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lans'k

Hkkjrh; lH;rk Ñf"k fodkl dh ,d vkèkkj jgh gS vkSj vkt 
Hkh gekjs ns'k esa ,d lqn`<+ Ñf"k O;oLFkk ekStwn gS ftldk 
jk"Vªh; ldy ?kjsyw mRikn vkSj jkstxkj esa izeq[k ;ksxnku 
gSA xzkeh.k ;qokvksa dk cM+s iSekus ij] fo'ks"k :i ls 'kgjh 
{ks=kksa esa izokl gksus ds ckotwn] ns'k dh yxHkx nks&frgkbZ vkcknh ds fy, vkthfodk 
ds lk/u ds :i esa] izR;{k ;k vizR;{k] Ñf"k dh Hkwfedk esa dksbZ cnyko gksus dh 
mEehn ugha dh tkrh gSA vr% [kk|] iks"k.k] i;kZoj.k] vkthfodk lqj{kk ds fy, rFkk 
lekos'kh fodkl gkfly djus ds fy, Ñf"k {ks=k esa LFkk;h fodkl cgqr t:jh gSA

fiNys 50 o"kks± ds nkSjku gekjs Ñf"k vuqla/ku }kjk l`ftr dh xbZ izkS|ksfxfd;ksa ls 
Hkkjrh; Ñf"k esa cnyko vk;k gSA rFkkfi] HkkSfrd :i ls (e`nk] ty] tyok;q)] 
ck;ksyksftdy :i ls (tSo fofo/rk] gkWLV&ijthoh laca/)] vuqla/ku ,oa f'k{kk 
esa cnyko ds pyrs rFkk lwpuk] Kku vkSj uhfr ,oa fuos'k (tks Ñf"k mRiknu dks 
izHkkfor djus okys dkjd gSa) vkt Hkh ,d pqukSrh cus gq, gSaA mRiknu ds ifjos'k 
esa cnyko ges'kk gh gksrs vk, gSa] ijUrq ftl xfr ls ;g gks jgs gSa] og ,d fpark 
dk fo"k; gS tks mi;qDr izkS|ksfxdh fodYiksa ds vk/kj ij Ñf"k iz.kkyh dks vkSj 
vf/d etcwr djus dh ekax djrs gSaA

fiNyh izo`fÙk;ksa ls lcd ysrs gq, ge fuf'pr :i ls Hkkoh csgrj Ñf"k ifjn`'; 
dh dYiuk dj ldrs gSa] ftlds fy, gesa fofHkUu rduhdksa vkSj vkdyuksa ds 
ekWMyksa dk mi;ksx djuk gksxk rFkk Hkfo"; ds fy, ,d CywfizaV rS;kj djuk gksxkA 
blesa dksbZ lansg ugha gS fd foKku] izkS|ksfxdh] lwpuk] Kku&tkudkjh] l{ke ekuo 
lalk/u vkSj fuos'kksa dk c<+rk iz;ksx Hkkoh o`f¼ vkSj fodkl ds izeq[k fu/kZjd gksaxsA

bl lanHkZ esa] Hkkjrh; Ñf"k vuqla/ku ifj"kn ds laLFkkuksa ds fy, fotu&2050 dh 
:ijs[kk rS;kj dh xbZ gSA ;g vk'kk dh tkrh gS fd orZeku vkSj mHkjrs ifjn`'; 
dk csgrj :i ls fd;k x;k ewY;kadu] ekStwnk u, volj vkSj Ñf"k {ks=k dh LFkk;h 
o`f¼ vkSj fodkl ds fy, vkxkeh n'kdksa gsrq izklafxd vuqla/ku laca/h eqn~ns rFkk 
dk;Zuhfrd izQseodZ dkiQh mi;ksxh lkfcr gksaxsA

(jk/k eksgu flag)
dsUæh; Ñf"k ea=kh] Hkkjr ljdkj





Foreword

Indian Council of Agricultural Research, since inception in the year 
1929, is spearheading national programmes on agricultural research, 
higher education and frontline extension through a network of Research 
Institutes, Agricultural Universities, All India Coordinated Research 
Projects and Krishi Vigyan Kendras to develop and demonstrate 
new technologies, as also to develop competent human resource for 
strengthening agriculture in all its dimensions, in the country. The 
science and technology-led development in agriculture has resulted in 
manifold enhancement in productivity and production of different crops 
and commodities to match the pace of growth in food demand.

Agricultural production environment, being a dynamic entity, 
has kept evolving continuously. The present phase of changes being 
encountered by the agricultural sector, such as reducing availability of 
quality water, nutrient deficiency in soils, climate change, farm energy 
availability, loss of biodiversity, emergence of new pest and diseases, 
fragmentation of farms, rural-urban migration, coupled with new IPRs 
and trade regulations, are some of the new challenges. 

These changes impacting agriculture call for a paradigm shift in our 
research approach. We have to harness the potential of modern science, 
encourage innovations in technology generation, and provide for an 
enabling policy and investment support. Some of the critical areas as 
genomics, molecular breeding, diagnostics and vaccines, nanotechnology, 
secondary agriculture, farm mechanization, energy, and technology 
dissemination need to be given priority. Multi-disciplinary and multi-
institutional research will be of paramount importance, given the fact 
that technology generation is increasingly getting knowledge and capital 
intensive. Our institutions of agricultural research and education must 
attain highest levels of excellence in development of technologies and 
competent human resource to effectively deal with the changing scenario.

Vision-2050 document of ICAR-Indian Institute of Soil Science 
(IISS), Bhopal has been prepared, based on a comprehensive assessment 
of past and present trends in factors that impact agriculture, to visualise 
scenario 35 years hence, towards science-led sustainable development 
of agriculture.
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We are hopeful that in the years ahead, Vision-2050 would prove to 
be valuable in guiding our efforts in agricultural R&D and also for the 
young scientists who would shoulder the responsibility to generate farm 
technologies in future for food, nutrition, livelihood and environmental 
security of the billion plus population of the country, for all times to 
come. 

 

(S. AYYAPPAN)
Secretary, Department of Agricultural Research & Education (DARE)

and Director-General, Indian Council of Agricultural Research (ICAR)
Krishi Bhavan, Dr Rajendra Prasad Road,

New Delhi 110 001
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A changed perception of soils from an exclusive focus as a substrate for 
food production to its ecological and biodiversity potential has firmly 
emerged during the last three decades. The Indian Institute of Soil 
Science (ICAR-IISS), Bhopal is charged with the mandate of conducting 
basic and strategic research on Indian Soils and has made tremendous 
strides in the areas of integrated nutrient management, soil test based 
nutrient prescriptions, soil quality, GIS based soil fertility maps, carbon 
sequestration in soils, organic farming practices, soil microbial diversity 
and biofertilizers, rapid composting of wastes, quality standards for 
municipal solid waste composts and improving the sink capacity of 
soils for heavy metal pollutants etc. The institute has proven its worth 
in terms of working out strategic solutions for these challenges and 
delivering them to the farmers’ door-step. 

Soil Science has thrived because of inter-disciplinary co-operation and 
shown how soils frequently play roles as the keystone of environmental 
systems, both natural and managed, and contributed significantly to 
local, regional and global environmental management. In the future soil 
science will play a major role in addressing the complex nature of land 
use, climate change impacts on soils and agriculture, environmental, and 
biodiversity challenges. The institute with its rich experience, young and 
diverse talent, and coupled with total dedication and commitment to 
science and society is thus uniquely positioned to tackle these challenges. 
The primary challenge of Indian agriculture at this juncture is to increase 
food-grain production through an improvement of factor productivity, 
which requires us to improve production per unit of input of fertilizers, 
manures and water. The food and nutritional security of the burgeoning 
population has to be achieved against the back drop of a shrinking and 
increasingly degraded land and water resource. The institute will thus aim 
to improve nutrient and water use efficiency, achieve self reliance in crop 
fertilization by exploiting indigenous mineral and by-product sources, 
improve biological processes by various ways including waste recycling, 
conserving and deploying the enormous soil-biodiversity as biofertilizers, 
improve carbon sequestration and soil quality all of which would lead to 
improved ecological balance and energy efficient agriculture. The research 
programmes of the institute will thus be built around five programmes: 
a) Enhancing nutrient and water use efficiency b) Sustaining soil and 
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produce quality c) Soil biodiversity and genomics d) Climate change and 
carbon sequestration and e) Minimizing soil pollution.

To tackle the future challenges and continue to excel and deliver 
effective solutions to society it is a virtual imperative to re- fashion 
soil science by greater re-integration of the basic disciplines. Experts 
in ecology, biosystematics, molecular biology, biochemistry, imaging 
sciences, nanotechnology etc. will be engaged in the new endeavors. 
The first systematic effort to envision the challenges and opportunities 
and to formulate its own strategy was undertaken in the last year of 
20th century by preparing 'Vision 2020'. The next attempt was after five 
years by preparing “IISS Perspective Plan 2025' to address changes that 
had taken place in the interim. Very shortly it was followed by Vision 
2030. However, a need was felt to prepare a relatively longer-term 
vision. The present document, IISS Vision 2050 thus articulates this 
need for a strategic framework for innovation-led sustainable productivity 
of soil resources with minimum external inputs and least environmental 
degradation. 

I sincerely extend my deepest gratitude to Dr. S. Ayyappan, Director 
General, ICAR for his guidance in bringing out this document, IISS 
Vision 2050. I am highly grateful to Dr. Alok Kumar Sikka, DDG 
(NRM) for critical review and valuable suggestions in the preparation of 
this vision document. My sincere thanks are also to Dr. Suresh Kumar 
Chaudhari, ADG (SWM), and Dr. P.P. Biswas, PS (Division of NRM) 
for going through and improving the document. I wish to express my 
sincere appreciation to the Programme Leaders, Project Coordinators 
and Scientists of the institute who have contributed valuable information 
for their respective programmes. Special thanks are due to the constituted 
team of scientists comprising Drs. D.L.N. Rao, S. Kundu, Sanjay 
Srivastava, and Brij Lal Lakaria for compiling and editing IISS Vision 
2050 document. 

Ashok K. Patra
Director

Indian Institute of Soil Science
Nabi Bagh, Berasia Road, Bhopal 462 038
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Context

Soils are biogeochemically dynamic entries that play an important 
role in sustaining life forms within the earth’s critical zone by 

regulating process in terrestrial ecosystems including freshwater and 
marine ecosystems. Yet, advancing soil science research and establishing 
its relevance in today’s rapidly evolving research landscape presents 
diverse challenges. 

The Indian institute of Soil science was established on 16th April, 
1988 at Bhopal with a mandate of “Enhancing Soil Productivity with 
Minimum Environmental Degradation”. To accomplish the mandate 
of the institute, it has given the priority to soil health related issues 
faced by farmers and other stakeholders. Though the institute has made 
significant progress in the past, a need was felt to prepare this vision 
2050 document to provide the institute a long term perspective and 
roadmap for future soil research. 

The institute has made a significant progress in understanding soil 
chemical, physical and biological processes under long-term cropping, 
manure and fertilizer use. It has achieved significant success in the areas 
of integrated nutrient management, impact on soil of long-term cropping 
with different nutrient management practices and carbon sequestration 
research. Work on organic farming has led to package of practices for 
different crops. The savings on soil carbon, water, nutrients, energy 
and time due to the adoption of conservation tillage practices have 
been shown in soybean-wheat system. Gainful utilization of urban solid 
wastes and agro-wastes by converting them into value-added composts, 
including vermi-composting and phospho-sulpho-nitro- composting 
technologies have been achieved. Work on sink capacity of soils for heavy 
metals has led to limits for their loading in soils, quality standards of 
composts with respect to organics, nutrients and heavy metals suiting to 
Indian conditions were worked out and being used in the country for 
enforcing quality control. Exploitation of large soil bio-diversity of plant 
growth promoting rhizobacteria and rhizobia has resulted in isolation of 
valuable germplasm that is being utilized in biofertilizer manufacture.

There  is  a renewed interest in both soil and soil related research 
due to the urgency of 21st century challenges, including climate change, 
land-use change, agricultural production, food security, environmental 
protection, ecosystem services, and energy production. This increased 
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interest in soil science research reflects broadening of the classical 
agricultural focus to multi-disciplinary approach towards global 
environmental and societal challenges. Sustaining these emerging interests 
requires further advancement in inter-disciplinary (among various soil 
science disciplines) and trans-disciplinary (among disciplines outside 
of soil science) research collaboration, with emphasis on addressing 
key research needs. To have outcomes relative to priority needs of the 
21st century, the existing model of conducting research within specific 
disciplinary boundaries should give way to research efforts focused on 
strategic and priority societal needs.

Thus a reorientation of soil research is required, especially  in view 
of the ever shrinking land resources for agriculture, deteriorating soil 
health and decreasing factor productivity. Even though India has made 
significant progress in food grain production, it could not maintain 
the production base, i.e., soils in the requisite state of health. About 
121 million hectare of India’s land is at present suffering from various 
kinds of land degradation, of which chemical degradation (22.76 million 
hectare) is prominent. There is an urgent need to restore productivity of 
this land for sustaining higher production. Fertilizer prices are increasing 
world over and there will be physical shortage of fertilizers in future. 
This is always coupled with the uncertainties in fertilizer availabilities 
since almost the entire quantity of P and K fertilizers is imported 
either as finished products or intermediaries. The problem is further 
accentuated  by  the fact that current nutrient use efficiencies in India 
are quite low. They are 30-50% for N, 15-20% for P, 8-10% for S, 
2-5% for Zn, 1-2% for Fe and Cu. It is a huge challenge  to sustain 
our productivity under such situations. We have to employ in future 
all possible mechanisms and means to improve nutrient use efficiencies 
that involve  developing and testing of nano-fertilizers, developing 
consortia based microbial formulations for mobilization of soil nutrients, 
and engineering of nutrient efficient crops using molecular biology and 
biotechnological tools. India has the highest number of livestock (15% 
of world) and second highest human population in the world. It is 
estimated that every million tonne increase in food grain production 
will produce 1.2-1.5 million tonnes of crop residue and every million 
increase in cattle population will provide additional 1.2 million tonnes 
of dry dung per annum. But currently, a large amount of animal excreta 
either remains unutilized or used as fuel in the form of dung cake. Future 
research has to be tuned to harness this vast organic resource. Efficient 
mechanism of urine collection and extraction of nutrients from this is 
another area that needs attention. The technology of nutrient extraction 
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(struvite process) from urine is available elsewhere but needs to be tested 
and adapted in India. Also, a huge amount of municipal and solid waste 
is generated in the country which is dumped indiscriminately on land in 
peri-urban areas causing environmental pollution. Though technologies 
are available for conversion, still a lot remains to be done in segregation 
technology and hastening the process of decomposition. Novel  microbes 
need to be cultured/engineered which can  decompose otherwise 
resistant organic materials. With India’s growth story maintaining its 
momentum, , in future the labour would become expensive and farm 
mechanization and automation would naturally come in a big way. New 
practices like precision agriculture and techniques like nanotechnology 
and biotechnology are required that are not only labour and cost-effective 
but also practicable and relevant in the future context. The nutrient 
package of practices applicable today would need reorientation so as 
to suit micro-irrigation and precision agriculture.  

Though India has the highest biodiversity in the world, it is not 
in a position to exploit it fully, because most of the soil biota are at 
present  not culturable and hence cannot be deployed very easily in 
nutrient fixation, release and as bio-control agents. The institute would 
have to strive hard to make a breakthrough in this area. 

Similarly, indigenous mineral and by-product resources of nutrients 
need to be tapped for their efficient use in agriculture as the country 
cannot afford to continue the heavy subsidy paid on imported fertilizer 
materials. Climate change has become a reality and future research 
needs to be oriented in developing climate resilient agriculture. Also, 
very efficient and precise use of inputs and energy are the need of the 
hour. Tackling the above challenges definitely requires a long term vision 
and strategy along with a roadmap to address the above challenges and 
one that is dynamic to quickly adapt to any unforeseeable changes. 
The Institute is now marching ahead to face the complex challenges of 
soil health and crop productivity issues and to harness domestic and 
global opportunities to overcome these for the welfare of the farmers, 
consumers and other stake-holders in the food-supply chain. Sincere 
efforts are being made to ensure that IISS becomes a leading research 
organization in the world in the field of soil science, that is vibrant and 
also sensitive to the needs of stakeholders. 
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Challenges

Soil ecosystems remain firmly at the foundations of human life 
support systems. They are the least understood among the natural 

ecosystems and increasingly among the most degraded. Soil erosion, 
loss of soil organic matter and nutrient depletion are among the leading 
contributors to impaired soil health, reduced crop yields and poverty in 
developing world. Global warming will further exacerbate the problem. 
Not surprisingly therefore, soil health tops a list of priorities of UN 
Millennium Project’s hunger task force. Ecosystem services are vital to 
maintain the health and well being of humans and other organisms 
within the biosphere. The importance of soils in ecosystem function is 
well known, but current methodology is inadequate to quantitatively 
examine ecosystem services over various temporal and spatial scales. The 
modern challenges facing ecological sustainability have moved several 
ecosystem functions to the forefront of current and future research needs. 
It is therefore, important that we develop methodologies to adequately 
identify, measure, and assess the value of these services and functions.

In the light of global climate change and the growing human 
population, it is crucial to determine how different soils respond to 
human-induced and natural changes, as well as the long term impact 
of this response on ecosystem services. Such knowledge will help to 
evaluate the role of soils in ecosystem dynamics at local and global 
scales, particularly regarding nutrient cycling, erosion, water quality, and 
regulators of greenhouse gas (GHG) emissions.

Food security is one of the great global challenges of the 21st 
century. Soils have to play a central and critical role in delivering food 
security. But, most of our important soil based production systems are 
showing the signs of fatigue. As a result, the partial factor productivity 
of fertilizers has declined in intensive cropping systems. The current 
status of nutrient use efficiency is quite low and brought about by the 
deterioration in physical, chemical and biological health of soils. The 
effects of physical and chemical degradation of soils are quite obvious, 
but biological degradation due to the loss of specific SOM fractions and 
the autochthonous biotic communities dependent upon them is insidious. 
The major reasons for soil health deterioration are: wide gap between 
nutrient demand and supply leading to low and imbalanced fertilizer use; 
low soil organic matter content, emerging deficiencies of secondary and 
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micronutrients in soil, soil acidity, impeded drainage, soil salinization and 
sodification etc. Fortunately, rapid scientific advancements and availability 
of new tools, techniques, and approaches promise technological 
breakthroughs to accomplish these difficult missions. A major challenge 
however, is “to develop improved strategies for halting and reversing 
soil degradation” if long-term productivity is to be secured. Enhancing 
sustainable food production and use efficiency of applied nutrients 
require integrated strategies for both land and water resources through 
rational utilization of both and addressing crucial management issues 
with more attention to basic and strategic issues. 

Some of the specific challenges for which the institute has to prepare 
itself are given below: 

(i) Ensuring Food and Nutritional Security from Shrinking Land and Water 
Resources

The constantly shrinking agricultural land is a stark reality. The per 
capita availability of agricultural land has declined from 0.48 ha in 1951 
to 0.16 ha in 1991 and is likely to decline further to 0.08 ha in 2035 
and even less by 2050 due to the rapid growth in human population 
and infrastructure required for tourism, transport, industry, and mining 
sectors etc. New threats like disposal of municipal and solid wastes on 
landfills are other uncertainties. Hence, the greatest production increase 
has to come through higher yields from unit area. To achieve this, 
among other things, we have to increase our water and nutrient use 
efficiencies by at least three times.

In India, 50% of precipitation is received in 15 days leading to 
huge run off losses of water and low water availability per capita. 
16.9% of world’s population is sustained only on 4% of global water 
resources, 90% of river flows occur only for 4 months in a year. Only 
26 % of waste water is treated. Ground water levels are declining at the 
rate of 10 cm per year and the ground water reserves are increasingly 
contaminated. 38.2 bln litres of sewerage water is generated every day 
which needs to be scientifically disposed off,. Hence, it is not only 
land, but the gross  per capita water availability will also decline from 
1820 m3/ yr in 2001 to as low as 1140 m3/yr in 2050. The water 
demand in other sectors in comparison with irrigation is shooting up 
and the per capita availability of water for irrigation is declining. Hence, 
micro-irrigation technologies will come up in a big way. Currently, 
micro-irrigation is limited to horticultural crops, but it will be used in 
major food crops in future. This will pose a challenge to the institute 
to develop strategies and technologies to fertilizing the crops with drip 
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irrigations/sprinkler irrigation etc. In the National Water Policy 2012, 
it is envisaged to enhance the water use efficiency by 20%.

In addition to quantity of produce, maintaining the quality of 
produce in view of the changing food preferences poses another 
challenge. India’s nutritional intake patterns are fast changing. The 
consumption of food grains is decreasing in both the rural and the urban 
areas. On the other hand, the consumption of vegetables, fruits and oil 
crops, and animal products such as milk, poultry and eggs, is expected 
to increase.  This means future research should aim at balanced plant 
nutrition that would supply quality food to humans and animals. 
Technologies to synthesize new foods, like creating cheese, meat and 
egg substitutes from plants will emerge. Eliminating micronutrient 
malnutrition among people would be a challenge which is now clearly 
manifesting due to deficiency of iron, iodine and zinc. 

(ii) Characterizing and Conserving Soil-biodiversity 

India is endowed with a wide variety of climates and soils and has a 
rich biodiversity in both fauna and flora, and there is an enormous wealth 
of microbial diversity that remains unexplored. A changed perception 
of soils from an exclusive focus as substrate for food production to its 
ecological and biodiversity potential has firmly emerged. Microbes are 
the basis of the biosphere; a staggering 5 x 1031 cells exist, weighing 50 
quadrillion metric tones, constituting about 60% of the total biomass. It 
is difficult to overstate their importance; the soil-microbe complex is vital 
because of the services it provides for agriculture, waste management 
and the water industry, and the natural and semi-natural environments. 
They breakdown most of the 45,000 or so chemical compounds that 
humans use in daily life. With molecular techniques, the incredible 
diversity of soil microorganisms is finally being unraveled. It is estimated 
that although one third of fungal diversity of the globe exists in India, 
yet only 5% of the fungi have been characterized so far. Similarly 
only 1% of the bacteria are culturable. The uncultured soil microbial 
diversity represents a rich reservoir of microorganisms and genes that 
can be explored for a variety of applications. The recent discovery of 
a new anti-bacterial antibiotic after nearly 30 years has come from soil 
metagenomic approach. A vast amount of basic research is thus required 
for exploitation of large pool of genes in soils to benefit mankind. To 
assess the soil health of ecosystems, we will need to focus on functional 
biodiversity which relates the quantification of functional genes as 
well as pre-dominant phyla and indicator species in the context of 
ecosystem functioning. It will be a challenge to link the presence of a 
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key species or functional groups and relate the same to ecosystem or 
community functioning. Developing efficient N fixers, P solubilizers, 
other nutrient mobilizers, disease control agents and microbials that can 
alleviate abiotic stresses will be a continuing priority in the context of 
climate change as we will need to evolve stress adapted cultures that 
can function in the new environmental pressure. 

Understanding the structure-function relation of microbial 
communities has been difficult. A greater understanding of the functional 
bridges between the physics and biology of soils will be required. 
Environmental genomics will be crucial in exploring microbial diversity 
and its functional significance. Complex interactions between plants and 
consortia of microbes would extend beyond those resisting pathogens 
and scavenging nutrients and would help improve drought resistance 
and salt tolerance of plants and have other growth-promoting activities. 
Mycorrhiza help plants to tolerate stress through extensive networks of 
mycelia, sometime extending upto 20,000 km in one cubic metre of 
soil. Understanding and managing soil microbial ecology will have major 
benefits for stressed agricultural systems and will also help determine 
optimal tradeoffs while using heavy doses of fertilizers and pesticides 
such that benefits of use outweigh the disruptions caused. There 
would be greater focus on soil faunal activities whose neglect has been 
a matter of great concern. Integrated farming systems using legume 
BNF, composts, green manures, microbial inoculants (biofertilizers), 
biopesticides, etc. would be increasingly used along with judicious use 
of irrigation water in all production systems. Exploring the extent of 
microbial impacts on climate change and the effects of climate change 
on microbes would be a major scientific challenge. 

(iii) Achieving Self Reliance in Crop Fertilization through Indigenous Mineral 
and By-product Sources

Ensuring timely access to adequate mineral fertilizers is the key 
to improving agricultural productivity, ensuring food security, poverty 
reduction and nutritional security, especially in the low-income food-
deficit countries like India. However, ensuring timely access to fertilizers 
in India is a challenge since the country has to significantly depend on 
imported fertilizers for meeting out its consumption (Table 1). Further, 
the fluctuating oil and consequently the fertilizer prices in the recent 
past in the international market have led to nutrient insecurity in Indian 
agriculture. Fortunately the low oil prices now which are expected to 
remain so in the foreseeable future have eased the situation somewhat. 
But, nevertheless the fertilizer imports result in a huge burden to the 
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exchequer and a subsidy burden of thousands of crores of rupees to 
the GOI. Although, India has 2000 million tonnes of glauconite, 
16000 million tonnes of polyhalites, and 2000 million tonnes of silvite 
minerals which could make India self reliant in potassic fertilizers, the 
technology to convert these mineral resources into usable fertilizers is 
not presently available. Similarly, around 310 million tonnes of rock 
phosphates deposits are known to occur in India. These resources may 
increase considerably in future as better and state-of-the-art technologies 
will be used for prospecting mineral resources. Therefore, development 
of technology for utilization of these mineral resources as source of plant 
nutrients is an urgent priority and poses a great challenge. 

Table 1 Import, Production and Consumption (million tonnes) of primary nutrients

Nutrients Import Production Consumption
N 3.92 12.40 16.75
P2O5 1.59 3.96 5.63
K2O 1.95 - 2.10

Source: Indian Journal of Fertilisers, 2014, Vol 10 (12), 121-128.

Biotic and abiotic components within soil interact to mediate 
cycling pathways for important macronutrients and micronutrients. 
During these processes, soils facilitate important ecosystem services 
including C storage, transformation of environmental contaminants, and 
biogeochemical reaction that aid in nutrient cycling. Nutrient cycling in 
the environment occurs between various biotic and abiotic compartments 
such as plants, animals, microbes, lithosphere, hydrosphere, and 
atmosphere. The fluxes between these compartments and regulated by 
multiple factors including soil structure, microbial communities, redox 
dynamics, conductivity, and elemental coupling. Despite our improved 
understanding of these factors over the last century, the complexity and 
variability surrounding microscale dynamics in nutrient cycling is still 
poorly understood and major scaling issues are yet to be resolved.

(iv) Developing Efficient Technologies of Waste Recycling 

Municipal and Solid Waste (MSW)

A huge quantity of MSW is generated in India annually. These 
wastes are simply dumped into ground that not only occupies the 
valuable land resources but also poses a threat to the environment, 
besides causing health hazards to the citizens. The total waste generated 
in urban India is estimated to be 188,500 tonnes per day (TPD) or 
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68.8 million tonnes per year (TPY). A total of 366 cities in India 
which represent 70% of India’s urban population generate 47.2 million 
tonnes per year (TPY) at a per capita waste generation rate of 500 g/
day. At this rate, the total urban MSW generated in 2041 would be 
230 million TPY (630,000 TPD) and would occupy an area equivalent 
to that of Mumbai, Chennai, and Hyderabad. Soil scientists and other 
environmentalists have to play a pivotal role in converting these wastes 
into valuable manure through proper composting technology. 

(b) Organic resources/wastes from livestock/farming

Organic wastes are no more seen as wastes but as valuable 
resources. They are increasingly finding their use in power generation 
and other alternative uses. However, it would be prudent if these 
wastes are recycled back into soils from where they come so as to 
sustain and improve agricultural productivity. At the present level of 
crop production, crops remove around 31 million tonnes of NPK, 
whereas the consumption of fertilizer is around 28 million tonnes which 
leaves a gap of 3 million tonnes. The projected food grain production 
of 457 million tonnes in 2050 would remove about 58 million tonnes 
of NPK with an addition of 48 million tonnes of fertilizer nutrients (if 
the current trend of fertilizer additions continues), leaving a gap of 10 
million tonnes. This may be a potential threat to the quality of soils 
and our ability to  sustain agriculture, implying the need to develop 
improved ways and means to recycle the organic wastes generated in 
agriculture. 

(v) Tackling Environmental Contaminants and Developing Climate Resilient 
Agriculture

It is increasingly important to address the intersections of soil 
and public health in light of climate change, population growth, and 
demographic shifts, change in consumption patterns as well as an 
evolving global economy. The linkage between soils and human health 
have long been appreciated, though not widely acknowledged or fully 
understood. The various roles that soils play in protecting or threatening 
public health can be assessed according to varying perspectives of 
multiple disciplines (e.g., environmental health, public health, and 
soil science). By recognizing and incorporating such multi-disciplinary 
perspectives, the inextricable links between soil health and public health 
can be more clearly elucidated. 

The total area that is suffering from various kinds of land degradation 
is estimated to be 120.72 million ha of which 104.19 million ha falls 
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under arable land and 16.53 million ha is under open forest. It includes 
water erosion 82.57 million ha, wind erosion 12.40 million ha, chemical 
degradation 24.68 million ha, and physical degradation 1.07 million 
ha. To restore and maintain the lands suffering from such disorders is 
a challenge that needs immediate and long-term attention by adoption 
of various ameliorative measures to maintain soil quality.

Due to increased anthropogenic activities, soil is the sink for several 
pollutants like pesticides, herbicides, polycyclic aromatic hydrocarbons, 
polychlorinated biphenyls, heavy metals and many inorganic salts. These 
pollutants adversely impact the soil physico-chemical environment, 
nutrient cycling/transformation processes, soil biodiversity, plant 
growth, food quality etc. Mining, manufacturing and the use of 
synthetic products (e.g. pesticides, paints, batteries, industrial wastes, 
and land application of city and industrial sludge) in future can result 
in heavy metal contamination of urban and agricultural soils. Excess 
heavy metal accumulation in soils is toxic to humans and other animals. 
This leads to introduction of toxic elements in the food chain and 
poses a serious threat to animal and human health. For this, regulations 
governing the maximum loading limits of heavy metals have been 
developed by a number of developed countries. India does not have 
any such regulation or guidelines to set heavy metal loading limits for 
land application of pollutants. 

Besides heavy metals, a continuing effort will be required to better 
understand biochemical cycling of nitrogen and phosphorus; and their 
various fractions and contribute to knowledge on their transport within 
soil as well as to water bodies, monitor their levels in rivers and ocean so 
as to reverse their environmental pollution effects on aquatic resources. 
Such information will be required in future on regular basis for reporting 
on environmental audit and international and national environmental 
protection agencies.

Agricultural and food production in the coming years will  adversely 
be affected by climate change, especially in countries like India that are 
already climate-vulnerable (drought, flood and cyclone prone) and that 
have low incomes and high incidence of poverty. 2014 is already declared 
as the warmest year ever in human history. Due to green house effect, 
global mean surface temperature is projected to rise between 1.8°C 
and 4.0°C by 2100. Emissions from the agricultural sector account 
for roughly 14 per cent of global greenhouse gas (GHG) emissions. 
Stabilizing global warming below 2 °C is considered necessary to avoid 
severely dangerous effects of climate change. Adaptation and management 
of the natural resources to climate change will be a big challenge for 
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food security, and maintenance of ecosystem services. Meeting this 
challenge will require halving CO2 emissions by 2050 compared with 
1990 levels. The most recurring topic amongst scientists is related to 
soils as a regulation of carbon (C) cycling. Although many researchers 
have studied how soils regulate C sequestration and GHG emissions, 
there is a need for improved understanding of the process involved, 
and how these processes modulate overall ecosystem health. Increasing 
soil carbon sequestration through improved cropland and livestock 
management, forestry and agro-forestry initiatives and tillage practices 
will be a challenge that needs immediate and long term strategic research. 
The challenge is not just the maintenance of organic C at the present 
level but to enhance its level by at least 15-20%. Thus, assessing soil 
organic carbon (SOC) accretions/sequestration under intensive cropping 
with different management practices would play an important role in 
long-term maintenance of soil quality. Inventorying the sources and 
contribution of other GHGs like methane and reactive nitrogen species 
and their flows in agriculture systems will be needed to contribute 
regional and global efforts at climate change mitigation efforts.

(vi) Developing Energy Efficient Agriculture 

Over exploitation of natural resources under intensive agriculture in 
the last five decades has resulted in acute degradation of underground 
water resources, soil health and environment. Concerns about stagnating 
productivity, increasing production costs, declining soil quality, declining 
water tables and increasing environmental problems are the major factors 
forcing us to look for alternative technologies. Energy requirement 
has increased many folds resulting in high input cost for the farmers. 
Hence, developing economical agricultural technologies for different 
agro-ecosystems is a big challenge. 

q
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Global Scenario

The world population is projected to increase from 7 billion in 2011 
to 9.2 billion by 2050. According to FAO more than 805 million 

people are facing hunger and malnutrition globally. Population growth 
will require an approximate increase of 60 per cent in food production 
in future. However, 33 per cent of the global soil resources are under 
various kinds of degradation due to erosion, compaction, soil sealing, 
salinization, soil organic matter and nutrient depletion, acidification, 
pollution and other processes caused by unsustainable land management 
practices and human pressures. Soils are thus severely stressed, and most 
have reached critical limits with respect to carrying capacity and not in 
a position to perform essential soil functions optimally. According to 
FAO, at least a quarter of the world’s biodiversity lives underground, 
where giants ( earthworms) live alongside tiny organisms such as bacteria 
and fungi. Such organisms, including plant roots, act as the primary 
agents driving nutrient cycling and help plants by improving nutrient 
intake, in turn supporting above-ground biodiversity as well. Unless new 
approaches are adopted, the global amount of arable and productive 
land per person will in 2050 be only one-fourth of the level in 1960.

Climate change is predicted to have a large impact on semi-arid 
areas which are often degraded and vulnerable to environmental 
changes. However, these areas might play a key role in mitigation of 
climate change effects through sequestration of carbon in soils (United 
Nations, 2011). At the same time, increasing the organic carbon in these 
environments could be beneficial for soil erosion control, soil fertility 
and, ultimately, food production. Several approaches have been carried 
out to evaluate climate change impacts on soil organic carbon (SOC) 
stocks, but soil carbon models are amongst the most effective tools to 
assess C stocks, dynamics and distribution and to predict trends under 
climate change scenarios. CarboSOIL is an empirical model based on 
regression techniques and developed to predict SOC contents at standard 
soil depths of 0 to 25, 25 to 50 and 50-75 cm. CarboSOIL model has 
been designed as a GIS-integrated tool and is a new component of the 
agroecological decision support system for land evaluation MicroLEIS 
DSS.

The burning issue of today’s environment problem is the release 
of toxic contaminants from various man made sources resulting in 
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contamination of natural resources of earth and leading to scarcity of 
clean water and loss of soil fertility. In central and eastern European 
countries about 1.7 million sites have been reported to be contaminated 
with heavy metals and need reclamation. In developing countries 
particularly India, China, Pakistan, Bangladesh, soil and water pollution 
is also severe where small industrial units are pouring their untreated 
effluents over near agricultural fields. The use of plants species for 
cleaning polluted soils and water termed as phytoremediation has gained 
increasing attention since last decade, as an emerging cheaper technology. 

q



Operating Environment

The Indian Institute of Soil Science has been in existence for the 
last 27 years. As an R&D institute, with a strong base of soil 

science and related science professionals, it is well-placed to lead a 
science-led strategy on securing soils and food sustainability. With ever 
increasing demands and challenges, the IISS has to go on expanding 
the horizons of activity to suit the changing scenario. However, our 
ability to improve soil management to address emerging challenges 
depends on the mechanistic understanding of underlying processes, and 
development of tools to accurately monitor and model the complexity 
of the natural environment.

There will be major demographic and occupational changes in 
India in the next few decades. An analysis of 163 countries indicated 
a relatively strong correlation (R=0.83 and R²=0.7) between the 
ratio of non-performing population (NPP, or non agricultural) to 
performing population or agricultural population (PP) and urbanization 
indicators (FAO 2011 Country STAT for Sub-Saharan Africa, Rome). 
The study also finds that the NPP/PP ratio changes are faster than the 
rate of urbanization. In India, the percentage of population in urban 
agglomerations of more than 1 million (% of total population) has 
increased from 6.69% in 1961 to 12.2% in 2010. We foresee that 
this will increase at a much faster rate in the coming four decades 
decreasing substantially the agricultural population and consequently 
the labour engaged in agriculture. Automation and farm mechanization 
would become inevitable. New management practices involving 
micro-irrigation coupled with nutrient delivery, precision agriculture, 
customized and specialty fertilizers, bio-molecules, bio-cultures and 
etc. would become common place. The institute will have to develop 
sophisticated laboratories to keep pace with the changing scenario. 
Some new laboratories that are being planned are “Soil Biodiversity and 
Biotechnology Laboratory” and “Nanotechnology Laboratory”. These 
laboratories will be equipped with state-of-the-art facilities to carry out 
most advanced research in soil science. 

Climate change would increase the variability of agricultural production 
across all areas, with increased frequency of extreme climate 
events. Increases in the incidence of droughts and floods, which 
are dominant causes of acute food shortages in semi-arid and sub-

14
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humid areas mean that the poorest regions with the highest levels 
of chronic undernourishment will be exposed to the highest degree 
of instability in food production. Also climate change is altering the 
distribution, incidence and intensity of animal and plant pests and 
diseases and may result in new transmission modalities and different host 
species. At the same time, agriculture will become more closely linked 
with energy markets through the production of bio-fuels from crops, 
introducing additional variability in agricultural commodity prices.  A 
one degree Celsius increase in temperature may reduce yields of 
major food crops by 3-7%. Much greater losses are likely at higher 
temperatures for longer durations. Greater loss is expected in winter 
(rabi) than in the rainy season (kharif).  Length of growing period 
in rainfed areas is likely to reduce, especially in the peninsular region. 
System changes such as shifting land-use and management practices 
can significantly alter nutrient pools and transport pathways. Land-use 
changes associated with increased urbanization will alter soil temperature 
and moisture regimes due to the urban heat island effect and modified 
hydrology. Urbanization may also change the quantity and quality of 
organic inputs to soils while increasing the possibility of contamination 
by heavy metals, trace organic contaminants, and pathogens. All of these 
changes will have an impact on nutrient cycling, C storage potential, 
contaminant transport, and microbial activity in soils.

We also expect that high income growth and urbanization will 
continue to contribute to further changes in food consumption patterns. 
The total nutritional intake will continue to increase, but the share of 
grain products will diminish further. As much as 54 % of the total 
calorie supply will be derived from non-grain products by the year 2050, 
compared to the 36% at present. Also, the differences in urban and rural 
consumption patterns will still exist, but the gap will be much narrower 
by 2050. The institute is planning to develop a sophisticated “Soil 
Health and Produce Quality Laboratory” and “Conservation Agriculture 
and Carbon Sequestration Laboratory” that will cater to the research 
needs in the above area. Also, to fine-tune its research to the emerging 
needs the Institute would establish linkages and collaborations not only 
with other ICAR institutes and State Agriculture Universities (SAUs) 
but also with other stakeholders like ICMR, IITs, ICRISAT, and other 
institutes/agencies of national and international repute. 

Soil Science and Soil Scientists have thrived because of inter-
disciplinary co-operation and shown how soils frequently play roles as 
the keystone of environmental systems, both natural and managed, and 
contributed significantly to local, regional and global environmental 



16

Indian Council of Agricultural Research

management. In the future they will play a major role in addressing 
the complex nature of land use, climate change impacts on soils and 
agriculture, environmental, and biodiversity challenges mentioned 
previously. Therefore re- fashioning soil science by greater re-integration 
of the basic disciplines is a virtual imperative. Soil scientists should 
benefit from the best of both- basic sciences coupled. Experts in ecology, 
biosystematics, molecular biology, biochemistry, imaging sciences, 
nanotechnology etc. have to be engaged in the new endeavours.

Investing in soil science to support food production and 
sustainable agriculture presents the institute with opportunities 
for international leadership in development, industrial and environmental 
policy arenas. Incorporation of a new generation of scientists and 
professionals who can integrate plant, soil, water and land management 
is critical. To foster innovation, the institute is preparing to induct 
scientists from other disciplines like Biotechnology, Economics, and 
Computer Science who will enable us to better deliver interdisciplinary 
solutions. There will also be a strong framework in place for more 
effective research-industry engagement within the country to secure the 
next generation of soils/food research through 2050 and beyond. The 
institute is also planning to purchase some high end equipment facilities/
equipment to carry out advanced research. 

There are now uncommon opportunities for ensuring efficient land 
care, clean environment and better life; we should put our best efforts 
in maintaining this vital, non-renewable resource in a pristine state for 
future ecological security. 

q



New Opportunities 

Over the last few decades, the advancement of science has produced 
new tools, techniques and technologies that can facilitate research 

in hitherto unexplored areas. Given below are some opportunities that 
can help us in meeting out the challenges.

(i) Availability of Geo-informatics, Sensors and Nanotechnology

For the first time in history, we have technologies for global data 
collection at multiple scales. Combining these technologies with digital 
databases along with their incorporation into geospatial models should 
afford many opportunities to help us better understand soil ecosystems 
and associated problems in the areas of land degradation; crop cover, 
forestry, organic carbon and nutrient status of soils etc. 

Soil information systems (SIS) research is broadly defined as the 
incorporation of soil science within geographic information systems 
(GIS), which encompasses spatial data collection, spatial statistics, 
spatial modeling, data display, as well as management and ethical issues, 
including data integrity and usage. The questions of where and when 
processes operate are basic concepts that underpin practically every 
investigation of soil science. Full utilization of the vast volume of data 
acquired on the spatial and temporal dynamics of soil properties requires 
innovative techniques of data storage, management, processing, and 
representation. Also, analytical techniques for interpreting patterns are 
critical to derive relevant information from collected data, particularly 
in support of the research areas indentified above. Understanding the 
causes of spatial patterns will aid process level understanding, which 
is indispensible for the prediction of soil properties at locations that 
present practical challenges to measure in time or space.

Nanotechnology may play an important role in future soil science 
research particularly in improving the input use efficiency and aid 
in decontamination of polluted soils. Now it is possible to engineer 
biogeochemical tools robust enough to operate in situ in soil via a 
nanotechnology methodology, combining techniques and methodologies 
from modern analytical chemistry. We can also conduct studies on 
conversion of naturally occurring plant nutrient containing minerals 
into nano form to enhance the availability of plant nutrients in soil 
and as soil amendment. Utilization of nano particles of indigenous rock 
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phosphate, glauconite/waste mica, pyrite, calcite/dolomite and sphaerilite/
smithsonite as potential source of P, K, S, Fe, Ca, Mg and Zn to the 
plant may solve much of our plant nutrient problems. 

Visible–NIR spectroscopy is a non-destructive analytical technique 
that can  be used for measurement of many soil properties simultaneously. 
These properties can be utilized for development of instruments or 
sensors for rapid measurement of soil properties on-the go and can  be 
utilized in precision farming. Satellite imagery and spectroradiometers 
can help immensely in achieving the desired objectives.

(ii) Opportunities of Deploying GMOs for Efficient Nutrient Use

Now new molecular tools are available that allow root traits of plants 
to be more readily identified and manipulated. The use of ‘sentinel’ 
plants and organisms with marker responses to particular signals will 
also allow monitoring of soil system states, to gain better understanding 
of the chemical and biological functions in the specific scenarios. It 
can target the near root environment, which is the hotspot of chemical 
and biological activity. One area in which the institute has to develop 
scientific strength is environmental nanotechnology for improving 
nutrient use efficiency and aid in bioremediation efforts. 

Biotechnology can offer solutions for improved up-take of P 
and other elements including micronutrients  by use of microbial 
inoculants. Plant biotechnology is increasingly exploring the  
functional biogeochemistry and biochemistry of the rhizosphere as 
a target for further crop optimization so as to improve rhizosphere 
mining of nutrients and aid in mitigation of biotic stresses . For example, 
a detailed and robust understanding of molecular scale biogeochemical 
processes associated with phosphorus uptake at and around plant 
roots can lead to the development of target-specific, ‘smart’ agrochemical 
agents that can be applied to stimulate P uptake.  

(iii) Exploring and Exploiting New Indigenous Nutrient Resources

There is a vast potential of natural and industrial by-product 
resources in India that remain to be exploited. Mineral resources like 
polyhalite, glauconite and silvite offer a great opportunity to make the 
country self reliant in K fertilizer production. Similarly rock phosphate 
resources can meet much of the fertilizer P demand. Phosphate can 
be strongly adsorbed by different inorganic materials. New research 
techniques can recover P from wastewater or from treated effluents that 
can further supplement the fertilizer P demand and also prevent it from 
dispersing and disappearing in the aquatic environment. Till now, a vast 
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amount of human excreta is not utilized in the country. Urine separation 
techniques (e.g,. struvite precipitation) for direct use on agricultural 
land (e.g., energy crops) and for N and P recovery are now available.  

(iv) Opportunities to Deploy Simulation and Process Based Modeling

Understanding the relationship between plants, soil and water 
is the key in helping to develop and deploy different models for 
agro-ecology and production in different environments. In addition, 
modeling can provide alternate scenarios for specific decision making 
needs through simulations. Digital soil mapping has emerged as one of 
the prominent application of geospatial modeling. It utilizes observed 
soil and environmental data to produce geographic representation of 
soil properties, which can be used as parameters for other models to 
address relevant research needs. Now it is possible to research and 
understand particular components of such systems at a laboratory and 
field scale. Data obtained at laboratory level can be integrated between 
disciplines and is scaled up to a field ecosystem or even to a regional 
and global scale. 

Projections of climate change impacts on food supply are largely 
based on crop modeling. At present process-based crop models are 
available that can evaluate the impacts of climate change scenarios either 
at a local or at the global scale for different crop species. However, in 
future crop modeling studies could use a risk assessment approach by 
combining an ensemble of greenhouse gas emission (or stabilization) 
scenarios of regional climate models and of crop models, as well as an 
ensemble of adaptation options concerning both management practices 
and crop species/varieties.

The techniques like remote sensing and geographic information 
systems (GIS) at various scales combined with interactive computer 
models can be used to generate more consolidated information. 
They may also make possible the pattern recognition or “spatial-
temporal organization” which may improve the understanding of soil 
variability. Also new measurement technologies i.e., Laser-induced 
breakdown spectroscopy, Mid- and near-infrared spectroscopy, and 
Inelastic neutron scattering to monitor soil carbon levels will aid in 
up-scaling processes. Computational simulation is a powerful tool to 
give decision support to alternative land use practices, crop systems, 
and agrochemical applications under different environmental scenarios. 
This methodology is an improvement over empirical approaches and 
gives better predictions for use in improvement of land use practices 
and production systems. 
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(v) High End Export Opportunity for Organic Produce

India has 15% of the world’s livestock population and a 
great opportunity lies ahead for organic farming in the regions 
where the livestock density is higher. The Indian organic farming 
industry is estimated at about 900 million rupees (US$ 20 million) 
and is almost entirely export oriented (www.eximbankindia.com). 
According to Agricultural and Processed Food Products Export 
Development Authority (APEDA), a nodal agency involved in 
promoting Indian organic agriculture, about 6,792 tonnes of organic 
produces worth 712 million rupees are being exported from India (www.
apeda.com). Ascertaining the scope of organic farming in the country 
in the context of geographical advantages and export potential of crops, 
with special reference to annual crops should receive top priority. This 
market of organic products is expected to grow globally in the coming 
years and high growth rates over the medium term (from 10-15 to 
25-30 %) are expected. Organic farming is being advocated in certain 
areas and selected crops having export potential. Opportunities exist to 
devise organic produce protocols and package of practices for different 
agro-eco-regions. 

(vi) Opportunity to Promote Conservation Agriculture 

Conservation agriculture is based on the principle of 
providing continuous soil cover (crop residues, cover crops), minimum 
soil disturbance, and crop rotations and has a high potential to 
increase productivity while protecting natural resources and environment. 
It is practiced on more than 75 million ha worldwide in more than 
50 countries. It is estimated that over the past few years adoption of 
zero-tillage has expanded to cover about 2 m ha in India. The potential 
of C sequestration in C depleted soils of India is high with adoption 
of conservation tillage. It is also estimated that most parts of the 
country will receive higher rainfall in 2020, 2050 and 2080 than the 
current value, so this changing scenario can be converted to suitable 
opportunities in conserving and sequestering C in Indian soils bringing 
with it attendant benefits of improved soil structure, improved soil and 
water quality and reduced soil erosion. 

(vii) New Processing and Recovery Techniques

New technologies to minimize waste generation and maximize 
recovery of finite, high-value resources from wastes are now available. 
Such opportunities to create marketable resources of phosphorus 
from waste P is demonstrated by innovative companies that ‘harvests’ 
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nutrients from municipal wastewater and uses them to produce 
fertilizer. Growing of algal biomass within wastewater treatment 
is an established practice and this can be additionally modified to 
recover nutrients from wastewater. The use of soil as a bio-filter is 
an important option for environmental management in developed 
countries. 

q



Goals/Targets

Identifying priority research challenges within a scientific area is 
a daunting task, but the outcomes could present unparalleled 

opportunities for advancing the science. The uniqueness of soil science 
lies in its unique blend of pedology, biology, chemistry, physics, 
mathematics aided further in the dissemination of its application 
through the utilization of  social sciences including communication. 
This underscores an important consideration that soil science may only 
advance by further establishing and nurturing connections with diverse 
disciplines through research collaboration framed within the context of 
urgent social needs..

The institute will focus on the following goals/targets for the next  
three and half decades to address the challenges delineated. The six goals 
that are fixed for the next four decades are:
1. Providing food and nutritional security by improving nutrient and 

water use efficiencies.
2. Harnessing biodiversity and utilizing genomics for efficient 

agriculture and maintaining ecological balance.
3. Ensuring  self sufficiency in plant nutrient supply through utilization 

of indigenous mineral resources.
4. Ensuring clean and safe soil environment through waste recycling.
5. Improving soil quality/health management practices for sustainable 

agriculture.
6. Developing strategies for energy efficient and climate resilient 

agriculture. 
Given below are the strategies to achieve the targeted objectives to 

fulfill the desired output: 

1. Providing Food and Nutritional Security by Improving Nutrient and Water 
Use Efficiencies

Strategy to achieve the objectives Output

i.	 Developing	 technologies	 for	 efficient	 use	 of	 nutrients	 through	 efficient	
delivery employing precision agriculture tools, nanotechnology, and fertilizer 
fortification.

Enhanced nutrient and water 
use	efficiencies

ii. Mineral enrichment in food crops through efficient bio-fortification 
technologies.

Nutritional security
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iii. Developing dynamic expert systems of precise and timely input supply 
under varying soil-crop-climate and resource situations.

Yie ld opt imizat ion wi th 
reduced	fluctuations	

iv.	Developing	micro	irrigation	based	efficient	nutrient	delivery	technologies	
under water limited environments.

Saving in fertilizer nutrients 
and water use

v.	 Developing	consortia	based	efficient	microbial	formulations	for	mobilization	
of	soil	nutrients/fixation	of	nutrients	in	biological	systems.	

Enhanced nutrient availability 
from biological systems

vi.	Engineering	 of	 nutrient	 efficient	 crops	 and	 varieties	 utilizing	molecular	
biology and biotechnological tools. 

Availability	of	nutrient	efficient	
crops/varieties

2. Harnessing Biodiversity and Utilizing Genomics for Efficient Agriculture and 
Maintaining Ecological Balance

Action points Output

i. Prospecting of large soil bio-diversity including 
characterization and testing of functional communities of 
soil micro-organisms.

New	bio-fertilizers	 for	 efficient	N	 fixation/	 bio-
control agents/growth promoting rhizobacteria 
etc would  become available.

ii. Impact assessment of soil management practices on 
functional diversity of microorganisms involved in key 
microbial functions and soil health using genomics tools

Good soil management practices.

Development of microbial and genomic soil 
health indicators.

iii. Development of a new generation of small, robust sensors 
using nanotechnology.

In situ characterization of microbial bio-diversity 
and soil health.

iv. Identify microbial plant interaction processes in the 
rhizosphere under different stress situations. 

Identification	of	strains	suited	to	different	stress	
situations for optimum functioning of soil system.

3. Self Sufficiency in Plant Nutrient Supply Through Utilization of Indigenous 
Mineral Resources

Action points Output

i. Developing new plant nutrient products from indigenous mineral 
resources using nanotechnology.

New fertilizer materials become 
available

ii.	 Beneficiation	of	minerals	and	byproducts	though	microbial,	chemical	
and thermal interventions 

Value added mineral products and 
reduction in fertilizer imports.

4. Clean and safe soil environment through waste recycling 

Action points Output

i. Establishing quality standards for waste products and quality compost 
production 

Safe utilization of wastes along with 
development of clean environment. 

ii. Development of faster microbial based technologies to manage agro/ 
industrial/ municipal waste for nutrient supply and recovery

Efficient	waste	recycling	and	nutrient	
recovery

iii. Quality assessment of waste waters and its recycling through 
biologically mediated/ chemical processes. 

Safe use of waste water for irrigation.
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5. Soil Quality/health Management for Sustainable Agriculture

Action points Output
i.	 Developing	a	workable	index	of	soil	quality	assessment	factoring	the	influence	of	

different physical, chemical and biological soil attributes and developing strategies 
for restoring resilience of degraded soils. 

Generation of 
best management 
practices in farms, 
input supply planning, 
and environmental 
monitoring.

ii. Database of threshold values of key indicators of soil quality/health and resilience 
for	identification	of	degraded	and	likely	to	degraded	lands	due	to	natural	as	well	
as anthropogenic activity. The database should include physical, chemical, and 
biological soil health indicators. A list of soil health indicators is given below:

 Physical

  Particle size distribution and texture
  Wet aggregate stability
  Available water capacity
  Surface hardness
  Subsurface hardness
 Biological
  Organic matter
  Active carbon
  Soil respiration  
  Soil protein 
  Root pathogen pressure
 Chemical

  pH

  Buffer pH (lime requirement)

  Available nitrogen, phosphorus, potassium, sulphur, calcium, magnesium, 
aluminum, iron, zinc, boron, and manganese.)

iii. Formulating standards with respect to heavy metals for background level, 
maximum allowable level and intervention level to generation of information on 
atmospheric inputs. 

iv. Microbial bioremediation/ phyto-remediation strategies for soils contaminated 
with heavy metals and agrochemicals.  

6. Developing Strategies for Energy Efficient and Climate Resilient Agriculture 

Action points Output
i. Development of conservation agriculture practices for different 

farming situations.
Improvement	in	resource	use	efficiency	
and soil health

ii. Assessment and modeling carbon sequestration potentials of 
different soils and land use systems and development of standards 
for carbon trading in agro-ecosystems. 

Enhancement in soil carbon stock and 
soil health along with mitigation of 
climate change.

iii. Monitoring long-term changes in soil quality and carbon 
sequestration under conservation agriculture/organic farming. 

Sustainable soil health improvement

q



Way Forward

Historically the path of global agricultural development has been 
narrowly focused on increased productivity rather than on a more 

holistic integration of sustainable natural resource management (NRM) 
along with food and nutritional security. Therefore, Indian Institute of 
Soil Science foresees a holistic or systems-oriented approach, to address 
the difficult issues associated with the complexity of food and other 
production systems in diverse ecologies and locations of the country.

Human Resources and Training Requirement 

To address the future challenges and meeting the goals, the institute 
has to upgrade its infrastructure and human resources considerably and 
develop a continuous system to collaborate and establish linkages with 
all the possible stakeholders involved directly or indirectly  in natural 
resource management, especially with those working on soil and water 
component.

The institute will strengthen its scientific staff by inducting 
scientists from other disciplines like economics, computer science, 
and biotechnology, and keep them abreast with latest development in 
science by providing trainings continually as the new tools, techniques, 
and methodologies emerge. Some important areas where the institute 
scientists will be trained are genomics, environmental nanotechnology, 
waste recycling, precision farming as well on the instrumentation 
advances. . 

An important future endeavour of the institute would be to 
strengthen human resources in the support of natural capital through 
increased investment (research, training and education, partnerships, 
policy) in promoting the awareness of the societal costs of degradation 
and value of ecosystems services. In this direction, the institute is 
planning to emerge in the form of an advanced centre and a deemed 
University to impart quality education to M.Sc. students and research 
scholars in the areas of natural resource management.

Infrastructure Requirement

The institute will be establishing four highly sophisticated laboratories 
to conduct advanced scientific research in Soil Biodiversity and Genomics, 
Nanotechnology, Soil Health and Produce Quality, and Conservation 
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Agriculture and Carbon Sequestration. These laboratories will act as 
a node for the most advanced research and advisory in the country. 
These centers will be functioning in a networking mode by creating and 
fostering a liaison with the other institutes engaged in selected basic 
and applied sciences like IITs, ICMR, CSIR and Universities  since the 
two very important targets of research on soil genomics and making 
mineral and by-products usable in agriculture require close association 
with molecular biologists, geologists, metallurgical engineers, and 
chemical engineers. 

Coordination with Other Agencies

There is a crucial need to revitalize the impact, relevance, and 
recognition of soil science as well as promote collaboration beyond 
traditionally defined science research disciplines. Such revitalization 
and collaboration may be fostered by a shift from discipline focused 
soil science research to cross- disciplinary research approaches and 
issue-driven research. A close coordination will be established with 
agronomists, agrochemical industry R&D, innovative chemistry Small 
and Medium Enterprises (SMEs), environmental consultants, water 
industry, regulatory agencies, and state departments of agriculture 
in developing framework and strategies in input use efficiency and 
environmental protection. The institute will also develop networks with 
farmer organizations, NGOs, and private sector to facilitate long-term 
natural resource management to enhance benefits from natural resources 
for the collective good. A close coordination will also be established with 
information and database agencies so that the processes and techniques 
developed by the institute may quickly reach the users. For example, 
minimum data set of soil quality/resilience indicators would be linked 
to a digitized national database containing reference values for good and 
poor soil quality and resilience of different soil types under different land 
capability/land use classifications which will also provide expert opinion 
on sustainable management of the soil to the stakeholders. 

Soil Information System (SIS)

In the coming years, SIS research will play a pivotal role in fostering 
a holistic understanding of soils’ physical, chemical, and biological 
properties that are measured with different tools and instruments, 
ranging from in situ probes to remote sensing technologies. Inherent 
to this eclectic set of tools, soil data are collected using a variety of 
methodologies and at different scales. Thus, there is a critical need to 
convert and standardize collected data for synthesis and interpretation. 
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Modeling has been an indispensible aspect of traditional soil mapping, 
and will continue to be a critical component of SIS, because it provides 
the means to fill existing knowledge gaps based on limiting observation 
of complex systems. In our contemporary, information intensive society, 
SIS will need to meet societal needs by providing innovative and succinct 
approaches to communicate results of soils research and ancillary data to 
the public, with a clearly defined assessment of associated uncertainties. 
Therefore, current issues in SIS incorporate both the scientific analysis 
of complex spatial data and effective communication of that information 
to end-users.
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