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At present, the soil is discussed in terms of the extent of degradation, increased pollution (footprint of human activity), and 
ecosystem services apart from the fertility and productivity point of view. To address these issues, soil needs to be defined 

in terms of its health. Healthy soil is the first and foremost entity in organic farming. In India, organic farming is spreading 
in areas subjected to different kinds of land degradation (hilly areas and semi-arid areas). Therefore, the study of soil health is 
important in organic farming. The article aims to discuss the concept of soil health and different agronomic interventions and 
management practices with their possible economics for maintaining soil health in an organic production system. The practices 
such as the use of biodynamic formulations, the use of microbial inoculations, and intercropping with leguminous crops have 
a positive effect on the nutrient supply besides improving soil health. The availability of a large array of options including 
input addition and management practices for soil health management provides potential for soil health management. Organic 
farming can afford the cost on soil health management considering its specification for organic sources, organic farming niche 
(North East India with high organic matter and semi-arid area with large bovine population), and premium prices of produce; 
while trade-off between premier prices and low yield in organic farming is well-defined constraint for investing of soil health 
at commercial scale in organic farming. 
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1.   INTRODUCTION

Soil is the 4-dimensional body on the earth’s surface 
characterized by its physical, chemical, and biological 

properties, while in the agro-ecosystem, the soil is mainly 
explained for its productive capacity (Lal, 2016). The 
productive capacity of soil in the agro-ecosystem is expressed 
in terms soil fertility and soil productivity. Soil fertility is 
defined as the capacity of soil to provide the nutrients for 
crop growth in adequate amounts, in balanced proportion 
and in available form. This definition mainly deals with 
soil nutrient availability and conditions influencing it. 
Another term is soil productivity (though holistic term 
explaining the capacity of soil to produce crops under a 
given environment and said management) which mainly 
considers the soil properties in relation to crop productivity. 
The ever-growing need for provisional and ecosystem 
services from agro-ecosystem with soil as a base medium 
for all agro-ecosystem activities necessitates us to quantify 
the soil in different parameters other than those directed 
towards crop or agricultural productivity. This creates scope 
for defining soil in terms of soil health (Katyal et al., 2016; 
Tahat et al., 2020; Kibblewhite et al., 2008; Rattan et al., 
2009; Katyal et al., 2016; Field, 2017; Haney et al., 2018; 
Wander et al., 2019) and soil security (Field, 2017). At the 
same time, faster rate of soil degradation (Bhattacharyya 
et al., 2015,Anonymous, 2018, Mirzabaev et al., 2019, 
Wijitkosum, 2020) and extent of area occupied due to one 
or more kinds of soil degradation due to human interference 
also signifies the need of defining soil in term of soil health 
perspectives rather than just defining its crop productive 
capacity. Human interference is mainly related to input 
addition and management practices in agricultural land 
whose contribution to soil degradation and soil health 
need to be quantified. The evidence of the development 
on soil health concept and increasing awareness can be seen 
from the increasing area under conservation agriculture 
(CA) from 106.5 to 180.4 mha globally (Kassam et al., 
2019) as well as the increasing area under organic farming 
from 11 to 72.3 mha in globally (Willer et al., 2021). The 
conservation agriculture based on three principles viz., 
minimum disturbance to soil, retention of crop residue to 
cover a minimum of 30% soil surface (Bhan and Behera, 
2014; Pittelkow et al., 2015; Somasundaram et al., 2020; 
Tabriz et al., 2021) and crop rotation is gaining momentum. 
All these principles are having positive effect on soil health 
(Chivenge et al., 2007; Cheesman et al., 2016; Powlson et 
al., 2016; Pheap et al., 2019). In case of organic farming, the 
area is increasing rapidly with 84.8% increase over 1999 in 
the World (Willer et al., 2021). Though it is a market driven 
production system, it is having significant impact on natural 
resources and their impact on soil health (Garcia-Palacios 
et al., 2017; Krauss et al., 2022; Tian et al., 2018; Dewi 

et al., 2022; Khatri et al., 2023) can be justified by use of 
organic sources of nutrition, harvesting positive interaction 
between plant, animal and microbes and complete or 
partial restriction on use of agrochemicals. Therefore the 
potential of both conservation agriculture practices and 
organic farming need to recognize along with their impact 
on agricultural productivity. Besides, different governmental 
schemes such as soil health cards system (Reddy, 2017) 
which provide the soil nutrient status and also advise the 
farmers about the need for balanced fertilization to promote 
soil health. Furthermore, the role of different soil and water 
conservation practices in soil health maintenance needs to 
be studied. This will be addressed by studying the extent of 
soil degradation and by defining and measuring soil health.

2.   SOIL DEGRADATION

The increased level of soil degradation is one of the most 
important reasons for evaluating soil for its health 

rather than productive capacity alone. This can be judged 
by the extent of the soil degradation problem (Table 1). 
The degradation is explained by different terms such as 
land degradation, soil degradation, soil desertification, and 
soil pollution (Roy Chowdhury et al., 2018; Williams et 
al., 2018; Olsson et al., 2019; Sterk and Stoorvogel, 2020). 
Land degradation as a native trend in land condition, caused 
by direct or indirect human-induced processes including 
anthropogenic climate change, expressed as long-term 
reduction or loss of biological productivity, ecological 
integrity, or value to humans(at least one of them).Soil 
degradation is considered as a subset of land degradation 
which directly affects soil and is defined as the decline in the 
soil’s productivity through adverse changes in nutrient status, 
soil organic matter, structural attributes, and concentrations 
of electrolytes and toxic chemicals (Aulakhand Sidhu, 
2015; Reddy, 2017; Sahoo et al., 2019). Another term, soil 
desertification, is mainly related to physical degradation of 
soil and is defined as, land degradation in arid, semi-arid 
and dry sub-humid areas, collectively known as drylands, 
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Table 1: Land degradation due to different processes

Sl. 
No.

Causes of land degradation Area under land 
degradation (mha)

1. Water erosion 93.7

2. Wind erosion 9.5

3. Water logging 14.3

4. Salinity/alkalinity 5.9

5. Soil acidity 16.0

6. Area with the complex problem 7.4

Total 146.8 

(Bhattacharyya et al., 2015)
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resulting from many factors, including human activities and 
climatic variations (Mirzabaev et al., 2019). The term soil 
pollution was defined as the build-up in soils of persistent 
toxic compounds, chemicals, salts, radioactive materials, 
or disease-causing agents, which have an adverse effect on 
plant growth and animal health (Selvi et al., 2019). The 
area under one or more kinds of the degradation process 
is 146.8 million ha which is more than the net cultivated 
area of 139.51 mha and 44.65% of the total geographical 
area of India(Bhattacharyya et al., 2015; Anonymous, 2020. 
The major cause of land degradation is water erosion which 
accounts for 63% of the total area under land degradation 
and this is mainly due to heavy rainfall and land topography 
(steep slopy land). The expansion of agriculture in forest 
areas and improper handling of land (shifting cultivation) 
again intensify soil erosion. This is more common in a hilly 
area (mainly in the western and eastern Himalayan zone) 
and also in part of semi-arid areas where rainfed agriculture 
is followed with least agro-chemical inputs addition due 
to resource scarcity. The agriculture in these areas is 
dominated by organic practices either intentionally or by 
default. This was mainly due to the fact that agrochemical-
based input intensive technologies are not implemented 
and also due to the richness of the soil in organic matter 
(Eastern Himalayan region) which serves as a source of crop 
nutrition. The soil organic carbon/matter has multifarious 
effects on the soil health and productive capacity of the soil, 
therefore the study of soil health in organic farming is of 
paramount importance.

3.  SOIL HEALTH AND ITS MEASUREMENT

Soil health is defined as an integrative property that reflects 
the capacity of soil to respond to agricultural intervention, 

so that it continues to support both agricultural production 
and the provision of other ecosystem services(Kibblewhite 
et al., 2008; Rattan et al., 2009; Katyal et al., 2016; Field, 
2017; Haney et al., 2018;Wander et al., 2019; Tahat et 
al., 2020). With an increased level of understanding about 
different soil properties and their contribution to tangible 
and non-tangible services, soil health is also explained in the 
terms of different soil properties viz. soil physical health, soil 
chemical health, and soil biological health. The soil with the 
ability to meet plant and ecosystem requirements for water, 
aeration, and strength over time and to resist and recover 
from processes that might diminish the ability is considered 
physically healthy soil (McKenzie et al., 2011; Are, 2019). 
The soil biological health is the ability of soil to support large 
and diverse microbial communities, suppress pathogens, 
and support healthy crop development; while chemically 
healthy soil is the soil with the presence of plant nutrients in 
optimum quantity, available form, and balanced proportions 
which can be available to plants without the hindrance 

of soil mineral composition as modified by different 
biogeochemical processes, other chemical compounds, 
and properties. The soil chemical health also considers 
the presence or absence of harmful soil agrochemicalsand 
pollutants. Among all the above-mentioned three soil 
health, soil chemical health gets more attention due to its 
significant and distinctly visible contribution to our major 
agricultural activity i.e., crop and animal production. This 
can be judged from the amount of nutrient addition (27.37 
mt), the amount of energy involved in nutrient addition 
out of total energy required in production, and the amount 
of subsidy given on primary nutrients by the government. 
Singh et al. (2016) reported that nutrient application in 
maize-wheat cropping system consumes 36% out of the 
total energy used in the production process. At the same 
time, extensive research on the response of crops to different 
nutrients and the establishment of long-term experiments 
with major objective to study the soil nutrient balance and 
crop response to different nutrient addition also indicate the 
first and foremost place of soil chemical health. The soil’s 
physical health getting attention with the intensification of 
the soil degradation process (the most important cause of 
soil degradation is water erosion followed by wind erosion). 
Along with it, an increased level of soil degradation due 
to plough-based intensive tillage system is another reason 
for increasing the recognition of soil physical health. The 
term biological health is mainly discussed with respect 
to the application of microbial inoculations for nutrient 
fixation and acquisition (mobilization and solubilization) 
and for control of harmful microbial life. At present, 
biological health getting attention due to the adverse 
effect of conventional agrochemical-based farming and 
increased understanding the functional capacity of soil 
biota in soil sustainability (Khatri et al., 2023). These three 
soil health are measured in different parameters with their 
threshold level (Table 2). Considering the involvement of 
a large number of parameters as well as the involvement 
of qualitative parameters, the expression of soil health is 
becoming more complex and case-specific. The soil health 
is expressed using some indices calculated based on the soil 
properties having a significant impact on crop production 
and ecosystem services. Such indices include soil tilth 
index, soil quality index, and recently artificial intelligence 
soil quality index. The soil tilth index is a qualitative index 
given by Singh et al. (1992) used to explain the physical 
property of soil. It is based on five soil physical properties, 
viz. bulk density, cone index, aggregate uniformity 
coefficient, organic matter content, and plasticity index. 
The soil quality index is a minimum set of parameters that 
provides numerical data concerning the capacity of soil to 
carry out one or more functions (Garrigues et al., 2012; 
Mukhopapdhyay et al., 2014; Mukherjee and Lal, 2014; 
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Table 2: List of different soil health indicators

Soil physical indicators Soil chemical indicators Soil biological indicators

Texture pH Earthworm populations

Bulk density Electrical conductivity Nematode populations

Penetration resistance Soil organic carbon Arthropod populations

Aggregate stability Total organic carbon Mycorrhizal fungi 

Water holding capacity Total soil nitrogen Nitrogen fixation of microorganisms 

Infiltration rate Cation exchange capacity Soil chlorophyll 

Depth of hardpan Macro and micronutrient content in the soil Dehydrogenase activity

Depth ofwater table Presence of residue of agrochemicals Alkaline phosphatase activity 

Porosity Presence of heavy metals Urease enzyme 

Erosive potential – Soil respiration rate (Soil CO2 efflux)

Soil structure – Microbial biomass carbon

Soil crust – –

(Cardoso et al., 2013; Ray et al., 2014; Roper et al., 2017; Mukherjee et al., 2018; Bhowmik et al., 2019; Maini et al., 2020; 
Eze et al., 2021)

Gelaw et al., 2015; Mukhopapdhyay et al., 2016; Vasu et 
al., 2016). The evaluation of the soil quality index is also 
important as it is important in determining sustainable land 
management, environmental risk management, monitoring 
of environmental changes and soil restoration (Pawlas et 
al., 2019). The selection of the minimum data set is case 
specific(subjective) and it is based on expert opinion, or 
mathematical and statistical (objective).This can be done 
using multivariate techniques such as principal component 
analysis, redundancy analysis, discriminant analysis, and 
multiple regressions.

4.  ORGANIC PRODUCTION SYSTEM AND 
SOIL HEALTH

The organic production system emphasizes complete 
(or some cases partial) restriction of agrochemicals 

(including chemical fertilizers), antibiotics, and restriction 
on the use of genetically modified crops. The International 
Federation of Organic Agriculture Movement (IFOAM) 
defines organic farming as a production system that sustains 
the health of soils, ecosystems, and people; it relies on 
ecological processes, biodiversity, and cycles adapted to local 
conditions, rather than the use of inputs with adverse effects; 
it combines traditions, innovations, and science to benefits 
the shared environment and promotes fair relationships 
and good quality of life for all involved. The area under 
organic farming in India till March 2020 was 3.67 mha out 
of which 2.299 mha is cultivated area and 1.37 mha is wild 
harvest (Anonymous, 2021); while organic cultivated area 
as reported under different government schemes is 2.777 
mha (Khurana and Kumar, 2020). The organic farming 

area in the hill region is dominantly following one or more 
components of shifting cultivation in which the productive 
capacity of the land is decreases due to fading of soil organic 
carbon and direct exposure of soil to raindrop and runoff. 
Therefore, an attempt for maintaining soil organic carbon 
is of utmost essential in such areas to sustain production 
capacity of these areas over a longer time. Out of the total 
organic farming area in India 17.5% area is occupied by 
seven eastern and western Himalayan states where shifting 
cultivation and soil erosion is a major problem. In the case 
of arid and semi-arid areas, higher temperature leading to a 
faster rate of organic carbon decomposition, few and high-
intensity rainfall events, very low crop residue available for 
addition in soil and increased prices of organic sources of 
crop nutrition are the reason for reducing the soil productive 
capacity and soil health. The states such as Madhya Pradesh, 
Maharashtra, and Rajasthan having arid and semiarid 
climatic conditions occupy 50% of the total organic farming 
area indicating the need of studying soil health in this area.

The concept of organic farming depends on the four basic 
principles viz., the principle of health, the principle of 
ecology, the principle of fairness, and the principle of care. 
All these principles are aligned with the concept of soil 
health management. Among the several soil properties, soil 
organic carbon is important both in organic farming and 
in soil health management. At the same time, soil organic 
carbon has a dominant role in soil ecosystem services and the 
productive capacity of the soil. Therefore, prime attention is 
needed for maintaining soil health in the organic production 
systems.

Shahane and Shivay, 2022
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Table 3: Continue...

5.   AGRONOMIC INTERVENTIONS AND 
PRACTICES FOR MANAGEMENT OF SOIL 
H E A L T H  U N D E R  O R G A N I C  F A R M I N G 
SYSTEM

The soil health improvement practices need to have 
economic basis towards crop production and income 

generation. This will enhance the chance of adoption of 
these practices. As soil health management interventions/
practices has potential to address one or more crop 
production related problems (Table 3), there is increasing 
change of their adoption in organic production system. 
In intensive cereal-based cropping system, residue 
management in a short time is a problem (Shahane and 
Shivay, 2016; Prasad and Shivay, 2018), for which residue 

incorporation, zero tillage sowing, and land configuration 
are the interventions which along with solving problem 
also contributes to soil health. The positive effect of residue 
incorporation or retention on soil physical properties was 
reported by Reddy et al. (2002) and Shaver (2010); while 
Prasad et al. (1999), Dhiman et al. (2000) and Jacintheet 
al. (2002) reported the positive effect on soil chemical 
properties. The significant and positive impact of residue 
management through conservation agricultural practices 
on soil biological properties is reported by Chaudhary et al. 
(2018). In the case of the use of mineral matter rich in any 
nutrient, their availability and knowledge of suitable niches 
for their use are needed at the stakeholder end. The concept 
of zeolitic farming (Kulasekaran et al., 2015) and the use 
of rock phosphate as a source of phosphorus either alone 

Table 3: Agronomic interventions for the management of soil health under organic production system

Sl. 
No.

Agronomic 
interventions/ 
practices

Significance in 
crop production

Significance in soil 
health

Constraints Suitable niche References

Input addition

1. Green 
manuring

Crop growth 
and yield 
enhancement 
and improving 
the quality 
parameters 
such as physical 
and cooking 
quality in rice; 
increasing net 
returns

Cor re c t i on  o f  so i l 
reaction in saline soil; 
potential for nematode 
management; increases 
biogeochemical cycling 
of nutrients; improving 
soil chemical health 
through increas ing 
the nutr ient supply 
(N, P and K); add the 
voluminous amount of 
organic carbon which has 
multifarious benefits to 
crop production; enhance 
the micronutrient supply 
and their use efficiency

Occupy land 
for 40−45 days 
which may lose 
one season; 
difficult to be 
incorporated 
in rainfed 
conditions 

Irrigated 
ecosystem; rice 
and maize-
based cropping 
systems; area 
with a good 
amount of 
pre-monsoon 
rainfall   

Gangaiah 
and Prasad 
Babu (2016), 
Ramesh and 
Chandrasekaran 
(2004), Singh 
and Shivay 
(2016), Pooniya 
and Shivay 
(2015), Singh 
and Shivay 
(2013)

2. Mulching Strategy 
for weed 
management 
in an organic 
production 
system; positive 
effect on soil 
moisture 
conservation 
efficiency 
and avoid the 
terminal stress 
in late maturing 
crops/ varieties 
of rice 

Moderation of soil 
temperature and 
moisture; improve the 
soil properties and 
enhance the population 
and diversity of 
desirable microbes in 
the soil 

Awareness about 
the technology 
and availability 
of seeds on time; 
Use of herbicide 
to knock down 
Sesbania which 
is not allowed 
in the organic 
farming system; 
Uprooting and 
spreading mulch 
between crop 
rows can be 
possible 

Direct-seeded 
rice; an organic 
farming area 
with cereal 
dominated 
cropping 
system in NEH 
region due 
to the large 
availability of 
forest letter 
and residue of 
wild seasonal 
vegetation. 

Yadav et al. 
(2019)
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Sl. 
No.

Agronom-
ic inter-
ventions/ 
practices

Significance in crop produc-
tion

Significance in soil 
health

Constraints Suitable niche References

3. Use of crop 
residue

Reduce the cost of purchased 
nutrient inputs to some extent, 
a good source of potassium; 
reduce the environmental pol-
lution due to residue burning  

Recycling of nutri-
ents and making a 
closed system of nu-
trients cycling

Immobilization 
of nitrogen; ter-
mite infestation in 
light texture soil; 
may hibernate the 
insect-pests popu-
lation, allelopathic 
effect; competi-
tive uses of crop 
residue 

Intensive cereal-
based cropping 
system (Rice-
wheat cropping 
system in Indo-
Gangetic plains); 
organic farming 
area; Sugarcane-
based cropping 
system; irrigated 
agriculture

Prasad et 
al. (1999), 
Dhiman et 
al. (2000), 
Jacintheet 
al. (2002), 
Shahane 
and Shivay 
(2016), 
Yadav et al. 
(2016)

4. Agro-
industrial 
waste 

Cost-effective amendment for 
soil improvement; enhance the 
microbial activities, supply 
nutrients in small quantity     

Improvement in soil 
reaction and main-
taining or enhanc-
ing soil  nutr ient 
retention capacity 
through a positive 
effect on soil chemi-
cal health 

More competi-
tive uses (such as 
sugarcane factory 
waste), lack of 
knowledge about 
nutrient supplying 
capacity, lack of 
cost-effectiveness

Peri-urban area; 
the area around 
agro-industry; an 
area with vege-
table cultivation; 
organic farming 
area

–

5. B i o d y -
namic for-
mulations 

Enhancement of growth and 
quality of crop produce; used 
for management of insect-
pests and diseases 

Enhanced for the 
soil microbial popu-
lation and diversity; 
enrich the soil with 
microbial enzymes 
and growth regulat-
ing hormones; posi-
tive effect on soil 
inherent microbial 
biodiversity 

Lack of knowhow 
about technology; 
lack of awareness 
about the positive 
effects on crop 
production and 
thei r  margina l 
e f fect  on crop 
growth

For all types of 
crops especially 
under organic 
farming; primi-
tive measures to 
reduce insect in-
festation mainly 
i n  v e g e t a b l e 
crops and arable 
crops 

–

6. Use of mi-
crobial in-
oculation

Acquisition of nutrients from 
environmental pool; solu-
bilising and mobilization of 
nutrients such as phosphorus 
and potassium; secretion of 
plant growth enhancing hor-
mones; enhance the popula-
tion and diversity of desirable 
microorganisms. These all will 
contribute to the enhanced 
growth and yield ability of 
crop; complementary to the 
use of chemical fertilizers 
and can reduce the fertilizer 
addition by 25‒30% thereby 
reducing the cost and enhanc-
ing the nutrient use efficiency; 
increasing the share of soil 
inherent but a non-available 
pool to nutrients in crop nu-
trition 

Enhance soil mi-
crobial population 
diversity; may have 
antagonistic effect 
with soil  disease 
causing pathogen 
and therefore reduce 
their infestation; en-
hancement in the 
soil biological health 
through improving 
different soil biologi-
cal properties 

The performance 
i s  a f f e c t ed  by 
weather variations, 
the enhancement 
in growth of crop 
is not visible as 
that of chemi-
cal fertilizers and 
hence less adop-
tion by the farm-
ers; non-availabili-
ty of quality mate-
rial (with required 
colony forming 
units and free from 
admixture) 

All types of crops 
and  c ropping 
practices (both 
organic and in-
organic); cost-
effective options 
hence suitable 
for resource poor 
farmers  

Prasanna et 
al. (2009, 
2012), 
Beraet al. 
(2018), 
Chaud-
hary et al. 
(2018), 
Shahane et 
al. (2015, 
2019, 2020) 

Table 3: Continue...
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Sl. 
No.

Agronomic 
interventions/ 
practices

Significance in crop pro-
duction

Significance in soil 
health

Constraints Suitable niche References

7. Use of concen-
trated organic 
manures (oil-
cake and animals 
slaughterhouse 
products such as 
bonemeal, blood 
meal, meat meal, 
etc.)  

Quick acting and suitable 
for in-season nutrient 
management in an or-
ganic production system; 
efficiently used in high-
value crops, flowering 
plants, nurseries (prepa-
ration of potting mix-
ture), and greenhouse/
poly-house cultivation; 
enhance the efficiency of 
nitrogenous fertilizers if 
applied combined with 
neem cake    

Cakes of neem and 
Pongamia have ca-
pacity to reduce the 
population of soil-
born pathogen and 
nematodes 

These sources are 
costly to be used 
in arable crops; 
the availability of 
these sources may 
sometimes be-
come constraints 

Production of 
high-value crops 
and also in the 
organic farming 
areas; protected 
cult ivat ion of 
flowers and veg-
etables, short-
duration fruit 
crops 

-

8. Use of enriched 
manures (such as 
vermicompost, 
phosphorus en-
riched compost, 
gypsum or single 
super phosphate 
added compost, 
super digested 
compost, etc.) 

Enhance the nutritional 
status of normal manure 
and also reduce the losses 
of nutrients such as ni-
trogen due to volatiliza-
tion and through other 
ways; effective use of 
low-cost mineral reserve 
or mineral mining waste 
for the valuable crop 
produce 

Positive effect on 
soil physical, chemi-
cal, and biological 
health; reduce the 
pollution through 
the reduction in the 
wastage of nutrients 
such as volatilization 
of nitrogen. 

Lack of awareness 
about the techno-
logical knowhow 
and significance of 
using such materi-
als; lack of avail-
ability of material 
for nutrient en-
richment 

Organic farming 
of arable crops, 
combined ap-
plication with 
chemical fertil-
izers in the con-
ventional farm-
ing areas to re-
duce the cost and 
enhance the soil 
fertility through 
residual effects 

–

9. Use of minerals 
and waste from 
mineral treat-
ment plants

Cos t - e f f e c t i v e  so i l 
amendment in problem 
soil area; improve the 
soil nutrient supplying 
capacity 

Reduce the piling of 
mineral waste gen-
erated from mining 
activity thereby re-
ducing the pollution  

Heavy metals if 
present in miner-
als waste, then are 
harmful to human 
and animal health; 
logistics of volu-
minous raw min-
erals over longer 
distances may not 
be cost-effective; 
awareness about 
the processes and 
conditions need-
ed to make these 
materials suitable 
for crop growth is 
lacking

All types of crops 
and  c ropping 
practices (both 
organic and in-
organic); restrict 
the use in vegeta-
ble crops if heavy 
metals are high-
er (as vegetable 
crops are con-
sumed without 
much processing 
some vegetables 
such as spinach 
are prone to ac-
cumulation of 
heavy metals) 

Shivay et al. 
(2010), Ku-
lasekaran et 
al. (2015)
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Sl. 
No.

Agronomic 
interventions/ 
practices

Significance in crop 
production

Significance in soil 
health

Constraints Suitable niche References

Management practices 

10. Split application 
of concentrated 
organic manures 

Increase the use efficiency 
of manure; synchronize 
timing between nutrient 
availability and crop 
requirement;  

Extent the duration 
of the residual effect 
of manure applica-
tion on soil health; 

Higher cost of 
concentrated ma-
nure and its avail-
ability due to other 
competitive uses  

In all crops in the 
organic farming 
system; especially 
suitable for veg-
etable crops and 
long-durat ion 
arable and plan-
tation crops 

Shahane 
and Shivay 
(2021)

11. Intercropping of 
legumes and use 
of fallow land for 
legumes

Nutrient enrichment of 
soil through biological 
nitrogen fixation; bring-
ing nutrient from the 
bottom layer to the top 
layer; enhance the nutri-
ent availability due to the 
faster decomposition of 
crop residue  

Enhancing the soil’s 
physical , chemi-
cal, and biological 
health; enhancing 
the nutrient cycling 
and reducing the nu-
trient mining in the 
production system 

– Suitable in all 
types of cropping 
systems; useful in 
low rainfall and 
resource-poor 
farmers due to 
cost-effective-
ness; Risk-reduc-
ing strategy

Kumar et al. 
(2018)

12. Inclusion of 
forage crops in 
rotation

Act as a break crop in 
intensive cereal-based 
cropping system thereby 
reducing crop-associated 
biotic stresses (insect-
pests, pathogens and 
weeds); Meet the forage 
requirement

Addition of a large 
quantity of organic 
matter through their 
roots and enhance 
the soil microbial 
population; positive 
effect on soil and 
water conservation 

Not suitable for 
the commercial 
farm as the return 
on growing for-
age crops are lower 
than commercial 
crops; Restricted 
only with those 
farmers with the 
animal component 
in their farming 
system; loss of the 
productive season 
in case of rainfed 
area

Especial ly for 
cereal-based in-
tensive cropping 
systems; All pro-
duction systems 
(both organic 
and chemical-
based conven-
tional); Most of 
Northeast hilly 
area with the ani-
mal component 
in agriculture  

–

13. Agro-forestry Effective utilization of 
marginal land which is 
not suitable for culti-
vation of arable crops; 
generation of large wood 
biomass which has mul-
tifarious uses; production 
of leafy biomass which 
can act as fodder during 
the lean period  

Ecosystem services 
(carbon sequestra-
tion potential); sta-
bilization of mar-
ginal land and reduce 
their degradation; 
improvement in soil 
health of marginal 
land

Lack of manage-
ment of plants 
d u r i n g  e a r l y 
growth and harsh 
env i ronmenta l 
condition reduces 
the survival rate of 
plants; land hold-
ing rights(as such 
land are owned 
by either govern-
ment or by the 
community);Lack 
of  recogni t ion 
about the produc-
tive potential for 
marginal land

Marginal and 
degraded land 
with land 
capability class 
V and above; 
fragile hilly 
area affected by 
water erosion

–

Table 3: Continue...
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S l . 
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Agronomic inter-
ventions/ practices

Significance in crop 
production

Significance in soil 
health

Constraints Suitable niche Refer-
ences

14. Cover crops Suitable on soil subjected 
to continuous erosion; 
can be grown on bunds 
thereby helping to reduce 
the breaching of bunds 
due to intense rain; gen-
erate green matter with 
least rainfall and resourc-
es poor environment      

Stabilization of 
highly eroded areas 
and gullies formed 
due to intense 
erosion; effective 
measure for reduc-
ing soil erosion and 
water conservation    

Less productive 
potential than 
arable crops and 
loss of the season 
in rainfed area

The area which 
kept fallow with 
the availability of 
pre-monsoon or 
post-monsoon 
rainfall; in 
permanent 
agriculture such 
as orchard and 
plantation crops; 
all sortsof organic 
production 
system 

–

15. Tillage system 
(conservation till-
age)

Potential to reduce the 
problem of crop residue 
management in an in-
tensive cereal-based pro-
duction system; timely 
sowing; enhanced soil 
nutrient status (for po-
tassium and nitrogen and 
micronutrients) 

Improvement in 
soil health due to 
addition of organic 
matter, minimum 
disturbance to soil, 
and crop rotation; 
reduce environmen-
tal pollution 

Lack of 
availability 
of suitable 
machinery for 
sowing and 
harvesting on 
marginal farm

Suitable inten-
sive cereals-based 
cropping system; 
soi l  subjected 
to soil erosion; 
organic farming 
area

Kassam et 
al. (2019)

16. Harvesting 
methods (Adopt-
ing harvesting 
methods that 
maintain the 5−7 
cm height of stem 
on soil surface or 
methods which 
maintains the soil 
surface covered 
with part of crop 
residue) 

– Enhance the nutri-
ent cycling in crop 
production; positive 
effect on soil physi-
cal and biological 
properties; on the 
plant growth and 
act as a resource use 
efficiency 

Competitive uses 
of crop residue, 
hence less resi-
due available to 
retain on the soil 
surface; lack of 
machinery (com-
bine harvester for 
marginal farm); 
chances of hiber-
nating the insect-
pests and diseases 
on stubbles  

C e r e a l - b a s e d 
production sys-
tem; l egumes 
crop harvested by 
picking of pods 
such as green-
gram, garden pea, 
French bean etc. 

–

17. Land 
configurations 

Increase the opportunity 
time for infiltration of 
rainfall thereby increas-
ing the water availabil-
ity; enhance the crop 
productivity due to in-
creased moisture avail-
ability and safe disposal 
of excess water; methods 
such as permanent bed 
may be used for growing 
3−4 crops once prepared 
(zero tillage) thereby 
reducing the cost of land 
preparation 

Reduce erosion 
losses of soil; reduc-
tion in silting of 
reservoirs thereby 
maintaining the 
water storage ca-
pacity of reservoirs; 
enhance the mi-
crobial activity of 
soil due to moisture 
availability over an 
extended period 

An additional cost 
is involved in land 
configuration

Zero tillage; 
organic farming 
in hilly areas; 
the sloppy area 
with bench 
terraces 

Gangwar 
et al. 
(2009)
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production

Significance in soil 
health
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Reduction of soil pollution 

18. Treatment of 
sewage and 
sludge 

Rich source of nutrients 
and add to the fertility 
of the soil 

Reduction in the 
pollution of soil in 
the area around the 
periphery of cities 

The cost involved 
in treatment; lack 
of separation of 
grey and black wa-
ter; heavy metal 
contamination; 
restriction for use 
in organic farming  

Used in non-
food crops or re-
cycled for use in 
industry   

Saha et al. 
(2018)

19. Phyto-
remediation 

Reduction in contami-
nants in polluted water 
and can be used for ir-
rigating non-food crops 

Reduce the pollution 
of soil and make such 
area/ soil suitable for 
cultivation of food 
crops 

Lack of techno-
logical know-how 
and availability of 
plants with phy-
toremediation ca-
pacity  

Peri-urban area 
with the use of 
s ewage  wate r 
for agriculture; 
Industrial efflu-
ents are directly 
discharged into 
rivers/streams/
canals and used 
for irrigation

Yan et al. 
(2020)

20. Efficient waste 
disposal and 
reducing the 
footprint of 
agricultural 
activities 

Enhance the sustain-
ability of the production 
system 

Reduction in level of 
degradation thereby 
improving soil health 

Lack of awareness 
and aspiration for 
reducing foot-
print; decreasing 
diversity and in-
creasing commer-
cialization of few 
crops leading to 
need for repetitive 
use of agrochemi-
cals; unhealthy 
competition for 
increasing trading 
and use of agro-
chemicals 

– –

21. Bio-drainage Reduce the soil degrada-
tion due to waterlogging 
and make the area avail-
able for cultivation 

Reduce the admix-
ture of polluted wa-
ter to groundwater

– Dump yards and 
landfill around 
the cities, the low 
laying area 

Ram et al. 
(2008)

or in combination with microbial inoculation (Sharma and 
Prasad, 2003) are the best example of the use of mineral 
matter in soil health management. At present, several 
biodynamic formulations are referred for their capacity to 
enhance plant growth and produce quality as well as their 
capacity to manage biotic and abiotic stresses. Imparting 
knowledge of such technology to farmers may enhance the 
rate of adoption which ultimately has a positive effect on soil 
ecosystem services. The detailed agronomic interventions 
and practices along with their agronomic benefits and 
benefits to soil health are given in Table 3.

6.   CONCLUSION

The organic production system in India is mainly 
acquiring land in the northwest Himalayan region 

(17.5%) and arid and semi-arid region (50%) where soil 
degradation taking place at faster rate. The inputs such as 
manures, microbial inoculants, biodynamic formulations, 
and minerals as well as management practices such as crop 
rotation, tillage systems, cover crops, agroforestry, and 
crop harvesting methodologies are entitled for the positive 
effect on the economics of crop production and soil health 

Shahane and Shivay, 2022
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management in an organic production system. 
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