


02 Invention Intelligence March-June 2022



MARCH-JUNE 2022,   VOLUME-58,     NUMBER-2-3

Invention Intelligence 

INVENTION
INTELLIGENCE 

Articles

1. Save Soil Movement : An initiative of Isha Outreach

Soil-loss Trends Praveena Sridhar 

and Brook Assefa 06-07

2. Soil- The Mother of all Creatures Dr. Sheo Gopal Misra 08-09

3. Soil : Source, Nature, Importance, Loss and Protection

Dr. M.A. Haque 10-14

4. Conservation Measures to Reduce  Soil Erosion and Enhance

Crop Production 

Devideen Yadav, N.K. Sharma, Dr. M. Madhu, Deepak Singh, U.C.

Tiwari and Surender Kumar 15-22

5. Global Trends in Desertification, Land Degradation and

Climate Change Mahendra Pandey 23-27

6. Saving the Soil for a Safe Future Prof. Dinesh Mani 28-37

7. An Appraisal of Soil Organic Carbon and Nutrient Management

Dr. G.C. Satisha and 

R.H. Hamsini 38- 42

8. Earthworms: The Friendly Creatures Contributing to Soil

Conservation Dr. Shubhrata Mishra 43-48

9. Potassium Humate : An Elixir for Soil Health Rejuvenation

N.G. Lakshminarayan

and V. Manoharan 49-53

10. Seaweed Extract Fertiliser : A Soil Improver and Crop 

Yield Enhancer Dr. Ashish Kumar Srivastava

54-57

11. BioMix-I : A New Bio-Approach Towards Sustainable

Agriculture Dr. Zakwan Ahmed 

and Dr. C.R. Hazra 58-60

12. Agri-waste Turns from Nuisance to Asset: the Miracle of

CIM-Mridashakti Puja Khare 

and Pramila Majumdar 61-63

13. Cross Section 64-67

14. IPR Corner 68-69

15. Research & Development 70-72

16. S&T Advances 73-74

17. NRDC News 75-79

ISSN 0970-0056

March-June 2022 03

‘Invention Intelligence’ is an S&T bi-monthly 

magazine published by NRDC, NRDC is not

responsible for the statements and opinions of the

authors expressed in their articles/write-ups etc.

published in the magazine, The acceptance of

articles/ writeups would depend entirely on the

decision of the Editor,  ‘Invention Intelligence’, If an

article received for publication is found plagiarised

or translated verbatim from any source it will be

straightaway rejected and the author will be

intimated accordingly, It may even lead to

blacklisting of the author, To utilise the contents

published in ‘Invention Intelligence’ in any form,

prior permission of the Editor is necessary, It is not

necessary that the opinions expressed in

advertisements published in ‘Invention Intelligence’

are in agreement with the Editorial opinion; NRDC is

not responsible for the claims made in the

advertisements, The articles/ write-ups for

publication in ‘Invention Intelligence’ are to be sent

to the Editor (editors.nrdc@gmail.com).

SUBSCRIPTION RATES

Single Copy: $60 One year: $300

Two years: $600 Three years: $900

CHAIRMAN & 

MANAGING DIRECTOR

CHIEF

EDITOR

SALES

DISTRIBUTION

DESIGNER 

Cmde Amit Rastogi (Retd)

N.G. Lakshminarayan

Dr. Ankita Mishra

SR. EXECUTIVE

OFFICER

Smita Parashar

l Arvind Kaushik l Deepak Tuli

l Jai Singh l Praveen Rajora

Sandeep Chaudhary

SECTION

OFFICER

Khem Chand

NATIONAL RESEARCH DEVELOPMENT CORPORATION
[An enterprise of DSIR, Ministry of Science & Technology, Govt. of India]

20-22, Zamroodpur Community Centre

Kailash Colony Extension, New Delhi-110048

Telephone: 091-011-29240401-07

Fax: 091-011-29240409, 29240410

E-mail: write2@nrdc.in

Website: http://www.nrdcindia.com, 

editors.nrdc@gmail.com

CIN: U74899 DL 1987 GOI 002354



04 Invention Intelligence March-June 2022

INVENTION
INTELLIGENCE 

(Bi-Monthly)

Subscription Form

Business Office: NRDC, 20-22, Zamroodpur Community Centre, Kailash Colony Extension, New Delhi-110048

Name :____________________________________________________________________________________

Address :__________________________________________________________________________________

City: _________________________ State ________________________   Pin Code _______________________

Mobile No. _________________________ E-mail _______________________________________

Subscription Amount: Single Copy: $60, One Year: $300,Two Years: $600, Three Years: $900

Please enter my subscription to Invention Intelligence for 1 year/2 years/3 years from _____________ to _______

I am sending $300/$600/$900 by Demand Draft/Multicity Cheque No. ______________  Dated______________

marked payable to NATIONALRESEARCH DEVELOPMENT CORPORATION, NEW DELHI.

AWISHKAR Monthly)

Subscription Form

NATIONAL RESEARCH DEVELOPMENT CORPORATION

20-22, Zamroodpur Community Centre, Kailash Colony Extension, New Delhi-110048

Name :____________________________________________________________________________________

Address :__________________________________________________________________________________

City: _________________________ State ________________________   Pin Code _______________________

Mobile No. _________________________ E-mail _______________________________________________

Subscription Amount: Single Copy: $50, One Year: $550, Two Years: $1100, Three Years: $1650

Please enter my subscription to Awishkar for 1 year/2 years/3 years from ______________ to _______________

I am sending $550/$1100/$1650 by Demand Draft/Multicity Cheque No. ______________ Dated_________

marked payable to NATIONALRESEARCH DEVELOPMENT CORPORATION, NEW DELHI.

The payment can also be made electronically through RTGS as per the details given below:

•  Name of Bank: INDIAN BANK, Branch: Greater Kailash, Address No. 13, Zamroodpur Community Centre, 

New Delhi-110048

•  NEFT / RTGS - IFSC NO. IDIB000G016, MICR NO. 110019005, Current Account No. 412950159

•  Beneficiary - NATIONAL RESEARCH DEVELOPMENT CORPORATION

•  Please provide the details of the RTGS along with this form.

•  Please mail the UTR No. to: khemchand@nrdc.in

Combined Subscription Rates for AWISHKAR & INVENTION INTELLIGENCE

Period: One Year $750, Two Years: $1,500,  Three Years: $2,250



Invention Intelligence March-June 2022 05

Season's greetings to all our readers!

Soil happens to be the life-supporting system on this planet and is the most important

factor for our future survival and existence. It is indeed the storehouse of nutrients and is the

most vital natural resource that is non-renewable. Soil has dynamic physical, biological and

chemical activity. The formation of soil takes thousands of years and since the last century, man

has exploited soil to its fullest extent resulting in its poor health and rendering it unproductive.

Soil provides the perfect medium for the sustenance of plants and other life

forms. It holds the root and necessary nutrients for plant growth. Soil acts as a

filter of rainwater and checks the excess flow thereby preventing flooding. It

is capable of storing large amounts of organic carbon, which binds pollutants

for microorganisms to break them down and thus protecting groundwater

quality. Soil functions as an important mode for various agricultural,

environmental, nature protection, landscape architecture and urban

applications. Hence, maintaining soil health is the key for food production to

feed the ever-growing population on this planet.

National Research Development Corporation (NRDC) has, since the past

several years, promoted technologies that are eco-friendly and more

particularly soil friendly. Technical know-how like Potassium Humate from Lignite, Seaweed

Extract Fertiliser, Hydrogel, Biopesticides, Biofertilisers, Microbial Consortia-based

Agricultural inputs, etc. sourced from various R&D institutions in the country have been

licensed to several companies pan India. The products manufactured using technical know-how

from NRDC have been making a positive impact on the environment and in the rejuvenation

of soil health in several parts of the country. The feedback received from the socio-economic

impact assessment studies has shown that these technologies have not only protected the

environment and soil but also facilitated higher crop production with improved quality of

produce.

There is a need to create awareness among the stakeholders in the country on the importance

of maintaining soil health and steps to be taken for rejuvenating it by using appropriate

technological interventions. An MoU signed with Agricultural and Processed Food Products

Export Development Authority (APEDA) to support agri startups to take these technologies

to farmers/FPOs shall be a game changer. NRDC is bringing out this special edition of the

magazine with articles contributed by experts and scientists on saving soil for future

generations, coinciding with the Save Soil Campaign, which is a global movement to bring

about a conscious effort for soil conservation. It is envisaged that this special edition of our

magazine will enrich all our readers with the knowledge and technique on how to conserve and

rejuvenate our soils to make them more productive in a sustained manner in the coming years.

Now, let us take pledge to Save Soil !

Cmde Amit Rastogi (Retd.)

Chairman and Managing Director

From the Desk of CMD



Save Soil
Movement

An initiative of
Isha Outreach

The public narrative on environmental
(like air pollution, water pollution,
climate change, biodiversity loss, 
climate change) and development
issues (like food security, water 
security and nutritional security) has
hardly acknowledged the role soil
plays as both problem and solution.
Soil as a natural resource has not
gotten the attention that was received
by water or air, in spite of the 
fundamental role soil plays with
regard to clean water and air and
meeting the basic needs of human
beings like food and water 
security. The state of soil in the 
world determines directly the state of
water, air, food security, farmer 
well-being and global warming. 

T
his knowledge lies with the

scientists or experts who study

soils. At present, 33 per cent of

the world soil is degraded and

leading experts of FAO have

warned that by 2050 this will

be 90 per cent. And the

projected population of the

world is going to be 10 billion

by that time. This means if the

status quo were to continue, we

won't be able to feed people in

2050; this will lead to civil

strife and unimaginable

suffering.  

Many soil scientists have

repeatedly mentioned the

importance of soil organic

matter and how it is important

to have the SOM in the soil to

be at a minimum 3-6 per cent of

organic content for

agricultural soil to ensure food

security sustainably. It is

observed that the average soil

organic matter (SOM) across

every nation's agricultural

soils is well below 3 per cent.  

The Save Soil Movement 

was initiated by Sadhguru

to address the state of world

soils (especially agricultural

soil) by : 

l Bringing awareness to the

larger role soil plays

towards human well-

being;

l Urging policy changes to

initiate the urgently needed

regeneration of soil,

especially the agricultural

soil.

The awareness generation

is planned through the 100-

day solo motorcycle ride by

Sadhguru spanning 30,000

kilometres across 25 nations.

As of 20 May 2022 (the 50th

day of the campaign), over 2

billion people have been

reached through the

campaign. 

Praveena Sridhar and Brook Assefa @
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With regard to policy changes,

the movement has come up with a

range of technical solution options

that account for the different soil

types, the different agro-climatic

zones, and the various economic

and cultural traditions amongst

agrarian societies in different

countries. Also, as part of this

global movement, at the COP15 of

UNCCD, Sadhguru urged the

representatives of the nations of the

world to set the single point

objective and appropriate

government policies ensuring a

minimum of 3-6 per cent of organic

content for agricultural soil, thus

making soil vibrantly living and

sustainably thriving across all

agricultural lands. He offered a

three-pronged strategy to

implement the policies.

Until now, the Save Soil

Movement has secured the support of

72 nations to drive sustainable soil

management practices within their

boundaries. 

Praveena Sridhar and
Brook Assefa 
Isha Outreach, Velliangiri Foothills,

Ishana Vihar Post,

Coimbatore, Tamil Nadu-641114

E-mail: info@ishafoundation.org 

Make it aspirational for
farmers to be
successful. To begin
with, governments can
provide farmers
incentives to put back
organic matter into the
soil and follow
sustainable soil
management
techniques of cover
crop, crop rotation, 
no till  (minimum till )
farming and integrating
plant and animal waste
back into the soil.

In the long run,
governments can
leverage the carbon
markets to pay farmers
incentives for
sequestering carbon by
putting back organic
matter into the soil.

A higher shelf price for
superior quality food
grown from soils that
have the target 3-6 per
cent organic content
level. Along with this,
we should also clearly
articulate the various
health, nutritional and
preventive health
benefits of consuming
such foods.
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I

“Mata Bhumi Putroham Prithivyah” ? This Sanskrit verse says

that soil is my mother and I am her son. The words bhumi and

prithvi require special attention. Mrida, which means soil is a

technical term, which includes both bhumi and prithvi. 

Soil:The
Mother of
all Creatures

Dr. Sheo Gopal Misra@

n modern times, soil has been

studied in details and a new branch

namely Soil Science has been

established. Now soil is not an

object of worship. 

Soil extends from surface to

down below and the development

of soil has taken place from below

up to surface. The body from upper

surface downwards is called soil

profile. The nature of soil will

depend on parent material, and

consequently the soil will be acidic,

alkaline or neutral. As agricultural

practices are restricted only to the

upper surface, hence efforts are

made to protect it from erosion. This

practice is called 'soil conservation'.

Usually some useful plants are

grown on the borders. The

government provides financial aid

for conserving soil. 

Soil forming factors

Hans Jenny, a renowned soil

scientist has given an equation,

which includes various factors

Soil forming processes could be

understood by this equation. When

soil forms from parent material it

remains in the form of particles of

various sizes.

Soil Physics is a new branch of

soil science, which studies various

sizes of particles of soil using

intricate apparatuses. These soil

particles have been grouped into

sand, silt and clay categories

according to descending order of

size. Various proportions of these

particles give rise to variety in soil

and accordingly a soil can be used

for agricultural purposes.

Remember that soil is not a dead

body. It always contains some

amount of organic matter and hence

the soil becomes a shelter house of

soil microorganisms. A detailed

study of these microorganisms is

undertaken in a branch of soil

science called Soil Microbiology.

It has been found that these soil

microorganisms play a prominent

role in decomposing the organic

S = f(cl, o, r, p, t)

Where cl= climate

o= organisms

r= relief

p=parent material and 

t= time.
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matter of the soil. The conversion of

nitrogenous fertilisers into nitrates is

mainly due to these organisms.

As a result of the detailed study of

various soils, scientists have come to

the conclusion that crops could be

grown without soil. This technique is

known as hydroponics. Usually sand is

filled in large containers and a mixture

of various fertilisers and

micronutrients is mixed, in which

various crops like wheat, barley and

vegetables are grown. The household

women usually adopt hydroponics to

grow green vegetables. The soil in

itself is a storehouse of minerals and

our forefathers have been depending

upon it for the supply of minerals for

their crops. It was, however, realised

that the yield of crops was gradually

decreasing. This cautioned the soil

scientists, and hence they

systematically studied the causes of

decrease in soil fertility.  

Prof. NilRatna  Dhar, the then Head

of the Department of Chemistry,

Allahabad University and erstwhile

Director of Sheila Dhar Institute of

Soil Science experimented for a

number of years on the decomposition

of organic matter in soil and came to

the conclusion that addition of any

type of organic matter leads to an

increase in the humus content of soil.

He also studied the role of sunlight on

the decomposition of organic matter

in soils and declared that the soils of

European countries are richer in

humus due to slow decomposition

under humid temperate climate. Thus,

the fertility of soils is due to their

humus and mineral contents, the key to

fertility. If the humus content does not

increase, the soil fertility will remain at

a low level. However, addition of

fertilisers will not solve the real

problem. The management of soils

will remain a riddle for the farmers

unless the students having studied soil

science from the universities come

forward. It is a bounden duty of ours to

keep our soils fertile.

Dr. Sheo Gopal Misra
Former Director, Sheela Dhar Institute

of Soil Science, Prayagraj
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Dr. M.A. Haque@

T
he Earth's surface is covered by a

thin layer of material present above

the underlying rocks. It is called

soil. Its thickness is measured as

the depth from the top soil profile to

the underlying bedrock. Usually it

ranges from 13 to 25 cm. However,

in certain areas it may be

significantly more. The upper layer

of soil has the maximum

concentration of organic

substances and the

microorganisms, where most of the

biological activity takes place.

When soil erosion is active,

thickness may reduce and quite

often the underlying rock is

exposed. Soil contains mainly the

mineral particles and organic

materials. In addition, it contains

air, water and also, living

organisms. All these components

are in continuous interaction,

which is very slow and not

perceivable in casual observation.

But we can visualise them if we

continuously observe a rock for a

long time. We can find certain

types of plants on it and also, some

small animals living there. If we

pour some water over a soil and

cover the surface, we can find air

bubbles rising. They were present

in soil. When water filled the space,

they moved out. If we observe a

normal soil, we find water in it in

varying proportions. The same

water supports plants growing on

the soil. Animals too get water

from soil, directly or indirectly.

Some animals can absorb water

from wet soil while others get it

from the food, which is produced

by the soil.

Origin of soil

Soil is formed from rocks called

parent materials through natural

weathering and erosion. Breaking

of the rocks takes place due to

gravity, effects of chemicals,

impacts of living organisms

(animals and plants), water and

wind, changes in temperature.

Also, abrasion or friction between

the rocks caused by earthquakes

and movements of the surface

Desertification
due to

deforestation

This article discusses the origin of soil, process of formation of soil,

its importance for survival of living organisms, including humans,

degradation of soil due to various factors; process of erosion (loss) 

of soil; natural erosion and role of human factor in accelerating 

erosion of soil; destination of the eroded soil; reciprocal relationship

between climate change and soil degradation; possible ways of

protecting the soil; and other related matters.

Source, Nature, Importance,

LOSS AND PROTECTION

Soil 
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layers help in breaking the rocks. Even

frosts can cause weathering of rocks.

Another important factor is biological,

i.e. living organisms. Plant roots

growing into cracks in the rocks can

even split them. Also, burrowing

animals create passage for air and

water to enter and split the rocks.

Climate plays its own role in soil

formation. Temperature variations

affect the rate of weathering and also

organic matter decomposition. In

colder and drier climate, weathering is

generally slow. Heat and moisture

accelerates the process. Still the

overall process of soil formation is

very slow. Two centimetres of topsoil

may require several hundred years to

form. Soil may not remain

permanently where it is formed. It is

carried to another place in different

ways. Soil is named on the basis of how

they are transported from where they

are formed to different sites. Water-

transported soil is called Alluvial soil;

gravity-transported soil is called

Colluvial soil; and wind-transported

soil is named Aeolian soil. Properties

of soil depend upon the parent

materials and the conditions under

which they disintegrate. For example,

soils formed from granite are often

sandy and infertile whereas basalt

under moist conditions breaks down

to form fertile, clay soils. Also, time

taken in the formation of soil has its

impact. For example, if weathered for

long time, clays and oxides of

aluminium and iron are formed.

Importance of soil

Soil is an extremely valuable

resource. Most of the plants on Earth

receive their nutrients from the soil.

In the absence of nutrients, plants

may grow but they will not be

healthy. Only limited types of plant

grow away from soil, in water. But

soil plays its role even there. Soil

coming from land brings nutrients to

water, which are

used by aquatic plants.

Soil collects at the bottom

of water bodies and provides

nutrients to water and the same are

used by plants. Plants are the prime

source of food for all living beings

on Earth, including us. Also, timber,

firewood, and innumerable other

resources are obtained from plants

and animals. Varieties of medicinal

products come from plants and

animals. Animals depend on plants,

directly or otherwise. Hence, it is

essential that the soil is carefully

managed. It is easily damaged due to

misuse. If not protected, it gets

washed away with water or blown by

wind. When we protect soil, we

protect an important component of

the environment and thus contribute

to long term food security. Soil

carries innumerable other functions,

which support us on Earth. Just few

examples, soil filters and cleans the

water that we use daily. By absorbing

excess rain water and surface water,

the soil prevents flooding. Different

types of soil are used in industries -

clay for potteries, tiles, etc. Soil is

used for making bricks, etc in

construction. 

Topography
Slope of the area where soil is formed

affects the process of soil formation.

Slope decides the speed and force of

water on the land and also the way the

rocks move. Greater slope means the

rocks will move faster and friction will

be more resulting in stronger rock

collisions. Hence, the disintegration

(breaking) of rocks will be faster. Also,

slope decides the type of vegetation

growing in the area, which affect

movement of water and rocks. All

these factors influence the way soil is

formed. Soil materials move in the

landscape by the action of water,

gravity and wind. Role of water

movement and gravity in soil

movement is more evident. Movement

by air or wind is evident when the

speed is high, otherwise not. Faster

movement of water and rocks can also

erode soil faster, leading to loss. Thus,

these factors influence soil formation

and soil loss. As already explained soil

is transported in different ways and

accordingly, they are named too. 

Organisms

Soil formation is greatly influenced by organisms
(such as plants), micro-organisms (bacteria and

fungi), insects, other animals and also humans. As
soil forms, plants begin to grow on it. Plants add

organic matter as they shed leaves, branches,
flowers, fruits, etc. When the plants die, the entire

plant body decomposes and adds to the soil.
Animal wastes and their dead bodies or parts
are added to the soil. This begins to change
the soil. Bacteria, fungi, worms and animals

break down plant litter and animal wastes
and remains into organic matter. The

organic matter may take the form
of peat, humus or charcoal.
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Soil erosion refers to the loss of the top

layer of fertile material, vital to life.

Erosion is a natural process. Soil,

rocks, sediments are transported by

water or wind. Erosion is faster in

poorly managed areas or due to direct

human interference. The process of

river erosion can be seen in many

places. It is slow but quite effective. In

India, we can see it in various

mountain ranges and plains. In plains,

rivers change their course due to

erosion. 

The erosion rate depends on the

forces and duration of erosion. Fast

moving water and wind can erode the

soil much faster. Our own activities

can influence the speed of soil erosion.

So, we have the ability to control one

of the Earth's greatest environmental

challenges. Once a soil is lost, it cannot

be recovered. Natural loss of soil

continues unabated. But it is not a very

serious problem as only little quantity

is lost. Parallel to that new soil is

formed and the loss is compensated to

a large extent, naturally. The

loss may be more than the

formation or the other way too. Soil

erosion depends on many factors,

including the soil's makeup,

vegetation, and the intensity of wind

and rain. Also, climate plays an

important role. For example, rainfall

fluctuations and changes in water level

can move soil. Similarly, wide

fluctuations in temperature can aid

erosion of top soil. If there are regular

droughts, plant cover may vanish

exposing the soil. No doubt, climate is

a natural phenomenon. However, in

the last about 50 years or so, climate

change due to human activities has

become a problem, leading to

increased erosion.  In addition to

climate change, various other human

activities, especially unscientific

farming and land clearing help soil

erosion. For example, when farmers

till (plough) the soil before or after

growing crops, they may leave it

uncared for weeks or months.

Overgrazing by animals

leaves the land without plant

covering and unprotected. When trees

are removed, the land is exposed to

wind and rain. The roots are not there

to hold soil particles. Similarly, while

harvesting, if the crop is removed so

that not much is left behind, the soil can

go easily. All these and similar other

factors help in soil erosion. We can

easily observe such soil loss in our

cities, towns, villages and even in

agricultural areas where human

interference is intense and

unscientific. Net impact is on the

environment, society, and the

economy of the affected areas.

Quite often natural vegetation is

removed to develop settlements or

industries. Also, agricultural land is

utilised. Consequently, soil loses its

protection. Construction activities can

also enhance soil erosion. That is why

dust (eroded soil) is more in the air.

With strong wind, unprotected soil

goes away and we experience dust

Dry river:
An aerial view
of silt deposit

due to soil
erosion in the

area

Soil erosion
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storms. Dust is very harmful. Fine dust

particles float in the air, enter our

throat, wind pipe, lung, etc., causing

health problems. 

One health episode, which killed

several thousand people in the past,

was 'dust pneumonia', caused because

of the dust. Similarly, flowing water

carries heavy load of eroded soil from

those areas. If those areas have steep

slopes, water flows faster and soil

erosion is more. Similarly, in

agricultural areas if the crop is

harvested and the area is left without

plant parts or vegetation, soil is lost

with flowing water and wind.  Loss of

soil from arable land causes direct

impact on agriculture, reducing

productivity. Estimates suggest that

with current rates of soil erosion, all of

the world's top soil could go within 60

years. But there are many techniques to

protect the soil. They are being

utilised. We need to apply them

more and more.

Destination of
the eroded soil
The water eroded soil generally ends

up in the aquatic bodies like lakes,

ponds, rivers, streams, etc. They fill

the water bodies by getting collected

at the bottom, reducing the storage

capacity of water bodies. They

may get ultimately filled, resulting

in the death of enclosed water bodies

like ponds, lakes, reservoirs, etc. The

famous Sukhna Lake in Chandigarh

was a victim of the same. Luckily, the

problem was identified in time and

corrective measures were taken. The

lake could survive. In case of rivers

and streams, they reduce the capacity

to carry water. If extra water comes

Impact of climate change Climate change has a multipronged impact. It
also results in more soil erosion. Intense and
frequent rains remove soil faster. Ambient
temperature rise leads to hotter days and
lower precipitation. Drying of soil helps in
wind erosion. Also, climate change results in
more forest fi re, destroying vegetation and
groundcover. The result is a faster erosion.
Soil erosion can also enhance climate
change. Soil stores large quantities of CO2
as gas or as organic matter. Its degradation
releases carbon dioxide, which enters the
atmosphere. The result is a more severe

greenhouse effect and climate change.
On the other hand, only a healthy soil
can support high quality vegetation,
which can combat climate change. 

Fallen
plant parts

on the
ground

CONSEQUENCES OF SOIL LOSS 

Soil erosion affects the depth and quality of soil ecosystems. The arable land area is

reduced resulting in less food production, less forage and other products and bye-

products obtained through agriculture or related activities. Result will be higher prices

for food materials and other products. Also, the soil and vegetation biodiversity will be

reduced. Finally, the area may turn barren or too poor for farmers to practice farming.

They migrate in search of alternate sources of income. In many countries, including

India, the overpopulated urban areas are the consequence of migration of rural

population in search of income. Degradation of arable land is an important factor.

An
almost

dry river
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there, water may flow out and flood

the adjoining areas. This is the case

with most rivers/streams in India.

The eroded soil is never pure. It

carries with it all other materials that

are present there. For example, organic

matter is always there in different

quantities. In addition, the soil will

carry various chemicals, which are

added. For agriculture, chemical

fertilisers are added to soil. Also, use of

pesticides is common. Some of the

pesticides disintegrate and disappear

soon. But some persist for a long time.

For example, DDT and BHC persist

for decades. Even when they break, the

products are not always harmless.

Such chemicals are banned for

agriculture. But there are allegations

that these are being used in clandestine

manner. If these soils reach a water

body, the chemicals pollute the water

body. Even organic matters and

chemical fertilisers, although they are

primarily nutrients, result in

eutrophication, leading to death of

aquatic animals, including fish. If

water from polluted bodies reaches the

oceans, the materials show

their impact there, especially

in the coastal systems. However, if the

process continues for long, even the

deeper portions of the oceans get

affected, reducing productivity. 

Protection of soil

Hence, protection of soil from erosion

is essential. Experts have been

working on this subject and reminding

us of the necessity to protect the soil.

Once a soil is lost, it can never be

recovered and new soil formation is

very slow. We know that soil erosion

happens when force created by wind or

water is high. Presence of vegetation

and organic matter in soil helps the soil

in reducing the forces of erosion.

Hence, we need to ensure that organic

matter is added naturally through

vegetation. Discarded portions of the

plants and also animals reach the soil

and convert to organic matter through

the activities of small animals, fungi,

bacteria, etc. present in the soil. Hence,

we should never remove the entire

vegetation from any area. While

harvesting crops, we must leave part of

the plants there. If necessary, we

should add compost made from

discarded organic matter like plant

and animal waste, and kitchen

waste. Even on a small scale, it is

possible in our gardens. Also, we

can prepare compost in pots. Next,

we should never leave land totally

uncovered. If there is no vegetation,

we can plant saplings or seeds to grow.

We should use fast growing varieties,

even if they are not useful. At least soil

will remain protected. If leguminous

plants are grown, they will also add

nutrients to soil.  Mats made of leaves,

branches, straws, etc. can be spread

on exposed soil. They will

protect soil against rain drops

hitting directly and also,

against wind. On

decomposition, the mats will

add organic matter to soil.

Hence, there will be two-way

protection. In case of banana, etc. the

plants are discarded after harvest. The

remaining parts can be left on ground

for composting.  While grazing

animals, complete over-ground

vegetation should not be utilised.

Ploughing should not be very deep.

No-till practice can be adopted, if

necessary. While applying chemicals

(fertilisers, pesticides), only minimum

possible quantity should be used. Soil

test before fertiliser application is

essential to avoid unnecessary

accumulation. Same is applicable also

with pesticides, and only the permitted

pesticides must be applied in

recommended ways. If we adopt these

methods, various kinds of problems

could be got rid of.

The
pyramids in
egypt. Once
highly fertile

area. Now
desert

Dr. M.A. Haque
Director (Retd.) Ministry of
Environment, Forest and Climate
Change, Govt. Of India

River
bringing

heavy silt to
the ocean
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S

Conservation Measures

to Reduce Soil Erosion and

Enhance Crop Production

The most important resource on the planet, soil, is a dynamic mix of minerals and
organic elements that provides the foundation for life. Soil formation is a multi-step
process comprising material, climatic, biotic, slope, and temporal components. The

rock initially got crushed into little pieces by physical and chemical weathering
during soil formation. The weathering of the rock fragments transformed them into

sand, silt and clay particles that make up the soil. One inch of top soil takes 
500-1000 years to form, demonstrating the importance of soil in human life.

Devideen Yadav, N.K. Sharma, Dr. M. Madhu, Deepak Singh, U.C. Tiwari and Surender Kumar@

oil erosion represents the process of

detachment and transportation of

soil particles by water and wind.

The process is eroding the top

productive soil layer. Soil erosion is

caused by geomorphic processes or

agents such as flowing water,

winds, coastal waves and glaciers.

Since anthropogenic involvement

has risen through time, it has

become a severe problem.

Furthermore, soil erosion is

exacerbated by faulty agricultural

practices, deforestation, and

overgrazing. Soil erosion threatens

the productivity of all-natural

ecosystems, including agricultural,

forest, pasture, and human life, by

causing decreased soil

productivity, aquatic imbalance,

drainage network damage,

deterioration of water quality in

rivers and reservoirs,

infrastructure, and the

environment.

India's total land

area is estimated to be

329 million hectares 

(m ha). Atotal of 120.4 m ha

of India's total geographical area

has been damaged by various types

of soil erosion, with 82.5 m ha by

water erosion, 24.6 m ha by

chemical degradation, 12.4 m ha by

wind erosion, and 1.0 m ha by

physical degradation.

This is especially

alarming because, while

having just 2.4 per cent

of the world's physical

territory, India supports 18

per cent of the world's human

population and 15 per cent of the

world's animal population. More

than 5,000 tonnes of topsoil are

eroded each year, with roughly 30

per cent of the soil being lost to the

A
maize crop

damaged by
high-intensity

raindrops in north-
western

Himalayas
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sea. In India, the average annual soil

loss is around 16 tonnes ha-1 year-1.

India loses 0.8, 1.8, and 26.3 million

tonnes of nitrogen, phosphorus and

potassium from the soil per year due to

various types of soil erosion.

According to estimates, soil loss due

to erosion on a 4 per cent slope can

reach up to 30.0 t ha-1 in the Indian

Himalayan region, resulting in about

25-30 kilogram nitrogen, 1.0-1.5

kilogram phosphorus, 20 kilogram

potassium, and 300-350 kilogram

carbon being lost from a hectare of

land every year if no soil conservation

strategies are implemented.

Rainfall, run-off, soil properties,

terrain, and soil cover conditions all

influence the rate of soil erosion. As a

result, the rates of erosion are

determined by the interconnections of

climate, hydrology, structure, terrain,

and soil surface conditions.

Types of soil erosion

Water erosion

Splash erosion

Splash erosion is the
first stage of water

erosion. It occurs when rain
drops strike the surface,
and soil particles are
detached from the soil body.
It is called splash erosion.
The splashed particles can
rise as high as 60
centimetres (cm) above the
ground and move up to 1.5
metre (m) from the point of
impact. The particles block
the spaces between soil
aggregates so that the soil
forms a crust that reduces
infiltration and increases
runoff.

Sheet erosion

Sheet erosion occurs
when raindrop contact and

shallow surface movement
remove soil into thin layers. It
causes the loss of the tiniest
soil particles, which contain
the majority of soil's
accessible nutrients and
organic matter. Soil erosion is
frequently undetected because
it happens slowly, but the
cumulative effect accounts for
considerable soil losses.

Ravine erosion

Rill erosion 

Gully erosion

Rills resemble shallow
drainage lines. They

form when surface water
collects in depressions or
low areas as it travels
through paddocks, eroding
the soil. Rill erosion is
widespread on bare
agricultural land, especially
overgrazed land, and in
newly cultivated soil with a
weakened soil structure.
Farm machinery can usually
be used to remove the rills.

Mass flow

If the erosion continues,
the rills may deepen and

expand into gullies. Gully
formation has the potential
to affect large areas. When
smaller water flows
concentrate and cut a
channel through the soil,
the gullies are formed.
Gullies are more likely to
occur on sandy soils.

Headward erosion causes
a gully bed to deepen and

flatten out, eventually producing
a ravine. The depth of a ravine
might reach 30 metres or more.
A ravine is typically formed by
erosion and begins as the
location of a small stream or
river. Water wears a deep
groove into the earth over time,
attracting water from other
sources and speeding up the
erosion process.

The downward
movement of earth and

rock under the effect of gravity
is known as a mass movement.
It is most common on slopes
over 25 degrees with minimal
vegetation and yearly rainfall of
more than 900 millimetre (mm),
and it frequently develops after
large storms when the soil
becomes waterlogged and
heavy. In many areas, mass
mobility of soil is a primary
cause of land degradation. 

A
deep and
wide gully

developed over
time by soil erosion

in the Indian
Himalayas
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Wind erosion 
Wind erosion occurs when soil

particles are detached and moved by

air travelling at least 20 kilometres

per hour. Suspension and saltation

are two main ways that wind moves

the soil. Dust storms are caused by

suspension, which occurs when the

wind lifts finer particles into the air.

Saltation is caused by the wind

lifting bigger particles off the

ground for short distances. In

Rajasthan and the surrounding

territories of Haryana, Punjab and

Gujarat, wind erosion is frequent.

The rate of soil erosion by running

water depends on the intensity of

rainfall or in coastal areas waves,

velocity and volume of water,

gradient, sediment load, nature of

rocks, and extent of vegetative

cover, while the rate of wind erosion

is a function of wind velocity,

dryness of the soil, the extent of

vegetative cover and the particle

size of surface soil. Human and

animal interferences like

deforestation, overgrazing and poor

agricultural practices, in addition to

the action of water and winds,

significantly contribute to soil

erosion. 

Important soil and water
conservation practices 
Soil is nature's most valuable

treasure because it is necessary for

all life on the planet. Only a fertile

soil base can ensure sustainable

agriculture, which in turn is the

foundation for societal economic

progress and a greater level of

living. Soil conservation and

management are so required to

ensure economic development in the

long term. Controlling soil

and runoff loss and sediment

mobilisation is aided by soil and

water conservation practices. In

India, a variety of soil conservation

techniques is used. Since the causes

and quantum of soil erosion differ

from one location to the other, the

conservation strategies differ as

well. 'Biological measures' and

'mechanical/engineering/structural

measures' are the two categories of

soil and water conservation.

Biological measures include

agronomic practices, forestry, agro

forestry, horticulture and other

vegetative measures, whilst

mechanical methods include

terracing, bunding, trenching, check

dams, gabion structures, loose/stone

boulders, crib walls, and other

permanent and semi-permanent

structures.

Stream bank and landslide erosion

When streams begin
cutting deeper and wider

channels as a result of greater
peak flows or the elimination
of local protecting vegetation,
stream bank erosion occurs.
Stream bank erosion occurs
when the banks of rivers,
streams and drains are
eroded, sloughed or undercut.
This is particularly common
in alluvial rivers and streams.
Landslides are the downslope
movement of soil and rock.
They have the potential to
create some of the most
spectacular destruction
caused by earth or ground
movement. Mudflows, earth
slumps, rock falls, and various
sorts of slope collapses are all
examples of landslides.

(A)
Stream bank

erosion
(B) 

Landslide erosion

Stream flow and
mass flow views of

soil erosion

A
mass flow

form of soil
erosion
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Biological measures
of soil and water
conservation

Agronomic practices
These methods are often less

expensive, more sustainable, and more

effective than the structural

improvements. The following are some

of the most important agronomic

measures of soil and water

conservation.

1. COVER CROP-BASED

CROPPING SYSTEM

Cover crops such as cowpea,

groundnut, beans, soybean, sweet

potato, and others are excellent tools

for farmers to use in their cropping

systems to reduce soil erosion.  Deep

roots of the crops in the soil increase

water infiltration, while above-

ground cover intercepts the majority

of rain droplets on foliage and protects

soil movement from erosion. Cover

crops also provide complete soil

coverage and prevent water loss

through evaporation. When cover

crop residue is recycled back into the

soil, it adds organic matter and

improves a variety of soil qualities.

2. STRIP CROPPING

The process of planting crops having

different growth characteristics in

parallel strips is known as strip

cropping. While some strips may be

left unplanted for a while, others may

be planted. Tree crops could also be

grown on some of the strips. Trees or

tall crop strips create wind barriers or

shelter belts. Since different crops are

harvested at different times of the

year, only a small portion of land is

exposed to soil erosion at any given

time. Adjoining strips to such regions

are under a crop or tree cover at the

time, offering erosion protection to

even the naked strip.

3. INTERCROPPING

/MIXED CROPPING

Intercropping is the process of

cultivating two or more crops in a

particular row pattern, whereas mixed

cropping is the practice of physically

mixing seeds from these crops and

sowing them in the field without a

definite row design. When compared

to a single crop, intercropping

increases soil cover and improves

resource use efficiency. The crops'

foliage becomes dense, trapping

most of the rains on their leaves

and lowering their velocity, thus

sheltering the naked soil.

According to one estimate,

farming sweet potato with

maize reduces soil loss to 1.5-2.0

t ha-1 at a 2 per cent soil slope. Asingle

crop, such as maize, can only cover up

to 30 per cent of the area during the

rainy season, leaving more bare soil

vulnerable to soil erosion, while the

maize + sweet potato intercrop can

cover up to 60 per cent of the soil, thus

reducing the soil erosion significantly.

Because of fast growth rates, large

biomass production, and drought-

tolerant, dense foliage, legume crops

are recommended as an intercrop with

cereal crops to decrease soil erosion.

High biomass productivity of

intercrops boosts the soil organic

matter content, which improves soil

structure and increases water

infiltration and

storage.

4. CONTOUR TILLAGE/

CONTOUR FARMING

Ploughing the fields along the

contours and across the slope is

known as contour ploughing. It

causes ridges and furrows to grow

against the flow direction, thus

lowering the water velocity. It also

improves water entry into the soil and

promotes plant absorption. As a

result, the total volume of runoff is

reduced as well. Contour farming

refers to farming with almost level

row patterns around a hill rather than

up and downhill. The miniature dams

are formed by the rows, which

restrict water flow and improve

Strip
cropping of

mung bean +
Indian round

gourd to protect
soil from soil

erosion

A
maize + sweet

potato
intercropping

technology developed
at IISWC, Dehradun to

reduce soil erosion
in Indian

Himalayas
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infiltration to decrease erosion.

When compared to up- and downhill

farming, contour farming can reduce

soil erosion by up to 50 per cent.

5. MULCHING

Mulching is the agronomic practice of

covering the soil surface with crop

wastes, tree leaves, dry grasses,

polythene, crushed stones, and other

materials to conserve soil and water

and promote plant growth. Mulching

is one of the soil conservation

strategies that have been beneficial in

reducing soil and water losses in

agricultural regions. The mulch serves

as a permanent or semi-permanent

protective layer over the soil surface.

Mulching shields the soil from the

impact of raindrops, thus decreasing

water and soil loss. Mulching also

increases water intake and storage

while improving infiltration capacity.

It increases earthworm activity, adds

nutrients to the soil, improves soil

structure and organic matter content,

and minimises water loss through

evaporation.

6. RESIDUE RETENTION/

INCORPORATION 

IN THE SOIL

Wind and water erosion are

considerably decreased by crop

residue retention and assimilation.

Surface residues appear to be more

effective at controlling rill erosion and

lowering runoff transport capacity.

The influence of residues on water

erosion is determined by previous

land use and the extent of soil surface

disruption. Surface residues also serve

as a heat barrier, reflecting sunlight,

limiting evaporation, and restricting

airflow near the soil surface. Surface

residues promote rain and snowmelt

infiltration on sloping soils by

reducing runoff and allowing more

time for water to penetrate the

soil.Increasing yield due to water

conservation, lower soil temperatures,

greater quality soil over time due to

increased soil organic matter levels,

and decreased labour and fuel input

are other benefits from residue

retention/incorporation in the soil.

7. ORGANIC

MANURE

APPLICATION

Organic manures made from farm

waste and animal dung dramatically

enhance soil qualities such as soil

structure, porosity, infiltration rate,

etc., reducing soil erosion

significantly. Manure application

helps increase water-holding capacity,

reducing runoff and soil loss. Manure

can coat the soil surface, reducing the

impact of high-intensity raindrops on

soil particles.

8. CONSERVATION

AGRICULTURE

Conservation agriculture (CA), which

includes minimal mechanical soil

disturbance and direct sowing,

organic mulch cover from residues

and cover crops, and crop species

diversification through rotations and

associations, is now implemented on

about 125 million hectares around the

world. CA technology can help cut

production costs, conserve water and

nutrients, raise yields, increase crop

diversification, improve resource

efficiency, reduce runoff and soil

erosion, and benefit the environment.

In India, the use of zero tillage and

conservation agriculture has grown to

roughly 1.5 million hectares in recent

years.

I.  Zero tillage

From harvest to planting, no-till

leaves the land undisturbed. Coulters,

row cleaners, disk openers, in-row

chisels or rototillers create a narrow

(typically 6-inch or less) seedbed or

slot for planting. In chemically killed

sod or agricultural residues from the

previous year, zero-till or no-till

planting can be done

successfully. The large

percentage of surface covered

by agricultural wastes results

in soil conservation.

II.  Ridge tillage

Planting onto a seedbed prepared on

ridges with sweeps, disk openers,

coulters, or row cleaners is known as

ridge-till. During cultivation, the

ridges are reconstructed. From harvest

to planting, the earth is left untouched

save for fertiliser injection. Ridge-till

works best on soils that are almost flat

and poorly drained. Ridge-till systems

Mulching
practice to

conserve soil
water and

reduce soil
erosion

Residue
retention/

incorporation
practice to

conserve soil
water and reduce

soil erosion
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leave leftovers between the ridges on

the surface. The amount of residue and

the row direction affect soil

conservation. Soil loss is considerably

reduced by planting on the contour

and increasing surface covering.

III. Mulch tillage

Although the land is tilled in mulch

tillage, enough residue is left on the

soil surface to significantly decrease

erosion. In the top few inches of the

soil, a percentage of the crop residue is

integrated. Mulch-tillage is effective

on a variety of soils, particularly those

with poor drainage. Compared to

regular tillage, this technique

improves roughness and infiltration.

9. MODIFYING

UNDERGROUND SOIL

CHARACTERISTICS

Sweet potato, ginger, turmeric,

colocasia, and other tubers /rhizome

/bulb crops can be added to the

cropping systems to improve the

underground soil qualities. The roots

of these crops pulverise the soil and

lessen compactness while burrowing

deeply and spreading horizontally. As

a result, the root penetrations of

subsequent crops get greatly

enhanced. This approach increases

soil water intake and retention,

resulting in less runoff. Furthermore,

these crops promote soil porosity and

aggregation, making soil more

resistant to erosion. Rainfed wheat

cultivated following the maize +

sweet potato intercrop enhances root

penetration depth of wheat up to 60

cm under rainfed conditions,

compared to 30 cm in normal

conditions, according to research

done in the north-western Himalaya.

The extensive root penetration

increased soil's water intake.

I. Ridge and furrow system
When compared to sowing on flat

beds, raising crops on ridges and in

furrows reduces soil crusting and

promotes good crop stand.

Furthermore, during the monsoon

season, inter-row rainfall can be

appropriately drained and collected in

farm ponds for life-saving irrigations

and profile recharge for the

development of rabi crops. It causes a

rise in soil moisture content,

which minimises moisture

stress on plants during

drought periods. Cotton,

maize, vegetables, and

other crops with broad

spacing are best suited to

this strategy.

II. Broad bed and 
furrow system

This technique was developed by

ICRISAT. It is primarily recommended

for places with high rainfall (>750 mm)

and black cotton soils (vertisols).

Sunken furrows of around 50-60 cm

broad and 15 cm deep separate beds

about 90-120 cm in width. The crop

can be produced in two to four rows on

the bed, with the width and crop

geometry changed to fit the cultivation

and planting equipment.

11. CONTROLLED

GRAZING OF

PASTURE LAND

Because pasture land is frequently

found on sloping territory, they are

prone to excessive soil erosion. Soil

compaction and significant surface

runoff can be caused by the amount of

grazing and intensity of use. Too many

animals in one place for an extended

period might result in poor or non-

existent vegetation. Poor vegetation

stands to expose soils to the erosive

impact of surface water runoff

(particularly in undulating terrain).

Some management strategies, such as

preventing overgrazing and finding

alternate water sources, can help

reduce soil erosion.

Vegetative barriers
Since it is cost-effective and simple

to set up, vegetative-barrier

technology is extremely

advantageous to marginal and small

farmers. Diverse vegetative barriers

have been identified in India for

various agro-ecological zones and soil

types.

1. Geotextiles

Geotextiles are woven nets of fibre

derived from jute (Corchorussp.), coir

(CocosnuciferaL.), or any other

natural fibre used in soil conservation

10. LAND CONFIGURATION

TECHNIQUES

Appropriate land configuration

and planting techniques based on

crops, cropping systems, soil type,

topography, rainfall, and other

factors aid in better crop

establishment, intercultural

operations, reduced runoff, soil

and nutrient loss, water

conservation, efficient resource

utilisation, and increased

productivity and profitability.

Increasing
root penetration

of 
succeeding rainfed

wheat due to
growing 

of sweet potato
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or crop production restrictions.

Several studies have shown that

geotextiles can help protect

riverbanks, stabilise slopes, and

increase crop yields.

2. Agro-forestry measures

Agro-forestry is a type of sustainable

land management that involves

growing trees or shrubs with

agricultural crops on the same plot of

land. It is a new technique for

successful soil and water conservation

that encompasses a wide range of

practices for preventing soil erosion,

building sustainable agricultural

production systems, reducing

pollution, and boosting farm income.

The addition of leaf litter protects the

soil from erosion, enhances soil health

and moisture retention capacity, and

promotes crop output. It has been

observed that certain agro-forestry

strategies can minimise soil erosion

by up to 10 per cent. Agro-forestry not

only prevents soil erosion but also

creates a variety of commercial tree-

based products.

Types of agro-

forestry systems

I. Agri-silviculture

Agri-silviculture is the practice of

growing agricultural crops as a major

component and multipurpose trees

(MPTs) as a secondary component on

the same managed land unit. The tree

species promote water infiltration and

prevent runoff by binding soil

particles in the root zone.

II. Agri-horticulture

Agri-horticulture is the cultivation of

agricultural crops and fruit trees on

the same managed land unit. With

modest restoration efforts, fruit tree

species such as lemon (Citrus limon),

mango (Mangiferaindica), ber

(Ziziphusmauritiana), and aonla

(Phyllanthusemblica) can be

effectively planted in agricultural

fields and on degraded and low

productive soils.

III. Alley cropping

Agricultural crops are grown in the

alley between the hedge rows of

nitrogen-fixing leguminous tree

species. This method is one of the

most effective ways to conserve soil

and water in hilly locations.

IV. Silvi-pasture system

The silvi-pasture system involves

raising grasses or livestock with MPTs

on the same managed land unit. This

technology can restore lands that have

been eroded and deteriorated.

Controlling soil erosion processes is

more successful when mechanical

measures are combined with grass

species cultivation. In ravine

restoration, grass species like

Cenchrusciliaris (buffel grass),

Cenchrussetigerus (birdwood grass),

Dichanthiumannulatum (marvel

grass), Panicumantidotale (blue

panicgrass), Panicum maximum

(Guinea grass), Brachiariamutica (para

grass), and Pennisetumpurpureum

(elephant grass) are important.

Mechanical measures

Mechanical measures, often known as

engineering structures, are used to

alter the land slope, safely transport

runoff water to rivers, minimise

sedimentation and runoff velocity,

and improve water quality. To

increase the performance and

sustainability of the control measures,

these measures are utilised alone or in

combination with biological

measures. Biological measures

should be augmented by mechanical

structures in highly degraded and

sloppy settings. Terraces, contour

bunding, check dams, gabions,

diversion drains, geotextiles, and

other permanent and temporary

mechanical interventions are

available. Based on the degree of

erosion, soil type, topography, and

climate, mechanical methods are

suggested.

2. Bench terracing
Bench terracing is a common soil-

conservation technique used in

mountainous places with steep slopes.

It entails converting steep terrain into

a series of level strips supported by

risers. It lessens the degree of slopes

and breaks the length of slopes,

preserving moisture and soil for

greater crop yield. Bench terracing

can be used up to 50 per cent grade in

the Nilgiri and Himalayan hills, even

though it is advised for slopes of 16-33

1.Contour bunds and
graded bunds

Field bunding across the slope

keeps run-off in the cultivated field

and allows it to infiltrate more

easily. In locations with 1.5-6 per

cent land slope and less than 600

mm annual rainfall, contour bunds

are erected across the principal land

slope along contour lines. The

minimum height of a contour bund

is 50 cm, with a cross section of

1.61 m2, a vertical interval of 0.9

m, and a horizontal spacing of 50 to

70 m, depending on the land

slope.Waste weirs are used to

safely dispose of excess runoff.  To

divert runoff from the fields,

graded bunds with a longitudinal

slope of 0.2 to 0.4 per cent and a

vertical interval of 0.75 m are built.

The bund has a cross-section area

of 0.83 m2 and a horizontal

distance of 60 to 70 m. These bunds

are better suited to black soils that

experience higher waterlogging

during periods of heavy rainfall.
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per cent. Based on the crops planted,

rainfall, and soil, bench terraces might

be outward sloping, leveled, or inward

sloping. For a medium rainfall zone

with extremely permeable deep soil, a

leveled or table-top bench terrace is

recommended. In high-rainfall areas,

inward-sloping bench terracing is

more beneficial for vegetable crops

that require good drainage and are

sensitive to water stagnation.

3. Contour    
wattling

Wattling is a technique for splitting a

slope's length into shorter portions,

with wattles built at a vertical interval

of 5-7 m up to 33 per cent slope and 3

m up to 66 per cent slope in these

sections. Contour wattling is not

advised on slopes steeper than 66 per

cent or on rocks that are particularly

loose or powdery.

4. Crib structures

Crib structures are logwood structures

packed with stone/brushwood that are

used to stabilise steep slopes of more

than 40 per cent. 

Crib structures can be built with

eucalyptus poles that are 2-3 m long

and 8-12 cm in diameter. Nails about

20-25 cm in length are used to connect

the poles. Depending on the land

slope, the structure's height is kept

between 1.5 and 2 m above the

ground.

5. Loose boulder/ stone/
masonry check dams

Check dams are effective at reducing

runoff rates and preventing severe

erosion in steep and broad gullies and

are best suited to high-elevation

catchment areas. These constructions

are low-cost, long-lasting, and require

little upkeep. Dams are built with flat

stones 20-30 cm in size and the depth

of the gully bed is kept around 0.3 m.

A spillway in the middle of the dam

allows runoff water to be safely

discharged. Gabion check dams are

also used to remediate drainage lines

in sharply inclined gullied areas to

prevent sedimentation, erosion, and

soil moisture loss.

6. Brushwood check dams

Branches of various tree and shrub

species are fixed in two parallel

rows, loaded with brushwood,

and strewn across the gully or

flow channel. These are typically

constructed to control overflow in

small and medium gullies, with

vegetative barriers added for long-

term effectiveness. The soil volume is

sufficient to establish plants. The trees

are placed in 0.3 m ditches over the

gully's path. It assists in the successful

establishment of vegetation barriers

by reducing runoff velocity, soil loss,

and improving soil moisture.

7. Conservation bench terrace

The land is divided into a 2:1 ratio

along the slope in the conservation

bench terrace (CBT) system, with the

upper 2/3 area (donor area)

contributing runoff to the bottom 1/3

runoff collecting area (recipient area).

The natural slope of the donor area is

preserved. The runoff contributing

area is used for kharif crop cultivation,

while the lower third of the area with

saved soil moisture is used for rabi

crop cultivation. This mechanical

method can be used to effectively

reduce erosion, conserve water, and

increase agricultural output. This

technique works well on soils ranging

from silty loam to silty clay loam.

CONCLUSION

Soil and water are the most important

inputs for human survival and

agricultural sustainability. Since the

land is finite and gradually degrades

due to soil erosion, water scarcity is

increasing. Hence, greater emphasis

is being placed on the management of

valuable soil and water resources,

through the adoption of various soil

and water conservation measures. To

prevent runoff and soil erosion, and

increase soil quality, water quality,

moisture conservation and overall

crop productivity sustainably,

biological (agronomical, agro-

forestry, grasses, etc.) and mechanical

(terracing, bunding, trenching, check

dams, etc.) soil and water

conservation strategies are very

important. Biological techniques are

both cost-effective and

environmentally benign, improving

soil qualities while preserving soil and

water resources. Furthermore,

combining biological and mechanical

approaches will aid in the

improvement of soil and water

resources and enhance agricultural

productivity.
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hen land is degraded, soil

carbon may get released

into the atmosphere, along

with nitrous oxide,

making land degradation

one of the biggest contributors to

climate change. An estimated two-

third of all terrestrial carbon stores in

soils and vegetation have been lost

since the 19th century through land

degradation. Agriculture, forest and

other land-use sectors generate

roughly a quarter of all anthropogenic

greenhouse gas emissions. 

Recent estimates of the global loss

of ecosystem services due to land

degradation and desertification

remain somewhere in-

between US$ 6.3 and 10.6

trillion annually. These high

costs have not received

adequate attention, partly

due to the complexity of

accurately measuring the knock-on

effects and externalities of land

degradation. There is a tendency by

countries to only consider the impact

on food production and to overlook

ecosystem services such as water

supply and regulation or reduction in

carbon sequestration.

Managing the land

sustainably means less

carbon emissions and

more carbon capture. Soil

organic carbon contributes to

the fertility of the soil and to its

capacity to hold water, and therefore to

a large extent determines the capacity

of the soil to produce food and to

support other biodiversity. The

resilience of societies and ecosystems

is increased where soil productivity,

and hence carbon stock, is increased. 

Desertification has been described

as “the greatest environmental

challenge of our time” and climate

change is making it worse. While the

term may bring to mind the wind-

swept sand dunes of the Sahara or the

vast salt pans of the Kalahari, it’s an

issue that reaches far beyond those

living in and around the world’s

deserts, threatening the food security

and livelihoods of more than two

billion people. The combined impact

of climate change, land

mismanagement and unsustainable

freshwater use has seen the world’s

water-scarce regions increasingly

degraded. This leaves their soils less

able to support crops, livestock and

wildlife. In 2019, the

Intergovernmental Panel on Climate

Change (IPCC) has published its

special report on Climate Change and

Land Degradation. The report,

compiled by hundreds of scientists

and researchers from across the

Global Trends in
Desertification,

Land Degradation
and Climate Change
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Soils represent the 
largest organic carbon pool

of the biosphere

Soils
1500-2000 Gt C 

(first meter)

-800 Gt C
in the top

30 cm

Vegetation
450-680 Gt C

Atmosphere
-830 Gt C

Storage
of carbon in

soil, vegetation
and atmosphere

(Source: 
IUCN)

As per the International Union for
Conservation of Nature, soil is the
biggest terrestrial carbon sink. The
world’s soils store more carbon than
the planet’s biomass and 
atmosphere combined. This includes
soil organic carbon, which is essen-
tially biodiversity -microbes, fungi
and invertebrates, as well as root 
matter and decomposing 
vegetation. Soil carbon stocks can be
increased through appropriate land
management to provide many 
benefits besides offsetting 
greenhouse gas emissions. Loss of
soil organic carbon is one of the
principal signs of land degradation,
and land degradation is one of the
leading challenges before 
sustainable development, 
biodiversity conservation, and 
mitigation and adaptation to climate
change. It is defined as a reduction
or loss in the biological or economic
productivity and complexity of land.
In drylands, land degradation is
known as desertification.



world, dedicated one of its seven

chapters solely to the issue of

desertification.

Desertification is land degradation

in arid, semi-arid and dry sub-humid

areas, collectively known as drylands,

resulting from many factors,

including human activities and

climatic variations. The range and

intensity of desertification have

increased in some dry land areas over

the past several decades. Drylands

currently cover about 46.2 per cent of

the global land area and are home to

more than 3 billion people. The

multiplicity and complexity of the

processes of desertification make its

quantification difficult.

Desertification hotspots, as identified

by a decline in vegetation productivity

between 1980s and 2000s, extended to

about 9.2 per cent of drylands,

affecting about 500 million people in

2015 alone. The highest number of

people affected are in South and East

Asia, the Sahara region of North

Africa and the Middle East including

the Arabian Peninsula. Other dry land

regions have also experienced

desertification and it has already

reduced agricultural productivity and

incomes and contributed

to the loss of biodiversity

in some regions. In many

areas, spread of invasive plants

has led to losses in ecosystem services,

while over-extraction of groundwater

is leading to its depletion.

Unsustainable land management,

particularly when coupled with

droughts, has contributed to higher

dust storm activity, reducing human

well-being and many important

environmental services. Dust storms

were found to be associated with

global cardiopulmonary mortality and

higher intensity sand storms and sand

dune movements were found causing

disruption and damage to

transportation and solar and wind

energy harvesting infrastructures.

Attribution of desertification to

climate variability and change, and to

human activities, varies in space and

time. Climate variability and

anthropogenic climate change,

particularly through increase in both

land surface air temperature and

evapo-transpiration, and decrease in

precipitation, are likely to have played

a role, in interaction with human

activities, in causing desertification in

some dry land areas. The major human

drivers of desertification interacting

with climate change are expansion of

croplands, unsustainable land

management practices and increased

pressure on land from population and

income growth. Poverty is limiting

both the capacity to adapt to climate

change and availability of financial

resources to invest in sustainable land

management.

Climate change will exacerbate

several desertification processes,

although CO2 fertilisation effect is

enhancing vegetation productivity in

drylands, decrease in water

availability has a larger effect than

CO2 fertilisation in many dry

land areas. The area at risk of

salinisation is projected to

increase in the future and future

climate change is projected to

increase the potential for water driven

soil erosion in many dry land areas

leading to soil organic carbon decline

in some dry land areas. Risks from

desertification are projected to

increase due to climate change. Under

shared socio-economic pathway at

1.5°C, 2°C and 3°C of global warming,

the number of dry land population

exposed (vulnerable) to various

impacts related to water, energy and

land sectors (e.g., water stress,

drought intensity, habitat degradation)

is projected to reach 951 million, 1152

million and 1,285 million,

respectively. Around half of the

vulnerable population is in South

Asia, followed by Central Asia, West

Africa and East Asia. 

Desertification and climate

change, both individually and in

combination, will reduce the

provision of dry land ecosystem

services and lower ecosystem health,

including losses in biodiversity.

Desertification and changing climate

are projected to cause reduction in

crop and livestock productivity,

Extent
of land

degradation
in the 
world
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modify the composition of plant

species and reduce the biological

diversity across drylands. Rising CO2
levels will favour more rapid

expansion of invasive plant species in

some regions. A reduction in the

quality and quantity of resources

available to herbivores can have

knock-on consequences for predators,

which can potentially lead to

disruptive ecological cascades.

Projected increases in

temperature and the

severity of drought events

across some areas can

increase chances of

wildfire occurrence.

The increasing human

pressure on land, combined with

climate change, will reduce the

resilience of land populations and

constrain their adaptive capacities.

The combination of pressure coming

from climate variability,

anthropogenic climate change and

desertification will contribute to

poverty, food insecurity, and

increased disease burden, as well as

potential conflicts. Although strong

impacts of climate change on

migration in dry land areas are

disputed, in some places,

desertification under changing

climate can provide an added

incentive to migrate. Women will be

impacted more than men by

environmental degradation,

particularly in those areas with higher

dependence on agricultural

livelihoods. Desertification

exacerbates climate change through

several mechanisms such as changes

in vegetation cover, sand and dust

aerosols and greenhouse gas fluxes.

The extent of areas in which dryness

controls CO2exchange, has increased

by 6 per cent between 1948 and 2012,

and is projected to increase by at least

another 8 per cent by 2050 if the

expansion continues at the same rate.

In these areas, the net carbon

uptake is about 27 per cent lower

than in other areas. Desertification

also tends to increase albedo,

decreasing the energy available at the

surface and associated surface

temperatures, producing a negative

feedback on climate change. Through

its effect on vegetation and soils,

desertification changes the absorption

and release of associated greenhouse

gases. Vegetation loss and drying of

surface cover due to desertification,

increases the frequency of dust

storms. Arid ecosystems could be an

important global carbon sink,

depending on soil water availability.

Site and region-specific

technological solutions, based both on

scientific innovations and indigenous

and local knowledge, are available to

avoid, reduce and reverse

desertification, simultaneously

contributing to climate change

mitigation and adaptation. Such

practices in drylands increase

agricultural productivity and

contribute to climate change

adaptation with mitigation co-

benefits. Integrated crop, soil and

water management measures can be

employed to reduce soil degradation

and increase the resilience of

agricultural production systems to the

impacts of climate change. These

measures include crop diversification

and adoption of drought-resilient

ecologically appropriate plants,

reduced tillage, adoption of improved

irrigation techniques and moisture

conservation methods (e.g., rainwater

harvesting using indigenous and local

practices), and maintaining vegetation

and mulch cover. Conservation

agriculture increases the capacity of

agricultural households to adapt to

climate change and can lead to

increases in soil organic carbon over

time, with quantitative estimates of

the rates of carbon sequestration in

drylands following changes in

agricultural practices ranging

between 0.04 and 0.4 t per hectare.

Rangeland management systems

based on sustainable grazing and re-

vegetation increase rangeland

productivity and the flow of

ecosystem services. The combined

use of salt-tolerant crops, improved

irrigation practices, chemical

remediation measures and appropriate

mulch and compost is effective in

reducing the impact of secondary

salinisation. Application of sand dune

stabilisation techniques contributes to

reducing sand and dust storms.

Agroforestry practices and

shelterbelts help reduce soil erosion

Extensive
land use is

leading to soil
degradation
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and sequester carbon. Afforestation

programmes aimed at creating

windbreaks in the form of ‘green

walls’ and ‘green dams’ can help

stabilise and reduce dust storms, avert

wind erosion, and serve as carbon

sinks, particularly when done with

locally adapted native and other

climate resilient tree species.

Investments into sustainable land

management, land restoration and

rehabilitation in dry-land areas have

positive economic returns. Each

dollar invested into land restoration

can have social returns of about $3-6

over a 30-year period. Most

sustainable land management

practices can become financially

profitable within three to 10 years.

Despite their benefits in addressing

desertification, mitigating and

adapting to climate change, and

increasing food and economic

security, many management practices

are not widely adopted due to insecure

land tenure, lack of access to credit

and agricultural advisory services, and

insufficient incentives for private

land-users. Dry land populations have

developed traditional agro-ecological

practices, which are well adapted to

resource-sparse dry land

environments. However, there is

robust evidence documenting losses

of traditional agro-ecological

knowledge. Traditional agro-

ecological practices are also

increasingly unable to cope with

growing demand for food. 

Policy frameworks promoting the

adoption of sustainable land

management solutions contribute to

addressing desertification as well as

mitigating and adapting to climate

change, with co-benefits for poverty

eradication and food security among

dry land populations. Implementation

of land degradation neutrality policies

allows populations to avoid, reduce

and reverse desertification, thus

contributing to climate change

adaptation with mitigation co-

benefits. Strengthening land tenure

security is a major factor contributing

to the adoption of soil conservation

measures in croplands. On-farm and

off-farm livelihood diversification

strategies increase the resilience of

rural households against

desertification and

extreme weather events

like droughts.

Strengthening collective action is

important for addressing causes and

impacts of desertification, and for

adapting to climate change. A greater

emphasis on understanding gender-

specific differences over land use and

land management practices can help

make land restoration projects more

successful. Improved access to

markets raises agricultural

profitability and motivates investment

into climate change adaptation and

sustainable land management.

Payments for ecosystem services give

additional incentives to land users to

adopt such practices. Expanding

access to rural advisory services

increases the knowledge on land

management and facilitates their

wider adoption. Developing, enabling

and promoting access to cleaner

energy sources and technologies can

contribute to reducing desertification

and mitigating climate change

through decreasing the use of fuel-

wood and crop residues for energy.

Policy responses to droughts based on

proactive drought preparedness and

drought risk mitigation are more

efficient in limiting drought-

caused damages than reactive

drought relief efforts.

Improving capacities,

providing higher access to

climate services, including local-

level early warning systems, and

expanding the use of remote sensing

technologies are high-return

investments for enabling effective

adaptation and mitigation responses

that help address desertification.

Reliable and timely climate services,

relevant to desertification, can aid the

development of appropriate

adaptation and mitigation options,

thus reducing the impact of

desertification on human and natural

systems, with quantitative estimates

showing that every dollar invested in

strengthening hydro-meteorological

Desertification
means loss of

water, and hence
loss of agricultural

productivity
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and early warning services in

developing countries can yield

between $4 to 35. Knowledge and

flow of knowledge on desertification

is currently fragmented. Improved

knowledge and data exchange and

sharing will increase the effectiveness

of efforts to achieve land degradation

neutrality.

Desertification is defined as land

degradation in arid, semi-arid, and dry

sub-humid areas resulting from many

factors, including climatic variations

and human activities (United Nations

Convention to Combat

Desertification (UNCCD) 1994).

Land degradation is a negative trend in

land condition, caused by direct or

indirect human-induced processes

including anthropogenic climate

change, expressed as long-term

reduction or loss of at least one of the

following: biological productivity,

ecological integrity or value to

humans (Section 4.1.3). Arid, semi-

arid, and dry sub-humid areas,

together with hyper-arid areas,

constitute drylands (UNEP 1992),

home to about three billion people.

The difference between

desertification and land degradation

is not process-based but geographic.

Although land degradation can occur

anywhere across the world, when it

occurs in drylands, it is considered

desertification. Desertification is not

limited to irreversible forms of land

degradation, nor is it equated to desert

expansion, it represents all forms and

levels of land degradation occurring in

drylands. Recent estimates, based on

AI, suggest that drylands cover about

46.2 per cent of the global land area.

Approximately 70 per cent of dry land

areas are located in Africa and Asia.

The biggest land use/cover in terms of

area in drylands, if deserts are

excluded, is grasslands, followed by

forests and croplands. 

Desertification is a global issue,

with serious implications worldwide

for biodiversity, eco-safety, poverty

eradication, socio-economic stability

and sustainable development.

Drylands are already fragile. As they

become degraded, the impact on

people, livestock and environment

can be devastating. Some 50 million

people may be displaced within the

next 10 years as a result of

desertification.The issue of

desertification is not new though — it

played a significant role in human

history, contributing to the collapse of

several large empires, and

displacement of local populations.

But today, the pace of arable land

degradation is estimated at 30 to 35

times the historical rate. Some two

billion people depend on ecosystems

in dry land areas, 90 per cent of whom

live in developing countries. A

downward spiral is created in many

underdeveloped countries, where

overpopulation causes pressure to

exploit drylands for farming. These

marginally productive regions are

overgrazed, the land is exhausted and

groundwater is over-drafted.

As per the World Atlas on

Desertification, population

growth and changes in our

consumption patterns put

unprecedented pressure on the

planet's natural resources.

l Over 75 per cent of Earth's

land area is already degraded,

and over 90 per cent could

become degraded by 2050.

l Globally, a total area of 4.18

million km² is degraded

annually, with Africa and Asia

being the most affected.

l The economic cost of soil

degradation for the EU is

estimated to be in the order of

tens of billions of dollars

annually.

l Land degradation and climate

change are estimated to lead

to a reduction of global crop

yields by about 10 per cent by

2050. Most of this will occur

in India, China and sub-

Saharan Africa, where land

degradation could halve the

current crop production.

l As a consequence of

accelerated deforestation it

will become more difficult to

mitigate the effects of climate

change

l By 2050, up to 700 million

people are estimated to have

been displaced due to issues

linked to scarce land

resources. The figure could

reach up to 10 billion by the

end of this century.

As per World Health

Organization, the potential

impacts of desertification on

health include:

l higher threats of malnutrition

from reduced food and water

supplies;

l more water- and food-borne

diseases that result from poor

hygiene and lack of clean

water;

l respiratory diseases caused by

atmospheric dust from wind

erosion and other air

pollutants;

l spread of infectious diseases

as populations migrate.

Mahendra Pandey 
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f all the gifts of nature, none is

more indispensable to man than

soil. Our existence depends on

soil. It is important for humanity

to use soil productivity without

ruining it. Soil is the soul of

'infinite living'.

Humanity's contact with soil is

so universal that each person has

his or her own concept about the

nature of soil. To an engineer it

may be a construction material for

a building. To the farmer it is a

medium for growing crops. A

child may use it to make mud pies,

but then it becomes dirt to be

washed from hands and clothes.

To all of us, soil is the source from

which springs our food, clothing

and shelter. Our existence

depends on soil.

Earth's green carpet is the sole

source of food consumed by

livestock and mankind. It also

furnishes many of the raw

materials needed by our factories.

The consequence of abusing one

of our greatest possessions is

disease. This is the punishment

meted out by mother Earth for

adopting methods of agriculture,

which are not in accordance with

nature's law of return. We can

begin to reverse this adverse

verdict and transform disease into

health by proper use of the green

carpet - by way of a faithful return

to the soil of all available

vegetable, animal and human

wastes.

Any definition assigned to

such a complex material as 'soil'

depends greatly on the viewpoint

of the person formulating the

definition. An edaphologist,

considering soils in relation to

their use as media for growing

plants, may define soil as a

mixture of mineral and organic

matter that is capable of

supporting plant life. A

pedologist, studying the soil as a

distinct entity, can define it as the

natural product formed from

weathered rock by the action of

climate and living organisms. The

concept of life is vital in these

definitions. In one, the soil

supports life; in the other, life
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Saving the Soil 
for a Safe Future 

Suitable soil, fresh water,

climate, vegetation, 

nutrients and energy are

the basic natural resources

needed for agricultural

production. Because of

population pressure these

natural resources are

shrinking very fast. Since 

agricultural development is

not possible on a 

deteriorating natural

resource base, 

conservation of natural

resources needs urgent

attention. Future 

challenges of food security

are intimately linked with

the environmental 

security.  The sustainable

management of soil is

essential for food security,

maintenance of

environment and general

well being of the people.

The indiscriminate use of

soil coupled with lack of

management has, however,

led to their degradation,

echoing the concern of

planners, researchers, 

general public and farmers

alike. Any short and long

term changes in the

resource base impacting

our agro-ecology and 

quality of life need to be

constantly monitored and

understood well to devise

adequate safeguards

against their possible 

fallouts.

Prof. Dinesh Mani@
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helps to form the soil. Both viewpoints

are correct. Soil supports living

organisms and its characteristics are

partly determined by the action of

living organisms.

Around the world, millions of

people and their ancestors have

utilised indigenous pastoral and crop-

production systems that depend upon

natural vegetation to rejuvenate soil

quality between periods of use. One of

these indigenous systems is a type of

shifting cultivation, which has been

practiced for generations in tropical

forests around the world as well as

north-eastern India. It involves the

slashing and burning of small plots in

the forests, producing food crop for a

few years until the supply of nutrients

from the ashes is depleted, or until

weeds become intolerable. The farmer

then moves on the clear land and burns

another site, cultivates it for a few

years, and then abandons it too. This

process is repeated until, after some 10

to 20 years, the initial site which is

covered with semi-mature natural

vegetation is again ready to be burnt,

and the process is continued, shifting

from one place to another.

Introduction of new 
agricultural practices
When human population explosion

became evident, to meet the challenges

forced by this perception, scientists

and their farmer

collaborators developed and

put to use intensified soil, water and

crop management systems that gave

unparalleled increase in food

production, especially in the

developing countries. The vastly

increased production resulted from a

farming system that integrated newly

created high-yielding cereal varieties

(wheat, corn and rice) with increased

water availability through irrigation

and dramatic increase in nutrient

inputs from chemical fertilisers.

Monoculture systems were intensively

used, and two or three crops were

harvested annually. Intensified

agriculture has also increased the level

of plant production, permitting a

corresponding increase in the amount

of crop residue that can be returned to

the soil. Such residues provide soil

cover, reduce soil erosion, and can help

maintain or increase soil organic

matter levels. Soil quality is thus

positively affected, if greater amount

of crop residue is returned to soil. On

the contrary, intensive agriculture also

has had negative effects on the quality

of soils. Larger removal of the native

nutrients by the bumper crops have

catalysed the deficiencies of S, Zn,

B, etc. Also, in some cases, the

oxidation of nitrogen fertilisers

resulted in increased soil acidity. In

many areas of the world, such nutrients

as N and Pwere added in quantities far

in excess of plant uptake; with time,

the levels of these nutrients built up in

the soil, and they moved as pollutants

into the runoff or drainage waters or

into the atmosphere. Irrigation-

induced salinisation is another

negative effect of agricultural

intensification on soil quality. While

some organic chemicals adversely

affect a broad spectrum of soil

organisms, others are selective,

reducing biological diversity more

than overall abundance.

Soil
forming
factors

Soil
degradation
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Soil quality and 
soil health
The term soil quality and soil health are

often used interchangeably in the

scientific literature and popular

articles, with agricultural and

environmental scientists in general

preferring the term soil quality and

farmers or producers preferring the

term soil health. Some others prefer

the term soil health because it depicts

soil as a living, dynamic organism that

functions holistically rather than as an

inanimate or non-living mixture of

sand, silt and clay. Others prefer the

term soil quality as descriptor of its

innate quantifiable physical, chemical

and biological characteristics. Soil

quality is the capacity of soils within

landscapes to sustain biological

productivity, maintain environmental

quality and promote plant and animal

health. On the other hand, soil health is

the 'fitness' (or condition) of soil to

support specific uses (e.g. crop

growth) in relation to its potential

determined by the inherent soil quality

and is more sensitive to anthropogenic

disturbance and is severely limited in

extreme environments. Both of these

terms relate soil to other concepts of

health such as environment health,

human health, plant health, and animal

health. Soil health and soil

quality are functional concepts that

describe how fit the soil is to support

the multitude of roles that can be

defined for it. Therefore, soil quality

can be regarded as soil health.

Many others view that soil health

may be considered as the state of the

soil at a particular time equivalent to

the dynamic soil properties that

change in the short term. Examples of

dynamic soil properties are: organic

matter content, diversity and number

of organisms, and microbial

constituents or products. In a broad

way, soil quality may refer to both

permanent soil properties and soil

condition.

Much was known about soils and

about procedures for their

management for the production of

crops long before the approaches used

in modern scientific investigations

were established. This, of course, is

not surprising because mankind has

always been remarkably aware of the

importance of conserving his natural

resources and of means of utilising

these for his advantage. But, because

of the scientific advances, which

continue to improve the expectancy

and the material quality of life, the

demands for food and fibres by a

rapidly increasing world population

have led to considerable interest in

studies of the soil as a natural body,

and as medium to support the growth

of plants. Both approaches of the study

of soil have contributed significantly

to our understanding of the

composition and properties of soil, and

to progress in other areas of science

during the past years or so. It is now

true to say that the advances made and

soil and plant scientists, together with

appropriate contributions from

various sections of chemical and

engineering industries, have

provided the knowledge and

technology to secure the world's

supply of agricultural produce for the

immediate future. There must still be

concern, however, for the longer term

while the present trend of an increasing

world population continues. The soil

has to produce the bulk of the food and

fibre to sustain this growing

population.

Our soil is our national heritage, the

value of which should be understood

by every citizen from the earliest age.

From the dawn of history mankind has

depended on soil for the production of

both food and fodder. In the context of

present day shortage of food, a

scientific inventory of this valuable

natural resource assumes considerable

importance. It provides a systematic

basis for the study of crop and soil

relationship, vital for increasing

production, and for planning for

irrigation, land development, soil

conservation and reclamation. This

also provides the key to forecasting of

crop and soil behaviour under new

cultivated areas and crops affecting

soil modifications, such to those

relating to drainage and the assessment

of fertiliser requirement, for

afforestation, and for other soil usages

like construction of roads,

embankments, planning of town

layouts, etc. Soil is the most important

Soil
erosion



Invention Intelligence March-June 2022 31

natural resource of the country and an

intimate knowledge of this is a pre-

requisite in any national development

plan.

Structure of soil layers

A thin layer of soil covers most of the

earth's land surface. This layer, varying

a few centimetres to 2-3 metres in

thickness, might appear insignificant

relative to the bulk of the earth. Yet it

is in this thin layer of soil that the plant

and animal kingdoms meet the mineral

world and establish a dynamic

relationship. Plants obtain water and

essential nutrients from the soil.

Animals depend on plants for their

lives. Plant and animal residues find

their way back to the soil and are

decomposed by the teeming microbial

population living there. Life is vital to

soil and soil is vital to life.

Soil develops distinct layers at

varying depths below the land surface.

Avertical section of soil to expose the

layering is called a profile. The upper

layer is usually higher in organic

matter and darker in colour than the

layers below. This upper layer is called

a horizon or topsoil. The middle part of

the profile usually contains more clay

and has a brighter colour than the

topsoil. This layer is called B horizon,

or subsoil. The A and B horizons

together are referred to as solum, or

true soil.  The C horizon, commonly

referred to as the soil parent material,

occurs beneath the solum and extends

downward to bedrock. It may be thick,

thin, or even absent. The soil profile

includes the A and B horizons and at

least the upper portion of the C horizon

if a C is present.

Soil develops from parent material

by processes of soil formation,

different from the process of rock

weathering and disintegration that

produced the parent material.  The

process of forming soil from a hard

rock (for example, granite) can,

therefore, be divided into two fairly

distinct stages - rock weathering and

soil formation.

Soil formation is mainly a

biochemical weathering process in

contrast with the dominantly physical

weathering processes involved in

parent material formation. The

material is located near enough to the

surface that the influences of living

organisms and of chemical weathering

alter it. Even the individual mineral

grains gradually change, and new

minerals are formed. These new

minerals are called the secondary

minerals to distinguish them from the

primary minerals inherited from the

original rock. It should be emphasised

that the transformation of minerals is a

very slow process. Mineral

transformation acts first on primary

minerals from the parent material

helping to convert them into soil.

Subsequently the material that is

already soil is further transformed and

gradually forms a more strongly

developed, more mature soil. Soils are

dynamic and continually changing;

their nature is not static.

The presence of organic matter in

the soil facilitates both leaching and

eluviations. The acids produced by the

decomposition of organic matter

hasten the breakdown of minerals. A

considerable portion of the breakdown

products are soluble cations and

anions that are leached from the soil.

Moreover, some of the organic

compounds form complexes with

otherwise insoluble compounds of

iron and aluminum and cause them to

move downward in the profile of

strongly acidic soils.

The importance of soil organic

matter in relation to soil fertility and

physical conditions is widely

recognised. However, organic matter

contributes to the fertility or

productivity of the soil through its

positive effects on the chemical,

physical, and biological properties of

soil.

In the formation of a fertile soil,

organic substances play a direct role,

as they are the source of plant nutrients,

which are liberated in available forms

during mineralisation. The functions

of organic matter depend on the

process of decomposition, and hence

the production of a large quantity of

residues as well as their subsequent

decay in the soil is necessary for good

soil and crop management.

Soils are nature's dispose-all

sewage treatment plants, its water

purifier, and at times, also a pollutant.

Soil,
environment
and health
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Soils are as valuable as cleansers of the

earth's environments as they are the

nurturers of its plant life.  The soil is a

physical filter (sieving action), a

chemical filter (adsorption and

precipitation), and a biological filter

(decomposition of organic materials),

as well as the receptacle for all things

buried and disposed of beneath and on

the surface.

Soil, environment 
and health
Although the soil is the most universal

and extensive substance that cleans

waters and recycles wastes, it is not

infinite in capacity. Already high land

costs near most large cities have

increased the expense of waste

disposal. Not only are soils limited to

the present amounts, but they also can

be made unusable. Many toxins added

to soils can build up to concentrations

that become serious threats to plant

and animal health. Some toxic

substances become residual in the

soils; perhaps centuries will pass

before they will be removed. Even

harmful organic substances that will

decompose eventually to non-harmful

recycled elements of carbon, oxygen,

hydrogen, phosphorus, nitrogen and

sulphur are dangerous until

decomposition is complete. Materials

accumulate when added in

amounts larger than their

decomposition rate. Materials that are

toxic to soil microorganisms further

slowdown the process of recycling.

Soil has an intimate and extensive

role in people's efforts to maintain a

suitable environment, as a waste

receptacle, and to minimise pollution.

Soil is also a part of the environment

that receives pollutants. Soil can

depollute some materials by

decomposing them into harmless end

products such as carbon dioxide and

water. Useful plant nutrients are often

released by decomposition of

pollutants. But, there are some

materials that are difficult or

impossible to decompose.

Accumulations of such materials can

pollute the soil.

Soil health has recently captured the

attention of farmers as soil degradation

from intensive cultivation.

Mechanisation, limited crop rotation,

and lack of organic matter additions

have reduced yield potential. This has

often led to increased soil compaction,

erosion, greater pest problems, and

reduced crop productivity. Often-

stated problems include increased

disease and pest pressure, soil

compaction, increased infiltration,

reduced water holding capacity, low

organic matter content, drought-prone

soil, and excessive runoff and erosion.

Though soil degradation was visible

in many farms, a systematic approach

to characterised soil health, which

transcends the conventional soil

nutrient analysis, was not yet

available.

Soil health deals with both inherent

and dynamic soil quality. The former

relates to the natural (genetic)

characteristics of the soil (e.g.,

texture), generally represented in

soil surveys, and by and large

cannot be easily amended. On

the other hand, the dynamic soil

quality component is readily

affected by management practices and

relates to the levels of compaction,

biological functioning, root

proliferation, etc. The dynamic

component is of most interest to

growers because good management

allows the soil to come to its full

potential. The inherent and dynamic

soil quality components do interact.

However, some soil types are much

more susceptible to degradation and

unforgiving of poor management than

others.

At the heart of soil health is the

integration of soil's physical, chemical

and biological processes and

functions. A healthy soil will be

balanced for all three components. In

order to make interpretations of the

health of a soil, the various processes

and functions need to be assessed

through the meaningful indicators.

Soil health is defined as the

continued capacity of soil to function

as a vital living system, by recognising

that it contains biological elements that

are key to the ecosystem function

within land-use boundaries. These

functions are able to sustain biological

productivity of soil, maintain the

quality of surrounding air and water

environments, as well as promote

plant, animal, and human health.

Soil
pollution

through solid
and liquid

wastes
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Soil health concept directly

includes interaction between plants'

input and soil in creating a healthy

environment. Because of the

numerous alternative uses of soil as a

living resource, the meaning of the

terms soil health and soil quality

depend on the defined purpose, such as

for agricultural use. In agriculture, we

mainly pay attention to plants and

animal productivity, as these would be

of greatest importance in cultivated

soils as opposed to urban soils.

Protection of soil quality under

intensive land use and fast

economic development is a major

challenge for sustainable resource

use in the developing world. The basic

assessment of soil health and soil

quality is necessary to evaluate the

degradation status and changing trends

following diverse land use and small-

holder management intervention. In

Asia, adverse effects on soil health and

soil quality arise from nutrient

imbalance in soil, excessive

fertilisation, soil pollution and soil loss

processes.

The concept of soil health and soil

quality consistently evolved with an

increase in the understanding of soils

and soil quality attributes. Soil quality

cannot be measured directly, but soil

properties that are sensitive to changes

in management can be used as

indicators. Soil health indicators are

needed to help small-holder farmers

understand the chain of cause and

effect that links farming related

decisions to ultimate productivity and

health of plants and animals. The soil

health approach is better applied when

specific goals are defined for a desired

outcome from a set of decisions.

The quality of soil is rather dynamic

and can affect the sustainability and

productivity of land use. It is the end

product of soil degradative or

conserving processes and is

controlled by chemical, physical and

biological components of

the soil and their interactions.

Indicators, however, will vary

according to the location and the level

of sophistication at which

measurements are likely to be made.

Identification of biological

indicators of soil quality is reported as

critically important by several authors

because soil quality is strongly

influenced by microbiological

mediated processes. 

Of particular importance is to

identify those components that

rapidly respond to changes in soil

quality. Biological indicators of soil

quality that are commonly measured

include soil organic matter,

respiration, microbial biomass and

mineralisable nitrogen. Soil organic

matter plays a key role in soil function,

determining soil quality, water

holding capacity and susceptibility of

soil degradation. In addition, soil

organic matter may serve as a source or

sink to atmospheric CO2 and an

increase in the soil C content is

indicated by a higher microbial

biomass and elevated respiration. It is

also the principle reserve of nutrients

such as N in the soil and tropical soils

that may contain large quantities of

mineral N in the top 2m depth.

Indicators of soil quality

In order to achieve high yield, small

holder farmers have to provide soil

nutrients in large quantities. Therefore,

it is possible to alter the pool of

available nutrients by adding

inorganic fertilisers, incorporating

cover crops and using other organic

materials in the form of manures and

composts. Results of chemical tests are

soil quality indicators, which provide

information on the capacity of soil to

supply mineral nutrients, which is

dependent on the soil pH. Soil pH is the

estimate of the activity of hydrogen

ions in the soil solution. It is also an

indicator of plant available nutrients.

High activity is not desirable and the

soil requires liming with base cations

like Ca or Mg in order to bring the

solution back to neutral. Soil physical

properties are estimated from the soil's

texture, bulk density (a measure of

compaction), porosity, and water

holding capacity. The presence or

absence of hard pans usually presents

barriers to rooting to depth. These

properties are all improved through

additions of organic matter to soils.

Therefore, the suitability of soil for

sustaining plant growth and biological

activity is a function of its physical

properties (porosity, water holding

Soil
pollution
through

industries
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capacity, structure, and tilth). There are

several criteria to consider when

selecting soil health and soil quality

indicators. In general, the appropriate

indicators should be as below:

'Soil health' is a term gaining use

among farmers to refer to the condition

of their soil as it relates to growing

crops. The concept of soil health is

similar to that of human health. Human

characteristics such as body

temperature and blood sugar content

must be in certain ranges for an

individual to be healthy, and soil

characteristics such as water and

nutrient contents must be within

certain ranges for plants to grow

normally. All the various components

of a healthy person such as internal

organs must perform sufficiently for

the person to grow and function

normally while essential biological,

chemical and physical soil

components must be present and

functioning to permit the growth of

healthy and high-yielding crops.

Finally, as human health is partially

defined by the absence of infectious

diseases and parasites, a low level of

organisms that might interfere with

plant growth - parasites and weeds - is

the characteristic of a healthy soil.

While the concept of 'soil quality', a

term generally used by scientists, is

similar to that of soil health, there are

some significant differences. The term

'quality' is used to acknowledge that

soils provide many uses and functions

for humans. Characteristics that are

good for one purpose are frequently

good for another. For example, a well-

drained soil is desirable for both

growing of crops and installing septic

tanks. However, some very good

agricultural soils may not provide the

mechanical stability needed for

structures in earthquake-prone

regions. In reference to agriculture,

soil quality has been defined as "the

capacity of soil to function within

ecosystem boundaries to sustain

biological productivity, maintain

environmental quality, and promote

plant and animal health."

Compared to natural ecosystems,

agricultural ecosystems undergo many

disturbances and modifications and

have many more nutrient inputs and

outputs. The use of pesticides and

nutrients to sustain high crop yields

has resulted in the pollution of surface

and ground waters. Greatly

accelerated soil erosion, associated

with conventional tillage practices,

degraded the receiving waters and the

soil resource because of the topsoil

loss. While disturbances and soil

modifications during modern crop

production practices are inevitable,

there are ways to manage these

disturbances to mimic natural systems,

thereby reducing the adverse impact

of agriculture on the environment.

Healthy soils are those that are able

to sustain cropping under conditions of

minimal plant stress. Soil health -

involving biological, chemical, and

physical aspects - is influenced by

every aspect of soil and crop

management. This makes it difficult to

select any one practice or even set of

practices as being of critical

importance. However, soil organic

matter has such a profound effect on

many soil properties that organic

matter management is the heart of

creating soil health. Soil organic

matter is made up of living soil

organisms and roots, combined with

fresh organic residues, and well-

decomposed humic materials. A

healthy soil contains (i) an active and

diverse population of organisms, (ii)

high levels of relatively fresh residues

that provide food sources for the

organisms, and (iii) high levels of

humified organic matter that retain

water and provide cation exchange

sites that retain nutrients such as Ca++,

Mg++, and K+.

Another aspect of soil health is the

soil's physical condition - degree of

compaction, amount of water storage,

and drainage. When aeration, water

availability and soil strength are

beyond optimum ranges, plant growth

suffers. For example, crops growing

on compacted soils, with reduced

aeration and relatively high soil

strength, are more adversely affected

by both wet and dry conditions than

those growing in soil with good

structure. During wet periods

compacted soils with insufficient

aeration, and because the soil dries out

more quickly, it becomes a physical

barrier to root growth. Asoil's physical

condition is influenced partially by

organic matter because

polysaccharides and polyuronides

produced during decomposition help

promote aggregation of soil particles.

Secretions of mycorrhizal fungi are

also important in promoting soil

aggregation.

The levels of available nutrients,

pH, salt content, etc. are important

determinants of soil health. Plant

growth can be adversely affected by

either low nutrient level, high level of

toxic elements, or high salt

l Easy to assess.

l Able to measure changes in

soil function, both at plot and

landscape scales.

l Could be assessed in time to

make management deci-

sions.

l Accessible to many farmers.

l Sensitive to variations in

agro-ecological zone.

l Representative of physical,

biological or chemical proper-

ties of soil.

l Could be assessed by both

the qualitative approaches.



Invention Intelligence March-June 2022 35

concentrations. The biological,

chemical and physical aspects of soils

all interact with, and affect, one

another. For example, a very compact

soil has few large pores and thus is less

hospitable to organisms such as

springtails, mites, and earthworms. In

addition, lower levels of oxygen in

compact soils may influence the forms

of nutrients present and their

availability (e.g., significant quantities

of NO3 may be lost under anaerobic

conditions).

Need for organic farming

The occurrence of multinutrient

deficiencies and overall decline in the

productive capacity of the soil under

intensive fertiliser use have been

widely reported. Varieties of such

concerns and problems posed by

modern day agriculture gave birth to

organic farming.

Naturally organic farming systems

rely on crop rotations, crop residues,

animal manures, legumes, green

manures, off-form organic wastes and

the aspects of biological control to

maintain soil productivity and tilth to

supply plant nutrients and to control

insects, weeds and other pests. The

concept of soil as a living system that

develops the activities of beneficial

organisms is central to this definition.

The philosophy is to feed the soil rather

than the crops to maintain soil health

and it is a means of giving back to the

nature what had been taken from it. In

a low input organic farming, the

farmers depend on local resources and

ecological processes, recycling

agricultural wastes and crop residues.

To ensure sustainability in small

holdings the age old mixed farming

systems are prudently integrated with

cropping system.

The interest in organic farming in

developing countries is growing

because it places more reliance on the

natural and human resources

available, requires less financial input

and provides safe food while

conserving the environment. Studies

to date are seen to indicate that organic

agriculture offers comparative

advantage in areas with less rainfall

and relatively low natural and soil

fertility levels.

Organic farming minimises the

dependence on chemical inputs, viz,

fertilisers, pesticides, herbicides and

other agrochemicals which in turn

safeguards/improves the quality of

resources and environment. Further,

organic farming is labour intensive and

thus provides immense job

opportunities for farmers. Also due to

high demand, the organically

produced commodities fetch good

premium in both national and

international markets.

According to Codex

Alimentarius Commission and

national regulatory authorities,

organic agriculture is a holistic

production management system that

avoids use of synthetic fertilisers,

pesticides and genetically modified

organism, minimises pollution of air,

soil and water and optimises the health

and productivity of interdependent

communities of plants, animals and

people.

The certified organic cash crops

from developing countries have

immense export potential and are

linked with agro-ecological

improvements and income generation

for poor farmers leading to improved

food self-reliance and revitalisation of

small land holders. By managing

biodiversity in time (rotations) and

space (mixed cropping), organic

farmers use their labour and

environmental services to intensify

production in a sustainable way.

Organic agriculture also breaks the

vicious circle of indebtedness for

agricultural inputs, which have been

responsible for an alarming rate in

farmer suicides in the past. Further,

labour intensive requirements on

organic farms and better return on

labour provide employment

opportunities for farmers and rural

youth, thus safeguarding rural

livelihoods.

Analysis of the productivity trends

of crops over years is essential to carry

home the message of the merits and

demerits of organic farming vs

conventional chemical based intensive

cultivations.

Organic farming as enunciated by

IFOAM (International Federation of

Organic Agriculture Movements)

covers all aspects of operating farms

that promote environmentally sound

production of food, fodder, herbs and

fuel wood.

Organic farming is the science and

art of producing crops and livestock.

The  distinctive features of organic

farming are crop rotations, crop

Need
for

organic
farming
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residues, animal manures, legumes,

green manures, off-farm organic

wastes. Thus, the organic farming may

be defined comprehensively as an

environment friendly ecological

production system that promotes and

enhances biodiversity, biological

cycles and biological activities.

Organic farming is based on

minimum use of off-farm inputs and

management practices that restore,

maintain and enhance ecological

harmony. Precisely, organic farming

encompasses the following aspects:

Strategies for improving
soil health
Managing for improved soil health

requires a holistic approach that

involves a long-term commitment to

using combinations of practices that

enhance the soil's biological, chemical

and physical characteristics. These

practices tend to reduce plant pest. A

plant under low stress is better able to

resist or compete with pests and is thus

healthier. The primary general

strategies for improving soil health are

as follows:

Individual soil improving

practices have multiple effects on the

agro ecosystems. Farmers using cover

crops commonly have a particular

goal, such as supplying nitrogen to the

following crop. However, growing a

cover crop can (i) reduce the amount of

runoff and erosion, (ii) enhance the

amount of N available to the following

crop, (iii) reduce nitrate leaching to

groundwater, (iv) enhance the number

of arbuscularmycorrhizal fungi

spores, (v) provide habitat for

beneficial insects, (vi) increase the

amount of soil organic matter, (vii)

suppress weeds, (viii) decrease root

diseases, and (ix) reduce the number of

plant-parasitic nematodes.

Agradual increase of accumulation

of heavy metals in the soils of many

agricultural fields owing to the

discharge of industrial and municipal

residual wastes has caused a serious

problem to the crop production and

hazards to human and animal health.

Therefore, remediation of excessive

soil metals in situ is receiving great

attention, because the alternative soil

removal and replacement is very

expensive. Phytoremediation plays an

important role in the bioremediation

1.    It includes production

technology under agriculture,

animal husbandry, poultry

farming, aquaculture, etc.

2.   It aims to do away with all

synthetic or artificial inputs,

which include chemicals as

fertilisers, plant protection

chemicals, weedicides and

plant and animal 

hormones, etc.

3.   The inputs from seed-to-seed,

calf-to-calf and egg-to-egg

should only be from natural

sources and processes.

4.   At post-harvest stage, food

processing should ensure,

non-use of any preservatives

or colouring or flavouring

agents.

5. It should have increased use of

on-farm inputs and minimum

use of off-farm inputs.

6.   The allowable inputs shall

include crop residues, green

manure, green leaf manure,

farm wastes and their excreta,

slaughter house wastes, food

processing wastes,

agricultural by products,

wastes from sugar mill, coir

industry, paper mill, urban

and rural human wastes as

composts, fish wastes, etc.

a.   Add plentiful amounts of soil

organic matter from crop

residues as well as off-field

organic materials such as

animal manures and

composts. Use a variety of

sources of organic materials

because they have different

effects on soil's biological,

chemical and physical

properties. For example,

decomposed composts do

not enhance soil aggregation

but may suppress crop

diseases.

b.   Keep  the soil covered with

living vegetation and (or)

crop residue. Use cover crop

extensively. Living and dead

residue on the soil surface

protects the soil from

moisture and temperature

extremes and enhances

rainfall infiltration, which

provides more water for

crops and at the same time

reduces runoff and erosion.

c.   Reduce tillage intensity.

Reduced tillage leaves more

residues on the soil surface

and minimises organic

matter oxidation.

d.   Use better crop rotations and

include perennials in annual

cropping systems whenever

possible.

e. Use other practices that reduce

erosion. Erosion decreases

soil health by removing

topsoil rich in organic matter.

f. Reduce the severity of

compaction. This can be

accomplished by staying off

soils that are too wet, using

controlled traffic lanes,

better load distribution, etc.

g. Use the best management

techniques to supply

nutrients to plants without

causing water pollution.
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of soil contaminated with heavy

metals.

Phytoremediation is an integrated

multidisciplinary approach to the

cleanup of contaminated soils, which

combines the disciplines of plant

physiology, soil chemistry, and soil

microbiology. These contaminants

include heavy metals, radionuclides,

chlorinated solvents, petroleum

hydrocarbons, organophosphate

insecticides, explosives and

surfactants. The presence, on specific

sites, of species that belong to genera,

families and orders known to have

high tolerance to particular heavy

metal(s) may play a role of bio-

indicators.

Bioremediation has been observed

as an ideal solution for pollution

control. It is the most effective

innovative technology that uses

biological systems for treatment of

contaminants. The main advantage of

bioremediation is reducing the cost of

remediation when compared to

conventional techniques.

Bioremediation can be done on-site,

thus reducing exposure risks for clean

up personnel, or potentially wider

exposure as a result of transportation

accidents. Besides the above

advantages, bioremediation is less

expensive and can be coupled with

physical or chemical treatment

technologies. Managing for improved

soil quality does not focus on one

strategy, such as reduced tillage or the

use of cover crops. The key to

increasing soil quality is to combine

as many of the strategies as make sense

on a given farm. Farmers have found

that a combination of good crop

rotations, routine use of cover crops

and reduced tillage provides many

benefits. Incorporating other aspects

of soil quality management - applying

animal manures or composts to soils in

such a system, using techniques to

decrease soil compaction, and

improving nutrient management-

provides even more benefits.

Pest management

Three main strategies are used to

reduce pest damage to crops. First,

practices that enhance plant defense

mechanisms make plants more

resistant and (or) unattractive to pests.

Second, those practices or conditions

that decrease pest numbers also reduce

the severity of damage that the pests

can have on crops. Third, using

multiple tactics for controlling pests,

rather than one major tactic, reduces

the chance that the pest will be able to

adapt to control measures.

Managing to promote soil health

frequently leads to the reduction of

many plant pests. Practices that

promote soil health commonly pertain

to the first two strategies. By reducing

plant stress, inherent plant capabilities

to resist pests are better expressed. In

addition, healthier soils have more

diverse and active populations of soil

organisms. Populations of many soil-

borne pests are maintained at low

numbers because of

competition for resources or outright

antagonism from other organisms.

Sustainable development is based

on the wise use of earth's natural

resource to meet the needs of the

present generation without

compromising on the ability of future

generations to meet their needs.

The conservation of soil is

everybody's duty. Every person relies

on products that come from the soil for

food, clothing, shelter, and other

materials. An increasing population

and the increasing standard of living

result in an increased demand for these

products. This increasing demand

needs to be translated to careful use of

soil and not into exploitation.

Prof. Dinesh Mani
D.Phil, D.Sc.,

Professor, Department of Chemistry,

University of Allahabad, Prayagraj

(Uttar Pradesh)

E-mail:  dineshmanidsc@gmail.com

Soil
pollution
through

pesticides



S
oils are both carbon

sinks and sources. The

key to manage towards

improving soil quality

for purposes of crop

production is to

manage for soil organic

matter. Soil organic matter

(SOM) is composed of soil

microbes including bacteria and

fungi, decaying material from

once-living organisms such as plant

and animal tissues, faecal material,

and products formed from their

decomposition. SOM is a

heterogeneous mixture of materials

that range in stage of

decomposition from fresh plant

residues to highly decomposed

material known as humus. SOM is

made of organic compounds that

are highly enriched in carbon. Soil

organic carbon (SOC) levels are

directly related to the amount

of organic matter contained in

soil. Soil organic carbon is the main

component of the soil organic

matter and gives soil its water-

retention capacity, structure, and

fertility. The soil organic carbon

content in India has come down to

0.3 per cent from 1 per cent in the

past 70 years, which is a cause of

concern for crop production and

food security. Hence, addition of

organic matter in any form must be

explored. The addition of organic

matter ensures a wholesome

improvement in the soil. 

Much of the soil organic matter

consists of carbon. Carbon is the

key because we have the ability to

manipulate it, and it has a major role

in physical, chemical, and

biological properties of soil.

SOC comprises 50-60 per cent
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Land is the generator of biomass and the
most rightful place for the return of

excess biomass. This return to the soil
ensures soil carbon/organic matter

and nutrient recycling. Organic
matter is considered the life of

soil. Indian soils record
low organic matter

levels. 

An Appraisal 
of Soil Organic

Carbon and
Nutrient

Management

Dr. G.C. Satisha and R.H. Hamsini@

Role
of soil

organic carbon
(SOC) – critical

functions  
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(average 58%) of the global SOM

stock in addition to providing a source

of macro nutrients and micro nutrients

and other elements. Thus, the SOC

stock is among the principal terrestrial

carbon stocks. These carbon stocks

vary among eco-regions because of

differences in climate, soil type,

texture, hydrology, physiography,

vegetation and land use. Change in soil

organic carbon is an indicator of soil

quality. Cropland soils that are

increasing in soil organic carbon over

time will have an increased capacity to

sustain plant and animal activity, retain

and hold water, filter potential

pollutants, and cycle nutrients (see in

figure.), that is, enhanced soil function.

SOC levels result from the interactions

of several ecosystem processes, of

which photosynthesis, respiration, and

decomposition are the key.

Photosynthesis is the fixation of

atmospheric CO2 into plant biomass.

SOC input rates are primarily

determined by the root biomass of a

plant, and also include litter deposited

from plant shoots. Soil C results both

directly from growth and death of plant

roots, as well as indirectly from the

transfer of carbon-enriched

compounds from roots to soil

microbes.

Effects of SOC depletion

Awide range of factors determine the

SOC stock depletion. There are

political, societal, cultural, economic

and human dimensions in addition to

the biophysical factors. Reduced

input of biomass carbon causes

decreased SOC stock in agro-

ecosystem soils.

A negative ecosystem carbon

budget reduces soil biodiversity,

disrupts aggregation, degrades soil

structure, increases soil erosion

hazards, decreases green water supply,

increases risk of drought stress,

disrupts elemental cycling and finally

reduces the soil fertility. Negative

feedback to the SOC pool is the result

in decreased agronomic production

and reduced ecosystem services. 

Climate

Impact of temperature, moisture and

solar radiation is the principal cause

of change in SOC in natural

ecosystems. Increases in atmospheric

CO2 and global temperatures may

have a number of effects on soil

carbon inputs, via controls on

photosynthetic rates and carbon

losses through respiration and

decomposition. Increased

temperatures may have an impact on

the carbon balance by limiting the

amount of water available and

consequently reducing

photosynthesis rates. Alternatively,

when water is not limiting, increased

temperatures might increase plant

productivity, which will also impact

the carbon balance. 

Vegetation type

The C:N ratio of the substrate or the

proportion of plant tissue, that is lignin,

is adversely connected with the initial

decomposition of plant wastes.

Soil type

The physical preservation of SOC is

aided by soil type, which is a key

element in the stability mechanisms.

Management 

Soil carbon sequestration is a process

in which CO2 is removed from the

atmosphere and stored in the soil

carbon pool. This process is primarily

mediated by plants through

photosynthesis, with carbon stored in

the form of SOC. In arid and semi-arid

climates, soil carbon sequestration can

also occur from the conversion of CO2
from air found in soil into inorganic

forms such as secondary carbonates.

However, the rate of inorganic carbon

formation is comparatively low (Lal

2008). Continued increases in

Causes

Factors
affecting soil

organic carbon
pool depletion in

the agro-
ecosystem
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atmospheric CO2 and global

temperatures may have a variety of

different consequences for soil carbon

inputs via controls on photosynthetic

rates and carbon losses through

respiration and decomposition.   

Photosynthesis, decomposition,

and respiration rates are determined

partly by climatic factors, most

importantly soil temperature and

moisture levels. For example, in the

cold wet climates of the northern

latitudes, rates of photosynthesis

exceed decomposition resulting in

high levels of SOC. Arid regions have

low levels of SOC mostly due to low

primary production, while the tropics

often have intermediate SOC levels

due to high rates of both primary

productivity and decomposition from

warm temperatures and abundant

rainfall. Temperate ecosystems can

have high primary productivity during

summer when temperature and

moisture levels are highest, with cool

temperatures during the rest of the year

slowing decomposition rates such that

organic matter slowly builds up over

time. While climatic conditions

largely generate global patterns of soil

carbon, other factors that vary on

smaller spatial scales interact with

climate to determine SOC levels. For

example, soil texture — the relative

proportions of sand, silt and clay

particles that make up a particular soil

— or the mineralogy of those soil

particles can have a significant impact

on soil carbon stocks. Additionally, the

processes of erosion and deposition act

to redistribute soil carbon according

to the topography of the landscape,

with low-lying areas such as

floodplains often having increased

SOC relative to the upslope positions.

Dark coloured topsoil showing high

levels of SOC due to abundant plant

roots and their associated soil fauna

and microbes in a cultivated soil

SOC stock declines can be rectified

by using best management practises.

The most important amongst a wide

range of practises are no-till farming,

cover cropping, integrated nutrient

management, agroforestry systems

and complex/diverse farming systems.

Agroforestry practices such as

silvopastoral arrangements and other

management practices like rotational

grazing, soil erosion control, and soil

nutrient management can enhance

SOC stocks.

Managing for carbon includes

adding organic material such as

manure and managing crop residues

through reduced tillage, crop rotations,

and cover crops. For example,

produces small amounts of crop

residue, whereas maize is a high

biomass producing crop with much

higher crop residues left in the field

under conservation tillage and no-till.

Soybeans grown in rotation with corn

would have had more carbon added to

the soil. Other crop rotations include

grasses or legume hay in rotation with

row crops and small grains in rotation

with row crops.

Another consideration for soil C

sequestration, additional inputs of

nitrogen in soils, soil organic matter

has a relatively narrow C:N ratio,

typically ranging from 8 to 20, with a

C:N of 10-12 as a general for

agricultural soils. Thus, to maintain

this balance, many of the practices

being promoted for increasing soil

carbon stock include using more

Human activities
Management systems affect SOC mainly through: a) the input

rates of organic matter and its decomposability; and b) the 

distribution of photosynthates in roots and shoots. Other external

drivers and pressures, such as government policies (e.g., 

agri-environment, energy), technological advancements, climate

change, and demographic trends, among others, have an impact

on the SOC cycle, primarily through changes in land use and

agricultural management. 



Invention Intelligence March-June 2022 41

legumes (e.g., N-fixing cover crops,

legume hay/pastures in rotation with

annual crops) that could help meet

demands for additional N inputs into

soil. Improved management of N

inputs minimise N2O emissions (the

most potent biogenic GHG) and other

losses of pollution.

Carbon sequestration potential may

be determined by an understanding of

both the historic SOC stocks under

natural vegetation prior to conversion

to other uses and the influences of

those land uses on carbon loss. Land

uses and management that reduce

carbon inputs or increase losses

compared to natural vegetation result

in reductions in SOC over time,

creating a soil carbon deficit relative to

the levels of carbon that previously

existed in the soil. This deficit

represents an opportunity to store

carbon from conversions in land use

and management when those

changes result in either

increased inputs or decreased

losses of carbon. For example,

reforestation or grassland

restoration on a former crop

field can reduce the carbon

deficit caused from years of

agricultural production and sequester

carbon through higher root

productivity compared to crops.

Likewise, the creation of wetlands and

ponds can sequester large amounts of

carbon because decomposition is

greatly reduced in waterlogged soils

from lack of oxygen; this can actually

result in carbon gains that exceed the

deficits resulting from past land use.

Other management practices such as

irrigation of pasture or rangelands may

also increase carbon levels beyond

historic SOC stocks if carbon inputs

under new management greatly

exceed levels under natural

conditions. The effect of land

management on SOC levels,

especially the impacts of management

in agricultural

settings, is the

subject of much

current research

(Table 1). These

changes in soil carbon,

however, typically take

many decades to occur, making actual

measurements of change in SOC

stocks difficult.

Strategies and practices
for soil organic matter
management

l Returning organic materials to the

soil to replenish soil organic

carbon lost through decomposition

(recycling of plant and animal

residues, green manuring, cover

crops rotation)

Dark
coloured topsoil

showing high levels
of SOC due to abundant

plant roots and their
associated soil fauna

and microbes 
in a cultivated 

soil

MANAGEMENT PRACTICE EFFECT

Reduced tillage/no tillage Reduced C loss

Erosion control (contour plowing, terracing)

Addition of organic amendments Reduced C loss

(compost, manure, crop residues) Increased C input

Use of cover crops Reduced C loss/increased C input

Possible management practices for increasing
SOC levels through reduced carbon losses and

increased carbon inputs in agricultural systems

Source: Ontl and Schulte (2012)
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l Ensuring minimum disturbance of

the soil surface (residue mulch,

conservation tillage) to reduce the

rate of decomposition

l Reducing soil temperature and

water evaporation by mulching the

soil surface with plant residues 

l Integrating multipurpose trees and

perennials into cropping systems

to increase the production of

organic materials

Integrated nutrient management

(INM) optimises all aspects of nutrient

cycling. It attempts to achieve the best

nutrient cycling with synchrony

between nutrient demand by the crop

and nutrient release in the soil, while

minimising losses through leaching,

runoff, volatilisation and

immobilisation, enhanced nutrient use

efficiency and recovery by crops, and

improvements in soil health and

productivity, and hence could sustain

high crop yields in various cropping

systems ensuring long-term

sustainability of the system.

The combined application of

organic manures and fertilisers

improves the C:N and C:P ratios and

organic carbon status. Hence, the soil

exchange capacity is improved leading

to better adsorption and reduced

losses. The synergistic and

complimentary effects of the conjoint

application of fertilisers and manures

increase the efficiencies of added

nutrients.

Organic recycling is especially

promoted through INM for facilitating

nutrient recycling to improve soil

fertility and productivity at a low cost.

The beneficial effects of organic

matter are well known. The labile soil

organic matter pool, which is

important for nutrient release during

the growing season, can be

manipulated through various soil

management practices.

Conclusion

The concept of soil carbon

sequestration is a debatable and

complicated subject.  Interactions

between the dynamic ecological

processes of photosynthesis,

decomposition, and soil respiration

result in the storage of SOC. Over the

last 150 years, human activities have

caused modifications in these

processes, resulting in the depletion of

SOC and an exacerbation of global

climate change. However, these

human activities now give a way to

sequester carbon back into the soil.

The general consensus is that

increasing soil carbon stocks could be

a low-cost, environmentally friendly

mitigation technique.  However,

sustainable and successful agriculture

in India envisages the adoption of

various technologies. The best options

of managing soil fertility clearly point

to an integration of inorganic fertilisers

and organic residues. Addition of

organic manures improves soil quality

index, by bringing about a wholesome

improvement in the physical, chemical

and biological attributes. Thus soil

organic matter is referred to as the ‘life

of soil’, especially in impoverished

Indian soils. Integrating the organic

base with optimal inorganic

supplements has been the route to

sustainable nutrient management.

Dr. G.C. Satisha 
Principal Scientist 

R.H. Hamsini
Senior Research fellow
Division of Natural Resources, ICAR-

Indian Institute of Horticultural

Research, Hesaraghatta, Bangalore-

560089, India



T
he role of earthworms in soil

maintenance is ancient knowledge

and is now better explained by

scientific discoveries from

various studies. Despite the

multiple soil conservation

strategies, the role of

earthworms has not ended

in soil protection at

present. We all know that

soil is one of the most valuable

natural resources and is also the

essential nutrient storehouse for

the life cycles of plants, animals

and microorganisms. Earthworms

improve overall soil health by

making the soil porous for better

aeration and water drainage. They

also largely contribute to nutrient

cycles to replenish nutrients that

support plant growth. However,

contemporarily, both earthworms

and soil are struggling for their

existence. The ever-increasing use

of fertilisers,

insecticides, pesticides and

fungicides is causing severe

damage to soil and earthworms.

Certain pesticides like carbamate

and phosphoric acid esters are

highly toxic to earthworms.  

It may feel as if earthworms

contribute to maintaining soil

quality but are not directly related

to soil conservation. However,

individuals who commit to soil

conservation assist in keeping the

soil fertile and productive while

also protecting it from erosion and

degradation. Even with

modernised techniques, if we

could quantitatively collect soil,

still conservation would remain

pointless, as all life cycles will stop

functioning in unhealthy, unstable

or polluted soils. All earthworms

living on earth constantly engage in

qualitatively preserving soil by

preventing fertility loss. They also

help to overcome soil fertility

losses caused by constant human

activities, including acidification,

salinisation, or contamination by

synthetic chemicals. 

Since the beginning, earthworms have imposed a unique relationship with soil. Earthworms are known
to exist all around the world except in Antarctica and appear in a wide array of natural environments.

They are mainly present inside soil as soil-dwellers, but they may even survive over leaf litter, decaying
logs and riverbanks. Some earthworms also live in trees and even along the seashore. These worms have

a huge classification with 23 families, more than 700 genera, including 7,000 species. They occur in
most temperate and tropical soils. When measured in terms of biomass, the earthworms form an 

extensive group of soil invertebrates, having a length ranging from 7 to 35 centimetres. Earthworms are
hermaphrodites and exhibit both male and female characteristics within the same body. Specifically
detailing earthworms in terms of biomass and overall activity, they dominate the entire arthropod 

community in soil and help retain soil quality by increasing humus levels and decreasing tillage and
potentially harmful chemicals. Earthworms mark their occurrence seasonally at all soil depths. Hence, in

many instances, prove themselves as natural protectors in soil conservation.

Earthworms: The Friendly Creatures

Contributing to Soil Conservation

Dr. Shubhrata Mishra@

Swarm
of

earthworms
crawling on 

the soil
surface
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Basically, soil conservation is a

combination of techniques used to

protect soil against erosion and any

other deteriorative actions. Soil

conservation also involves methods

used to maintain soil fertility and

productivity. When we consider the

prevention of soil erosion as a

parameter for soil conservation, there

are several techniques in application

globally. Reforestation, terracing, and

mulching are a few methods to protect

the soil from erosion. Soil

conservation includes a number of

different techniques such as contour

farming, strip farming, tillage

practices, windbreaks, cover crops,

buffer strips, grassed waterways, etc.

All these mentioned processes are

man-made approaches for soil

conservation. But it is notable that

earthworms are considered to be the

most effective natural protectors for

soil conservation. Earthworms bind

soil and avoid soil erosion via air or

water. They create and formulate soil

as a living ecosystem. They are

responsible for breaking down

organic matter, releasing nutrients and

opening up space for air

and water to circulate. 

Most organisms in soil

depend on dead plant and animal

substances for food and energy, so its

conservation requires continuous

return of organic matter in the soil.

Organic matter provides good soil

structure, enhances water retention

capacity, promotes water penetration

and protects the soil from erosion and

compression. In addition to protecting

soil organisms and organic matter,

other principles of soil protection

include controlling surface runoff,

securing exposed soil surfaces and

highly vulnerable areas and protecting

downstream waterways from

sedimentation and pollution.

Presently, earthworms have become

an essential factor in maintaining the

health of the soil. Several studies have

proved earthworms capable of

eliminating harmful soil-related

anthropogenic issues. One such issue

could be deforestation, which is

known as one of the leading causes of

large-scale soil erosion. Loss of soil

fertility also occurs when large

amounts of nutrients are removed

from the soil by overusing soil,

especially for agricultural purposes.

This type of soil destruction is usually

associated with erosion and slash-

and-burn farming in which nutrients'

uptake by plants exceeds the nutrients

replenished in the soil. To overcome

such destructions, soil habitat

protection could be the first step

toward sustainable management

of biological properties that

determine long-term quality and

productivity. Although it is widely

accepted that soil biota can help soil

productivity, little is known about how

soil-dwelling organisms and soil

ecosystems function. In 1881, Charles

Darwin published his last book titled,

The formation of vegetable mould

through the action of worms with

observations on their habits, wherein

he first described the role of

earthworms in soil fertility. Darwin

experimented with lime and ash to

understand how well the earthworms

could absorb the substances. He was

shocked to observe the ability of

earthworms to uptake lime and ash.

Since then, Darwin studied

earthworms for another 40 years. He

even said that protecting worms is far

more crucial than protecting other

animals, given the provision of current

ecosystem services essential for

human survival. Though many other

researchers worked on earthworms

after Darwin's study, till 1950 they

only focused on biodiversity,

phylogeny, biogeography and natural

Soil
structure

and
earthworms

Contour
ploughing

Strip
farming

A
view of

zero tillage
practices
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habitat of earthworms. In-

depth analysis of the

earthworm's relationship with

the soil became a subject of research

only after the 1950s. 

Their findings revealed that

earthworms significantly contribute

to improve agricultural soil

conditions. Soil experts estimate that

earthworms overturn 2 to 250 tons of

soil annually, increasing the soil

surface by 1 to 5 millimetres per year.

Ecologists now consider earthworms

as a critical species because they

significantly impact the chemical,

biological, and physical properties of

soil. Soil scientists even discovered

the contribution of earthworms in soil

formation, continuous increase in soil

fertility, cooperation in plant growth

and their relationship with other soil

organisms. It suggests that soil

conservation is directly and indirectly

related to the functioning of

earthworms. Therefore, the

contribution of earthworms in soil

conservation cannot be denied.

Various researches have shown

that earthworms act as major

ecological mediators. One of the

review articles published in the

journal Pedobiology in 2007 by

scientists from the University College

Dublin, Ireland highlights that the

feeding ecology of earthworm

significantly affects the soil functions

and microbial activities. Further, this

effect may depend on earthworm's

food selection, food ingestion rate,

digestion and assimilation.

Another recent research paper

published in the April 2022 issue

of the journal Biology and Ecology

of Earthworms also describes the role

of earthworms in soil organic matter

and nutrient cycles. Moreover, there is

yet another recent research published

in the May 2022 issue of the journal

Science of the Total Environment

briefing about bioremediation by

earthworms. In this study, French

and Chinese researchers

collaborated and discovered that

several species of earthworms like

Eiseniafe tida,  Amynthusmorrisi,

Amynthusrobustus and

Amianthuscorticis can heal soils

contaminated with metals such as

copper, cadmium, lead and zinc by

virtue of their metal-harvesting ability

and tolerance. However, many similar

works relating to earthworms with

heavy metal toxicity have been

conducted in the past. The gist of such

research clearly reveals that

earthworms are truly an indicator to

determine soil toxicity. The health of

worms residing in the soil determines

the soil quality. Earthworms are

highly sensitive to pesticide residues

and the presence of heavy metal

contaminants like zinc and lead.

They are also highly responsive

to changes in the land. For

instance, earthworms can sense if the

land has undergone deforestation or is

involved in extensive farming. Thus,

the health of earthworms can serve as

a handy tool to measure land usage

and the level of pollutants in soil.

Apart from sensing soil quality,

earthworms can repair the damaged

soil and thus provide

natural solutions to human-

made problems. 

Earthworms are indeed the

'keystone species' as they significantly

influence the properties of the soil.

Ecologists also consider earthworms

as 'excellent soil engineers' as they

provide soil protection in various

Darwin's
last book

Earthworms
in action to
make soil
healthy

Eisenia
fetida

Amynthasspp
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ways. Most natural ecosystems of the

humid tropics comprise earthworms

as an integral part of soil fauna

communities that create a large

proportion of macro-fauna biomass.

Earthworms can maintain soil fertility

and thus make a salient contribution to

sustainability. While travelling across

the soil, earthworms loosen and mix

them allowing aeration and drainage,

bringing nutrients to the soil surface,

making it more fertile and preventing

floods and erosion. Many studies have

demonstrated that earthworms can

rapidly transfer carbon and nitrogen

from the soil to plants and herbivores.

Earthworms also work in association

with soil microorganisms to

accelerate decomposition by

formulating conditions which aerate,

fragment, and expand the surface area

of organic matter for microbial

activity. They preserve the soil's

physicochemical properties by

converting biodegradable materials

and organic wastes into nutrient-rich

products that emerge from their

burrows to deposit faecal matter as a

vermicast or worm cast, a type of soil

aggregate on the surface. 

Earlier, Charles Darwin had

calculated that earthworms can move

large amounts of soil from the bottom

to the surface. Likewise, they can

transport organic matter from the top

to deeper soil layers. Almost all the

soil passes through the

earthworm intestines and

can turn over the top 6 inches of soil in

10 to 20 years. Now, scientists have

come up with calculations that have

proved that earthworm casts provide

up to five times the amount of prime

nutrients compared to surrounding

soil. Therefore, like the large fauna of

soil, earthworms indirectly alter the

soil environment by causing the

accumulation of their biogenic

materials like casts, pellets, galleries,

etc. Earthworms generate large

amounts of faeces per acre each year.

Therefore, this notably alters the

overall soil structure. These faeces

contain humic acids and certain plant

growth hormones, enabling increased

plant growth and crop yields in natural

and controlled ecosystems. The

vermicast also act as soil buffer

because it has low volatile solids and

high amounts of nitrogen, phosphorus

and potassium (N, P, K), readily

available to the plants. 

The nutrient constituents in

vermicast come from nutrient cycling

carried out by earthworms. Nutrient

cycling refers to the transfer of

nutrients from the environment to the

organism and back to the

environment. Although the nutrient

cycle from soil decomposers such as

earthworms is usually gradual and

cumulative, it would not be wrong to

say that earthworms are doing soil

conservation as nature's recyclers.

They play a vital role in fertilising by

simply eating soil, digesting it and

defecating the broken-down organic

matter (about 1.5 times the body

weight per day). Despite being a

source of readily available nutrients

for crops, vermicast is difficult to

generate at industrial scale.

Earthworms form worms cast at their

own time pace. Once it gets

prepared, earthworms have to

be segregated before packaging

the vermicompost for sale.

Thus, most farmers opt for using

cheaper fertilisers than the expensive

worm fertilisers or vermicompost. A

recent study from Hawai suggests that

when standard fertilisers are replaced

with vermicompost, the yield

observed in crops like tomatoes and

strawberries increases by 30 per cent.

Thus, even if the initial cost required

to buy vermicompost is higher than

the commercial fertilisers, the high

yield of crops can compensate for this

cost by providing higher profits with

improved land quality. 

Recent studies exhibit data

suggesting an increase in interest in

developing a productive farming

system, leading to efficient utilisation

of internal resources and thus having

lower input requirements and costs.

Earthworms work at various spatial

and temporal scales to produce

biogenic structures to improve soil

fertility and land productibility. Soil

invertebrates, especially earthworms,

can play a crucial role in the organic

matter dynamics of soil. It can be done

via the constant process of

mineralisation and humification, thus

contributing to the maintenance of the

fertility of the cultivable tropical soils.

Depending upon the distinct feeding

and digging strategies, the

earthworms live in different parts of

the soil. There are two categories of

Vermicompost
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earthworms based on source of food

uptake, i.e. phytophagous and

geophagous. Phytophagous

earthworms eat only decaying organic

matter and include species such as

Eisenia fetida and Eudrilus eugeniae.

On the other hand, geophagous

earthworms such as Lampito mauritii

consume soil as their main food. 

As is known, earthworms live in

soil burrows, wherein the type of

burrow depends upon the

earthworm species. Some species

create verticals while others

create horizontal burrows. The

vertical burrows penetrate straight and

deep into the soil and their top is

covered with residue and excrement.

The vertical burrows are important

sites for the quick entry of water into

the soil. Earthworms can be divided

into three major ecological groups:

Epigeic, Endogeic and Anecic. All

three groups are common and

important for soil structure and

maintenance. Epigeic are red coloured

earthworms that live on the surface of

the soil. Their length is 3-4 inches and

the weight ranges from half to 1 gram.

They usually eat decomposed plants

and adapt to changes in water and

temperature that occur on the

surface of the soil. Epigeic

earthworms mainly include the

species Eisenia fetida and Eudrilus

eugeniae. These have been considered

suitable for making vermicompost.

Endogeic species live in the lower

portions of the soil and feed on organic

matter and soil substances. Their

length is 8-10 inches and weigh up to

5 grams. Endogeic earthworms are

thick and colourless and thus not

suitable for composting. But they can

perform soil aeration, organic matter

distribution and tillage operations.

Metaphireposthuma and

Octochaetona thurstoni are the major

species among endogeic earthworms.

Anecic species are deep burrowers

that form permanent

diggings that can extend

several feet to the ground. They

mainly eat surface debris and pull it

into the burrow. They clog the burrow

openings with organic matter and

insect droppings. Anecic earthworms

are known as night crawlers. Lampito

and Lumbricust errestris species are

prominent examples of anecic

earthworms. 

The impact of each type of

earthworm on soil biological

processes and fertility varies greatly.

Anecic species of earthworms draw

the organic matter from the soil

surface into the burrows for food.

Endogenous species mainly ingest

soil mineral substances. They create

physical structures that can change the

availability or accessibility of

resources to other organisms.

Epigenetic species typically consume

waste, humus, and humus organic

matter and do not mix organic matter

and inorganic matter. In most habitats

and ecosystems, earthworms exist in a

combination of these three ecological

categories and are jointly responsible

for maintaining soil fertility. Some

earthworms eat harmful nematodes

and reduce the concentration of these

harmful organisms in the soil.

Earthworms dig around the soil

Lampito
mauritii

Lumbricust
errestris
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bringing porosity to the soil due to

their movements. The burrows

formed while moving can last long

even if the earthworm dies. Such

burrows act as an essential channel for

soil drainage during heavy rainfall.

Accumulation of water after seeping

through these burrows also minimises

surface erosion. The horizontal

burrowing earthworms help raise the

overall porosity and drainage of the

soil. Earthworms fragment the organic

matter, increase soil porosity and

increase organic matter accumulation,

significantly improving the water

retention capacity of the soil. High

penetration helps prevent pollution by

minimising runoff, erosion, and

transport of chemicals to surface

waters. However, the horizontal

burrows made by endogenic

earthworms like

Aporrectodeatuberculata in

Midwestern fields are not very

effective in transporting water and

solutes deeply compared to the

earthworms digging vertical burrows

such as Lumbricus

terrestris and other anecic

species. However, only vertical

burrows would not work alone

because these cannot form direct

routes for water movement. The

vertical burrows are filled with organic

matter and have many bends and turns.

There is still much to learn about how

earthworms affect water movement in

the soil. It is clear that earthworms

significantly help in improving

permeability and reducing runoff to

minimise surface water pollution and

soil erosion. 

Besides this, the earthworms also

affect some prime ecological

processes within their functional

range, where they concentrate the

nutrients and resources for further

utilisation by the soil microbial

community. The effects of earthworms

on the dynamics of organic matter

greatly depend on the time and space

scales. The endogenous earthworms

in a humid tropical environment carry

out activities that accelerate the initial

turnover of soil organic matter thereby

determining the carbon content

present in the soil. With selective

foraging of organic particles, the gut

content released from earthworms is

often rich in organic matter, nutrients

and water compared to a typical soil.

The high organic content supports high

levels of microbial activity. The

earthworms can contribute to the

accumulation of large quantities of

easily assimilable nutrients (N, P, K,

and Ca) in the soil in a much shorter

time. Most of these nutrients come

from earthworm urine and mucus.

Some micronutrients, such as zinc and

boron, are more rapidly available in

earthworm faeces due to the chelation

of micronutrients. Recently, several

agricultural reports have revealed

the worrying fact that earthworm

populations in soil are declining

sharply. Hence, the fact that

earthworms can contribute to soil

conservation must be carefully

considered while making agro-

ecosystem management decisions.

Earthworms in particular can affect

soil fertility, which is very important

for soil conservation and sustainable

land growth. Proper management of

earthworms within soil can boost crop

yields and cut down on the cost of

buying chemical fertilisers. 

An understanding of earthworm

biology and ecology can help develop

management strategies for soil

conservation. The abundance of

earthworms is a good indicator of soil

health. If cropping systems that

promote earthworms are adopted

along with soil conservation, the

production of crops can be enhanced

both in quantity and quality.

Dr. Shubhrata Mishra
Eminent Science Writer 

E-mail: shubhrataravi@gmail.com

Aporrectodea

tuberculata
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N.G. Lakshminarayan and V. Manoharan@

T

Potassium Humate

An Elixir for Soil 
Health Rejuvenation

Potassium humate, a
salt of humic acid, is a

successful Indian 
technological innovation

product for improving
the overall soil health
and environment that

results in better quality
and enhanced 

agricultural production.

heCentre for Applied Research and

Development (CARD), and

Neyveli Lignite Corporation India

(NLC India) Limited, Neyveli,

Tamil Nadu, a Navratna Company

under administrative control of

Ministry of Coal, Government of

India has developed a technology

for production of potassium humate

from lignite at a semi-commercial

scale. Potassium humate has been

widely tested on various crops, in

different seasons, soil regimes and

in different agro-climatic

conditions by CARD, NLC India

and Tamil Nadu Agricultural

University (TNAU), Coimbatore.

The results obtained from these

trials have been very encouraging

in terms of yield and quality of

crops. NLC India has also obtained

patent protection for the process in

the country.

This technological innovation

mainly involves extraction of the

humic acid present in lignite by

using appropriate concentration of

an alkali under aqueous and high

temperature conditions in a digester

(extraction vessel) with continuous

stirring facility. The liquid thus

obtained is used on the crop plants

after further dilution (1:30) with

water.

Commercialisation 
of technological 
innovation by NRDC

National Research

Development Corporation

(NRDC), an enterprise under the

administrative control of the

Ministry

of Science

and

Technology, Government of India,

has entered into an agreement

with NLC India Ltd, Neyveli for

commercialising the technology

for production of potassium

humate from lignite, to

entrepreneurs and industry.

NRDC has contacted more than

100 companies and has at present

licensed the technology to nine

companies in the country 

(see box).

Humic acid

Humic acid is a naturally occurring

organic substance found mostly in

the forest soils. It is rich in oxidised

low rank coal, lignite, peat, etc.,

Eminent
agricultural

scientist, Prof. M.S.
Swaminathan (fourth
from left) launching
potassium humate

product at Chennai on
25 January 2015
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which has been identified as a potential

elixir for crop production. Humic acid

or its salt (potassium humate) is not a

substitute to chemical fertilisers or bio-

fertilisers. Due to its high surface

active properties, it increases water

retention, retains nutrients and

enhances microbiological activity,

enzymes in soil, etc.

On biodegradation, the organic

matter is converted into humus, which

contains humic and fulvic substances.

The humic substance contains various

functional groups - carboxylic,

carbonyl, phenolic, alcoholic - with

higher molecular weight of 40,000 to

70,000 and higher cation exchange

capacity (CEC) (100-130 meq/100 g).

Lignite contains more humic acid

whereas some of the oxidised coals

contain higher content of fulvic acid.

These are all plant growth stimulants

and are beneficial to crops.

Sources of humic acid

Humic matter is formed through the

chemical and biological humification

of plant and animal matter and through

the biological activities of micro-

organisms. The biological centre, the

main fraction of natural humic matter

is the humic acids, which contain

humic acid and fulvic acid. Humic

acids are an excellent natural and

organic way to provide plants and soil

with a concentrated dose of essential

nutrients, vitamins and trace elements.

They are complex molecules that exist

naturally in soils, peats, oceans and

fresh waters. The best sources of

humic acids are the sedimentation

layers of soft brown coal, which are

referred to as lignite. Lignite is organic

matter, which has not reached the state

of coal. It differs from soft brown coal

by its high oxidation degree, a result

of the process of coal formation

(bog>peat>coal), and high

humic acids content as well as

higher carboxyl groups.
Usage
All commercial crops,

cereals, pulses,

oilseeds, vegetables,

trees, orchards, green house

crops, ornamental plants, grass lawns

and nurseries can be sprayed with

potassium humate before planting

them. Foliar sprays can be done on

plants in two or three stages before

flowering for best results. Potassium

humate can be mixed with organic

manures and fertilisers, applied as seed

treatment, root application, foliar

application or used directly during

fertigation.

Soil application

Liquid potassium humate may be

applied at 35 ml per square metre area

before planting, sowing or during

irrigation. For aged or grown trees, the

dosage can be increased to about 200 ml

per tree. Solid potassium humate may

be applied at 10 kg/hectare for all crops.

Foliar spray

One litre of liquid potassium humate is

diluted in 30 litres of water and sprayed

on all crops before flowering and

on ornamental plants and grass

lawns once in 30 days in the

morning or evening for better

results. This may be combined

with fertiliser spray also.

Humic acid: General 
properties and constituents

pH: 8.0-9.5

CEC:  100-130 meq/100 g

Carbon and oxygen: 90-95 %

Nitrogen and hydrogen: 3-5%

Organic carbon: 18.0-22.0%

Humic acid also contains naturally

occurring plant nutrients such as

nitrogen, potassium, calcium, 

sulphur, manganese, iron, 

molybdenum (0.10-6.0%), copper,

zinc, magnesium, boron (20-200

ppm), etc. It is soluble in water

and has high biological activity in

soil conditions.

Potassium
humate pilot

plant (capacity:
7,20,000

litres/annum) at NLC
India Ltd, Neyveli,

Tamil Nadu

Potassium
humate

products 
manufactured by

licensees
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Functions of
potassium humate
l Promotes the formation of good

soil structure by increasing the

cation exchange capacity (CEC),

water-holding capacity, and the

capacity of fertiliser retention and

fertiliser use efficiency.

l Promotes the nutrient uptake by

plants and enhances the soil's

ability to chelate nutrients and to

promote exchange of nutrients

between the plants and

the fertilisers being applied,

thereby reducing the loss of

applied fertilisers from leaching

and run-off. Because they are

already a part of a certain organic

structure, the humates chelate

complexes with microelements

that can penetrate into the cell more

easily than ordinary ions.

l Stimulating beneficial microbial

activity and root growth. Long-

term research showed that humic

substances bond with many

organic and non-organic

substances into poorly soluble or

insoluble compounds. So, it

reduces the toxic effect of residual

amounts of herbicides, soil

polluting radio nuclides, heavy

metals, and other harmful

substances, as well as radiation and

chemical contamination.

l Improves crop stress-resistance

ability. It has been proved that the

humates help fight the effect of

droughts and ensure their drought

resistance. Long-term experience

in the use of humates has shown

that their presence is important

during all stages of a plant's

development but is particularly

vital in the early stages. The pre-

planting treatment of seeds is very

important. Even before

germination begins, vital forces

are awakened, and the immune

system is stimulated.

l Increases the yield and quality of

various crops. Humates contain

more biologically active

components, which directly affect

their use.

Potassium humate:
Physical benefits

l Humic acids physically modify the

structure and conditions the soil.

l Improves the structure of soil.

l Prevents high water and nutrient

losses in light, sandy soils and

simultaneously converts them into

fruitful soils by way of improved

organic matter decomposition. In

heavy and compact soils, improves

aeration of soils and water

retention.

l Prevents soil cracking, surface

water run-off and soil erosion by

increasing the ability of colloids to

combine.

l Helps the soil to loosen and crumble

during agronomic interventions

and thus increases aeration of soil as

well as soil work ability.

l Increases water holding capacity of

soil and thus helps resist drought.

l Darkens the color of the soil and

thus helps in absorption of the solar

energy.

Chemical benefits

l Humic acids change chemically

the fixation properties of the soil.

l Neutralise both acid and alkaline

soils; regulate the pH value of

soils.

l Improve and optimise the uptake

of nutrients and water by plants.

l Increase buffering properties 

of soil.

l Acts as a natural chelator for metal

ions under alkaline conditions and

promotes their uptake by the roots.

l Rich in organic matter and

improves mineral uptake that is

essential to plant growth.

MODE OF ACTION
The quinoidine and active
acids within the liquid product of
potassium humate have a strong
potential for oxidation, which
restrains the activities of free 
radicals and hence avails the
development of the foliage and
positively influences plant 
metabolism, photosynthesis, 
respiration and activity.
Potassium, acting on the cell
level, facilitates the absorption of
nutrients by the roots and the
exchange of gases through the
stomata. This element is also a
vital constituent of chlorophyll that
speeds up photosynthesis.
Potassium humate alleviates the
toxicity of pesticide residues and
prevents soil from contamination
of heavy metallic ions as well as
other harmful materials. The high
cation exchange capacity of the
product improves the utilisation of
fertilisers. It combines with such
elements as nitrogen, phosphorus
and potassium, which constitute
highly-efficient multi-function 
compound fertilisers.

Farm
trials of

potassium
humate on

groundnut crop
being carried out at

Pollachi, Tamil
Nadu
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l Retains water soluble inorganic

fertilisers in the root zones and

reduces their leaching.

l Possesses extremely high cation

exchange capacities.

l Promotes the conversion of

nutrient elements (N, P, K, Fe, Zn

and other trace elements) into

forms available to plants.

l Enhances the uptake of nitrogen

by plants.

l Reduces the reaction of

phosphorus with Ca, Fe, Mg and Al

and liberates it into a form that is

available and beneficial to plants.

The productivity particularly of

mineral fertilisers is increased

considerably.

l Liberates carbon dioxide from soil

calcium carbonate and enables its

use in photosynthesis.

l Helps to eliminate chloros, which

is due to iron deficiency in plants.

l Reduces the availability of toxic

substances in soils.

l Increases percentage of total

nitrogen in the soil.

l Maximises cation exchange

capacity.

l Retains fertilisers and sustained

release in root zones as needed.

Biological benefits

l Humic acids biologically

stimulate the plant and the

activities of micro-organisms.

l Stimulates plant enzymes and

increases their production.

l Acts as an organic catalyst in many

biological processes.

l Stimulates growth and

proliferation of desirable micro-

organisms in soil.

l Enhances plant's natural resistance

against disease and pest.

l Stimulates root growth, especially

vertically and enables better

uptake of nutrients.

l Increases root respiration and root

formation.

l Promotes the development of

chlorophyll, sugars and amino

acids in plants and aids in

improved photosynthesis.

l Increases vitamin and mineral

content of plants.

l Thickens the cell walls in fruits and

prolongs storage and shelf time.

l Increases germination and

viability of seeds.

l Stimulates plant growth (higher

biomass production) by

accelerating cell division,

increasing the rate of development

in root systems and increasing the

yield of dry matter.

l Increases the quality of yields;

improves their physical

appearance and nutritional value.

l Improves activity of beneficial

microorganism in soil and root

zone.

l Increases plant enzyme production.

Humic acids chelate nutrient

compounds, especially iron, in the soil

into a form suitable for plant

utilisation. Thus, the nutrient supply

of plants is optimised. 

Increases of up to 70 per cent in

yield, accompanied by a reduction of

up to 30 per cent in the use of fertilisers

and pesticides, as well as better and

healthier growth of green grass,

ornamentals, agricultural crops and

woods can be attained with the regular

application of humic acids.

Furthermore, water holding capacity

of soils is increased considerably,

which means that the application of

water can be reduced substantially.

Best economic results can be

obtained in light and sandy soils poor

in humus as well as in re-cultivated

fields. The diverse positive impacts of

humic acids are to be observed

particularly in such soils. This is true

for almost all soils in dry and warm

regions. As a result of the high

mineralisation rate of organic

substances, providing these soils with

stable humic acids is indispensable for

the maintenance and improvement of

soil fertility.

Trials conducted by Tamil Nadu

Agricultural University, Coimbatore

for four years in various agro-climatic

conditions in their experimental

stations as well as in trials in farmers

fields on various crops using the

potassium humate produced by NLC,

Neyveli have revealed improvement

in yield of crops over control (without

potassium humate). Some of the

research findings are given below:

Sl. no. Crop Improvement in yield

1. Rice 2.5 to 22.4%

2. Sugarcane 5.1 to 24.1%

3. Groundnut 14.0 to 27.2%

4. Pulses 14.3 to 27.7%

5. Cotton 15.4 to 24.4%

6. Tomato Maximum 16%

7. Onion (dried)Up to 47.83%

8. Tea Up to 30.00%
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Conclusion

It has been proved that the crop yields

have on an average increased from 10

to 30 per cent apart from reduction in

the use of chemical fertilisers, which

would otherwise adversely affect the

environment. The product is presently

imported from other countries. It has a

large potential for use in agriculture

and horticulture, especially for food

crops, commercial crops like spices,

pulses, grapes, coffee, tea, cashew,

cotton and fruit-bearing trees apart

from vegetables.

As per an empirical study carried

out by the NLC India team and

considering the cropping pattern in

India with a cultivable land of 140

million hectares, the potassium

humate requirement will be about 6.2

billion litres, and with a market

penetration of just 10 per cent, the

demand will be 620 million litres.

NLC India has proven technology for

the manufacture of potassium humate

from lignite on a semi-commercial

scale with a production capacity of

more than 7,20,000 litres per annum. It

is envisaged that potassium humate

has beneficial effects for rejuvenating

the deteriorating soil health and

improving the agricultural production.

There is a huge market potential for

the application of potassium humate

in the Indian agriculture system with

appropriate awareness among the

farming community. There is a need

for large scale production of

potassium humate combined with

aggressive marketing and

promotional activities to reach out to

the farmers in the country.

NRDC technical  
know-how for production of
potassium humate

The patented technology for the pro-
duction of potassium humate from
lignite as raw material provides an
efficient method for extraction of
humic acid. This technology is a fit
case for promotion under the Make in
India initiative. The technical know-
how for the production is available for
licensing through NRDC, New Delhi.

For more 
information, please
contact:

Chief-Business Development,
National Research
Development Corporation, 20-
22, Zamroodpur Community
Centre, Kailash Colony
Extension, New Delhi 110048.
E-mail:
LNARAYAN@NRDC.IN.
Phone: +91 11 29240401-07.

N.G. Lakshminarayan
Chief-Business  Development,

NRDC, New Delhi-110048

E-mail : LNARAYAN@nrdc.in

V. Manoharan
Chief General Manager (Retd.), CARD,

NLC (India) 

Ltd, Neyveli-607801 Tamil Nadu

The
Golden Peacock

Innovation Award was
presented to NLC India Ltd
on 1 June 2008 by Mr. Ola

Ullsten, former Prime Minister
of Sweden at the Global

Convention on Climate Change
held at Palampur, Himachal

Pradesh for the development
of the innovative product,

'potassium humate'

Companies that obtained license from
NRDC for the manufacture 
of potassium humate

l M/s. Suma Agro India Pvt Ltd, Chennai (formerly 
l M/s. Creative Ideas Inc., Chennai)
l M/s. PSA Trader, Neyveli
l M/s. BM Bio Energy, Puducherry
l M/s. Kshitij Agro Chemicals, Satara
l M/s. Golden Opportunity, Akole
l M/s. Arun Agross, Chidambaram
l M/s. Greentech Agro Corporation,Tiruvannamalai
l M/s. Herbal Green Solutions Pvt. Ltd., Tiruchengode
l M/s. Ram Industries, Villupuram
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S
eaweeds are macroscopic,

multicellular, marine algae, which

form an important component of

the living resources of oceanic

world. They are generally benthic,

being anchored to the bottom of the

ocean or to the solid structures.

Seaweeds appeared on the earth

billions of years ago. They are a

large group of photosynthetic,

eukaryotic algae, but lack

characteristic plant structures such

as leaves, roots, flowers, vascular

tissue and seeds. Seaweeds are

classified into brown algae

(Phaeophyta), red algae

(Rhodophyta), and green algae

(Chlorophyta), based  on  their

pigmentation. These weeds are

often confused with other

photosynthetic organisms.

Seaweeds are popularly described

as plants, but biologists typically do

not consider them true Plantae.

They are classified in the kingdom

Protista.

Seaweeds provide habitat and

serve as food for other sea creatures.

Worldwide human beings have

used seaweeds since ancient times

as food, fodder, fertiliser and as

source of medicines. Some

seaweeds are quite large, like, the

multicellular giant kelp reaches that

span 60 metres in length.

Seaweeds are harvested from

nature and also cultivated for the

extraction of alginate, agar, and

carrageenan, gelatinous substances

collectively known as

hydrocolloids or phycocolloids.

Hydrocolloids have attained

commercial significance,

especially in food production. The

food industry utilises the gelling,

water-retention, emulsifying, and

other physical properties of these

hydrocolloids.

In the biomedicine and

pharmaceutical industries,

alginates are used in wound

dressings and production of dental

molds, and also have other

applications. In microbiology

research, agar is extensively used

as culture medium for micro-

organisms. 

Seaweed Extract Fertiliser : A Soil

Improver and Crop Yield Enhancer

Seaweed extracts improve
the fertility and the 

physical qualities of soil,
such as aeration and water

retention. The fertiliser
promotes rapid, healthy

growth of soil borne 
friendly micro-organisms

and also stimulates the
activity of bacteria that

decompose soil particles
into simpler nutrient 

compounds, which the
plants can readily absorb.

DR. ASHISH KUMAR SRIVASTAVA@
Seaweed growing
coastal areas 
of India



Application of seaweeds
in agriculture
Chemical fertilisers and pesticides are

the most effective inputs for increasing

the yield of agricultural crops. But

after several decades of their use, it has

been observed by the farmers and

scientists that the chemical fertilisers

and pesticides have made an adverse

impact not only on soil health but also

the beneficial soil microbial

communities and the plants

cultivated in these soils.

Soil fertility declined due to

the application of vast amount of

chemical fertilisers in the fields. In

addition,use of huge amount of

pesticides to protect the crops from

insects, pests and harmful micro-

organisms caused damage to the

environment and also the pests became

tolerant to most of the pesticides.

The current global scenario

emphasises on eco-friendly and

organic agricultural practices for a

sustainable agriculture.

Biofertilisers are eco-friendly and

overcome the shortcomings of the

typical chemical-based farming. They

showed positive influence on both soil

sustainability and plant growth.

Biofertilisers are not only alternative

to the chemical fertilisers but

also tend to increase the soil

fertility and plant productivity.

Seaweed Extract: effective
soil conditioner

Seaweeds act as a potential source

of biofertiliser in powder or liquid

form. They are good source of micro

and macro elements required for plant

nutrition and enhance the biochemical

constituents in plants, like

carbohydrates, lipids, proteins and

fibres. Seaweed extract is an effective

soil conditioner also. 

When seaweed extract is sprayed

on crops, plants absorb its compounds

and the excess liquid fertiliser falls on

the soil and is absorbed by the soil. It

improves the fertility of the soil and

also improves the physical qualities of

soil, such as aeration and water

retention. Seaweed extract promotes

rapid, healthy growth of beneficial

micro-organisms and also stimulates

the activity of bacteria that decompose

soil particles into simpler nutrient

compounds, which plants can readily

absorb.

Clay soils that lack organic

matter and porosity are

benefited from the

soluble alginates found

in seaweeds. These

compounds bond with

metallic radicals, thereby improving

the texture, aeration and retention of

the soil by stimulating clay

disaggregation. The degradation of

alginates also supplements the soil

with organic matter, enhancing its

fertility.

In particular, brown seaweeds are

known to have valuable soil

conditioning properties. This seaweed

contains soluble alginates as well as

alginic acid, which catalyses the

bacterial decomposition of organic

matter. This process improves soil

quality by enhancing populations of

nitrogen-fixing bacteria and by

supplementing the soil with additional

conditioners through the waste

products produced by these bacteria.

Bio-remediation of
polluted soils

Seaweed functions as a bio-

remediator as it adsorbs the harmful

pollutants. Functional groups on the

algal surface drive the biosorption of

heavy metal ions. Some of the

Seaweeds effectively remove a wide

variety of heavy metals from their

environment. Although there is

significant potential for seaweed to

serve as a bio-remediator for polluted

soils, more research is needed to fully

develop the mechanism. 

Floating
seaweed in

sea

Some
common

seaweeds of
India
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Seaweed Extract 
enhances plant growth

Seaweed liquid fertilisers are useful

for achieving higher agricultural

production, because the extract

contains natural growth promoting

hormones similar to Auxins,

Gibberellins, Cytokinins,

Gibberellins, Abscisic acid, Ethylene,

Betaine and Polyamines other than

trace elements, vitamins, amino acids,

antibiotics and micronutrients.

Plants need sunlight, water and

nutrients for their growth,

development and survival.  Sixteen

nutrients are essential for the growth of

almost all the plants. These nutrients

can be taken from air, water or soil.

Plants obtain carbon from carbon

dioxide of the air, oxygen and

hydrogen from water, whereas the

remaining elements are

taken from the soil. The soil

in which they are planted usually does

not provide all the nutrients essentially

required for their growth.  If there is

ample supply of nutrients in the soil,

crops are more likely to grow well and

produce high yields. If any of the

nutrients is unavailable from the soil,

plant growth is limited and crop yields

are reduced.

Fertilisers supply the mineral

nutrients to the crops in readily

available forms that the soil lacks and

plants need to grow. Fertiliser is an

organic or inorganic material of

natural or synthetic origin that is added

to the soil to supply one or more plant

nutrients essential for the growth of

plants. Arecent assessment found that

about 40 to 60 per cent of crop yields

are attributable to fertiliser use.

Therefore, for healthy growth of

plants, fertilisers are

required.

Application  of  synthetic  and

chemical  fertilisers  adversely affects

the  health  of  humans,  livestock  and

environment. Recent researches

proved that extract of seaweeds not

only enhances   plant   growth   and

yield but also improves the soil

condition. Seaweed fertiliser

represents an alternative to

synthetic and chemical

fertilisers. Seaweed extract

fertiliser is obtained   from

seaweeds, which   are   aquatic

plants   and available in abundance

near the seashore and contain mineral-

rich nutrients.

Application

Fertilisers derived from seaweeds

are found to be superior to chemical

fertilisers due to high level of

organic matter, micro and macro

elements, vitamins and fatty acids.

They can be used with or without

chemical fertilisers.

Seaweed extracts are allowed as

fertiliser for organic farming

production practices whereas

synthetic chemical fertilisers are

prohibited for organic food

production. Now-a-days seaweed

fertilisers are gaining  popularity  for

achieving  higher  crop  production

and  soil  quality  improvement.

Seaweed extracts can be

manufactured in liquid and powder

form and used as fertilisers for all

types of crop, grasses and

trees.

The fertiliser contains many

growth-promoting chemicals

obtained from natural source,

minerals, trace elements,

vitamins, and micronutrients, which

enhance the plant growth. It can be

applied as foliar spray or directly

applied to the soil as an organic

nutrition source.

Cultivation
& collection of
seaweed from

sea

Seaweed
fertiliser

products in
liquid and

powder form
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Crop response
The experiments carried out on

various plants using seaweed extract

as fertiliser showed higher rate of

growth and higher yield in cereal

crops, vegetables, fruits, orchards

and horticultural plants. The results

showed  increase  in  seed

germination,  shoot  length,  root

length, number  of  lateral  roots,

number  of  leaves,  number  of

vegetables, length   of   vegetables,

weight   of   vegetables   and

photosynthetic pigment

concentration. The application of

seaweed fertiliser in different crops

reduces the cost of production. It has

been observed that the carbohydrates

and other organic matter present in

seaweed extracts alter the nature

of soil and improve its moisture

holding capacity.  Seaweed

extract fertiliser has many

advantages over chemical

fertilisers. The seaweed

extract fertiliser is a natural

bio-product. Farmers can

use them for organic

food production and

soil amendment. They

provide better plant

nutritional quality,

better agricultural

products and faster growth of

plants. They are non-toxic and

completely biodegradable and can be

used for all crops at any stage of

growth. Seaweed fertilisers increase

plant productivity and uptake of soil

nutrients. They develop resistance in

plants against pests, drought and

stress and improve seed germination.

These fertilisers stimulate beneficial

microorganisms of the root systems

and plant growth and improve soil

fertility, texture and organic matter

content of the soil. They also

improve crumb structure and

moisture retaining capacity of soil.

They are easy to produce and apply.

Now-a-days, seaweed extract

fertilisers are used globally as the

organic form of fertiliser that is safe,

eco-friendly and good for

sustainable agricultural

practices.

Conclusion

Plants need sunlight, water
and nutrients for their growth,
development and survival.
The soil in which they are
planted usually does not 
provide all the nutrients
essentially required for their
growth. Chemical fertilisers
are the most effective inputs
for increasing the yield of
crops. Excessive use of
chemical fertilisers in 
agriculture has put an
adverse effect on 
physico-chemical properties
of soil, plants, animals and
human life.Biofertilisers are
eco-friendly and overcome
the shortcomings of the 
conventional chemical based
farming. Seaweeds act as a
potential source of bio-
fertiliser. They are a good
source of micro and macro
elements required for plant
nutrition and enhance the 
biochemical constituents in
plants - carbohydrates, lipids,
proteins, fibers, etc. Seaweed
extract is an effective soil
conditioner also.  National
Research Development
Corporation is promoting 
eco-friendly and organic 
agricultural technologies for
sustainable agriculture. The
technology for seaweed
extract fertiliser is available
for commercialisation through
NRDC. The know-how offers
a simple and novel process
of production of seaweed
extract fertiliser in liquid and

powder form.

Dr. Ashish Kumar
Srivastava
Manager, Business Development, 

NRDC, New Delhi-110048

E-mail: asrivastava@nrdc.in

Application
of 

seaweed extract
fertiliser
through 
spray

Kappaphycus
alvarezii

seaweed sps
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A
n average of 39 inches of topsoil

supports 87 per cent of all living

forms in the world, including

microorganisms, worms, insects,

birds, animals, humans, plants,

trees, and all other vegetation. And

right now, it is under tremendous

risk. Thirty percent of India's land

has already been damaged, and soil

is turning to desert in 90 per cent of

the countries. Fifty two per cent of

agricultural soils are already

degraded because of insufficient

organic contents. We need to

address the soil crisis by increasing

awareness and utilisation of organic

content in agriculture. Soil

degradation causes many major

crises like food scarcity, water

scarcity, loss of bio-diversity,

climate change and migration.             

In today's agricultural system, it

is essential to replace chemical

fertilisers with natural products to

save the soil. Critical technology

intervention of BioMix-I, a newly

developed highly effective

microbial consortium based on a

process of quorum sensing in soil,

improves soil texture, increases

growth, promises a better immune

system, and increases yield. These

microbes with quorum provide a

new approach toward sustainable

agriculture. This naturally amended

biological technology substitutes

the chemical fertilisers by

introducing significant nutrients in

the soil for a rapid and better crop.

Thus, the technology provides an

eco-friendly 'natural agro-input' in

the nutrient cycle and contributes

to crop growth and high

productivity.    

BioMix-I is manufactured by

Care Pro Bioscience Pvt Ltd (CPB),

a sustainable technology enterprise

working for agriculture, food, feed

and environment. The product is

acknowledged as a low-cost

supplement with longer shelf life. It

involves a customised potent

microbial consortium isolated from

Dr. Zakwan Ahmed and Dr. C.R. Hazra@

A New Bio-Approach

Towards Sustainable

AGRICULTURE

BioMix-I
Indian agriculture is

multifaceted, with

horticulture and animal

husbandry contributing to

over 60 per cent of India's

agricultural GDP. Horticulture

and livestock production

engage a large share of small

and marginal farmers and

thus play a critical role in the

rural economy. Globally, India

ranks ninth in agricultural

exports. Hundred per cent

organic farms are not a

sustainable model, since

there is a high requirement

for organic manure, whereas

productivity is found to be

low. Chemical fertilisers are

absorbed quickly by plants

and grass. While this leads to

faster results, the greenery is

often not sustainable.

However, organic fertilisers

nourish the soil structure

well and maintain your

landscape's long-term well-

being. BioMix-I is an

innovative product, which has

been successfully tested. 
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a specific location and incorporated

into one product. It ensures that the

selected microorganisms are well

adapted to the agro-climatic

conditions of the target area. The most

notable feature of the microbial

formulation is 'survival in one single

product with a high cell count'. The

CPB team has applied this consortium-

based technology to the trial fields to

observe the growth parameters of

paddy crop during the years 2017-18 to

2019-20 and of the wheat crop during

the years 2017-18 and 2018-19.

BioMix, a bio-fertiliser and plant

growth promoter, is a mixed blend 

of plant growth-promoting

microorganisms applied through

soil/seed/seedling/irrigation water,

etc. Moreover, the application of this

fertiliser is also effortless. Mix 1 kg

(kilogram) product with 120 gm

(gram) of soya flour extract in 50 L

(litre) water and keep it under shade for

24 hours. Dip the seeds in slurry and

dry in the shade for at least 2 to 3 hours.

Mix 150 gm of product with 50 gm of

brown/white sugar in 250-300 ml

(millilitre) of water for seed treatment.

Apply this fertiliser directly to the

leaves of plants instead of soil so that

soil is not damaged. Spray the

activated suspension by using the

sprayer on respective crops. If you

want to apply it on the soil, mix the

activated suspension in the farmyard

manure, keep it for broadcasting in the

fields but make sure to use 1 kg of

BioMix on 1 acre of soil. 

Care Pro Bioscience Pvt Ltd (CPB)

provides linkage and synergy between

integrated biotechnology and

agriculture. The Department of

Scientific and Industrial Research and

the Department of Biotechnology,

Government of India have

acknowledged its R&D Centre. It is

engaged in technological development

through intensive R&D to address the

numerous difficulties being faced in

agricultural and environmental

sectors. Farmers' income can be

increased by helping to diversify and

commercialise farming. It was

founded by the Indian Institute of

Technology, Delhi's Foundation for

Innovation and Technology Transfer.

ON-FARM TRIALS

The goal of participatory on-farm

experiments was to see if a microbial

consortium (BioMix-I) might boost

income and improve the long-term

viability of the world's staple food

crop. Various parameters of paddy

crop i.e., tiller number, plant height,

and root length were recorded. Three

different treatments were given with

different proportions of BioMix-I and

plant growth and plant height

parameters were recorded. The result

with 100 per cent BioMix-I without

any chemical fertiliser was the best and

highest plant growth was noticed. So it

was concluded that BioMix-I could be

used with zero mixing of any kind of

chemical fertiliser. The results

obtained from tests conducted in four

villages inferred that there was

increased plant height and deeper root

Crop: Tomato
Before BioMix treatment   After BioMix treatment

Crop: Chilli
BioMix Untreated plot BioMix treated plot
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length as compared to other

treatments. Plant height and root

length increased, possibly due to

increased soil organic carbon content

as a result of BioMix-I (treated)

application. In comparison to

conventional approaches, all organic

treatments performed better in terms

of building up the soil enzymatic

activities after harvesting crops in the

entire cropping system. Early

blooming was made possible by

superior growth in various metrics

such as tiller number, plant height, and

root length. Through this, the plant

becomes ready for early maturity, and

the farmer gets production before time.

TESTED IN FOREIGN SOIL

BioMix-I also showed remarkable

results in terms of crop yield with an

efficient growth rate in non-native

lands - Armenia and Georgia. In

Armenia, agricultural yields of

tomato, cucumber, hot pepper,

eggplant, pepper, and lettuce increased

significantly. In addition, the organic

treatment raises the organic carbon

content of the soil as well as the

population of earthworms and other

bacteria. Compared to untreated soil,

the pH and different minerals of the

soil tested in Western Asia (Armenia)

during the summer/spring season of

2019 showed substantial

improvement.

These beneficial treatments were

also inoculated in the affected soil and

animal manure to check the

advancement in soil quality compared

to chemical amendments and

untreated control. The soil analysis in

terms of NPK, EC and pH of different

plants - blueberry, gooseberry, kiwi,

currant, feijoa, raspberry and

persimmon - showed improved results

as compared to the untreated fields in

Georgia. In addition to this, it was

noticed that there is a significant

increase in the organic carbon content

(6.8%) of the treated soil. 

The trial of BioMix-1 was

conducted in Liguria, Italy on corn and

green house vegetables, in 2021 for

verification of the benefits. The yield

improvement recorded in corn was 29

per cent and in vegetable 15 per cent. 

For corn, the harvest from

traditionally cultivated field was

70,428 kg, whereas from field

cultivated with Biomix-I, it was

90.852 kg.

For vegetables, two surfaces

sufficient to accommodate 300

seasonal vegetable seedlings were

created - round tomato, long purple

aubergines, courgettes and melons.

The plots thus divided were placed in

the greenhouse. The quantity of each

type of vegetable was divided in half to

make a comparison between the part

used as a witness and the part used as a

test.

All lands were prepared at the same

time. BioMix was applied to the test

lands in accordance with CPB experts'

instructions. The planting materials

were from an organic nursery and had

a robust root system; all plants had the

same environmental conditions. 

The seedlings grew steadily and got

all necessary cultural attention.

BioMix treated areas looked

pathogen-free (fusariosis, rhizoctonia,

verticils, etc.). Fusarium disease had

emerged in some aubergine plants in

the control regions. In the test

locations, the root system was more

extensive and stronger. The harvest got

ready slightly later but was of higher

quality. For example, the peppers were

juicier and the tomatoes were about 15

per cent heavier with a perfect

calibration.

Dr. Zakwan Ahmed
(Former Director General)

Defence Research and Development

Organization (DRDO), New Delhi

E-mail: zakwan_ahmed@rediffmail.com

Dr.  C.R.  Hazra
(Former Agriculture Commissioner,
Government of India))

Director

Care Pro Bioscience Pvt. Ltd.

I-59, Ground floor, UPSIDC

Surajpur Site-V, Kasna, Gautam Budhh

Nagar, Greater Noida-201308

(Uttar Pradesh)

E-mail: mail: hazracr@yahoo.co.in



Agri-waste Turns from
Nuisance to asset: the
Miracle of CIM-Mridashakti 

nvironmental 
pollution has become

a part of our life.
Today, the world is
united in its efforts

to overcome the 
complex and varied

types of pollution. In
recent years, the air
quality of Delhi has

garnered much 
attention. It is

ranked the worst 
polluted capital city

of the world for four
consecutive years

from 2018 to 2021.
During a certain time

of the year, air 
pollution is further
aggravated due to

crop residue burning
in the neighbouring
states of Delhi. The

disposal of crop
residue, which is an

agricultural waste, is
a major concern glob-

ally because of
its adverse 

environmental and
health impacts, 

mainly due to its
dumping on barren

lands and burning in
open fields. 

Puja Khare and Pramila Majumdar @

E
griculture being a dominant activity,

India too faces a severe problem of crop

residue disposal. Annually, the country

produces about 153.35 MT (million

tones) crop residues from rice, 80.68

MT from wheat, 19.73 MT from maize,

and 285.03 MT from sugarcane.

Moreover, about 98.4 to 131.9 MT of

residue is burnt per year in the open. It is

estimated that in India per year open

burning of all crop residue releases

about 34569 MT of CO2, 2099 MT of

CO, 296 MTof PM10, 9.06 MTof SOx,

56 MT of NOx, and 159 MT of non-

methane hydrocarbons. 

Besides the emissions from the crop

residues, the climatic conditions

during the months of October and

November in the northern region of

India further deteriorate the air quality

manifold. There is enough evidence

that the problem of people suffering

from smoke-related chronic and non-

chronic diseases becomes further acute

during this crop residue burning

period. The people of rural Punjab

spend about  R70 million every year on

treatment for illnesses caused by crop

residue burning. Besides the

environmental and health issues, loss

of vital nutrients during the burning

period due to their volatility is another

serious threat.  

To solve the problem of crop residue
disposal and find an alternative to its
burning, CSIR-CIMAP developed an
eco-friendly and cost effective tech-
nique of producing a natural soil con-
ditioner, named CIM-Mridashakti,
using agri-wastes. This conversion of
waste into soil conditioner follows the
concept of circular economy/agricul-
ture, which is based on the ideas of
regeneration, restoration, and multi-
tasking. Contrary to the linear model,
in a circular economy, the waste is
recycled into value-added products
can be consumed with the involve-

ment of all processes within a loop.
Hence, in CIM-Mridashakti, biomass
is recycled into soil conditioner, which
on application in soil, uses recycled
nutrients for plant growth and also
sequesters the carbon for long term. 
The properties of the recycled product
_ 

CIM-Mridashakti 
_ 

are given in the
Table. It has a high water holding and
cation exchange capacity but low bulk
density. It is rich in nutrient content
(phosphorus, potassium, calcium,
magnesium, etc.). The product has a
high content of recalcitrant carbon
(45-50%), which is resistant to decom-
position. The CIM-Mridashakti has
firm carbon stability in the soil.
Generally, the degree of aromatic con-

densation is used to determine the
stability of carbonaceous material in
soil. It means materials having hydro-
gen/carbon ratio > 4 sequester 50 per
cent of its carbon and with
hydrogen/carbon ratio < 4 sequester
70 per cent of its carbon for 100
years. The CIM-Mridashakti can
sequester about 1-21 tonnes of car-
bon per year depending upon the
dose and the soil type, which is a high
sequestration of carbon and may lead
to large scale reduction in the carbon
footprint. Further, the positive effect of
CIM-Mridashakti was observed on
seed germination (100%), suggesting
it to be safe for agronomic applica-
tions. 

CIM-Mridashakti
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The process is cost-effective,

economical, can be produced easily at

a farm scale, and so addresses multiple

aspects of sustainability. When

recycling of waste is done in the farm

itself, it further reduces the cost of

transportation and provides an easily

adaptable solution for crop residue

burning in the field. A major

advantage of this technology includes

non-requirement for high end

machinery, high investment and high

grade technical skills for its

preparation. It is important to note that

the untreated and uncontrolled waste

is prone to microbial spoilage and this

often results in an unpleasant and foul

smell and so becoming an

environmental concern. Therefore,

the process of manufacturing requires

pre-processing of waste, which can be

done either by thermal or non-thermal

sterilisation.

CIM-Mridashakti has a nutrient

sequestration potential of 47-68 per

cent. Its application in the soil

increases the soil water holding

capacity, cation exchange

capacity (17-38%) and

quantum of soil microbial

biomass carbon (2-4 times).

Depending on the soil type, the

enhancement in soil quality by CIM-

Mridashakti improves plant

productivity by 32-110 per cent.

Because of the high surface area and

surface functionality of CIM-

Mridashakti, the reduction in the

uptake of contaminants and

translocation in the plant

from soil is anywhere

between 25 to 100 per cent.

CIM-Mridashakti also helps in

improving the quality of ground water

by increasing the soil retention of

nutrients and agrochemicals for being

consumed by plant crops. That means,

more nutrients stay in the soil instead

of leaching into the groundwater and

cause pollution. 

Properties of CIM-Mridashakti

S. No. Parameters Value 

1. pH 8.3-9.5

2. Moisture 03-4.5%

3. Organic Carbon 45-50%

4. Total Ash 16-18%

5. Liming (if pH is above 7) 20-21% CaCO3

6. Total Nitrogen 1.2-2 %

7. Total Potassium 1-3%

8. Total Phosphorous  0.2-1.1%

9. Available Phosphorous 47-60 mg/kg

10. Total Calcium 526 mg/kg

11. Total Magnesium 824 mg/kg

12. Total Surface Area 83-87 m2/g

13. Water Holding Capacity 63-68 %

14. Cation Exchange Capacity 147-159  meq/100 g

15. Bulk Density 0.33-0.41 g/cm3

APPLICATION

PROTOCOL OF 

CIM-MRIDASHAKTI

It is very easy to use CIM-

Mridashakti and can be

applied just like any other

compost. In a field of

about 1 hectare, 10-15 kg

(kilogram) should be used

for optimal benefit. In

case of using it for pot, a

quantity equal to 4-6 per

cent of the potted soil

should be used.

Advantages

Glimpse
of the kisan
mela held in
CSIR-CIMAP,

lucknow
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Societal 
engagement
CIM-Mridashakti, a scientifically

proven soil conditioner has been

showcased in a number of exhibitions

and other events. During the Kisan

Mela held at CSIR-CIMAP, Lucknow

in 2020 and 2021, many farmers and

entrepreneurs showed their interest. It

was distributed to 30 farmers and

entrepreneurs. Many village level

demonstrations and trainings have

been conducted for the benefit of the

farmers. During 2021, trainings were

held in different villages of Uttar

Pradesh -- Kola Gahbadi and

Piprihaar in Barabanki

District, and Patauna and

Kapera Madarpur in

Lucknow District. Field

trials of CIM-Mridashakti

have been conducted in these

villages. 

In addition to help attaining food

security, CIM-Mridashakti is also

useful in enhancing cropland

diversity in the areas with severely

depleted soils, scarce organic

resources, and inadequate water.

Also, it addresses the multiple aspects

of sustainability across the recycling

of crop residue, sequestration of

mineral and carbon, minimising the

risk associated with

contamination in food

crops, and increased

productivity. The product CIM-

Mridashakti can be an important tool

and an attractive option to accelerate

and achieve some of the sustainable

development goals (SDGs) like zero

hunger (targeting food security,

improved nutrition, and promoting

sustainable agriculture) and good

health and well being (targeting

healthy lives and promoting well

being).

Training
and field trials

of CIM-
Mridashakti in

different villages
of Uttar
Pradesh 

Puja Khare 
Principal Scientist, Crop Production
and Protection Division, 
CSIR-Central Institute of Medicinal
and Aromatic Plants, 
Near Kukrail Picnic Spot, 
Lucknow- 226015 (Uttar Pradesh)
E-mail:-kharepuja@rediffmail.com

Pramila Majumdar 
Senior Scientist, Research Journals
Division, CSIR-National Institute of
Science Communication and Policy
Research, Dr K.S. Krishnan Marg
New Delhi-110 012
E-mail:-pramila@niscpr.res.in
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G
ram Panchayat of Palli village in

Jammu & Kashmir's border district

of Samba entered into the

'contemporary history' of India on

24th April 2022 as country's first

'carbon neutral panchayat', with

Prime Minister Shri Narendra

Modi dedicating to the nation a

500-KW solar plant, installed in a

record time of nearly three weeks.

A mega exhibition on rural

technology was also

organised in Samba to

celebrate the National

Panchayati Raj Day. 

The Prime Minister addressed a

gathering during the

National Panchayati

Raj Day celebrations,

which included more than

30,000 Panchayati Raj Institution

Prime Minister, Shri Narendra Modi (third from right), inaugurating a 500-kw solar power plant at Palli
Panchayat in Samba district of Jammu & Kashmir in the presence of Union Minister of State (Independent
Charge) Science & Technology; Minister of State (Independent Charge) Earth Sciences; Minister of State

Atomic Energy and Space Dr. Jitendra Singh (second from left), Governor of Jammu & Kashmir Manoj Sinha
(third from left) and Minister of Rural Development & Panchayati Raj Shri Giriraj Singh (second from right)
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Cross Section 

Palli Becomes India's First 'Carbon Neutral Panchayat' as
PM Dedicates to the Nation a 500-KW Solar Plant - a Report

A
500-kw solar
power plant

installed at Palli
Panchayat in Samba
district of Jammu &

Kashmir 
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(PRI) members of Jammu&Kashmir,

whereas PRIs from across the rest of

the country were envisaged to be

connected virtually to the Prime

Minister's address. 

The Prime Minister expressed that

Palli had shown the way to the country

for achieving a carbon neutral state.

"People of Palli has helped in the

project. They have also provided food

to people engaged in the project," he

said. He urged the nation to create

awareness about

malnutrition and anaemia

among people. He also

inaugurated the Banihal

Qazigund Road Tunnel.

Apart from this, he laid the

foundation stone of three

road packages of Delhi-

Amritsar-Katra express way and

also inaugurated the Ratle

hydroelectric project on Chenab river

in Kishtwar District. He also launched

Amrit Sarovar - an initiative aimed at

developing and rejuvenating 75 water

bodies in each district of the country -

and dedicated 108 Aushadhi Kendras

to the people of Jammu & Kashmir to

avail quality medicines at affordable

prices.

Central Electronics Limited (CEL),

a public sector enterprise under the

Union Ministry of Science &

Technology has done the great work by

installing a 500-KW solar plant in

Pallipanchayat in Jammu & Kashmir

in a record time of just 20 days.In all,

1,500 solar panels put up on a total area

of 6,408 square metres will provide

clean electricity to 340 houses in the

model panchayat under the central

government's Gram Urja Swaraj

programme, thus making it the first

`Carbon Neutral Panchayat'. A 25-

member team worked round the clock

to complete the Rs 2.75 crore project.

The electricity generated will be

distributed to the village, having a

daily requirement of about 2,000 units,

through the local grid

power station.The

village, which has 450

houses, has been given solar

chulhas (stoves) and all the houses will

be covered. 

From the macadamised roads to the

recently launched electric bus service,

the Palli village located just 17

kilometres from the winter capital

Jammu is witnessing a major

transformation with an upgraded

Panchayat Ghar, renovated

government high school building, a

new pond and improved playfields. 

Union Minister of State

(Independent Charge) Science &

Technology; Minister of State

(Independent Charge) Earth Sciences;

Minister of State Atomic Energy and

Space Dr. Jitendra Singh

complimented the engineers of CEL

and senior scientists and senior

officers of the Union Ministry of

Science & Technology for the

installation of the project in a record

time and for making it fully functional.

The National Panchayati Raj Diwas

celebration was focussed on localised

sustainable development goals which

are - Poverty alleviated and enhanced

livelihood village; Healthy village;

Child-friendly village; Water

sufficient village; Clean and green

village; Self-sufficient infrastructure

in village; Socially secure village;

Village with good governance; and

Engendered development in village.

The programme was organised under

the aegis of the Ministry of Panchayati

Raj in association with many other

ministries. The event was marked with

a three-day exhibition on rural

technology which was held under

these localised sustainable

development goals. During 24 to 26

April 2022, the exhibition showcased

latest innovations enabling farmers,

Sarpanchas and village heads to

improve their income and produce.

The emphasis of this event was to

display science and technology in an

integrated manner with the theme of

Rural Development and Panchayati

Raj. Such exhibitions prove how

important it is to develop our villages

for sustainable growth of the nation. 

Entrusted by the Department of

Science & Technology, VigyanPrasar

took the responsibility of organising

this three-day exhibition. Council of

Scientific and Industrial Research,

Department of Biotechnology,

Department of Space, Department of

Atomic Energy, and Ministry of Earth

Sciences also showcased their

The
Prime Minister,

Shri Narendra Modi
addressing a special

programme organised
at Palli Panchayat in

Samba district of
Jammu & 
Kashmir
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technologies with the help of exhibits,

posters, films, etc. Several

importantinstruments were also

displayed at the exhibition.

Some latest innovations were on

display to enable farmers to improve

agricultural practices and increase

their income. Solar dome dryer and

domestic egg incubator for hatching

poultry eggs, robotic instrument called

AGROBOT, Geo-spatial tool, weather

forecast app for rural development and

farmers, lavender cultivation known

as purple revolution, aroma mission,

floriculture mission, biotechnology

innovations to increase apple

production for farmers' income,

technologies such as use of drones for

pesticide spraying and waste

treatment, and increasing shelf life of

fruits through nuclear radiation were

exhibited during the exhibition.

The Exhibition demonstrated best

practices in agriculture, like DBT's

Bio-Tech Kisan Scheme. Drone

farming will be supplemented by

Centre's and UT Government's

innovative initiatives for the welfare of

farmers. Stalls exhibited modern uses

of bamboo, waste water manag

ement, etc.

Amongst important

innovations that were

showcased, included

geospatial technology for rural

development and farmers, apps usable

by farmers for weather forecast for five

days, biotechnology innovation to

increase produce of apple at the same

land, drone application for pesticide

spray and waste treatment, shelf life of

fruits to be increased through atomic

radiation, etc.

Council of Scientific and Industrial

Research (CSIR)-Central Leather

Research Institute, Chennai, exhibited

leather technologies to promote skill

and entrepreneurship in the leather

sector. CSIR also featured an e-Tractor

from the Council's Durgapur-based

Central Mechanical Engineering

Research Institute; and presented the

cutting-edge research being conducted

on high value medicinal plants such as

Heeng, Saffron and Dalchini at its

Institute of Himalayan Bioresource

Technology, Palampur, Himachal

Pradesh.Scientists from the Central

Institute of Medicinal and Aromatic

Plants (CSIR-CIMAP) demonstrated

CSIR's aroma mission.The Aroma

mission aims to catalyse rural

empowerment through the cultivation,

value addition and marketing of

aromatic plants. CSIR has contributed

significantly to the development,

nurturing, and positioning of the

essential oil-based aroma industry in

the country. This has led to the creation

of an ecosystem benefitting the

industry, farmers, and next-generation

entrepreneurs.The Mission is

envisaged to bring transformative

change in the aroma sector through

interventions in the areas of

agriculture, processing, and product

development to fuel the growth of

aroma industry and rural

employment. An additional 700

tonnes of essential oil is expected

to be produced annually for

perfumery, cosmetics and

pharmaceutical industries.

Department of Science &

Technology (DST), Government of

India presented various rural

technologies to combat poverty and

enhance the livelihood in villages.

Scientific interventions for value

addition in livestock products like

milk, meat and fish products, farm

made fish feed and water quality

management were highlighted.

Villagers are being trained on

packaging, branding and marketing of

their value added milk, meat and fish

products under this scheme. 

DST's IoT based Aquaculture App,

a mobile based android application

developed by NIT, Puducherry for

monitoring fish farms remotely was

another attraction of the exhibition.

The IoT based water quality

monitoring system uploads the water

quality parameters data to the cloud.

The developed application retrieves

the data from the cloud and displays it

in the mobile of the farmers. It

monitors the parameters such as

salinity, temperature, pH, dissolved

oxygen, etcthrough virtual sensing,

thus augments the use of resources,

Lavender
cultivation in

the field of
Jammu
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improves sustainability and

profitability to farmers.  The use of the

developed monitoring system enables

less stress on water resources and

would also prevent water source

contamination.

A low cost carding machine for

Namda weavers was exhibited by

DST. The improvised machine

reduces dust pollution substantially

byarresting the dust in a covered box,

thereby enhancing the quality of the

wool by dust segregation. The

production efficiency has increased by

85 per cent (200 kg (kilogram) of wool

in 8 hours) and the gears and pulleys

are covered, thereby increasing the

safety of the machine. Therehas been

a reduction in drudgery by 50-85 per

cent and in dust pollution70-85 per

cent. Under-casing of themachine

controls the aero dynamics of the

card,so that the micro dust

accumulates under themachine, thus

reducing the dust deposition on the

skin of the operator.

Improved production techniques

for production of attars of jasmine,

marigold and vetiver oil were also

exhibited by DST, which has resulted

in increased fuel efficiency by 48 per

cent for attar and 16 per cent for oil.

The improvised Deg-Bhapka Unit

reduced the associated occupational

hazards and the quality of attars and

oils was considerably increased.

Shearing equipment and improved

Charkha were also presented which

are the livelihoods of people in

Rajouri, Dhangri and Nowshera

blocks in Rajouri & Poonch district.

Technologies to grow mushroom

and vermin-composting in sub-zero

temperature; Solar Dome Dryer &

Domestic Egg Incubator for hatching

poultry eggs, Bee-Keeping Mud Hive

Technology for a Healthy Village;

Maternal and Neonatal Health

Monitoring App; and Mycoplasmosis

Vaccine Demonstration nit were also

presented by DST.

Tabletop Science teaching lab for

Rural schools; Digital Fabrication

with Fab Lab; Water Sufficient

Village; Solar Sanitation and Drinking

Water System for a Clean & Green

Village; Energy-efficient Brick Kiln;

Energy Pellets from Biomass; Earth

Powered Light; Janata Solar ATM

Self-Sufficient Infrastructure in

Village; Wireless Electricity

Transmission for Rural Application;

Smart Vending Cart for Fruits and

Vegetables; Solar Powered Pico

Projector with Offline Server/ Edu

Box for Digital Night School were

other exhibits from DST that were

showcased in the exhibition.

The Department of  Biotechnology,

Government of India exhibited a 3D

Integrated Farming System model

comprising Sahiwal (Desi) cow dairy

unit, vermi-compost unit and apple

orchard. Different varieties of apple

presently cultivated under high density

plantation systems were demonstrated

as live samples. 

Dr. Nimish Kapoor
Author is Scientist-E in VigyanPrasar, 

An autonomous organisation of

Department of

Science & Technology, Govt. of India

Technology Bhawan New Mehrauli

Road New Delhi 110016

E-mail: nkapoor@vigyanprasar.gov.in

NRDC officials Shri 
N. G. Lakshminarayan, 
Chief business development and Shri
Ashwani Kumar, ADE also participated in
this exhibition to create awareness and provide
information pertaining to IPR and technology
commercialisation to the participants. The Corporation also
showcased technologies related to waste plastic, silkworm
bed disinfectant and crop development.

Shri
Ashwani

Kumar (ADE)
explaining the merit

of Ankush and
Vijetha technology
to a local farmer.



IPR and Soil
Management

IPR and Soil
Management

A
griculture and mining are the two

terms that come readily to mind

when talking about the use of soil.

Both activities are connected to IPR

albeit sometimes in subtle, non-

obvious ways.

Geographical 
indications
It is undeniable that agriculture

depends heavily on the soil and the

ambient conditions of the area. So

umbilical is this dependence that

sometimes the quality of the natural

produce of a specific region can

simply never be matched if grown

anywhere else. 

Take for example Darjeeling tea.

In 2021, India produced 6.5

million kg of Darjeeling tea. The

rest of the world together produced

zero! This is because although tea

can be grown from Argentina to

Zimbabwe, it cannot be called

Darjeeling tea unless it is grown in

Darjeeling, West Bengal, India.

The IPR protection called

Geographical Indication prevents

others from labelling their tea as

Darjeeling tea. For that matter they

cannot label their tea as Kangra tea

too, if it is NOT from Kangra,

Himachal Pradesh, India. 

So, what is this coveted tag all

about?

WIPO defines Geographical

Indications in these words, "... a

sign used on products that have a

specific geographical origin and

possess qualities or a reputation

that are due to that origin." It is

accepted that these qualities cannot

be replicated elsewhere. 

GI-tag protection extends to

Kashmir saffron of Jammu &

Kashmir; Sojat mehendi of

Rajasthan; Mysore betel-leaf and

Nanjanagud banana of Karnataka;

Eathamozhy tall coconut of Tamil

Nadu; Navara rice and Palakkadan

Matta rice of Kerala; Jeeraphool

rice of Chhattisgarh; Guntur

Sannam chilli of Andhra Pradesh;

Khola (Canacona) chilli of Goa;

Mizo ginger of Mizoram; Queen

pineapple of Tripura; Karbi

Anglong ginger of Assam; Khasi

Mandarin of Meghalaya; and

Tamenglong orange of Manipur to

name just a few celebrated

agricultural produce from India.

About 132 agricultural

produce/products of India enjoy the

GI-tag protection. These numbers

are growing every year.

(https://ipindia.gov.in/registered-

gls.htm). For example, the Doda

Gucchi mushroom of Jammu &

Kashmir, which is probably the

most expensive mushroom in the

world, is on its way to earning the

GI-tag. It is a reflection of just how

important soil and climatic

conditions are in producing

agricultural products that are so

unique that they grow nowhere else

but in the territory to which

Since Intellectual Property
Rights (IPR) deals with the
rights granted to creations
of the mind, it is not always
obvious that the use of soil
too may come under the
purview of IPR. After all
how can soil, a gift of
nature be considered 
intellectual property? Soil
per se cannot be intellectual 
property but the way in
which soil is used may 
well be. 

AGRICULTURE and IPR
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registered! The quality of soil has to be

preserved or else the natural produce

will no longer be of the highest quality.

Sometimes an item made using a

product with a GI-tag is also eligible if

it meets the criteria for GI-tags. For

example, the flower of the fragrant

screwpine (Pandanus fascicularis) or

Ganjam Kewda flower (Ketaki-

pushpa) of Odisha has a GI-tag and is

the source for products such as Kewda

attar, Kewda water and Kewda oil

(rooh Kewda). Kewda rooh has a GI

tag of its own. 

Soil quality and IPR

The nature of the soil is of prime

importance in agriculture. However,

soil salinity and water logging is on the

rise; courtesy climate change.

Mitigation efforts call for new

technologies, processes and products.

Any new technology that can augment

soil quality or help reclaim degraded

land must be protected by patent. Even

field-test kits can be patented and

licensed out. Those with their eye to

the future have painted a dismal

picture by plotting population growth

against increase in agricultural

produce. One way to increase yield

would be to bring more land under

cultivation. Unfortunately, this is a

limited solution albeit rife with

ecological implications. Soil quality is

compromised with increased reliance

on pesticides and fertilisers. All these

issues call for innovative solutions and

revenue potential of IPR rights serves

as a catalyst for innovation. Thus,

although not always apparent, soil and

appropriate IPR protection go hand in

hand as far as agriculture is concerned. 

Mining and IPR

Patents and Industrial Design, etc.

Another area where the quality of

soil is of utmost importance is that of

mining. Mining has been an activity

pursued by humans from the early days

of evolution. It involves extracting

valuable, naturally-occurring minerals

from the soil. In time simple digging

has been replaced by multiple

processes for the extraction,

management, and processing of ore.

In the early days when resources were

plentiful, mining was often a brutal

affair with little, if any, concern for

environmental impact. However, with

growing awareness about the fragility

of nature and also the need to leach as

much as possible without mauling the

Earth, many novel processes and

machinery have entered into play. 

It is important to devise new

techniques to explore the soil for

hitherto undiscovered deposits so that

these may be recovered in a cost-

effective and sustainable manner.

Technology is being used in the mining

sector to improve processes, not only

for extraction but for

refining/recovery, etc., too. Often

times even a small tweaking of an

existing technology can maximise

returns. Intellectual property rights

usually manifest where there is

novelty and innovation. In this case,

however, it is not GI that plays a

leading role but industrial property.

This would include designs, patents,

copyright, and trademarks. All these

are used to protect against competitors

and to retain competitive edge. In

addition, these serve as corporate

assets. Aplethora of IPR factors related

to data, inventions, procedures,

computer software, operational

methods, specialised know-how,

geological information, proprietary

tools, etc., are of importance in the

mining industry. For example,

geological information about the

nature of the soil could be a valuable

database protected by IPR-laws. This

database could be licensed for a fee in

an exclusive/non-exclusive manner to

companies seeking to invest in new

deposits of valuable metals /oil/

gemstones, etc. 

Innovative and novel solutions to

current/future mining and

metallurgical challenges are protected

by patents. Statistics from just one

country (Chile) sheds light on the

global scenario. Codelco is the world's

largest mining operation and Chile's

main copper producer plus its second

largest producer of molybdenum. Till

date, Codelco has submitted 250

national and international patent

applications, of which 134 have been

granted in Chile and 21 in other

countries. Just imagine the role IPR

plays in protecting technology

powering mining operations,

worldwide! In addition, the design of

the machinery used could be

safeguarded too. According to WIPO,

"An industrial design may consist of

three dimensional features, such as the

shape of an article, or two dimensional

features, such as patterns, lines or

colour. The owner of a registered

industrial design or of a design patent

has the right to prevent third parties

from making, selling or importing

articles bearing or embodying a design

which is a copy, or substantially a copy,

of the protected design, when such acts

are undertaken for commercial

purposes." Design rights protect what

a product looks like. A patent protects

the way it works. Together, it is a pretty

iron-clad way to protect one's

intellectual property. It is said that,

"The life cycle of mining begins with

exploration, continues through

production, and ends with closure and

post-mining land use."  In every stage

of this cycle, judicious management

of IPR could spell big wins for the

mining sector.

Dr. Sukanya Datta
Former Chief Scientist of CSIR-NIScPR

and Eminent Science Fiction Writer
E-mail : sukanyadatta@gmail.com
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T
he team selected coir geotextiles,

trenching and wattling as soil

conservation strategies. In the coir

geotextile method, researchers

covered the soil with a jute mat to

prevent erosion. In trenching, they

made small depressions over the

ground, and in wattling, they

fenced the area for soil

conservation. The researchers

maintained a control area wherein

no barriers got applied to stop soil

erosion. 

The team gathered data about

vegetation periodically to estimate

species richness in test areas. Using

the quadrant method, the

researchers divided the

land into 12 equal squares

and identified and quantified

the types of spices grown. They

found a total of 25 different species

belonging to nine families. Further,

their results revealed that plant

density was highest in soil

conserved using coir geotextiles,

followed by wattling and trenching. 

The researchers took the plants

to laboratory and oven-dried them

to calculate dry biomass. They

found that designing coir

geotextiles enhanced the amount

of total dry biomass. Trenching and

wattling also had enhanced

biomass amounts than that of the

control.  Further, after treating soil

for four years, the team

investigated the effect of

conservation strategies on soil

quality. By gravimetric analysis,

the moisture content of soil got

recorded. Compared to control,

around 5 per cent increase

in moisture content was

evident in soil conserved by

coir geotextile treatment.

Various other soil parameters like

the amount of organic carbon,

nitrogen, phosphorus and

potassium were assessed by

analytical techniques. 

"All soil parameters posed

superior results in soil treated with

coir geotextiles," says Raj Kumar,

ICAR-Central Soil Salinity

Research Institute, Haryana, India.

The present research got published

in the journal Tropical Ecology,

which suggests that coir

geotextiles can significantly

inhibit soil erosion in the

Himalayan region. 

"Coir geotextiles can also

improve vegetation recovery,

species diversity and biomass,"

says Rajesh Kaushal, ICAR-Indian

Institute of Soil and Water

Conservation, Dehradun.

Coir geotextile prevents soil
erosion in the Himalayan region

The overall Himalayan region

continuously suffers from soil

erosion, leading to poor soil

quality and vegetation loss.

Various soil conservation

strategies are gaining 

attention to prevent soil 

erosion. However, 

information 

regarding the effectiveness of

soil conservation strategies

in the Himalayan region is

limited. Recently J.M.S.

Tomor from ICAR-Indian

Institute of Soil and Water

Conservation, Dehradun,

teamed up with other

researchers from Dehradun

and Haryana to investigate

the effect of soil conservation

strategies while attempting

to inhibit soil 

erosion in Udpalta, a village

of the mid-Himalayan

region. 

Soil
erosion in
Himalayan

region

Research & Development



Managing soil organic
carbon by combining
'biochar' with manure

Carbon dioxide flux is an essential

component that helps predict soil

fertility. It basically describes the

amount of carbon exchanged between

soil and the surroundings. However,

carbon dioxide flux varies

significantly due to multiple factors,

leading to altered amounts of soil

organic carbon, ultimately causing

land degradation. 

Traditionally, farmyard manure is

applied to maintain the organic carbon

amount in the soil. But, the

effectiveness is limited. Recently,

biochar has gained attention as an

efficient mixture to nurture carbon

contents in soil. Biochar refers to the

charcoal produced from degraded

plant matter. Can we combine

traditional and present strategies to

retain soil organic carbon?

Recently, Muniandi Jegadeesan

and Pandian Kannan from the Tamil

Nadu Agricultural University,

Coimbatore, examined the impact of

biochar and farmyard manure on

carbon dioxide flux in the

degraded cropland soil of

southern India. They

collaborated with scientists from

Japan and France and conducted a 27-

month field experiment by preparing

four test sites - land with biochar, land

with farmyard manure, land having

biochar and manure, and a control site.

The research team regularly monitored

the soil conditions via sensors. 

To explore the below ground

carbon input, the researchers

cultivated sorghum each year. For

cultivation, ploughing and addition of

biochar or/and manure were done

after every harvest. The plants got

dried and analysed for carbon

using an NC-analyser.

Using the fumigation

extraction method, the

team regularly measured

soil organic carbon by

taking a soil sample from each

test land. During experimentation, the

researchers focussed on examining

the effect of microbial response on

carbon dioxide flux. They randomly

inserted two PVC tubes in each testing

land and connected them with a CO2
analyser. Observations suggest no

significant difference within test

lands, but biochar with farmyard

manure contributed to

maintaining carbon dioxide

flux levels. 

Upon comparing the seasonal

changes with carbon dioxide flux, they

found that flux rates increase in the

rainy season and decrease during the

dry season. The research got published

in the Wiley: Land Degradation and

Development journal and displays a

practicable solution of combining

biochar with farmyard manure to

manage soil organic carbon and restore

the degraded cropland of southern

India.

Coir
geotextile
method to

prevent soil
erosion  

Farmyard
manure

Biochar
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Effect of clothianidin 
pesticide on 
earthworms in soil

Earthworms play a vital role in soil

conservation by maintaining overall

soil quality. However, with modern

agricultural practices, the soil used for

cultivation is usually loaded with

chemicals in the form of fertilisers,

pesticides, insecticides, etc. What will

be the effect of these chemicals on soil

organisms like earthworms, wondered

Jaswinder Singh from the Khalsa

College Amritsar, Punjab. 

He collaborated with researchers

from the Guru Nanak Dev University,

Amritsar, to investigate the effect of

commonly used clothianidin

pesticides on the development of

earthworm species,

Eisenia fetida. For the

experiment, the research team took

plastic trays and added soil with

varying concentrations of

clothianidin. They also had a control

tray that did not contain clothianidin.

Ten mature earthworms were added to

each tray, and then they were covered

with jute cloth to restrict earthworms'

movement outside the tray.  The

researchers monitored weekly the

earthworms' biomass in all soil sets.

Their data suggest that earthworm

biomass in the control tray increased

significantly from around 430 mg/kg

on the 0th day to 600 mg/kg on the 28th

day. On the other hand, they observed

a considerable decline in earthworms'

biomass in all sets having

concentrations of clothianidin

pesticides.  Further, the team

determined the mortality rates of

earthworms. They could reveal that

earthworms remained alive and

tolerated pesticides up to 2

mg/kg of clothianidin.

As the pesticide

concentration and

duration of exposure

increased, mortality rates also rose

drastically. None of the earthworms

survived when introduced to soil

having 32 mg/kg of clothianidin.  The

researchers calculated the LC50 value

of earthworms, which

describes the minimum

lethal concentration of

clothianidin to kill 50

per cent of the earthworm population.

The calculations suggest that the LC50

values of clothianidin in soil for

earthworms were 16.01 mg/kg and

12.00 mg/kg on the 7th and 14th day

respectively. Additionally, the

researchers also analysed the number

of cocoons, hatchling numbers and

weight of cocoons produced.

"The cocoon amounts and

weights dropped with

increased clothianidin," says

Adarsh Pal Vig, Guru Nanak

Dev University, Amritsar. As

observed, earthworms have poor

growth and reproduction when

exposed to pesticides. It may be related

to internal damage to earthworms by

the formation of free radicals. The

researchers conducted enzyme assays

to preliminarily explore various stress

parameters within earthworms. A

homogenate solution of earthworm

tissues was prepared and

biochemically analysed for numerous

enzyme activities. Enzymes like

superoxide dismutase, catalase and

peroxidase help remove harmful free

radicals. "Increased levels of these

enzymes may indicate that earthworms

suffer from internal damage by free

radical generation," explains Anu Bala

Chowdhary, Guru Nanak Dev

University, Amritsar. 

The present research got published

in the International Journal of

Environmental Science and

Technology which highlights the

disastrous impacts caused on

earthworms by adding pesticides to the

soil. Thus, it is necessary to take strict

action against pesticides to conserve

earthworms and retain soil

quality.  

Clothianidin
pesticide

Earthworms
in soil

Chemical
formula of

clothianidin
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A
lthough both traditional and

synthetic leathers have many

advantages, there are concerns and

issues about them as they have their

own sets of disadvantages. Leather

production is bad for the

environment as it needs a lot of land

and resources. It leads to

deforestation and produces larger

quantities of greenhouse gases such

as carbon dioxide linked to

livestock farming. Treating leather,

called tanning, causes significant

chromium emissions that are

damaging to the environment and

human health. Synthetic

leather, derived from plastic,

are made from fossil fuels and

contribute to the plastic waste

problem as they are not

biodegradable.

To address the concerns posed

by both traditional leather and

plastic-based synthetic leather,

scientists have come forward with

the innovative idea of fungi-

derived leather, that is, leather

made from mushrooms. However,

the idea of fungi-biomass being

used as a base for the production of

materials and textiles is not new.

FUNGI BIOMASS

Back in the 1950s, papermakers

discovered a polymer, called chitin,

found in the cell walls of fungi,

which could be used to produce

writing paper. More recently, these

fungi-based compounds have been

used to create everything, from

building materials to fashionable

textiles. Bio-based leather or

leather derived from mushroom is a

relatively new innovation.

Actually, root-like structures of

mushroom are used for producing

leather. The little mushrooms that

we see popping out of the ground

are only a small part of the whole

bio-structure.  Under the ground is

an often sprawling web of

branching, threaded growth,

known collectively as  mycelium,

which individually contain the

same polymer as found in crab

shells. It is from this mycelium

structure that leather can be

produced. 

When mushroom roots are

grown on sawdust or agricultural

waste, they form a fungal material

in the form of thick mat. Mild acids,

alcohols and dyes are typically used

to modify the fungal material,

which is then compressed and

embossed. The process produces a

substance that resembles and

competes with leather. As only the

roots and not the mushrooms are

used, the natural biological process

can be carried out anywhere. It does

not require light. Also, it converts

S&T Advances 

Mushroom leather: Future's material
for sustainable ethical fashion goods

Humans have been utilising

leather for thousands of

years. Its flexible and

durable properties make it

an ideal material for a wide

variety of products - from

shoes, fashion bags and 

fabrics, luxurious car seats

to even book bindings.

However, in the past century,

traditional leather 

increasingly became the 

subject of criticism by animal

rights groups on the ground

of harm caused to animals

during production of leather.

In the light of these 

criticisms, attempts were

made for creation of

synthetic/artificial leather.

These leather replacements

are commonly made from

natural or synthetic fibres

like polyethylene 

terephthalate (PET) or

polyvinyl chloride (PVC).

Mycelium,
the root-like
structure of
mushroom



waste into useful material and

stores carbon by accumulating it

in the growing fungus (mushroom).

Moreover, the process is quite simple

and can be completed by artisans with

minimal equipment and resources. 

Growing from a single pore to a

finished 'fungi leather'(or 'mycelium

leather'), the product takes a couple of

weeks, compared to the years required

to raise cattle to maturity. 

In a recent review article published

in the journal Nature Sustainability,

Professor Alexander Bismarck from

the University of Vienna, Austria,

commenting on the leather made from

fungi said that fashion items made

from fungi could be an environment

friendly alternative to traditional

leather. In this article, Bismarck

collaborating with his colleagues said

that fungi-derived leather alternatives

are set to play a major role in future

fabric markets. "It is sustainable,

cheap, ethical, biodegradable and

environmentally friendly," said

Bismarck, adding "Substantial

advances in fungi-based leathers and

the growing number of companies that

are producing them suggests that the

new material will play a considerable

role in the future of ethically

and environmentally

responsible fashion."

It is important to remember that

while the traditional leather

production has been refined to

perfection over thousands of years, the

technology of production of leather

from fungi is still in its infancy. Scaling

the production of fungi leather up to

industrial levels is one of the main

hurdles facing the nascent industry.

However, this may not be a problem

for a much longer period of time. In

2019, a research team from VTT

Technical Research Centre of Finland,

under leadership of Geza Szilvay,

revealed the development of what they

claimed a novel industrial process that

can scale up the production of fungi

leather.  The fashion industry is the

world's second largest polluter second

only to oil, which has fuelled growing

interest in renewable sustainable

fabrics. Commenting on this,

Bismarck said, "Traditional leather

might be ethically questionable, and

both leather and plastic substitutes

have issues with environmental

sustainability," adding, "Fungi-based

leather brings more of these issues to

the table and therefore, has

considerable potential to be one of the

best substitutes in terms of

sustainability and cost." Although

companies like MycoWorks and Bolt

Threads  have begun manufacturing

and selling fungi leather products,

there are still some production

challenges to be ironed out. It is still

difficult to achieve homogeneous and

consistent mycelium mats, presenting

consistent colour, thickness and

mechanical characteristics. 

Bio-based replacement materials

are being sought for leather because

they do not burden the environment

and at the same time seem to match the

quality and durability of traditional

leather. Fabric items made of fungi-

derived leather will become a

promising new forerunner in years to

come. Indeed, fungi-derived leather

will mould the future of sustainable

ethical fashion. 

Products
made from
mushroom

leather

Dr. P.K. Mukherjee
Eminent Science Writer and Former

Associate professor (Physics)

Deshbandhu College, Delhi University

E-mail: mukherjeepradeep21@gmail.com 
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National Research Development

Corporation (NRDC) jointly

organised an industry-interaction meet

with Central Manufacturing

Technology Institute (CMTI),

Bengaluru on 11 March 2022 at CMTI

premises Bengaluru. CMTI is a

registered Government of India

society, an autonomous research and

development organisation under the

administrative control of the Ministry

of Heavy Industries, Government of

India, focussing on providing

'technology solutions' to the

manufacturing sector and assisting

technological growth in the country.

The programme was organised in

hybrid mode.  More than 136 delegates

participated, comprising scientists,

researchers, academics, and startup

and industry representatives. This

Joint Industry-Interaction Meet was

organised on 'Manufacturing

Technology for Sustainability' with the

objective of creating awareness among

the attendees regarding the facilities

provided by NRDC for technology

transfer, IPR management, patent

filing, commercialisation of

technologies and to promote

manufacturing technologies

developed by CMTI.

In the Chief Guest's address, the

CMD, NRDC thanked the CMTI

Director for organising the Joint

Industry-Interaction Meet. CMD,

NRDC drew the attention of the

participants to the growing importance

of technology transfer and IP

management. He emphasised on the

scope of commercialisation of various

indigenous technologies developed by

CMTI and other national institutes for

economic and social benefits. This will

help in generating employment and

encourage new industries and startups.

The manufacturing sector is generally

a major sector to generate employment

opportunities and boost the economy.

He further emphasised on taking the

developed technologies from lab to

land, reaching out to the countrymen,

and to work on the creation of

technologies for the future as well,

such as industry 4.0, AI,  ML, etc. so

that we can move towards

Atmanirbhar Bharat at a faster pace.

During the meet the CMD also

informed the participants about the

latest activities and support being

provided by NRDC.

l NRDC, along with CSIR-National

Aerospace Laboratories (NAL)

and Tata Trusts supported initiative

Social Alpha has launched

mach33.aero, an incubation

platform to nurture and promote

startups in the emerging area of

aerospace technologies. The

mach33.aero will develop a

support ecosystem for nurturing

startups in the areas of aerospace

and allied engineering housed at a

dedicated state-of-the-art centre at

the CSIR-NAL campus in

Bengaluru.

l NRDC also signed an MoU with

CSIR-IMMT, Bhubaneswar in

December 2021 to manage the

technology incubation processes,

channelising technology transfer

and commercialisation and other

value additions for indigenisation

towards achieving Atmanirbha

Bharat  in technologies for

MSMEs, startups and industries in

the country.

l Seed funding support for promoting

manufacturing startups and to

promote innovations. Support

amount up to s. 30.00 Lakh.

l Support under Technology

Development, Validation and

Commercialisation (TDVC)

programme to the

startups/MSMEs and the

incubatees that are incubated for at

NRDC organises industry-interaction meet
in collaboration with CMTI, Bengaluru

Invocation and lighting of lamp: Cmde Amit Rastogi (Retd), CMD NRDC, Dr.
Nagahanumaiah, Director CMTI, Shri Krishna Rathod, Centre Head PP&BD, CMTI, Shri N.G.
Lakshminarayan, Chief (Business) and Smt. Sharmila M.R., SAO & Group Head, Business
Development, CMTI, Bengaluru (left to right)

NRDC News 
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least six months. The support

under the TDVC programme is

subject to a maximum of s one

crore in each phase.  

In the technology presentation Dr.

Nagahanumaiah, Director CMTI,

briefed about CMTI technologies

which are all TRL level 6 and above

available for technology transfer as a

part of Make in India Programme:

Atmanirbhar Bharat initiative of

Government of India, Standardisation,

Services, CMTI business model,

upcoming and future technologies of

CMTI. He spoke about the Vertical

Honing Machine for Diesel Engine

Blocks, Scalpel Blade Grinding

Machine, Piston Turning and

Grooving Machine, CAM Turning

Machine, Tilt and Turn Table, Ball

Screw for Machine Tool Application,

Heat Exchanger Test Rig, etc. and gave

a brief introduction about CMTI and

its schemes and what CMTI offers to

industries, academia and students.

In the technology presentation Shri

N.G. Lakshminarayan, Chief,

business development (BD), NRDC

gave an account of the history of

NRDC, explaining need for NRDC in

the early days of Independence; how

NRDC gives back the money to R&Ds

for further development of innovative

technologies. This technical

presentation also covered the

objectives of  NRDC, business

models, global networking, NRDC's

achievements, commercialisation of

technologies by NRDC and the

promotional activities. India Ltd,

Bengaluru; Shri Mohanram P.J.,

Senior Advisor, IMTMA, Bengaluru

participated. Chief BD, NRDC

apprised the panelists and participants

of how NRDC has contributed under

its Techno Commercial Support and

Priority Project programmes and

transferred the technologies on

COVID-19, e.g., sanitiser and PPE kits

to industry. He also informed the

audience about the NRDC's special

edition of Invention Intelligence on

COVID-19, a compendium on

COVID-19 technologies. Shri Rama

Gopal started the discussion with Dr.

Krishna G.D.R., Managing Director,

M/s SPM India Ltd, Bengaluru on

challenges the industry had faced,

specially logistics; the tech-

intervention required to meet the local

and global demands and to improve

overall on the basic needs. Tech-

upgradation is required but,

unfortunately, MSMEs are not able to

upgrade them easily as the software

cost is increasing rapidly, with every

update every time. During the panel

discussion, all the panelists expressed

their views on the difficulties being

faced by the companies/ MSMEs/

startups due to rapid increase in

software cost during each upgrade. A

possible solution to this problem can

be the development of open-source

better quality indigenous softwares or

if freeware, sharable software (like

CADD, CAM software) can be

provided or concurrent licenses of S/w

can be provided to MSMEs on a charge

basis so that they can compete on

national and international standards,

instead of depending on grants. The

need for digital infrastructure for the

small-scale industry was also

emphasised during the discussion.

Marketing is also one challenge for the

MSMEs. Data/design leakage is one

more concern, data security IPR

service may be made free to industries,

like learning from other countries so

that similar models can be

implemented. The Indian MSMEs

sector contributes about 29 per cent

towards the GDP through its national

and international trade and gives  65

million employments. MSME is a very

big sector and so necessary marketing

and software facilities can be

provided. Cluster methods can be

implemented. Post Covid-19

digitisation is a must; without it no one

will survive. Shri Mohanram P.J.,

Senior Advisor, IMTMA, Bengaluru

emphasised upon the issues faced by

the industries on HR, supply chain

from raw material to end customer,

data security and data leakage safety,

Dr. Nagahanumaiah, Director CMTI
addressing the event and giving technical
presentation

Shri N.G. Lakshminarayan, Chief BD, NRDC
addressing the event and giving technical
presentation
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backlogs of order supplies and on the

scope of certain minimum amount of

automation in factories, to achieve

higher production capacity and

efficiency. The automation gives

advantages of remote access, so that

remotely a few operations can be

controlled in a factory. Automation is

not actually against labour, rather it

supports labour and increases

productivity. 

To compete internationally we need

to increase our productivity and so

addition of limited amount of

customised automation as per need can

be beneficial. In case of sharing the

software with others, if the licensing

terms and conditions are allowed, a

S/w licensee can share the S/w with

MSMEs or other small companies on

charge basis.

NEW LICENSE

AGREEMENTS

On this occasion the Corporation

also handed over license agreements to

two Bengaluru based companies.

These technologies will help silk

farmers of the region both directly and

indirectly.

The license agreement for 'Vijetha',

a silkworm bed disinfectant

technology, was handed over to Shri

Bharat Tandon, Managing Director

M/s Healthline Private Limited,

Bengaluru. Vijetha supplement is a

silkworm body and rearing seat

disinfectant for the prevention of

silkworm diseases. The technology is

developed by Central Sericultural

Research & Training Institute

(CSRTI), Mysuru . 

Another company to which NRDC

handed over the license agreement

shri Mukesh gope proprietor during

the programme was M/s Nilima Silk,

Bengaluru, for the 'development and

characterisation of silk and silk

blended melange yarn'.  This

technology was developed by Central

Silk Technological Research Institute

(CSTRI), Bengaluru. 

Cmde Amit Rastogi (Retd), CMD, NRDC, Dr. Nagahanumaiah, Director CMTI and senior officials/scientists of CMTI and NRDC with the
participants

Cmde Amit Rastogi (Retd), CMD NRDC handing over the License Agreement to Shri
Mukesh Gope, M/s Nilima Silk, Bengaluru (From left to right: Dr. Nagahanumaiah,
Director CMTI, CMDE Amit Rastogi (Retd), CMD NRDC, Dr T. Srinivas, Scientist, CSTRI,
CSB, Shri Mukesh Gope, M/s Nilima Silk, Bengaluru and Shri N.G. Lakshminarayan,
Chief BD, NRDC)
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National Research Development

Corporation (NRDC) and Agricultural

and Processed Food Products Export

Development Authority (APEDA)

signed a memorandum of

understanding (MoU) for utilising the

expertise of both the organisations by

working jointly to synergise the

activities in the interest of agriculture

and allied sectors for bringing better

value to the stakeholders. 

The MoU was signed on 20 April,

2022, between Cmde Amit Rastogi

(Retd.), CMD, NRDC and Dr.

Sudhanshu, Secretary APEDA, in the

presence of APEDAChairman Dr. M.

Angamuthu, IAS at APEDA head

office in New Delhi.

The MoU is mandated to infuse and

disseminate technologies together, by

NRDC and APEDA, in the areas of

climate-resilient agriculture related to

zero carbon emission farming to

produce residue and carbon-free food

for exports. The MoU is also intended

for implementation of the Agri Export

Policy and to strengthen the export

value chain.

As per the MoU, both the

organisations will cooperate in

collaborative projects for the

commercialisation of embedded

technologies related to agri and food

processing at various levels of the

value chain for boosting the export of

agri products.

The key areas of cooperation

include developing and improvising

farm machinery for low cost, user-

friendly and energy-efficient tools for

small scale farmers, promoting and

supporting agri startups associated

with the NRDC Incubation Centre

(NRDCIC) for engagement in agri-

exports and strengthening the startup

ecosystem in the country and

nomination of expert resources of

NRDC and APEDA for mutual

knowledge sharing.

The 4th edition of IP Conclave and

Intellectual Property Talent Search

Examination (IPTSE) Awards, the

first-of-its-kind examination on

intellectual property in India was

organised in Delhi on 19 April 2022.

This event was organised and

administered by IPTSE Academy with

FICCI as the Award Partner and

supported by stakeholders such as

Ericsson as Industry Partner. Justice

Ms Prathiba Maninder Singh was the

Chief Guest and Prof. (Dr.) Unnat

Pandit, Controller General of Patents,

Designs & Trademarks, Department

for Promotion of Industry and Internal

Trade, the Guest of Honour.

Commodore Amit Rastogi (Retd),

CMD,  NRDC was invited as a key

note speaker and Dr. B.K. Sahu,

Regional Manager, NRDC invited as a

panelist along with Mr G.R.

Raghavender, Joint Secretary and

other dignitaries from industry. 

Justice Ms. Prathiba Maninder

Singh presented the IP Recognition

Award to NRDC, Vishakhapatnam

with a memento for impeccable

contribution to the field of IP

facilitation, management and

commercialisation. Recipients of the

honour included Mr. Ateesh Kumar

Singh, Joint Secretary, on behalf of

Ministry of Micro, Small & Medium

Enterprises (MSME); Dr. Ajay Garg,

Senior Director, on behalf of Ministry

of Micro, Small & Medium

Enterprises (MSME); Mr. Jitendra

Vijay, CEO, on behalf of Ministry of

NRDC inks MoU with APEDA

NRDC honoured by IPTSE Awards

Cmde Amit Rastogi (Retd.), CMD, NRDC (second from right) and Dr. Sudhanshu, Secretary,
APEDA (first from left), exchanging MoU in the presence of APEDA Chairman Dr. M.
Angamuthu, IAS (Centre)
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The Ministry of Heavy Industries

(MHI) signed an MoU with National

Research Development Corporation

(NRDC) to undertake various

activities for the smooth

implementation of their Scheme for

Enhancement of Competitiveness in

the Indian Capital Goods Sector in the

presence of  Dr. Mahendra  Nath

Pandey, Union Minister of Heavy

Industries and Shri Arun Goel,

Secretary, MHI. Cmde Amit Rastogi

(Retd), CMD, NRDC and Shri Vijay

Mittal, Joint Secretary, MHI signed the

MoU.        

As per the MoU,  NRDC will

conduct activities like evaluation and

review of the scheme, management of

intellectual property rights and

commercialisation support for the

products developed under the Capital

Goods Scheme Phase-I and II etc. on

behalf of MHI.     

Speaking on the occasion, Dr.

Pandey said that with a vision and

mission to put Indian economy on the

wheel of high growth, Prime Minister

Narendra Modi has given a mantra of

Atmanirbhar  Bharat and this MoU

will surely be able to help us to achieve

that. He further stated that the vision of

this MoU is to make India a global hub

for the manufacturing of capital goods.    

It may be noted that the MHI on 25

January 2022 notified the 'Scheme on

Enhancement of Competitiveness in

the Indian Capital Goods Sector

Phase-II' for providing assistance in

common technology development and

services infrastructure. The scheme

has a financial outlay of  s1207 crore

with a budgetary support of  s975 crore

and industry contribution of s232

crore to expand and enlarge the impact

created by Phase-I of Capital Goods

Scheme, thereby providing a greater

impetus through creation of a strong

and globally competitive capital goods

sector. 

Electronics and Information

Technology (MeitY) Start-UP Hub,

Dr. Sandeep Bansal, Scientist on

behalf of INSPIRE-MANAK,

Ministry of Science & Technology;

Mr G.R. Raghavender, Joint

Secretary, Department of Law &

Justice; Dr. Mohit Gambhir, Director,

Innovation Cell, Ministry of

Education; and Dr. Jatinder Kaur

Arora on behalf of Punjab State

Council for Science & Technology

(PSCST). The launch of a copyright

handbook by Justice Prathiba

Maninder Singh along with CMD,

NRDC and other dignitaries was

another highlight of the occasion. 

Lauding IPTSE Academy's efforts

to further the vision of putting India

on the national IP map, Commodore

Amit Rastogi (Retd), CMD, NRDC

said, "Awareness of IP is necessary at

the primary education and there must

be a culture of IP in all sectors of

economy." He emphasised upon the

need to expedite the IP examination

and granting of the IP that thrives on

technology and innovation. In this

context, he stressed upon the young

generation to create IP in any form

and highlighted the benefits of IPR in

safeguarding their creations, the

competitive edge that it provides, and

its key role in nation-building. 

IPTSE continues to be India's first

and only IP examination committed

to driving awareness on the need for

adopting and implementing best IPR

practices in the industry that will

safeguard the interest of our young

innovators and entrepreneurs and

foster a culture of innovation and

creativity throughout India. IPTSE

Academy has received continued

support from government, industry

and academic partners like AICTE,

Ministry of Electronics and

Information Technology (MeitY);

Ministry of Science and Technology;

Ministry of Micro, Small and

Medium Enterprises (MSMEs);

Punjab State Council for Science &

Technology; National Research

Development Corporation (NRDC);

INSPIRE; and scores of Indian

educational institutions that  played

an integral role in taking this

examination to aspiring young

students in every pocket of the

country.

Ministry of Heavy Industries signs MoU with NRDC

Cmde Amit Rastogi (Retd.), CMD, NRDC (first from left) and Vijay Mittal Joint Secretary, MHI
(first from right) exchanging MoU in the presence of Dr. Mahendra  Nath  Pandey, Union
Minister of Heavy Industries (Second from left) 
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entrepreneurs, and others. 

Invention Intelligence  publishes articles on current topics in science, new

technologies, inventions and innovations, research & development in various

fields, and Intellectual Property Rights issues.

• The subject matter of the article must be based on some current science

topics, new technologies, research and development, inventions,

innovations, etc.
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may be about 3,000 words. The write-up prepared for a column may be up

to 1,500 words. To make the article easily comprehensible and interesting,

suitable photographs/diagrams must be enclosed with the article. The

captions of photographs/ diagrams should invariably be given. If some

data have been used in the article then the reference to the original source

must be given.

• A declaration that the article is original and unpublished should accompany

the article. 

• Only the articles found suitable for publication will be published in the

magazine.

• If an article received for publication is found plagiarized or translated

verbatim from any source it will be straightaway rejected and the author

will be intimated accordingly. It may even lead to blacklisting of the author.

• The Editor reserves the right to select or reject any article for publication

and his decision in the matter will be final. The author will be intimated if

his/her article is not found suitable for publication.

• The author will be responsible for the copyright of the article and

photographs/diagrams sent by him. Invention Intelligence will in no way be

responsible for any copyright violation.

E-mail: ankita@nrdc.in
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