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13.1 INTRODUCTION
Agriculture is older than the existence of any civilization known to mankind 
and its history is as old as about 11,500 years.  Modern corn got domesticated 
about 4000years back from a wild grass called Teosintes.  Similarly, farmers 
of various parts of the world had rich knowledge about good cultivars and 
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they know the importance of preserving them much before the era of Mendel 
and Darwin. In the post-Mendelian era, scientists helped expand awareness of 
the Laws of inheritance in the scientific world. The Machine got invented which 
has decreased both time and effort of manpower to finish the same work. Liebig 
invented macronutrients for plant growth in the 1840s followed by the invention 
of inorganic fertilizers by Bosch-Haber. Haber’s breakthrough made mass 
production of inorganic fertilizers and so the crop production. In the late 1860s, 
mankind was using a chemical pesticide called Paris green against Colorado 
potato beetles and in 1882 the Bordeaux mixture against downy mildew on grapes 
in France. Later on, organo-pesticides have been manufactured and used in this 
sector. Some part of the world was preparing to cope with the post-world war-II 
crises in the first half of the nineteenth century whereas India was struggling 
with British rulers and famine. War already made agricultural land infertile and 
water stress condition was unable to support crop production. World leaders 
were looking at plant breeders with great hope to feed their countryperson and 
help developing nations with the surplus grain. Scientists across the world were 
working to improve varieties of maize, wheat, rice etc. Dr Norman Borlaug 
became successful in making a high yielding variety of wheat in Mexico called 
“Mexican dwarf”.  The Rockefeller Foundation played a very crucial role in 
developing high yielding rice variety at International Rice Research Institute 
(IRRI) in 1960 and in the early 1980s started a series of international projects. 
The genetic diversity of rice (Oryza sativa) became the key to creating an ideal 
type of tropical rice plant, a dream plant suitable for the agroclimatic condition 
of Asia. Similarly, George Harrison Shull an eminent American plant geneticist 
in the United States became successful in developing hybrid maize (corn) in 
the year 1910. The world’s agricultural production became more than tripled 
between 1960 and 2015.  The period from 1960 to 2000 became marked as the 
Green Revolution or agricultural intensification. 
For the first time in the year 1974, The World Food Conference held in Rome 
declared that “every man, woman and child have the right to be free from 
hunger and malnutrition” and set the goal of eradicating hunger in the world 
within a decade. As a result, in 1974 Food and Agriculture Organization of the 
United Nations (FAO) first began reporting on the extent of hunger in the world. 
‘Triple burden’ of malnutrition remains noticed as a global health emergency. 
In the 20th Century, agricultural intensification was the only way to feed the 
troubled people because of war and famine. Many nations were dependent upon 
the “imported grains”. To make the nation self-sufficient to feed was the topmost 
priority of the politicians and so this gain comes at the cost of environmental 
degradation that could not foresee.  We have enjoyed the optimum harvest in 
the 20th Century by supplying the best hybrid seed, inorganic fertilizers, using 
groundwater and converting forests into pasture and agricultural lands etc. 
In the crop year 2016/2017, a total of about 2.2 billion metric tons of grain were 
produced worldwide and corn shares about half of the total by producing 1.05 
billion metric tons. Similarly, statistics from India show food grains produced 
in 2016-17 was about 272 million tonnes and wheat and rice accounted for 
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78% of the food grains production in the country. Worldwide, the total number 
of undernourished has been steadily declining, yet it is 821 million in 2017. In 
India too 14% of the total population remains undernourished. 
Yes, we have gained production but the time has come when you have to do 
remedial measures for the wrong farm practices of the last century. Our soil has 
been eroded and sick, depletion of groundwater, and loss of agrobiodiversity 
are of key concern. Climate change is already at its peak and showing its impact 
through phenomena like El Niño that inflict both drought and flood conditions. 
No more soil has sufficient organic carbon and an inorganic fertilizer not only 
has disturbed the soil structure but excessive irrigation has disturbed the soil 
chemistry further. However, we expect more crop yield from agriculture in the 21st 
Century. To increase farm yield, we have to revisit some of the socio-ecological 
practices and appropriately modify them to feed the growing population. Each 
one has to take a proactive role in tackling the crisis of mammoth size which we 
have not yet thought of.

13.2 OBJECTIVES
After studying this unit, you should be able to:

•• define agricultural intensification;

•• identify factors contributing to agricultural intensification; 

•• explain the effects of agricultural intensification; 

•• explain the features of food security and

•• explain the challenges faced by the agriculture sector in the 21st century.

13.3 AGRICULTURAL INTENSIFICATION
Agricultural production more than tripled between 1960 and 2015, owing in 
part to productivity-enhancing Green Revolution technologies and a significant 
expansion in the use of land, water and other natural resources for agricultural 
purposes. What new happened in the 20th century that supported agricultural 
intensification in the 20th century? To list important few, the invention of the 
machine for mechanized farming, chemical fertilizers Chemical pesticides and 
the availability of high yield crop seeds. FAO Ethics Paper, technically defined 
agricultural intensification as an increase in agricultural production per unit of 
inputs (which may be labour, land, time, fertilizer, seed, feed or cash). On a 
simpler note, it is characterised by a low fallow ratio, higher use of inputs like 
capital and labour, and higher crop yields per unit of land area. 

13.3.1 History of Agriculture
Agriculture is the science and art of cultivating plants and livestock. The history 
of agriculture goes back thousands of years. It is as old as any recorded 
civilization. The early man survived by gathering grains from wild cultivars and 
around 11,500 years ago they have learnt to grow them in the field. Similarly, 
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animals like sheep, cattle etc. were domesticated over 10,000 years ago and 
used as means of transportation, food and as help in plant cultivation. People 
have gained knowledge about “cultivars” and varieties of food grains for more 
than 10,000 years ago. This knowledge was transferred from generation to 
generation through field observations in a more traditional way.  Access to water 
and means of transport created different civilizations like Indus Valley, Ancient 
Egypt, Ancient Greece, Roman Empire, ancient china, Sumer etc. and people 
were living in coherence with nature. People of the Indus valley civilization 
(3000-1500 BC) were growing rice about 4000 years ago. Teosintes, the wild 
grass of the Poaceae family were native to Mesoamerica and it was already 
hybridized to become modern corn (Zea mays).  Evidence of rice cultivation has 
been found at Lothal and Rangpur and later during the Harappan period as well. 
Later, different crop species were under cultivation on different continents of 
the world but people were unaware of the existence of different continents and 
innovations already happened in other parts. Means of transport were through 
sea and land,   Christopher Columbus in 1492, discovered a new world, America 
and that’s how the world came to know about crops like maize, potatoes, sweet 
potatoes etc. Improvement of cultivated crops and domestic animals kept 
practised through hereditary influence but without knowing how it happens? 
Scientists from across the globe have worked to improve plant and animal 
cultivars. Science did progress in every arena of life. 
To work upon a larger patch of land, the cultivators needed help from machines. 
Machine decreased both the number of manpower to finish the same in much 
less time. We came to know how macronutrients (Nitrogen, Phosphorus, 
Potash) are important for plant growth and credit goes to German chemist 
Justus von Liebig in the 1840s, and so scientists invented inorganic fertilizers. 
Fritz Haber, the German chemist (1911) developed the high-pressure method of 
extracting nitrogen from the atmosphere that is used today to produce nearly all 
the nitrogen used in industry and agriculture. Carl Bosch, working for German 
chemical company BASF, scaled up Haber’s laboratory experiment to industrial 
production. Pests were a problem and managing a variety of them was getting 
difficult and that’s how experiments with inorganic chemicals started followed 
by the synthesis of organics. 

13.3.2 	Drivers of Agricultural Intensification in the 20th  
	Century

13.3.2.1 Worldwide Plant Breeding Programmes
By 1900, cells and chromosomes were sufficiently understood to give Mendel’s 
abstract ideas a physical context (Roberts,1929).  During the first half of the 
20th century, there were two separate, but not distinct, areas of genetic studies: 
1) more classical genetics to study segregation and gene expression for many 
major genes, and 2) areas of genetics designated as quantitative genetics, 
biometrical genetics, and population genetics to study allele frequencies and 
their effects for the inheritance of complex traits.
The development of the world-famous “Marquis wheat” in Canada, released 
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to farmers in 1900, came about through sustained scientific effort. Sir Charles 
Saunders (1867 – 1937), a Canadian agronomist discovered “Marquis” wheat. 
He followed five principles of plant breeding: (1) the use of plant introductions; 
(2) a planned crossbreeding program; (3) the rigid selection of material; (4) 
evaluation of all characteristics in replicated trials; and (5) testing varieties for 
local use. Marquis was the result of crossing wheat long grown in Canada with 
a variety introduced from India. For 50 years, Marquis and varieties crossbred 
from Marquis dominated hard red spring wheat growing in the high plains of 
Canada and the United States and were used in other parts of the world. Early 
plant improvers, such as England’s Thomas Knight, John LeCouteur, and Patrick 
Shirreff for example, had some successes in selecting and breeding new wheat 
varieties. Similarly, rice crop improvement work was intensively carried out at 
The International Rice Research Institute (IRRI).

The third grain type that contributed to the green revolution was maize. 
Sturtevant (1899) reported that there were 189 distinct maize cultivars in the 
United States at the end of the 19th century. Two scientists, Edward Murray East 
and George Harrison Shull independently established a sound biological basis 
for hybrid corn in the early 1900s. Donald F. Jones invented the double-cross 
in 1917, a method of hybrid seed production that made possible the practical 
application of the earlier discoveries of East and Shull.  
So, far we have seen how plant breeders became active across the globe to 
enhance the food grain production mainly wheat and rice to feed the exhausted 
people of war and famine at the beginning of the mid-20th century.
13.3.2.2 Use of Machines and Pesticides 
Intensification of land use and labour power were two important processes of 
change during the 19th and 20th centuries. Yields quantify the effectiveness of 
land intensification, which is denoted in kilograms of useful crop produced per 
hectare of land used. Chemical fertilizers, irrigation techniques, application 
of weedicides and pesticides and use of plant breeding for improved varieties 
for improved seed grain production can be put in class “intensification of land 
use”. The aspect of intensification of labour-power is usually quantified by crop 
product produced per capita of human labour used. Mechanization provided the 
greatest opportunity for intensification of human labour-power.
Before 1960, mankind invented machines which have reduced the work of 
man in the field. Before 1840, herbal extracts like pyrethrum, nicotine etc. 
were used as pesticides. In the late 1860’s Paris green, chemical name Copper 
acetoarsenite became the first chemical that become successful to kill Colorado 
potato beetles in the American Midwest. Later in the year 1882, the Bordeaux 
mixture a mixture of calcium hydroxide and copper (II) sulphate came to act 
against downy mildew on grapes in France and lead arsenate was used against 
gypsy moths (1892) in the United States. In the year 1917, Calcium arsenate, 
developed, was the first synthetic chemical extensively used on a field crop, 
cotton. Paris green, Bordeaux mixture, lead arsenate, and calcium arsenate were 
all based on inorganic materials and the toxicity of metals. 
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The use of synthetic organic chemicals came into existence in the 1950s. Para-
dichlorobenzene (1-4 Dichlorobenzene) became the first organo-chemical that 
has acted against peachtree borer.  Dichlorodiphenyltrichloroethane, having a 
common name DDT became the most widely used product. 
13.3.2.3 Use of Chemical Fertilizers

Plants generally require soil containing high amounts of available nitrogen, 
phosphorus and potassium, called macronutrients as well as other micronutrients. 
Justus von Liebig emphasized the role of nitrogen (N), phosphorus (P) and potash 
(K) on plant growth and also proposed the “Law of the minimum” in 1843, i.e., 
crop yields are proportional to the amount of the most limiting nutrient.  Jean-
Baptiste Boussingault a French chemist, his works and experiments contributed 
to an understanding of the critical role of nitrogen in plant growth and ecological 
systems. 

However, plant nutrients are classified into three sub-groups based on plant 
growth needs. 

•• Macro or primary nutrients: nitrogen (N), phosphorus (P), potassium (K) 

•• Major or secondary nutrients: calcium (Ca), magnesium (Mg) and sulphur 
(S), and

•• Micronutrients or trace elements: Chlorine (Cl), Iron (Fe), manganese (Mn), 
boron (B), selenium (Se), zinc (Zn), copper (Cu), molybdenum (Mo) etc.

Later, Fritz Haber (1911) developed the high-pressure method of extracting 
nitrogen from the atmosphere and Carl Bosch scaled up Haber’s laboratory 
experiment to industrial production. Fritz Haber’s synthesis of ammonia from its 
elements, hydrogen and nitrogen, earned him the 1918 Nobel Prize in Chemistry. 
Haber’s breakthrough made mass production of inorganic fertilizers possible 
and led to a massive increase in the growth of crops and crop production for 
human consumption. The formation of synthetic nitrogenous fertilizer involves 
the formation of ammonia from atmospheric nitrogen and the formation of urea 
using ammonia. Many modifications have been done since the inception of 
the Haber-Bosch process. Of the 150 million tonnes of ammonia synthesized 
each year, approximately 83% goes to the manufacture of fertilizers needed 
for the agriculture sector alone. This has contributed significantly to intensive 
farming in the 20th century. Sir John Bennett Lawes, produced superphosphate 
in England in 1842. A combination of synthetic and organic fertilizers can be 
used to obtain nutrient balance and optimize plant growth.  

Different macro-nutrients play a specific role in the plant’s growth and so 
its amount in the soil gets depleted with each harvest. Intensive agriculture 
so needed it more. The global demand for synthetic nitrogenous fertilizers 
is increasing year after year. The need for N, P, K varies from plant-to-plant 
species and nitrogen is the most important primary nutrient, accounting for 
more than 50% of total consumption. About 50% of the nitrogen applied to 
crops is absorbed while the remaining is lost to the soil.
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13.3.2.5 Irrigation

Water is a critical input for agricultural production and plays an important role 
in food security. Irrigated agriculture represents 20% of the total cultivated land 
and contributes 40 per cent of the total food produced worldwide. Irrigated 
agriculture is, on average, at least twice as productive per unit of land as 
rainfed agriculture, thereby allowing for more production intensification and 
crop diversification. The agriculture sector alone is using the world’s 70% of 
groundwater. The United Nations Department of Economic and Social Affairs 
projects that the global population to reach between 8.4 and 8.6 billion people by 
2030 and between 9.5 and 13.3 billion in 2100. FAO estimates that over the last 
century the global water withdrawal grew 1.7 times faster than the population, 
which aggravates the concern over the sustainability of water use as demand for 
agricultural, industrial, and domestic uses continues to increase. 

About 90 % of the global food production increase needed by 2050 is projected 
to take place in developing countries, whose share of global food production 
will rise to 74% in 2050 (from 67% in 2007). Agricultural output increase in 
developing countries will be particularly strong for livestock production, with 
their share in global production growing from 55 % in 2005/2007 to 68 % in 
2050. 

Global withdrawal of groundwater is estimated to have grown from a base level 
of 100–150 km³ in 1950 to 950–1000 km³ in 2000. 40% of actually irrigated 
areas in the world can be attributed to groundwater sources.

Intensive farming is credited, especially in Asia, with having jump-started 
economies, alleviated rural poverty, and saved large areas of fragile land 
from conversion to extensive farming.  Over the past half-century, since the 
advent of the Green Revolution, the world’s annual production of cereals, 
coarse grains, roots and tubers, pulses and oil crops has grown from 1.8 billion 
tonnes to 4.6 billion tonnes. Growth in cereal yields and lower cereal prices 
significantly reduced food insecurity in the 1970s and 1980s, when the number 
of undernourished fell, despite relatively rapid population growth. Overall, 
the proportion of undernourished in the world population declined from 26% 
to 14% between 1969-1971 and 2000-2002 (http://www.fao.org/ag/save-and-
grow/en/1/index.html)

Through this subsection, we understood the reasons behind the agricultural 
intensification and some of the important processes followed to achieve it in the 
20th century. Since chemical fertilizers were utilized in a big way, groundwater 
also got exploited to achieve production many fold by growing hybrid crop 
types mainly wheat, rice and maize. Surely, we have quantified the gain in terms 
of crop productivity. South Asia alone has seen enhance in cereal production by 
50% between 1975 and 2000 and poverty declined by 30%. But, the time has 
come when we have to count the loss as well. As we forgot many thousands 
of years old practices we were following to keep good health of the soil, the 
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precious natural resources like water and especially groundwater and last but 
not the least the loss of many species and indigenous cultivars. Let’s discuss 
how agricultural intensification has impacted soil health. 

13.4 	EFFECTS OF AGRICULTURAL INTENSIFIC 
ATION

We all know that the basic  components of  soil  are minerals, organic matter, 
water and air. The typical soil consists of about 45% mineral, 5% organic matter, 
20-30% water, and 20-30% air.  The particle size in the range of 0.05 – 2.00 
mm in diameter is called sand; 0.002 – 0.05 mm in diameter as silt and clay, 
the finest one has a diameter less than 0.002 mm. The percentage of sand, silt, 
and clay found in the soil give “texture” to the soil. Whereas, the arrangement 
of the solid parts of the soil and the pore space located between them give 
them structure”. Formation of soil from parent rock takes 200-400 years in a 
mild climate whereas; to get soil all the virtues to sustain life may take a few 
thousands of years. 

Factors like population explosion, war, natural hazards, urbanization, land-use 
change including intensive agriculture etc. have been a huge toll on soil health 
and are on a constant rise. The agriculture sector will further need to increase its 
production by 70% to feed people in 2050. So, the situation of soil can be well 
imagined if we continue with the practices we are following. The irreparable 
loss of soil already gets hit as a result of the intensification of agricultural 
production is irreversible. With, this background, let us study how intensive 
agriculture has affected soil health. 

13.4.1 Soil Degradation 
Soil degradation is the decline in physicochemical and biological properties of 
soil. It can be the loss of organic matter and the release of greenhouse gases, the 
over-application of fertilizers, soil erosion, soil contamination, change in pH 
(soil acidification and salinization), and loss of soil microbial diversity. More 
than 33% of global soil has already been degraded due to factors like erosion, 
salinization, acidification, contamination, or compaction whereas, 52% of 
agricultural land has been affected by soil degradation. Need not to say, both 
land and soil degradation will further put in toll on the food price as a result of 
decreased yield. 

The impact of agricultural intensification on soils includes degradation by loss 
of soil organic matter and the release of greenhouse gases, over-application of 
fertilizers, erosion, soil contamination, acidification, salinization, and loss of 
soil genetic diversity. 

Soil degradation in India is estimated to be occurring on 147 million hectares 
(Mha) of land, including 94 Mha from water erosion, 16 Mha from acidification, 
14 Mha from flooding, 9 Mha from wind erosion, 6 Mha from salinity, and 7 
Mha from a combination of factors. Estimates of the loss of nutrients, using 
the annual soil specific erosion rates provided by the Central Soil and Water 
Conservation Research and Training Institute, ICAR, show that nearly 74 
million tons of major nutrients are lost due to erosion annually in India. On 
average, every year, the country loses 0.8 million tons of nitrogen, 1.8 million 
tons of phosphorus, and 26.3 million tons of potassium.
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13.4.1.1 Loss of Soil Organic Matter
Soil organic matter (OM) includes both, the plant and animal material in any 
form which returns to the soil through the process of decomposition. It not only 
provides the needed nutrients to plants but also provides shelters to a range of 
microbes. It further acts as a binding material to the soil, enhances the cation 
exchange capacity of the soil and so increases the water holding capacity of the 
soil. Mineralization makes nutrients available in a soluble form to plants through 
the process of oxidation.  With each harvest organic matter gets extracted from 
the soil and so organic carbon gets reduced to 30-60%. 
Other factors responsible for the loss of organic soil are increased activity of soil 
microbes, environmental conditions like increased temperature and humidity 
etc. Depletion of organic carbon goes hand in hand with the water availability in 
soil. Water stored in the soil is one of the crucial factors that decide agricultural 
production. 
Mineralization is directly proportional to the type and duration of harvest. More 
number of crops per annum means more mineralization.  Secondly, for intensive 
farming, more forest cover has also been changed to agricultural land which 
also led to the release of greenhouse gases.
Factors apart, global warming plays its catalytic role as well in unlocking soil 
organic carbon.
Now, the time has come when we have to give back organic matter to the soil 
through the methods of sustainable farming.
13.4.1.2 Overuse of Chemical Fertilizers
The application of nitrogenous followed by phosphatic and potash fertilizer 
has changed global food production. In intensive farming, overuse of these 
chemical fertilizers was commercially non-viable for farmers but also caused 
soil acidification and contamination of groundwater. Contamination does not 
get limited to the groundwater but it reaches farm ponds and streams, resulting 
in the eutrophication of water bodies. The excess loading of inorganic fertilizers 
perturbed the natural biogeochemical cycle and hence created contamination. 
Plant uptake nitrogen-fertilizer in the form of Nitrate (NO3

-) and ammonium ion 
(NH4

+). 
Overuse of nitrogen-containing fertilizers combined with the high nitrate (NO3

-) 
leads to increased leaching into groundwater, so causing groundwater pollution. 
Nitrate levels above 10 mg/L (10 ppm) in groundwater can cause “blue baby 
syndrome”. The most common form of phosphorus fertilizer used in agricultural 
practices is phosphate (PO4

+3). Excess use also resulted in the emission of 
nitrous oxide (N2O) which has a global warming potential of 300 times that 
of unit CO2 over 100 year of time scale. Loss through leaching of mineral-
nitrogen became higher when nitrate fertilizer was used as compared to urea or 
ammonium fertilizer. So, leaching is influenced by the type of N-fertilizers and 
crop type as well. Hence, farmers need to know more about the application as 
per the soil and crop type to avoid such losses.
Practices to Enhance Fertilizer Use Efficiency
Following practices are in-use to enhance fertilizer use efficiency in India.
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1.	 Precision Nutrient Application: Precision application of nutrients on a 
site-specific basis, is one of the key components of precision agriculture 
and governs all the major issues of improving productivity, sustainability, 
profitability and climate change-related turbulences.

2.	 Nano Fertilizers: Nanofertilizers  are being prepared by encapsulating 
plant nutrients into nanomaterials (iron and zinc etc.) 

3.	 Soil Health Card Mission, India: The scheme was launched on 19th 
February 2015. Under the scheme, the government plans to issue  soil 
cards to farmers which will carry crop-wise recommendations of nutrients 
and fertilisers required for the individual farms to help farmers to improve 
productivity through judicious use of inputs.

4.	 Neem Coated Urea (NCU): Coating urea with neem  seed oil ensures 
that all the urea applied is utilised by the plants. 

5.	 Variable Rate of Technology (VRT): It allows fertiliser, chemicals, 
lime, gypsum, irrigation water and other farm inputs to be applied at 
different rates across a field, without manually changing rate settings on 
equipment or having to make multiple passes over an area.

6.	 Placement of Nutrients: Placement of nutrients and fertilizer rates are 
important factors to be considered to produce the maximum yield of crops. 
Fertilizer placement leads to higher plant nutrient content than broadcast. 
NH4

+ + P or Urea + P placed at 10–20 cm soil depth shows the best plant 
growth

7.	 Promotion of N Fixing Crops  

8.	 Organic Farming: As per the definition of the USDA study team on organic 
farming “organic farming is a system which avoids or largely excludes 
the use of synthetic inputs (such as fertilizers, pesticides, hormones, 
feed additives etc) and to the maximum extent feasible rely upon crop 
rotations, crop residues, animal manures, off-farm organic waste, mineral 
grade rock additives and biological system of nutrient mobilization and 
plant protection”. In another definition, FAO suggested that “Organic 
agriculture is a unique production management system which promotes 
and enhances agro-ecosystem health, including biodiversity, biological 
cycles and soil biological activity, and this is accomplished by using on-
farm agronomic, biological and mechanical methods in exclusion of all 
synthetic off-farm inputs”. Conventional farming is no longer sustainable 
so India’s farmers have picked up again this farming towards food safety 
and sustainability.

9.	 Integrated nutrient management (INM): It refers to the maintenance of 
soil fertility and plant nutrient supply to an optimum level for sustaining 
the desired crop productivity through optimisation of the benefits from all 
possible sources of plant nutrients in an integrated manner. 500 million 
tons of crop residue is available in India which can provide 200 million 
tons of organic carbon. Per ton of crop residue provides Nitrogen 5.5 
kg; Sulphur 1.2 kg; Phosphorus (approximately 40%) 2.3 kg; Potash 
(approximately 10%) 25.0 kg; Organic Carbon 400 kg. So, integrating 
crop residue not only reduces the cost of fertilizers and strengthens the 
organic carbon along with other nutrients too.
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13.4.1.3 Soil Erosion
Soil erosion is the removal of the most fertile top layer of soil by natural factors 
like water and wind or through farming activities such as tillage or overgrazing. 
It can be caused by natural elements such as wind, water, and glacial ice. 
•• Wind erosion- It is also called eolian i.e., the transport of loosened soil 

particles by overland flow.

•• Water-

i.	 Gully erosion: When runoff water accumulates and rapidly flows 
in narrow channels during or immediately after heavy rains is called 
gully erosion. 

ii.	 Sheet erosion: When water flows as a sheet down a slope and as a 
result, the top part of the land is washed away is called sheet erosion.

iii.	 Ravine: Ravines are typically classified as larger in scale than gullies, 
although smaller than valleys. It is a landform that is narrower than a 
canyon and is often the product of stream bank erosion. 

Intensive farming promoted monocropping, the practice of growing the same 
crop on the piece of land, year after year. As a result, land lost nutrients and 
usage of inorganic fertilizer and flooding mode of irrigation played a synergistic 
role to degrade the soil through depletion of the binding material i.e., soil 
organic carbon. These factors caused loosening of the soil and hence made 
topsoil vulnerable. 

Box 13.1 "Dust Bowl" experienced in the United States during the early 
1930s!

As a result of dependence upon inorganic fertilizer and no application of 
organic fertilizers led to a condition called the "Dust Bowl", in the section 
of the Great Plains of the United States that extended over wheat fields of 
Kansas, Texas, Oklahoma, and South-eastern Colorado in early 1930s. Experts 
assured that “rain followed the plough." But between 1933 and 1935, drought 
struck the area. As a result, over half a million people were left homeless 
when their topsoil blew away. In a single storm, beginning on November 11, 
1933, topsoil from Oklahoma was blown to Chicago, where over 12 million 
pounds of it fell on the city like snow. Like alfalfa, guano, and nitrate in the 
nineteenth century, America's topsoil was travelled from west to east. On 
Black Sunday, April 14, 1935, dust storms were reported from the Canadian 
border to Texas. Visibility was less than five feet through the blowing dust. 
The agricultural disaster that became known as the "Dust Bowl" caused a 
mass departure of people from the high plains region that should never have 
been put under the plough. When the farms blew away the whole region was 
wiped out. This single incidence of soil erosion created more than 116,000 
refugee families on their way into California. Only by 2012, the region was 
once again producing 700 million bushels of wheat with the use of irrigation. 

(Source:https://mlpp.pressbooks.pub/americanenvironmentalhistory/
chapter/chapter-8-green-revolution/)
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Status of Soil Erosion in India
•• It has been estimated that an area of over 80 million hectares or about one-

fourth of our total area is exposed to wind and water erosion out of which 
40 million hectares have undergone serious erosion. 

•• About 21 million hectares are subject to severe wind erosion in Rajasthan 
and adjoining areas of Punjab, Haryana, and Gujarat. Wind erosion is a 
serious problem in arid and semi-arid parts of North-West India. 

•• 34 lakh tonnes of fertile soils are removed by the wind every year in the 
districts of Jodhpur, Bikaner, Kota, Jaipur, Bharatpur, Kishangarh etc. in 
Rajasthan. These areas receive scanty rainfall, devoid of vegetation cover 
and have sandy soil. 

•• According to estimates by the Indian Council of Agricultural Research 
(ICAR), the loss due to water erosion is 53.34 million hectares annually. 
There are 39.75 lakh hectare ravines spread in 18 states, out of which 27.65 
lakh hectares (or 69.55 per cent) are in the states of Uttar Pradesh, Madhya 
Pradesh, Rajasthan and Gujarat.

•• Chambal Development Scheme has shown that the area covered by ravines 
up to 4.5-6.0 metres in depth is about 50,600 hectares. 

•• In Madhya Pradesh, about 4 to 8 lakh hectares are affected by deep gullies 
and ravines along the banks of rivers Chambal and Kali Sindh. Out of this, 
about 2.4 lakh hectares are in the districts of Gwalior, Morena and Bhind.

•• States like West Bengal, Bihar and Uttar Pradesh are affected by ravines. 
The Ganga River alone is transporting about 30 million tonnes of eroded 
material per annum from the Gangetic plain to the Bay of Bengal. Similarly, 
the Brahmaputra is transporting about 10 million tonnes annually from the 
Brahmaputra valley to the Bay of Bengal.

•• More than 15 lakh hectares of forest land are cleared for shifting agriculture 
every year. The total area affected by shifting cultivation is estimated to 
be 45 lakh hectares. This is causing soil erosion, especially in Assam, 
Meghalaya, Tripura, Nagaland, Mizoram, Kerala, Andhra Pradesh, Orissa, 
Madhya Pradesh, Chhattisgarh etc. It is reported that about 207,287 hectares 
in Assam, 41,963 hectares in Tripura and 21,862 hectares in Manipur are 
under shifting cultivation. In Orissa, about 33,08,502 hectares of land are 
subjected to shifting cultivation. 

Management of Soil Erosion

Buffer Strip: Buffer strips are similar to bioswales as both  control  running 
water and contain loose sediment.
Crop Rotation: Crop rotation is growing a new type of crop in a field each year 
to help fight soil erosion.
Mulching: Applying a layer of mulch like wheat straw, wood chips, plastic 
sheet etc to the soil top prevent loss of water through evapotranspiration and 
restores soil pH.
Reforestation: It is the simplest way to reduce soil erosion by doing plantation.
Terracing: Turning the hill into terraces running across the slope can reduce 
soil erosion.
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Bunding: It is a creation of obstruction on the path of erosion to slow down the 
motion of run-off.
Windbreakers: On the margin of crop fields, the plantation of evergreen trees 
slows down the wind speed by acting as windbreakers and reducing wind 
erosion. 
Social Forestry: It can be best utilized to reduce erosion in the barren land. 
Through the participation of local people, the best possible barren lands like the 
side of rail tracks, river banks etc. can be reforested. 
13.4.1.4 Soil Contamination
Soil gets contaminated because of factors like the use of pesticides and fertilizers, 
improper disposal of livestock waste, livestock and agricultural deforestation. 
Pesticides and herbicides used in the agricultural fields to control pests and 
weeds respectively are persistent and it gets biomagnified as we move up in 
the trophic levels. Contamination of food crops with arsenic (As) is widely 
observed in the lower Gangetic plains of India and Bangladesh due to irrigation 
with contaminated groundwater. 
Main Sources of Contamination
1.	 Fertilizers

	 Plants must get not only macronutrients (N, P, K, S, Ca, and Mg), but 
also essential micronutrients (Co, Cu, Fe, Mn, Mo, Ni, and Zn). Large 
amounts of inorganic fertilizers are regularly added to soils in intensive 
agriculture systems to provide sufficient N, P, and K for plant growth. The 
compounds contain trace amounts of heavy metals (e.g., Cd, Pb, Hg) as 
impurities and as a result, gets accumulated over years in the soil. Metals, 
such as Cd and Pb, have no known physiological activity. Application of 
certain phosphatic fertilizers inadvertently adds Cd including F, Hg, and 
Pb to the soil.

2.	 Pesticides

	 Several common pesticides used fairly extensively in agriculture and 
horticulture in the past contained fair concentrations of heavy metals. 
Many insecticides and fungicides such as  Bordeaux mixture  (copper 
sulphate) and copper oxychloride contain Cu, Hg, Mn, Pb, or Zn as 
well. There are copper-containing fungicidal sprays in practice whereas 
lead arsenate was earlier used in fruit orchards to control some parasitic 
insects. Arsenic-containing compounds were also used to control cattle 
ticks and control pests in bananas and Cu, Cr, and As (CCA) are used to 
preserve the timber.  Leaching of these compounds has enhanced the soil 
concentrations far more than the background concentration. 

3.	 Biosolids and Manures

	 Biosolids (sewage sludge) are primarily organic solid products, produced 
by wastewater treatment processes. Typical examples of biosolids are 
livestock manures, composts, municipal sewage sludge etc. These are 
added to land and inadvertently lead to the accumulation of toxic heavy 
metals such as As, Cd, Cr, Cu, Pb, Hg, Ni, Se, Mo, Zn, Tl, and Sb. In 
the pig and poultry industry, the Cu and Zn are added to diets as growth 
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promoters and As are contained in poultry health products such as 
roxarsone (3-nitro-4-hydroxyphenylarsonic acid). These heavy metals are 
potentially toxic, even get biomagnified and get transferred from soil to 
crops grown.

	 In the United States, more than half of approximately 5.6 million dry 
tonnes of sewage sludge used or disposed of annually are land applied 
whereas, in Europe, over 30% of the sewage sludge is used as fertilizer 
in agriculture. Heavy metals most commonly found in biosolids are Pb, 
Ni, Cd, Cr, Cu, and Zn, and depend upon the intensity of the industrial 
activity and processes involved in biosolids treatment. Applications of 
biosolids can be leached downwards through the soil profile and can have 
the potential to contaminate groundwater as well. 

4.	 Wastewater

	 The use of municipal and industrial wastewater and other effluents is a 
common practice in many parts of the world. Worldwide, it is estimated 
that 20 million hectares of arable land are irrigated with wastewater. In 
several Asian and African cities, studies suggest that agriculture based 
on wastewater irrigation accounts for 50% of the vegetable supply to 
urban areas. Effluent treatment is still done improperly in the developing 
countries and these became a potential source of pollution to many rivers 
including the Ganga River in North India.  

5.	 Metal Mining, Milling Processes and Industrial Wastes

	 Mining and milling of metal ores along with the smelting process became 
a potential source of metal contaminants in soil. During mining, heavier 
and larger particles settled at the bottom of the flotation cell. Tailings 
are directly discharged into wetlands and pits resulting in elevated 
concentrations. Industries such as textile, tanning, petrochemicals from 
accidental oil spills or utilization of petroleum-based products, pesticides, 
and pharmaceutical facilities are also sources of soil contamination 

6. 	 Air-borne Sources

	 Airborne sources of metals include emissions of air, gas, vapour streams 
etc. Metals such as As, Cd, and Pb can also volatilize during high-
temperature processing, will convert to oxides and condense as fine 
particulates. Very high concentration of Cd, Pb, and Zn has been found in 
plants and soils adjacent to smelting works. Another major source of soil 
contamination is the aerial emission of Pb from the combustion of petrol 
containing tetraethyl lead; this contributes substantially to the content of 
Pb in soils in urban areas and those adjacent to major roads. Zn and Cd 
may also be added to soils adjacent to roads, the sources being tyres and 
lubricant oils.

Soil Remediation

Through various physical, chemical and biological processes, soil remediation 
can be achieved.  Hybrid approaches are mostly in practice to make the process 
cost-effective. 

A. 	 Chemical Method

1. 	 Solidification/Stabilization (S/S)
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	 Solidification involves the addition of binding agents to a 
contaminated material to impart physical or dimensional stability to 
contain contaminants in a solid product by reducing access through 
a combination of chemical reaction, encapsulation, and reduced 
permeability. Stabilization also termed fixation, involves the addition 
of reagents to the contaminated soil to produce more chemically 
stable constituents. Conventional S/S is an established remediation 
technology for contaminated soils and treatment technology for 
hazardous wastes in many countries in the world.

2. 	 Immobilization Techniques

	 Ex-situ and in-situ immobilization techniques are practical approaches 
to the remediation of metal-contaminated soils. The ex-situ technique 
is applied in areas where highly contaminated soil must be removed 
from its place of origin, and its storage is connected with a high 
ecological risk (e.g., in the case of radionuclides). 

3. 	 Vitrification

	 It is a high-temperature treatment of the contaminated area that 
results in the formation of vitreous material, usually an oxide solid. 
The increased temperature may also volatilize metal species (such 
as Hg) and destroy organic contaminants. It may be performed  ex-
situ or in-situ but in-situ processes are preferred to reduce the overall 
cost of energy and transport. This process can be easily applied for the 
reclamation of heavily contaminated soils with Pb, Cd, Cr, asbestos, 
and materials containing asbestos.

4. 	 Biochar

	 Biochar (BC) is a charcoal-like substance that’s made by burning 
organic material from agricultural wastes in a controlled process 
called pyrolysis. Pyrolysis at high temperatures generally produces 
hydrophobic biochars with higher surface area and micropore volume, 
allowing them to be more suitable for organic contaminants sorption, 
whereas biochars produced at low temperatures own smaller pore 
size, lower surface area, and higher oxygen-containing functional 
groups and are more suitable to remove inorganic contaminants. 
Nowadays both alkali modified BC and nanomaterial impregnated 
BC composites are highly favourable for enhancing the adsorption of 
different contaminants from wastewater. 	

B. 	 Physical Process

1. 	 Soil Washing

	 Soil washing is mainly a volume reduction/waste minimization 
treatment process. It is done on the excavated (physically removed) 
soil (ex-situ) or on-site (in-situ). 

C. 	 Phytoremediation

	 Phytoremediation is defined as an  in-situ  remediation method that uses 
vegetation and associated microbiota, soil amendments, and agronomic 
techniques to remove, contain, or render environmental contaminants 
harmless. Phytoremediation is energy efficient, aesthetically pleasing way 
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of remediating sites with low-to-moderate levels of contamination. It is 
more economically viable, and less disruptive to the environment using 
the same tools and supplies as agriculture. No disposal sites are needed. 
It avoids excavation and transport of polluted media thus reducing the 
risk of spreading the contamination etc. There are more precise ways to 
decontaminate soil or effluents.

a) 	 Phytoextraction: It is the term given to the process where plant roots 
uptake metal contaminants from the soil and translocate them to their 
above soil tissues. 

b) 	 Phytostabilization: It is also referred to as in-place inactivation with 
the use of certain plants to immobilize soil sediment and sludges. 
Contaminants are absorbed and accumulated by roots, adsorbed onto 
the roots, or precipitated in the rhizosphere. 

c) 	 Phytofiltration: It is the use of plant roots (rhizofiltration) or seedlings 
(blastofiltration), is similar in concept to phytoextraction, but is used 
to absorb or adsorb pollutants, mainly metals, from groundwater 
rather than the remediation of contaminated soils. 

13.4.1.5 Acidification
The optimal pH range for most plants is between 5.5 and 7.0. Soil acidification is 
the build-up of hydrogen cations (H+) in the soil, which reduces the soil pH 
typically below 5.5. Soil acidification is a major problem in crop production, 
affecting 40% of the world’s arable land and about 30% of global land surfaces.  
In India, out of 142 Mha of arable land, around 48 to 49 Mha is occupied by 
acid soils, of which 25 Mha show pH below 5.5 and 23 Mha have pH between 
5.6 to 6.5.
Causes of Soil Acidification
1. 	 Soil Organic Matter: Organic matter optimal in content has positive 

effects on the growth of plants but the increasing amount of organic 
matter may make the soil more acid. 

2. 	 Over-application of N-fertilizers: Over-application of N-fertilizers 
leads to the leaching of anions like nitrate ion (NO3

-) and the addition of 
lime (Ca2+) both these factors contributed to the reduction of the soil pH. 

3. 	 Excess of Rainfall: Weather condition where rainfall exceeds 
evapotranspiration also makes the soil acidic. 

4. 	 Lack of perennial grass/forest: For intensive agriculture, perennial 
grass, forest etc. got cleared to make crop fields as a result, roots which 
were there to capture nitrate caused its leaching down the soil profile, thus 
leading to faster rates of acidification. 

Impact of Soil Acidity on Crop Growth
1. 	 Poor plant growth and reduced productivity: Plants that are sensitive to 

acidity will decline in growth and productivity allowing weeds to increase 
or reduce soil cover which can lead to soil erosion. Plants sensitive to 
acidity include canola, lucerne, barley, beans, peas, medics and wheat.

2. 	 Nutrient loss: In strongly acid soils, potassium, calcium and magnesium 
can be depleted by leaching or removed in products such as hay and grain. 
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A lack of calcium can also contribute to soil structural problems

3. 	 Nutrient tie-up: Nutrients such as phosphorus and manganese can 
become unavailable as soil acidity increases

4. 	 Phosphorus inefficiency: Phosphorus combines with free aluminium 
and iron released in acid soils and becomes less available to plants. 
Molybdenum is also less available.

5. 	 Reduced microbial activity: Microbes that fix nitrogen or decompose 
organic matter are less active in moderately and strongly acidic soils.

6. 	 Declining land values: Loss of productive capacity due to acidity can 
reduce land values

Amendment/ Management of Acidic soil-
1. 	 Liming: Lime (calcium carbonate) and other liming materials reduce 

acidity by neutralising the acid reaction in the soil. Application of lime at 
the rate of 2.5 t/ha of good quality lime, improves the pH of sandy loam 
soils to around 5.2 to 5.4 pH. The finer liming material with higher purity 
and higher neutralising value (NV) preferably >80% provides a quicker 
response. Gypsum does not neutralise acidity. 

2. 	 Rates of N fertilisation: High rates of ammonium (NH4
+) fertilisers 

accelerate acidity. 

3. 	 Growing leguminous crops and pastures: Growing crops or pastures 
with high nitrogen requirements to utilise nitrogen produced by legume 
crops and pastures.

	 There are many crop varieties tolerant to soil acidity such as pineapple, 
coffee, tea, rubber, sweet potato, cassava, potato, rice, pigeon pea, finger 
millet, buckwheat, rice bean, Colocasia, ginger, turmeric etc. grown in 
India. Acacia species are tolerant to soil acidity as well in India. Crop 
species such as Lupinus, commonly known as lupin, wheat, triticale, oats 
(Avena sativa) and legumes like sub clovers are commonly grown in such 
soils in Europe and the Mediterranean. 

13.4.1.6 Salt-affected Soils
Salt-affected soils can be grouped into two categories saline soils and sodic 
soils. 
•• Saline soil- Saline soil is a non-sodic soil containing sufficient soluble salt 

like CaCl2, gypsum (CaSO4), magnesium sulphate (MgSO4), and potassium 
chloride (KCl) having an electrical conductivity of the saturated extract 
(ECe) being 4 deciSiemens/meter (dS/m) at 25°C. 

•• Sodic soils- Sodic soils have a pH between 8.5 and 10, having exchangeable 
sodium (Na) percentage (ESP) of more than 15.  Exchangeable sodium 
percentage (ESP) is the amount of adsorbed sodium on the soil exchange 
complex expressed in per cent (%) of the cation exchange capacity in 
milliequivalents per 100 g of soil. 

There are various factors responsible for increasing the extent and intensity of 
sodic/saline soil.  Use of improperly treated industrial effluents, over-irrigation 
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by flooding method and cutting of native forest for making cultivable land etc. 
are few.  Over irrigation has elevated the groundwater table and also transport 
of salts to the rooting zone and cutting of deep-rooted vegetation has resulted 
in an increased rate of groundwater recharge and so rise of the groundwater 
table. Salt-affected soils which include both saline soils and sodic soils, impact 
an estimated 1 billion ha of land, being most common in arid and semi-arid 
zones. Globally, salinity has made 0.3 to 1.5 million ha of farmland unfit for 
agriculture and also has reduced 20 to 46 million ha of cultivable land.
Management for saline soil involves “leaching” the soluble salts from the soil 
profile. Leaching requires the application of irrigation water at rates above 
and beyond the basic water needs of the crop. Leaching takes place with 
the percolation of soil solutes (soluble salts) under saturated soil conditions. 
Management of sodic soils involves replacing exchangeable sodium (Na) 
with a more favourable ion such as Calcium (Ca) and/or Magnesium (Mg) 
and leaching the soluble Na that has been replaced on the soil colloid by the 
application of excess irrigation water. Therefore, saline soils do not require 
amendments per se. The right choice of crops during the reclamation of sodic 
soils is crucial. Growing crops tolerant to excess exchangeable sodium can 
ensure reasonable crop yield during the initial phases of reclamation. Example:  
Rice (Oryza sativa) and dhaincha are more tolerant whereas wheat and bajra are 
only moderately tolerant. Legumes like black gram or Urd (Vigna mungo) and 
lentil (Lens culinaris) are relatively sensitive to excess exchangeable sodium 
(Na+).
13.4.1.7 Soil Genetic Diversity
Intensive agriculture certainly limited the genetic diversity of soil as a result 
of using an excess of fertilizers, pesticides, excess of irrigation and mono-
cropping. Any ecosystem has its resilience and so the soil ecosystem does have. 
To cope with these external drivers in crop production better soil management 
practices need to be followed in intensive agriculture too.   
Every microbe has an assigned and specific role to play whether it is in nutrient 
cycling from breaking down of organic materials to nitrogen capture. Hence, 
farmers are practising back green manuring to organic farming to enhance soil 
biodiversity and the net yield. 

13.5 	LANDSCAPE CHANGE AND LOSS OF  
AGROBIODIVERSITY

So far, we have seen how the second half of the 20th century has greatly 
contributed to increased global food and fibre production, which has enabled 
a rapidly growing world population to be fed. To gain manifold productivity, 
agricultural intensification has taken the form of an increase in single-crop 
cultivation i.e., monocropping and chemical pesticides, weedicides and 
fertilizers and mechanical inputs. This has not only deteriorated the soil and 
water quality, and biodiversity loss but has overall negative impacts on the 
environment. In 9 of the 14 global biomes, 20 to 50% of the land has been 
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converted to croplands or grazed grassland. Tropical dry forests were impacted 
the most by cultivation between 1950 and 1990. Temperate grasslands, 
temperate broadleaf forests, and Mediterranean forests experienced 55% or 
more conversion before 1950 for intensive agriculture. Because of the ever-
increasing population, agricultural expansion is expected to be greatest in 
developing countries and arid regions, while the agricultural area will decline in 
the developed countries.  (Millennium Ecosystem Assessment, 2005). Similarly, 
intensive agriculture has declined thousands of plant species cultivated for food 
to about 200 to contribute substantially to global food output and only 9 share 
the 66% of total crop production (FAO, 2019). We can well imagine the situation 
when our population will be 9 billion by 2050 if we continue Business as usual. 

13.5.1 Landscape Change
By 2050, food consumption must double to meet human needs. To meet this 
increasing demand for food, production systems are expected to become 
increasingly dependent on inputs of fertilizers, pesticides, and water. Irrigated 
lands will likely increase by 1.3-fold by 2020, and 1.9-fold by 2050. Pasture 
lands are also increasing, with an expected doubling in the area by 2050. In 
50 years, global agricultural land area is projected to increase by 18%, with a 
loss of 109 hectares of natural, wildland ecosystems. These trends will further 
increase the pressure on biodiversity in natural ecosystems, already under stress 
from human disturbances such as climate change. 
In the process of change from multi-cropping in the diversified landscape 
to the monocropping pattern, we have lost the ecosystem services offered 
like pollination, nutrient cycling, water purification etc. by those diversified 
landscapes. Pollination is particularly important for the production of fruits 
and vegetables. The role of ecosystem services for pollination is consistently 
underestimated yet is of global importance. In addition, the roles of biodiversity 
in nutrient and water cycling, climate regulation and other ecosystem benefit are 
becoming increasingly regarded as key to agricultural production. The natural 
resilience ie., the coping up mechanism against the external factor has declined. 
Diverse landscapes that incorporate agrobiodiversity and fragments of wildlands 
in an agroecological matrix are essential for the long-term sustainability of the 
food system. Hence, diversity not only at the farm but also at landscape levels is 
equally important to support and sustain food production.
13.5.1.1 Actions Responsible for Landscape Change in the 20th Century
1. 	 Shift of agriculture from mixed farming/multi-cropping to monocropping

2. 	 Converting perennial habitat (grassland) to arable fields

3. 	 Destruction of edge habitats (hedges, field boundaries, buffer zones along 
creeks)

4.  	 Reallocating land to increase field size and make farms more compact

5. 	 Increasing landscape homogeneity by simplifying landscapes with a 
limited number of land-use types

6. 	 Giving up traditional, low-intensity land-use management
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7. 	 Avoiding set-aside fallows and cultivating formerly abandoned areas (old 
fields, fallows)

7. 	 Reducing resistance to the invasion of introduced species

8. 	 Lowering landscape-wide water tables and

9. 	 Fragmenting natural habitat

13.5.2 Loss of Agrobiodiversity 
Agricultural biodiversity is the subset of biodiversity that contributes to crop 
and food production. It includes all the flora, fauna and microbes that support 
the production of food by maintaining nutrient cycling to keep the soil fertile, 
pollinating agents, the natural process of scavenging to the purification of water 
and air, and pests etc. There is some biota involved in the healthier functioning 
of the agroecosystem.  Many tribal societies have robust traditional ecological 
knowledge about varieties of native plants species.  It not only provided them 
food security but fulfilled their nutritional need as well. Under, intensive 
agriculture, only 9  crop species share 66% of total crop production (FAO, 
2019). This worries ecologists, policymakers and other stakeholders including 
informed citizens to do something. 
Do you remember the adoption of the  Convention on Biological Diversity 
(CBD), 1992? CBD is an international legal framework for the conservation 
and sustainable use of biodiversity. The resulting “Aichi Biodiversity Targets”, 
adopted in 2010, fully attest to the importance of mainstreaming biodiversity 
into development policies. As a result, in 2015, the United Nations’ Sustainable 
Development Goals provided a renewed impetus for a focus on using biodiversity 
for food and nutrition and linking that to the sustainability of farming systems. 
Hence, there is an urgent need to plan and implement a strategy to establish 
the scientific basis needed to address the trade-offs between food production, 
biodiversity conservation, ecosystem services, and human well-being in 
agricultural landscapes. 

13.5.3 Challenges and Opportunities
On a landscape scale, we have created homogenized farmed landscapes with 
the little non-crop area. Fragmentation of remaining natural habitats became 
a major cause of extinction of fragmented, small and isolated populations. 
Species losses are because of agricultural expansion and habitat fragmentation. 
Farmland birds are indicators of the quality of the agricultural landscape and 
constant decline means a lack of foraging and nesting habitat. Similar declines 
in insects, spiders and arable weeds etc. have been noticed. Pristine ecosystems 
play a central role in supporting biodiversity and so there is an urgent need to 
have a holistic approach towards landscape management to support biodiversity 
and agroecosystem functions. The percentage of pristine ecosystems is 7% 
worldwide but is deteriorating at a much faster rate. Losing a pristine ecosystem 
means the loss of habitat of most endangered species. As a result, we will force 
to have man-made nature reserves like central Europe which have been caused 
as a result of agricultural intensification and succession to forests.  Overall, in 
the middle of the 19th century, we had a mosaic of diverse habitats created by 
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low-intensity agriculture; this complex rural landscape was suiting the most to 
sustain biodiversity. 

There is a growing international awareness of threats to the sustainability of 
food and agriculture. The conservation efforts, both  in-situ  (e.g., protected 
areas, on-farm management) and ex-situ (e.g., gene banks, botanical gardens) 
are increasing across the globe, although levels of coverage and protection are 
often not adequate. Saving biodiversity is not only the need of the hour to sustain 
ecosystem services and enhance resilience but there are issues related to nutrition 
as well. We shall cover in the next subsection how altered landscapes i.e., from 
agroforestry to monocropping have forced many marginalized societies to be 
devoid of a balanced diet. 
A case from India- ATREE

But, before we move on, you must know initiatives taken up by “Ashoka 
Trust for Research in Ecology, and the Environment” (ATREE), Bangalore, 
India. They are working on three core projects of DIVERSITAS to promote 
the conservation of biodiversity at multiple scales using a diverse array of 
approaches. One of the programs focused on conservation and livelihoods in the 
Biligiri Rangaswamy Temple (BRT) Wildlife Sanctuary with a prime objective 
to describe system parameters relating to both ecological and interacting social 
systems (for example, genetic, species, and ecosystem diversity; land use and 
land tenure; and household determinants of resource use). The second objective 
is to examine the impact of human societies on ecosystem structure and function 
(for example the effects of a collection of non-timber forest products, agricultural 
production for local consumption, fire, and invasive species on biodiversity 
at the population and ecosystem level, the impact of land-use change on 
ecosystem services, and the effectiveness of protected area network as well as 
current management practices and policies on the conservation of biological 
diversity). The third objective is to design and implement management and 
policy interventions to mitigate human impacts and promote sustainable use 
of resources. The management interventions consist of enhancing biodiversity 
and productivity in agroecosystems to reduce pressure on forest biodiversity, 
provision of micro-credit, and promoting micro-enterprises based on biological 
resources, initiating governance reforms for sustainable use of forest resources 
in various organizations. The project uses a participatory approach for research 
and action, combines principles and approaches of ecology and economics, 
fosters social equity in sharing biodiversity benefits, and brings stakeholders 
together to define and resolve conservation problems. 

13.6 MALNUTRITION

Malnutrition refers to deficiencies, excesses, or imbalances in a person’s intake 
of energy and /or nutrients. It addresses three broad groups of conditions: 
undernutrition, stunting and overweight. ‘Triple burden’ of malnutrition remains 
a global health emergency. The ‘triple burden’ of malnutrition weighing on most 
countries consists of undernutrition, micronutrient deficiencies, and overweight 
and obesity.  Undernutrition is declining globally. Childhood stunting is a 
largely irreversible outcome of inadequate nutrition and repeated bouts of 
infection during the first few years of a child’s life. Micronutrient deficiencies 
like deficiency of micronutrients like iron, zinc etc. 
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It has been estimated that about 2 billion people which is 29% of the world’s 
population, faced micronutrient deficiencies in 2010. Micronutrient deficiencies 
are widely present in high-income countries as well. For example, in the Russian 
Federation and Georgia childhood anaemia in 2010 was 26%, and 16%, on 
average, across the European Union. 
Anaemia caused due to lack of iron contributes to 20% of all maternal deaths, 
with about 50 000 annually. Vitamin A (retinol) deficiency remains a public 
health problem in more than 100 countries which causes blindness in 250 000 
to 500 000 children every year. Similarly, Zinc deficiency affects about 30 % 
of the world’s population. A similar number of children have insufficient iodine 
intake, which significantly impairs their cognitive development. Vitamin B12 
is only found in animal source food. These nutrients are essential for a healthy 
immune system, which is needed to fight off infections.
Urbanization has created demand in the market to supply processed food that 
is easy and quick to cook as a result, lifestyles have become more sedentary. 
Meanwhile, changes in dietary patterns around the world have consequences 
for public health and sustainable development. People from around the world 
are now eating more meat, farmed chicken, processed red meat, processed dairy 
products and less than ten crop varieties as a staple food. 
In 2014, some 40  % of people aged 18 and over were overweight and, of 
these, 13% were obese. Childhood obesity increases the threat of early onset 
of obesity-related health complications. Obesity is conventionally associated 
with the intake of food excess, but it is also associated with micronutrient 
deficiencies.  People with obesity can be prone to deficiencies of micronutrients, 
such as zinc, iron, and vitamins A, C, D, and E. Caribbean islands and countries 
in the Middle East and Central America have reached extremely high rates of 
adult overweight and obesity. Some have a prevalence as high as 80%.  
The economic price of malnutrition is billions of dollars in lost productivity 
and health care costs. Annual GDP losses due to malnutrition average 11% 
in Asia and Africa—greater than the loss experienced during the 2008–2010 
financial crises. Though malnutrition is the outcome of many factors like food, 
health, and care and it’s not merely only about food security but equally about 
public health, water, sanitation and hygiene, and social protection. Intensive 
agriculture was the answer to feeding people in the mid-20th century. 
But, feeding safer food adequate in nutrient content has become the priority 
now. Ending hunger, achieving food security and improving nutrition are all 
key steps toward sustainable development (UN, 2016). Food safety is also a 
key concern, as unsafe food remains a major cause of disease and death (WHO, 
2015). 
Society has been transformed from a manual agrarian to a mechanised one. 
Monocropping has taken the driving seat of the world’s economy. Without 
giving a second thought we have converted the diversified ecosystem into a 
homogenized one. Many native species and their sub-types have already been 
lost. Overall changes in dietary patterns are affecting public health. Dietary 
patterns are not only reflections of what people eat but reflect complex social 
behaviours as well. The following feeding trends have been observed recently.
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1. 	 The consumption of more nutritious foods 

	 Between 1990 and 2013, the consumption of more nutritious foods 
increased worldwide. But the situation is not uniform. East Asia consumes 
a fair amount of fruits whereas wholegrain consumption is on the rise in 
South Asia. As compared to global data, per capita fruit consumption in 
sub-Saharan Africa, was 16 % below the global average level in 1990 and 
has further gone down by 2013. Dairy product consumption is highest in 
North America and Europe.

2. 	 The daily intake of protein 

	 In the last 50 years, the daily intake of protein has increased in developed 
countries. Per capita consumption of meat, eggs, milk and dairy products 
was merely 39 g per day in 1961 has improved to 52 g in 2011.  Most of this 
increase occurred in the 1960s and 1970s. Since the 1980s, protein intake 
from animal sources has remained almost constant. The daily per capita 
availability of protein from animal products in low- and middle-income 
countries has almost doubled from 9 to 20  g between 1961 and 2011. 
Globally, fish contributes around 18% of the total animal protein intake, 
but in some coastal communities and small island states the percentage 
can reach as high as 60 % (FAO, 2009). Global per capita consumption 
of seafood has been increasing and currently exceeds 20 kg per year. This 
trend is expected to continue as incomes rise and consumers become more 
aware of healthy food. 

	 Sustainable Development Goals not only talk about healthy diets but 
also raises the question of the carbon footprints these foods have on the 
environment. Processed, packages food, dairy-based food or meat-based 
food have much higher carbon footprints. It means the emission of various 
greenhouse gases into the environment is much more in these cases as a 
result of enteric fermentation, processing and transport etc. 

13.6.1 Challenges in Alleviating Malnutrition 
A total number of 925 million people was undernourished in 2010 and the 
developing nations share 16%. About 75% of those worst affected live in rural 
areas of developing countries, with livelihoods that depend directly or indirectly 
on agriculture. They include many of the world’s half a billion low-income 
smallholder farmers and their families who produce 80% of the food supply in 
developing countries. Together, smallholders use and manage more than 80% 
of farmland – and similar proportions of other natural resources – in Asia and 
Africa. 
Though various factors contribute to malnutrition, improved water, sanitation, 
and hygiene (WASH) can enhance the nutritional benefits of agricultural 
policies by reducing disease and enhancing nutrient absorption. There are 
linkages between agriculture and nutrition and Gillespie and Bold, 2017 gave 
six pathways- 
1. 	 Agriculture as a source of food for household consumption.  Farmers who 

grow will eat as well. It means monocropping forced them to consume 
few crops and hence a reason for malnutrition. 

2. 	 Agriculture became market-driven and having sufficient money to buy 
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other necessary items and services like health, education etc. depends 
upon the net yield and profit.  

3.  	 Agriculture is market-linked and various agricultural policies and food 
prices decide the profitability of the producer if a buyer can afford it.

4. 	 This sector has a strong linkage with the empowerment of women. An 
empowered woman in the family controls the nutrition-relevant resources. 

5. 	 Intensive agriculture discouraged women’s employment in agriculture 
because of heavy and prolonged workloads. 

6. 	 Intensive agriculture promoted heavy usage of fertilizers, pesticides etc. 
and as result women working in this sector were much more exposed to 
these chemicals. Many pesticides posed their risk as well.

Another reason behind malnutrition can be the consumption of unsafe food. 
Some 40 % of the food-borne disease burden was among children under 5 years 
of age, and the highest per capita burden was in Africa, followed by Southeast 
Asia and the Eastern Mediterranean. Aflatoxins, produced by two species of 
fungi are peanut allergens. Aflatoxins are poisonous carcinogens and mutagens 
that are produced by mould that grows on stored grains, such as maize, as well 
as on groundnuts, oilseeds and tree nuts.  The burden of aflatoxins is especially 
high in Africa, Southeast Asia and Western Pacific. Cyanide is released from 
natural substances in some foods and certain plants such as cassava, lima 
beans and almonds. Dioxin and related compounds (furans and polychlorinated 
biphenyls) are lipophilic and persist in the  food  chain. Over 90 per cent of 
human exposure to dioxins comes through food, mainly animal products, such 
as dairy, meat, fish, and shellfish. Once consumed, dioxins can stay in the body 
for a long time.

13.7 FOOD SECURITY

The World Food Conference, 1974 convened in Rome declared that “every 
man, woman and child have the right to be free from hunger and malnutrition” 
and set the goal of eradicating hunger in the world within a decade. As a result, 
in 1974 FAO first began reporting on the extent of hunger in the world. World 
Food Summit, 1996, defined food security as a condition when “all people, at 
all times, have physical and economic access to sufficient, safe and nutritious 
food to meet their dietary needs and food preferences for a healthy and active 
life”. 
The above definition talks mainly about four dimensions of food security-
1.	 Availability of food (supply side): Food production, stock levels and net 

trade

2.	 Economic and physical access to food: Policy focuses on incomes, 
expenditure, markets and prices in achieving food security objectives

3.	 Food utilization: Nutritional status of individuals depends upon good care 
and feeding practices, food preparation, diversity of the diet and intra-
household distribution of food

4.	 Stability of the other three dimensions over time.

It is important to know the duration of the problem but knowing the intensity 
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or severity of the food crisis is equally important.  This gives insight into the 
nature, extent and urgency of the assistance needed by the affected population. 
Food security analysts devised different indicators and benchmarks to classify 
food security. FAO determined undernourishment in terms of dietary energy 
consumption and defines it as “the proportion of the population whose dietary 
energy consumption is less than a pre-determined threshold”. This threshold is 
country-specific and is measured in terms of the number of kilocalories (Kcal) 
required to conduct sedentary or light activities. The undernourished are also 
referred to as suffering from food deprivation. The severity of undernourishment 
indicates, for the food-deprived, the extent to which dietary energy consumption 
falls below the pre-determined threshold.

In India, the number of people undernourished (million) in the year 2000 was 
191.20 million whereas it became 194.40 million in 2017.  In Asia, the number 
of people undernourished (million) in the year 2000 was 634.70 million whereas 
it became 512.90 million in 2017 (FAO, 2020). According to 2017 data, 14% 
of India’s population is undernourished whereas in a country like Tanzania it is 
30.7% of the total population. 

The dynamic nature of food security is implicit when we talk about people who 
are vulnerable to experiencing food insecurity in the future. There are three 
critical dimensions to define vulnerability- 

1. Vulnerability to an outcome;

 2. Vulnerability to a variety of risk factors; 

3. Vulnerability because of an inability to manage those risks. 

Indeed, a person can be vulnerable to hunger even if he or she is not hungry 
at a given point in time. Vulnerability analysis suggests two main intervention 
options: 1. Reduce the degree of exposure to the hazard; and 2. Increase the 
ability to cope.

13.7.1 Hunger, Malnutrition and Poverty
When someone is severely food insecure, they have run out of food and gone 
a day or more without eating. Hunger  is defined as a condition in which a 
person cannot eat sufficient food to meet basic nutritional needs for a sustained 
period. Hunger can manifest itself in different ways namely undernourishment, 
malnutrition and wasting.
1. 	 Undernourishment

	 According to the World Food Programme, undernourishment is defined as 
a condition when people do not take in enough calories to meet minimum 
physiological needs. 

2. 	 Malnutrition

	 Malnutrition is defined as a condition when people have an inadequate 
intake of protein, energy and micronutrients. Malnutrition may be an 
outcome of food insecurity, or it may relate to other factors, such as 
inadequate care practices for children, lack of healthcare services; and 
an unhealthy environment. This results in stunted growth in children. 
Further, if starvation of the right nutrition continues for long, individuals 
or populations can even die from common infections such as diarrhoea.
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3. 	 Wasting

	 Wasting, usually, the result of starvation or disease is an indicator of acute 
malnutrition with substantial weight loss.

	 Children facing hunger, food insecurity and undernutrition, today may have 
a higher risk of being overweight, obese and chronic diseases like diabetes 
later in life. In many countries, undernutrition and obesity coexist and both 
can be consequences of food insecurity.

The threshold for obesity is a BMI ≥30. Child obesity is of increasing concern and 
was included in the latest global nutrition goals for 2030 (“no increase in child-
hood obesity”)

The threshold for obesity is a BMI ≥30. Child obesity is of increasing concern  
and was included in the latest global nutrition goals for 2030 (“no increase in child-
hood obesity”) is characterised in many ways.

It encompasses individual sensations and household behavioural responses, 
food scarcity (actual or feared) and national food balance sheets that focus on the 
s u p p l y  o f  e n e r g y  ( k i l o c a l o r i e s )   i n  a n y  c o u n t r y   i n   r e l a 
tion to a minimum threshold of need. The food balance sheet approach is the only 
standard of measurement used globally. It is based on data collated by the Food and 
Agriculture Organization of the United Nations. This organisation has replaced its  
previous use of the word “hunger” in describing this metric with the phrase “chronic  
undernourishment”. This today is dened as “a person’s inability to acquire enough  
food to meet daily minimum dietary energy requirements during 1 year” 
is characterised in many ways. It encompasses individual sensations and 
household behavioural responses, food scarcity (actual or feared) and national food  
balance sheets that focus on the supply of energy (kilocalories) in any country in rela 
tion to a minimum threshold of need. The food balance sheet approach is the only  
standard of measurement used globally. It is based on data collated by the Food and 
Agriculture Organization of the United Nations. This organisation has replaced its  
previous use of the word “hunger” in describing this metric with the phrase “chronic 
undernourishment”. This today is dened as “a person’s inability to acquire enough  
food to meet daily minimum dietary energy requirements during 1 year.

The proportion of people defined as hungry over the long term (usually termed 
“chronically undernourished”) fell from 18.6% globally in 1990-2002 to under 
11% in 2014-16. That was a decline of 211 million people whiles the world’s 
population increased by 2 billion. Of the roughly 800 million undernourished, 
780 million are in low-income countries, especially in sub-Saharan Africa and 
South Asia. The continents of Africa and Asia have the greatest number of people 
living in extreme poverty, and it is here that extreme hunger and poverty together 
present the greatest risk of famine. Famine is the most acute face of hunger. Over 
70 million people died in famines during the 20th century.

Deaths from famine fell from the mid-1980s onwards. However, as of 2017 
four countries were again struggling to cope: Somalia, Yemen, South Sudan, 
and Nigeria. In each case, instability induced by conflict, terrorism, drought 
and decades of failed governance has left over 20 million people facing famine, 
including 1.4 million children “at imminent risk of death.

A major cause of mortality in famines is children becoming severely wasted. 
Around 52 million children were wasted in 2016, of which around 70% (36 
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million) resided in Asia. Roughly 12.6% of deaths among children under 5 are 
attributed to wasting worldwide. Roughly 30% of stunting by a child’s 3rd year 
can be attributed to being born small for gestational age, which is linked to 
nutrition before birth and health problems of the mother. 

While poverty is undoubtedly a cause of hunger, lack of adequate and proper 
nutrition itself is an underlying cause of poverty. Food security needs a 
cohesive action plan by combining income growth supported by direct nutrition 
interventions and investment in health, water and education. Marasmus and 
Kwashiorkor are still prevalent in children of developing countries. Marasmus 
is a form of severe malnutrition characterized by energy deficiency. It can occur 
in anyone with severe malnutrition but usually occurs in children. On the other 
hand, the main  cause  of  kwashiorkor  is not eating enough protein or other 
essential vitamins and minerals. It’s most common in developing countries 
with a limited food supply, poor hygiene, and a lack of education about the 
importance of giving babies and children an adequate diet.

A holistic approach is needed to eradicate hunger and malnutrition. It will not be 
just sufficient to only focus on the production end. As, in 2016, the world hit a 
new record by producing over 2.5 billion metric tons of cereal grains—up from 
1.8 billion tons 20 years earlier. But yet hunger persists. It’s good that we have 
set “The sustainable development goals-2030” but to achieve it holistic action 
of each nation and each one of us needed to make the world hunger-free and all 
free from all forms of malnutrition by 2030. 

13.7.2 Interdepartmental approach to alleviate hunger
A few important sectors that are playing a vital role to alleviate hunger are-

Agriculture: Promotion and support of smallholder horticulture production; 
investments in research and extension supporting productivity gains in foods 
rich in nutrients; promoting food market development to increase smallholder 
farmer incomes and price accessibility to diets rich in nutrients.

Health: Establishment of high quality, high coverage health services, including 
nutrition counselling and reproductive health; effective reduction of the burden 
of infectious diseases; promotion of evidence-based dietary guidelines to the 
population.

Education: Universal enrolment and retention of girls in schools; use of schools 
to provide instruction on nutrition and health; promotion of awareness of a 
healthy diet through school gardening; enhanced curricular initiatives on diet, 
and physical activity.

Water and sanitation: National and local programmes that eliminate open 
defecation; universal provision of clean water; promotion of good sanitation 
and hygiene practices.

Market development: Micronutrient fortification of widely accessible foods, 
including salt iodisation; quality and food safety regulation.

Resilience building: Implementing effective social safety nets that smooth 
income flows and food consumption among vulnerable groups.

Food Saving: Loss of a kilogram of wheat and rice would mean wasting 1,500 
and 3,500 litres of water respectively that goes into their production. According 
to Food and Agriculture Organization (FAO), every year around 1.7 billion 
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tonnes or almost one-third of food produced for human consumption are lost or 
wasted globally. The carbon value of this 1.7 billion tonne of food generation is 
equivalent to 0.55 billion tonnes in the world.

13.7.3 Agricultural intensification and Food Security 

FAO yet measures “food security” in terms of the sufficiency of national-level 
food supplies relative to estimates of national-level calorie requirements, as 
it has since the 1970s. While this is undoubtedly an important facet of food 
security and useful because it is relatively easy to measure, its use has likely 
perpetuated the idea that to improve food security, the focus should be on the 
national production of more calories instead of producing a diverse range of 
foods to encourage diversity in diets.

So, we have already discussed how rapid population growth puts pressure 
on land-use change and the demand for food needs to be fulfilled.  We have 
limited natural resources like land and water, conversion of agricultural land to 
housing etc. is on the rise and as a result, we are on the verge of clearing pristine 
ecosystems, which currently cover about 7% of the total area. Forest cover is 
being converted into pasture, plantations and agriculture. But, for how long and 
to what extent we can continue clearing these forests for other use?

So, the way to meet the food demand was intensive agriculture. In agricultural 
intensification, to increase agricultural production, we devised mechanisms 
to save labour, land, time, fertilizer, seed, feed or cash. Most of the farmers 
who were holding a small patch of land have increased inputs of hybrid seeds, 
inorganic fertilizer, chemical pesticides, exploitation of groundwater etc. to 
enhance the productivity i.e., output per unit area of land.

So, we have seen strategies made across the globe to meet food crises emerge 
as a result of war, famine and an ever-growing population. While targeting 
the output many lapses have been recorded and many lessons mankind have 
learnt. We have disrespected nature by exploiting natural resources and had used 
synthetic chemicals like DDT and so on without remembering the limitation 
of ecosystem resilience. We never counted the ecosystem services biodiversity 
offered us since our civilization. What we were worried about was the crop 
productivity and to meet per capita per day kilocalorie of energy need, we 
stopped counting the nutrients offered to mankind through agrobiodiversity. 
Hence to continue providing food supplies to feed the growing population, 
farmers have to intensify food production sustainably.

Forms of Agricultural Intensification

Adoption of high-yielding as well as drought, pest and disease tolerant  seed 
varieties.

Through the increased application of nitrogen fertiliser. 

Farmers adopt agricultural technology and machinery to accelerate production. 
Tractors for tilling the land, combine harvesters, seed planters, overhead 
irrigation usually replaces or substitute human labour more efficiently and the 
yield is higher, for instance, farm mechanization has led to increased production 
of soybean, maize and dry-land rice in southwestern Brazilian Amazon

Farmers adopt irrigation technology. 
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Apart from that water harvesting techniques that are cheap and efficient can be 
designed especially for small landholdings.

Farmers adopt agricultural ecological farming practices like intercropping.

Improving nitrogen uptake and fixation  is another form of agricultural 
intensification. Nitrogen utilisation can be improved through practices like 
precision farming or planting nitrogen-fixing crops, for example, legume plants 
like beans, and soybeans amongst others.

Agriculture intensification can also be achieved through food fortification 
which again improves nutrition.

The second Sustainable Development Goal (SDG 2) explicitly aims at ending 
hunger, achieving food security and improved nutrition, and promoting 
sustainable agriculture, simultaneously by 2030. Let us discuss why and where 
hunger yet exists? 

1. 	 Countries with the highest levels of hunger are usually those with civil 
conflicts. Countries like the Central African Republic and Chad have a 
high risk of conflicts and have the highest levels of undernourishment.  A 
civil conflict just not only creates food scarcity by lacking the ways and 
means to get it. But its impact can be seen as malnutrition but goes further 
by impacting the women and children from psychological disorders to 
having sexually transmitted diseases.

2. 	 Condition of extreme poor still exists and the majority of it is still found 
in Asia. About three-fifths of it is concentrated in Bangladesh, China, the 
Democratic Republic of Congo, India and Nigeria. 

3. 	 Rising inequality within the fast-growing developing nations. Higher 
inequalities sabotage the resilience of societies to possible shocks in 
development patterns and leave larger shares of the population vulnerable 
to poverty. Though between 2005 and 2015, greater progress was made 
and double as many people escaped chronic undernutrition as compared 
to 1990–2005. But yet we will miss the target of eradicating hunger by 
2030 if this pace of eradication continues. But the good news is that the 
prevalence of undernourishment went down by almost half between 1990 
and 2016 in Latin America, East and Southeast Asia, the Caucasus and 
Central Asia, and North and West Africa. 

4. 	 Last but not least, the Gender inequality in the agriculture sector.  The 
rural poor women became so much vulnerable. Over 60 % of people living 
in hunger are female.  Women face challenges in accessing economic 
opportunities and participation in decision-making processes. Similarly, 
their decision-making capacity remains limited, including in community 
decisions over natural resources. Women’s limited access to productive 
resources is hampering productivity growth on smallholder farms and 
perpetuating income inequalities. Consequently, in sub-Saharan Africa, 
the agricultural productivity levels of female farmers are between 20 
to 30 % lower than those of male farmers because of the gender gap in 
access to resources. 

13.7.4 Public Distribution System in India
India’s Public Distribution System (PDS) is the largest distribution network 
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of its kind in the world. Public distribution of food grains was retained as a 
deliberate social policy by India when it embarked on the path of planned 
economic development in 1951. In the first five-year plan, the system, which 
was essentially urban-based till then was extended to all rural areas which 
suffered from chronic food shortages. By the end of the Second Five Year Plan, 
PDS had changed from the typical rationing system to a social safety system, 
making available food grains at a ‘fair price’ so that access of households to food 
grains could be improved. The concept of buffer stocks was also incorporated 
into the overall food policy.

By the 1970s, PDS had evolved into a universal scheme for the distribution 
of subsidised food. In the 1990s, the scheme was revamped to improve 
access to food grains for people in hilly and inaccessible areas and to target 
the poor. Subsequently, in 1997, the government launched the Targeted 
Public Distribution System (TPDS), with a focus on the poor. TPDS aims 
to provide subsidised food and fuel to the poor through a network of ration 
shops. Food grains such as rice and wheat that are provided under TPDS are 
procured from farmers, allocated to states and delivered to the ration shop 
where the beneficiary buys his entitlement. The centre and states share the 
responsibilities of identifying the poor, procuring grains and delivering food 
grains to beneficiaries. In September 2013, Parliament enacted the National 
Food Security Act, 2013. The Act relies largely on the existing TPDS to deliver 
food grains as legal entitlements to poor households. This marks a shift by 
making the right to food a justifiable right. 

13.8 AGRICULTURE IN THE 21ST CENTURY 

We have seen how the transformation began in the early years of the 20th 
century following several scientific discoveries including chemical fertilizers, 
pesticides, high yielding variety, etc. which has changed the face of agriculture 
to become a system of “gain” called intensive agriculture. A breakthrough 
registered in the second half of the twentieth century with the discovery of new 
plant-type genes in wheat and rice, which were instrumental in giving rise to 
the green revolution also called the yield revolution. The yield revolution has 
evolved with the birth of the new technology which is energy-intensive. So, 
what is needed is a new paradigm of inclusive agriculture green growth. 
Today agriculture shares about 40% of all liveable land areas in the world. 
Monocropping oversimplified the landscape and as a result, we lost ecosystem 
services offered by the biodiversity both at the landscape level and field level. 
The tropical forest is constantly under a slashing process, as a result, many 
endangered species are on the verge of extinction. Urbanization has already 
posed threat to catchments and extraction of groundwater for agricultural 
use has made scarce potable water. Initially, our soil responded well to the 
application of inorganic fertilizers and gave us a return in terms of yield.  
But now that fertility is no more and our sick soil needs organics and other 
reclamations. 

So, to achieve SDG 2 on zero hunger by 2030, we need to do a lot to change 
our strategies to take this sector forward to become a sustainable green sector. 
We need to re-practice some of our old proven practices.

1. 	 Agroecology: We have to take corrective measures and mimic nature 
through developing agroecological practices. A few decades back, 



293

Environmental 
Changes and 

Nutritional 
Security 

agronomists noticed a sharp increase in pest outbreaks in the modern 
monocropping system. Ecologists were trying their best to build a 
complex interaction system between insects and plants to understand it 
better. And there comes a term, agroecology which is the application of 
ecological science to the study, design, and management of sustainable 
agriculture. 

	 The agroecological systems are based on five ecological principles: 
(1) recycling biomass and balancing nutrient flow and availability; (2) 
securing favourable soil conditions for plant growth through enhanced 
organic matter; (3) minimizing losses of solar radiation, water, and 
nutrients by way of microclimate management, water harvesting, and soil 
cover; (4) enhancing biological and genetic diversification on cropland; 
and (5) enhancing beneficial biological interactions and minimizing the 
use of pesticides.

	 So, we understood the importance of agroecology and the ecological 
services offered by it. Hence, we can say that simplification and 
monocropping are no solution if we want sustained supply. We need to 
revive the natural nutrient cycling and other ecosystem services through 
diversification of landscape by integrated landscape management and by 
promoting multi-cropping. We need to calculate the gains forest offers to 
crops. 

2. 	 Local to global: We have done enough by growing hybrid seeds to supply 
in the international market. But time has come when we must realise 
that each crop variety will not respond uniform to variable agro-climatic 
conditions. We must catch the local need and accordingly planning must 
be done to fit local priorities on land use, use of agricultural inputs, 
priority crops and ecosystem management. Let farmers decide whether 
wheat or ragi (finger millet) to be grown as per the soil type, availability 
of water etc. so that they will have sufficient food to eat. Let’s go “local 
to global”, only surplus food to put in the supply chain.

3. 	 Developing sustainable cities: By 2050 two-thirds of the world’s 
population will live in the cities. It will be highly important to make 
their food secure, the city must start investing in growing its food. Cities 
can’t just expect sustained supply by doing nothing. Rather, the time 
has come when users will have to take the onus to support biodiversity 
conservation, water conservation and maintain ecosystem services. 
People’s participation becomes a must to improve ecosystem resilience 
through urban-rural partnership.

4. 	 Building cross-sector coalitions: Agencies of the United Nations act at 
the international level but to get those international policies translated 
into initiatives at the field level needs coalitions at the national level 
to state to the district to tehsil level. Interagency coalitions needed to 
translate policies through a top-down approach.

5. 	 Financing for sustainable farming: Agribusiness needs integrated 
investment through various schemes and financing models like public-
private partnership etc. in light of sustainable green farming and 
landscape management. 

6. 	 Sound science and innovation: These are the keys to sustainable 
agriculture. Greater investment is needed in the basics of agronomy, 
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biotechnology, and plant breeding to ensure that farmers and consumers 
everywhere benefit from science and technology. Farmers must receive 
support for implementing sustainability measures, especially in light of 
the downward trend of commodity prices. A sustained effort is needed to 
make this sector a net sink of greenhouse gases rather than emitters.

13.8.1 Challenges to Yield Revolution in the 21st Century 
The world population is expected to reach 10-11 billion towards the end of the 
21st Century. We will need at least 1billion tonnes of grain annually by 2025. 
So, there will be huge pressure on the available land to meet the production 
target. The 21st century demands substantial changes in the world’s food system, 
including sustainable intensification to simultaneously raise yields reducing the 
negative environmental effects of crop production. So, our eyes shall remain 
on enhancing the yield by adding ecosystem services of the agro-ecosystem. 
M.S. Swaminathan, the architect of the first Green Revolution in India as well 
now advocates organic farming. Alan Savory calls the 21st-century revolution 
a “Brown  Revolution”, one that enhances soil organic matter, leading to 
sustainable productivity gains. Agriculture in the twenty-first century will have 
to respond to challenges of a different kind.

1. 	 Eradicating extreme poverty, hunger and malnutrition

	 We have already seen how South Asian countries including sub-Saharan 
countries are still facing extreme poverty. To eradicate hunger, we must 
succeed in building resilience to conflicts and disasters. 

2. 	 Sustainably improving agricultural productivity and distribution 
system

	 There is an urgent need to make agricultural production more sustainable 
and food systems as a whole more efficient, inclusive and resilient. As, 
agriculture remains a much less capital-intensive practice in low- and 
middle-income countries and so, investments are required to develop 
new varieties and hybrids. We need to have better extension services, 
storage facilities, and basic rural infrastructure to access regional or local 
markets, insurance against weather-related risks, and support to farmers’ 
organizations and cooperatives.

3. 	 Addressing climate change, hike in oil price and intensification of 
natural hazards

4. 	 Job creation and income diversification

	 A rethinking of food systems and governance is essential for meeting current 
and future challenges. Social protection combined with pro-poor growth 
will help meet the challenge of ending hunger and addressing the triple 
burden of malnutrition through healthier diets. Permanently eliminating 
hunger, malnutrition and extreme poverty also requires building resilience 
to protracted crises, disasters and conflicts, and preventing conflicts by 
promoting inclusive and equitable global development. New job creation 
will further improve income-earning opportunities in rural areas and 
address the root causes of migration.

5. 	 Environmental and efficiency concerns

	 A serious effort should be initiated to develop alternative land use, farming 
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systems, and food systems scenarios for the 21st century. The capacity 
to monitor the agricultural sources and impacts of environmental change 
should be strengthened. The design of technologies and institutions to 
achieve more efficient management of surface and groundwater resources 
will become increasingly important. The modelling of the sources and 
impacts of climate change must become more sophisticated. Research 
on environmentally compatible farming systems should be intensified. 
Intermediate efforts should be made to reform agricultural commodity and 
income support policies. Alternative food systems have to be developed. 

6. 	 Integration of smallholders into value chains and maintaining 
competitiveness in the market

	 Agriculture in the 21st century will face the challenge of integrating 
smallholders into value chains. We need to link up production with the 
market and it’s an opportunity for the smallholders to get the actual price 
in the market with the help of technology and make their presence in the 
global market. 

7. 	 Coherent and effective national and international governance

	 Various agencies of the United Nations are being engaged in framing 
international laws and delegations of the same at the country level. 
Countries are facing many challenges and at times priority gets diluted 
at the implementation level. So, governance plays so much importance in 
prioritizing the agenda to get implemented at the national level and further 
down at the state level to district level and so on. 

13.9 	INITIATIVES BY THE GOVERNMENT OF  
INDIA

The government of India has implemented the best possible available 
technologies through various governments Programs including the adoption of 
innovative models at various levels. 

1. 	 Soil Health Card (SHC)

	 Soil Health Card (SHC) is a Government of India scheme promoted 
by the Department of Agriculture & Co-operation under the Ministry 
of Agriculture and Farmers’ Welfare. It is being implemented through 
the Department of Agriculture of all the State and Union Territory 
Governments. SHC is a printed report that a farmer will be handed over 
for each of his holdings. It will contain the status of his soil concerning 12 
parameters, namely N, P, K (Macro-nutrients); S (Secondary- nutrient); Zn, 
Fe, Cu, Mn, Bo (Micronutrients); and pH, EC, OC (Physical parameters). 
Based on this, the SHC will also indicate fertilizer recommendations and 
soil amendments required for the farm.

2. 	 To Improve Water Use Efficiency

	 Prime Minister Krishi Sinchai Yojana (Prime Minister Agriculture 
Irrigation Plan) for Improving Water Use Efficiency says “More Crop Per 
Drop of Water”. Proven technologies such as drip irrigation, saves both 
water and reduce soil salinity. There is a range of improved micro-irrigation 
systems to increase the efficiency of water use systems.  Growing more 
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water-efficient crops like millet and sorghum and cultivars such as water-
saving rice variety. The system of rice intensification (SRI) developed 
in Madagascar, is showing that changing the management of rice plants, 
soil, water and nutrients can increase the yields of irrigated rice by 25– 
50% or more while reducing water requirements by an equivalent per 
cent. 

3. 	 Strategy for Food Saving in India

	 “Indian Food Sharing Alliance” (IFSA) has been formed by the Food 
Safety and Standards Authority of India (FSSAI) to help solve India’s food 
waste and hunger crisis by working with various partner organizations, 
Food Recovery Agencies and NGOs with a mission “Save food, Share 
food”. It facilitates the safe distribution of surplus food by connecting 
trained food recovery agencies with food chains (https://sharefood.fssai.
gov.in/).

4. 	 Agroforestry 

	 About 25.32 million ha (8.2%) of the total geographical area of India 
are under agroforestry. It meets 50% of the overall fuel demand,70-80% 
wood for plywood, 60% raw material for paper pulp and 9-11% of green 
fodder for rearing livestock besides being a selfless giver of fruit, fibre, 
medicine, essential oil etc. The right selection of tree crops can be a win-
win situation where farmers can maximize the benefits. 

	 Examples:

	 Poplar based agroforestry systems and wood-based industries are now 
popular in the Indo-Gangetic region of India.

	 Prosopis cineraria-based agroforestry system of the arid zone of India

	 Khejri agroforestry in Rajasthan

	 Lac host Butea monosperma scattered agroforestry in Central India

	 Gum based agroforestry systems a) Acacia nilotica gum b) Butea 
monosperma gum.

	 Acacia leucophloea and Acacia nilotica lopped for fodder in a Ravinous 
tract in Madhya Pradesh, India.

5. 	 Climate Change

a) 	 National Innovations in Climate Resilient Agriculture (NICRA): It is a 
flagship project of ICAR launched in 2011. The objectives of NICRA 
are to a) undertake strategic research on adaptation and mitigation, b) 
validate and demonstrate climate resilient technologies on farmers’ 
fields, c) To strengthen the capacity of scientists and other stakeholders 
in climate-resilient agriculture, d) To draw policy guidelines for wider 
scale adoption of resilience enhancing technologies and options. It 
is a unique project that brings all sectors of agriculture viz., crops, 
horticulture, livestock, fisheries, NRM and extension scientists on 
one platform. 
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b) 	 Minimizing Greenhouse gas emissions through alternative technologies

	 Alternatives to straw burning

	 Baler for making bundles to biomass-based power plants as fuel 

	 Straw chopper cum shredder zero-till sowing (ZT) 

	 Paddy combine harvester with a straw management system (ZT) 

	 Rotavator for incorporation of paddy straw 

	 Reversible MB plough 

	 Use of straw as livestock feed and bedding material 

	 Use of straw as soil mulch in orchards

c) 	 Micro-level Agromet Advisory Services (MAAS)

	 Block-level Agromet advisory bulletins are disseminated through 
Field Information Facilitators (FIFs) across 20 States. This helped in 
timely decision making for various field operations and minimizing 
risks.

6. 	 Critical Role of Technology Packaging in Rainfed Drylands

	 Rainfed agriculture encounters several constraints on account of climatic, 
edaphic, and social factors. Out of the 97 million farm holdings, about 
76% come under marginal and small categories. The productivity levels 
of these areas have remained lower across the years because of frequent 
droughts occurring due to high variability in the quantum and distribution 
of rainfall, poor soil health, low fertilizer use, imbalanced fertilization, 
small farm size and poor mechanization, poor socio-economic conditions 
and low risk-bearing capacity, low credit availability and infrastructure 
constraints. 

a)	 In-situ moisture conservation Technology: In general, it could be 
possible to reduce soil and water losses by adopting in-situ conservation 
practices like dead furrows at 3.6 m intervals across the slope. 

b) 	 Land treatments Technology: Such a  technology  incorporates 
waste-water  treatment, water reuse, crop utilization of nutrients and 
waste-water disposal. It involves the application of wastewater to 
vegetated land using various techniques, including sprinkling methods 
or surface techniques such as graded-border and furrow irrigation.

c) 	 Farm ponds: These are considered one of the best mechanisms to 
mitigate drought in rainfed rural areas. 

d) 	 Community Seed Bank: It is most suitable for a dryland ecosystem 
where it is hard for farmers to get access to the market. 

e) 	 Community Fodder Bank- It is nothing but, a group of farmers coming 
together to raise multiple fodder crops consisting of trees, grasses 
and legumes, largely in non-arable or wastelands to meet the fodder 
requirement, especially during lean periods. The idea of fodder banks 
emerged to replenish arable lands that have lost their fertility due 
to continuous cropping. Thus, a fallow land is sown to leguminous 
perennial forages or self-seeding perennials to rebuild the nitrogen 
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content of the soil through biological nitrogen fixation and at the same 
time, for the production of high-quality dry fodder.

f) 	 Custom hiring of farm machines- Custom hiring centres evolved 
as a community-led mechanism for access to costly machinery/ 
implements is critical for timely implementation of resilient practices 
in a large area. 

CHECK YOUR PROGRESS 1

Note: 	 i)  Use the space given below for your answers.

		  ii) Check your answers with those given at the end of the unit. 

1. 	 What is agricultural intensification?

	 ……………………………………………………………………………
….………………………………………………………………………
………………….………………………………………………………
………………………………….………………………………………
………………………………………………….………………………...

2. 	 What are the effects of agricultural intensification?

	 ……………………………………………………………………………
….………………………………………………………………………
………………….………………………………………………………
………………………………….………………………………………
………………………………………………….………………………...

3. 	 What is landscape change?

	 ……………………………………………………………………………
….……………………...........……………………………………………
………………………………………………………………….………
……………...........………………………………………………………
……………………………………………………….…………………
…...........…………………………………………………………………

4. 	 Discuss the challenges in alleviating malnutrition.

	 ……………………………………………………………………………
….……………………...........……………………………………………
………………………………………………………………….………
……………...........………………………………………………………
……………………………………………………….…………………
…...........………………………………………………………………….

13.10 LET US SUM UP

The 20th century will be remembered as an era of great progress especially in 
Asia since the 1960s. Between the 1960s and 1970s, we have seen a marked 
increase in grain production mainly as a result of the availability of high 
yielding cultivars, irrigation facilities and inorganic fertilizers. Challenges 
like poverty, hunger and malnutrition yet common in Asia and the situation 
in Africa is worrisome. In addition, 21st century has a new set of problems 
like climate change, water scarcity, degradation of soil, biodiversity loss etc. to 
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be tackled to keep producing enough to combat malnourishment. International 
agencies are actively engaged in taking strategic decisions to get it implemented 
at the national, state to village levels. Academia is actively involved in research 
to make resilient cultivars in the era of climate change and works with other 
important stakeholders like NGOs for the capacity building and dissemination 
of information to the village level. KVKs in India have played a great role in 
this as well. Tackling hunger in the 21st century will not be easy without taking 
small landholders in the business model from “local to global”. Wiser use of 
natural resources is the need of the hour. 

13.11 KEY WORDS

Food Security: Food security is defined as a condition when “all people, at all 
times, have physical and economic access to sufficient, safe and nutritious food 
to meet their dietary needs and food preferences for a healthy and active life”. 
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13.13 ANSWERS TO CHECK YOUR PROGRESS

Check Your Progress 1

1. 	 Please refer to section 13.3

2. 	 Please refer to section 13.4

3. 	 Please refer to section 13.5.1

4.	 Please refer to section 13.6.1




