. Mulvaney RL, Khan SA, Ellsworth TR. 2009. 

Synthetic Nitrogen Fertilizers Deplete Soil Nitrogen: 

A Global Dilemma for Sustainable Cereal Production. 

J Environ Qual. 38(6):2295.  

32. Geisseler D, Scow KM. 2014. Long-term effects of 

mineral fertilizers on soil microorganisms – A review. 

Soil Biol Biochem. 75:54–63.  

33. Körschens M, Albert E, Armbruster M, Barkusky D, 

Baumecker M, Behle-Schalk L, et al. 2013. Effect of 

mineral and organic fertilization on crop yield, 

nitrogen uptake, carbon and nitrogen balances, as 

well as soil organic carbon content and dynamics: 

results from 20 European long-term field 

experiments of the twenty-first century. Arch Agron 

Soil Sci. 59(8):1017–40.  

34. Ladha JK, Reddy CK, Padre AT, van Kessel C. 2011. 

Role of Nitrogen Fertilization in Sustaining Organic 

Matter in Cultivated Soils. J Environ Qual. 40

(6):1756.  

35. Stevens WB, Hoeft RG, Mulvaney RL. 2005. Fate of 

nitrogen-15 in a long-term nitrogen rate study: II. 

Nitrogen uptake efficiency. Agron J. 97(4):1046–53.  

36. Schimel JP, Bennett J, Fierer N. 2005. Microbial 

community composition and soil nitrogen cycling: is 

there really a connection? In: Bardgett R, Usher M, 

Hopkins D, editors. Biological Diversity and Function 

in Soils [Internet]. Cambridge: Cambridge University 

Press; [cited 2018 Feb 6]. p. 171–88.                         

Available from: http://ebooks.cambridge.org/ref/id/

CBO9780511541926A023 

37. Kibblewhite M., Ritz K, Swift M. 2008. Soil health in 

agricultural systems. Philos Trans R Soc B Biol Sci. 

363(1492):685–701.  

38. Doran JW, Zeiss MR. 2000. Soil health and 

sustainability: managing the biotic component of soil 

quality. Appl Soil Ecol. 5(1):3–11.  

39. Nieder R, Harden T, Martens R, Kumar Benbi D. 

2008. Microbial biomass in arable soils of Germany 

during the growth period of annual crops. J Plant 

Nutr Soil Sci. 171(6):878–85.  

40. Benbi DK, Brar K, Toor AS, Singh P, Singh H. 2012. 

Soil carbon pools under poplar-based agroforestry, 

rice-wheat, and maize-wheat cropping systems in 

semi-arid India. Nutr Cycl Agroecosystems. 92

(1):107–18.  

41. Benbi DK, Brar JS. 2009. A 25-year record of carbon 

sequestration and soil properties in intensive 

agriculture. Agron Sustain Dev. 29(2):257–65.  

42. House of Commons - Soil Health - Environmental 

Audit [Internet]. [cited 2018 Feb 6]. Available from: 

https://publications.parliament.uk/pa/cm201617/

cmselect/cmenvaud/180/ 18002.htm 

43. The World Bank. 2005. Agriculture investment       

http://www.openaccesspub.org/
http://openaccesspub.org/
https://openaccesspub.org/journal/jar
https://openaccesspub.org/journal/jar/copyright-license
https://doi.org/10.14302/issn.2639-3166.jar-18-2496


 

Freely Available  Online 

     www.openaccesspub.org  |  JAR    CC-license    DOI : 10.14302/issn.2639-3166.jar-18-2496     Vol-1 Issue 3 Pg. no.  25  

sourcebook [Internet]. The World Bank; [cited 2018 

Feb 6] p. 1. Report No.: 34392. Available                      

from: http:// documents.worldbank.org/curated/

en/633761468328173582/Agriculture-investment-

sourcebook 

44. Dubey A, Lal R. 2009. Carbon Footprint and 

Sustainability of Agricultural Production Systems in 

Punjab, India, and Ohio, USA. J Crop Improv. 23

(4):332–50.  

45. Ghosh SP. 1991. Agro-c1imatic zone specific 

research- India perspective under N.A.R.P. New 

Delhi: Publications and Information Division, Indian 

Council of Agricultural Research, 539 p.  

46. Champion HG, Seth SK. 2005. A revised survey of 

the forest types of India. Dehra Dun: Natraj 

Publishers.  

47. Babu SC, Reidhead W. 2000. Monitoring natural 

resources for policy interventions: Land Use Policy. 

17(1):1–11.  

48. Dumanski J, Craswell ET. 1998. Resource 

management domains for evaluation and 

management of agro-ecological systems. In 

Bangkok, Thailand: IBSRAM; 1998. p. 1–13.  

49. Ram B, Joshi DC. 2010. Resource Management 

Domain (RMD)—A concept for sustainable 

agricultural development in hot arid regions of India. 

Arid Land Res Manag. 24(2):164–80.  

50. Mehra M, Singh CK, Abrol IP, Oinam B. 2017. A             

GIS-based methodological framework to characterize 

the Resource Management Domain (RMD): A case 

study of Mewat district, Haryana, India. Land Use 

Policy. 60:90–100.  

51. Mulla DJ. 2013. Twenty five years of remote sensing 

in precision agriculture: Key advances and remaining 

knowledge gaps. Biosyst Eng. 114(4):358–71.  

52. Mulla DJ, Bhatti AU, Hammond MW, Benson JA. 

1992. A comparison of winter wheat yield and 

quality under uniform versus spatially variable 

fertilizer management. Agric Ecosyst Environ. 38

(4):301–11.  

53. Barman D, Sahoo R, Kalra N, Kamble K, Kundu D. 

2013. Homogeneous soil fertility mapping through 

GIS for site specific nutrient management by 

QUEFTS model. Indian J Soil Conserv.41:257–261.  

54. Maiti D, Das DK, Pathak H. 2006. Simulation of 

fertilizer requirement for irrigated wheat in Eastern 

India using the QUEFTS model. Sci World J.                

6:231–45.  

55. Pathak H, Aggarwal PK, Roetter R, Kalra N, 

Bandyopadhaya SK, Prasad S, et al. 2003. Modelling 

the quantitative evaluation of soil nutrient supply, 

nutrient use efficiency, and fertilizer requirements of 

wheat in India. Nutr Cycl Agroecosystems. 65

(2):105–13.  

56. Parihar CM, Jat SL, Singh AK, Ghosh A, Rathore             

NS, Kumar B, et al. 2017. Effects of                           

precision conservation agriculture in a                                           

maize-wheat-mungbean rotation on crop yield, 

water-use and radiation conversion under a semiarid 

agro-ecosystem. Agric Water Manag.                       

192:306–19.  

57. Yang F, Xu X, Ma J, He P, Pampolino MF, Zhou W. 

2017. Experimental validation of a new approach for 

rice fertiliser recommendations across smallholder 

farms in China. Soil Res. 55(6):579.  

58. Xu X, He P, Yang F, Ma J, Pampolino MF, Johnston 

AM, et al. 2017. Methodology of fertilizer 

recommendation based on yield response and 

agronomic efficiency for rice in China. Field Crops 

Res. 206:33–42.  

59. FAO . 2015. Save and Grow: A policy maker‘s guide 

to the sustainable intensification of small holder crop 

production. Chapter 3. Page 39. 550.  FAO, Rome. 

60. Nunez-Regueira L, Nunpin-Castineiras JP,                

Rodriguez-Anon JA, Villanueva-Lopez M,                      

Nunez-Fernandez, O. 2006. Design of an 

experimental procedure to assess soil health state. 

J. Therm. Anal. Calorim. 85: 271-277.  

61. Schmidt MWI, Margaret ST, Samuel A, Dittmar T,  et 

al. 2011. Persistence of soil organic matter as an 

ecosystem property. Nature 478: 49–56.  

62. Idowu, OJ, van Es HM, Abawi GS, Wolfe DW, 

Schindelbeck RR, Moebius-Clune BN, Gugino BK. 

2009. Use of an integrative soil health test for 

evaluation of soil management practices. Renew. 

Agric. Food Syst. 24:214–224.  doi:10.1017/

S1742170509990068  .  

http://www.openaccesspub.org/
http://openaccesspub.org/
https://openaccesspub.org/journal/jar
https://openaccesspub.org/journal/jar/copyright-license
https://doi.org/10.14302/issn.2639-3166.jar-18-2496


 

Freely Available  Online 

     www.openaccesspub.org  |  JAR    CC-license    DOI : 10.14302/issn.2639-3166.jar-18-2496     Vol-1 Issue 3 Pg. no.  26  

63. Fine AK, van Es HM, Schindelbeck RR. 2017. 

Statistics, Scoring Functions, and Regional Analysis 

of a Comprehensive Soil Health Database. Soil Sci. 

Soc. Am. J. 81:589–601 . doi:10.2136/

sssaj2016.09.0286  

64. Kinoshita R, Moebius-Clune BN, van Es HM, Hively 

WD, Bilgilis AV. 2012. Strategies for Soil Quality 

Assessment Using Visible and Near-Infrared 

Reflectance Spectroscopy in a Western Kenya 

Chronosequence. Soil Sci. Soc. Am. J.76(5):1776. 

65. Soriano-Disla JM, Janik LJ, Viscarra RRA,                      

Mac-Donald LM, McLaughlinMJ. 2014.  The 

performance of visible, near-, and mid-infrared 

reflectance spectroscopy for prediction of soil 

physical, chemical, and biological properties. Appl. 

Spectrosc. Rev., 2014, 49, 139–186. 

66. Veum KS, Sudduth KA, Kremer RJ, Kitchen NR. 

2017. Sensor data fusion for soil health assessment. 

Geoderma. 305:53–61.  

67. Veum KS, Parker PA, Sudduth KA, Holan SH. 2018. 

Predicting profile soil properties with reflectance 

spectra via Bayesian covariate-assisted external 

parameter orthogonalization. Sensors 2018, 18, 

3869; doi:10.3390/s18113869. 

68. Sahoo RN, Ray SS, Chopra UK, Govil V. 2012. 

Estimation of soil parameters using ground and 

space based hyperspectral data. Ahmedabad: Space 

Applications Centre (ISRO); p. 43–51. 

(Investigations on Hyperspectral Remote Sensing 

Applications).  

69. Das BS, M C S, Santra P, Sahoo R, Srivastava R, 

Routray A, et al. 2015. Hyperspectral remote 

sensing: Opportunities, status and challenges for 

rapid soil assessment in India. Current Sci.                   

108:860–8.  

70. Cécillon L, Barthès BG, Gomez C, Ertlen D, Genot V, 

Hedde M, et al. 2009. Assessment and monitoring of 

soil quality using near-infrared reflectance 

spectroscopy (NIRS). Eur J Soil Sci. 60(5):770–84.  

71. Chaudhary VP, Sudduth KA, Kitchen NR, Kremer RJ. 

2012. Reflectance Spectroscopy Detects     

Management and Landscape Differences in Soil 

Carbon and Nitrogen. Soil Sci. Soc. Am. J. 76

(2):597.  

   

http://www.openaccesspub.org/
http://openaccesspub.org/
https://openaccesspub.org/journal/jar
https://openaccesspub.org/journal/jar/copyright-license
https://doi.org/10.14302/issn.2639-3166.jar-18-2496

