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PREFACE

This book deals-with Contemporary Environmental Issues included in the
syllabus of PG Diplomzi in Environmental Studies offered by Dr. B.R. Ambedkar
Open University. The topics included in this course generally cover the "core area”
of the programme. The syllabus for the sake of convenience is divided into blocks
each of which comptises a number of units. Each block generally covers a specific
area of the subject. The units are written by the specialists in accordance with a
format specialiy designed as to enable the student to read and understand them
without much difficulty. Each unit begins with a statement of its contents followed
by objectives. Each unit has at its end summary, model answers for the questions
given under Check your Prdgres:. Three assignments are given at the end of the
book and the student is expected to submit atleast one assignment to the Coordinator/
Asst. Director/Deputy Director of the concerned study centre.

This book deals with various aspects relating to food and nutrition, forests -
and lands, fresh water supplies in Iﬁdiei,— air pollution, Industry in India and energy
needs of India. Special emphasis was given for food production and preservation,
land mianagement. and crop patterns in India, water resources, various pollutants
causing air pollution, industrialisation in India, various energy resources etc.

The University hopes that this material will help the student to get acquainted
with principal issues of environment. Critical suggestions for improving the text are

most welcome and they will be incorporated in the future edition.
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- FOOD AND NUTRITION







UNIT - 1 : FOOD PRODUCTION

Contents

1.1.  "Obijectives
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1.4.1. Population Explosion
1.4.2. Decline in Death Rate
1.4.3, Available Geographical Area
1.4.4. Population and Food Supply '
1.4.5. Food Production - Demand Versus Supply
1.5.  Trends and Problems in Agriculture Food Production
16,  Programmes and Action of Government to Improve Production
1.7.  Alternative Food Sources o
1.8.  Public Distribution System in India
19.  Policy for the Development of Agriculture
1.10. - Summary
1.11. Check Your Progress: Model Answers
1.12. Model Examination Questions '

1.1. OBJECTIVES

- After going through this unit you will be able to:. _
* recognise various factors responsible for increase in food production,
* understand trends and problems in increasing food production,
# explain the need and availability of altefnative food sources,
discuss about the economics of getting a healthy diet for a common man,
describe the future plan of action, '

a9

*

1.2. INTRODUCTION

Agriculture has a dominant role in Indian economy-contributing nearly 36.86 per cent of the
National Income providing employment to about 70 percent of the working population. In
crop production it is necessary to maintain continuously high rates of grewth in yields as
well as output required to achieve supply demand balance to the growing population by
2,000 AD. For this purpose the agriculture policics have to be diversified, available
geographical area increased, public distribution system streamlined, and last but not least the
production policy should be nutrition oriented. -

1.3.  FACTORS AFFECTING FOOD PRODUCTION

In a short term contract or annual forecast, it has often been said that the monsoon explains
the variations in out-put, so that very little role is left to be played by the policy variabies.
Among weather variables rainfall and humidity at various stages of crop growth have a
significant impact, = - .




The role of chenucal fertilizers in increasing food produchvﬂ:y is crucial and hardly needs
to be emphasized. .Optimal allocation of available fertilizer to the crops and regions is
another important factor in food production. Hence increasing, the fertilizer output as per ‘.
demands of farmers is the government's respons1b111ty

14. FOOD PROBLEMS' OF THE DEVELOPING COUNTRIES

The food problems of the developing countnes can be studied under 5 dJ[ferent heads. They
are (1) population explosion (2) decline in death rate, .(3) available geographical area, (4)
‘population and food supply and (5) food producl.xon demand versus supply.

1.4.1 Populatmn Explosion

Increased Growth Rate: The problem of population explosion with its world-wide dimen-
sion has been drawing the serious attention of many people. - ‘There is concemn among
scientists for the very survival of the human species if population. continues to grow at the
present rafe of increase. ‘It is calculated that the Bdl‘th carrying capacity is around 5600
million people. 1If this conclusion is accepted, then it is' clear that the world is not too far
from the red alert with its present 5400 million and odd people. In India, the population had
sharply increased after the independence. In 1941 the population was around 318.7 million .
and rate of population growth has increased by 13.31 percent when compared to 1901
“population. - The increase j_n' popula_tion' by 1981 census is .reported as 6834 mﬂIions
(Table-1.1). : :

Table 1.1. Pﬂpulatlon of Indla .1nd the Rate uf Growth from 1901 to 1971.

- Year POpulaLIOIl in mﬂhons Decade Rate of Growth
1901 - 2384 1901-11 - 5.75
1941 3187 - 1941-51 - 1331
1951 3611 . 195161 - 2151
1961 - - 4392 1961-71. 2457
1971 ' 5474 1971-81 24.64
"1981 - 6834 - - 198191 . .

Source: Census of India 1971 1981 Census Repons, Reg:srrar General of Indla, Senes I

1 4.2 Decline in Death Rate

Three factors affect the population balance i.e., birth, death and migration. There is-a
decline in-death rate from 1941-22.4/1000 to 14 8/1000 in 1981. It was this fall in death
rate which was the cause for the tremendous growth in the population of Indla It is
estimated. that 14 miillion are addcd every year to out population.

" Table 1.2. Blrth‘-and death rates in Indla.

- Decade : .. Birth rate per © Death rate per
: 1000 population 1000 population
901-11 492 42,6
194151 . . . 399 T 224
95161 47 . . 28"
196171 - 411 189
1971-81 3800 14.8




Population increase, increases the pressure on agricultural production and decreases the per
capita availability of both income and food. Hence it is the duty of every citizen irrespective
of caste, creed or religion to have a small family norm and at the same time work hard to
increase the food production for his nation.

Check Your Progress-1

1. What is the earth carrying capacity of people?

~ Note: (a) Answer the question in the space provided below.
" (b) Compare your answer w1th the one given at the end of this unit.

e L L LN T e A R TR Y

1.4.3. Available Geugraphlcal Area

Only 42 per cent or above 140 million hectares are under cultlvatlon Every hectare supports -

about 4.6 persons. People who have to make a living on the same land are increasing.
" Inspite of around 2.7 per cent increase in production, there was only 0.2 per cent increase
* in per capita production and the level of availability of food for consumption,

The per capita share of land for food grains is about 90 per cent area but its share in total
output in terms of value is only"]O per cent. However the non-food grain crops occupy only
10 per cent and contributes 3Q per cent in output. This high pressure of grain crops is
interpreted to be due to the food habits of Indians (next unit for more detaﬂs)

1.4.4.. Population and Food Supply

Almost half of the population (consisting of 40 per cent of the population below 14 years ~
and 6 per cent beyond the age of 60 years) are largely non-productive. According to 1971
census only about 126 million are agriculture workers making only 22.8 per cent of the total
population who give us our food, According to population trends it is revealed that only
1/3 of the population is working and 2/3 are dependents for obtalmng their food. This is
yet another factor for the low percapita production.

1.4.5. Food Production - Demand Versus Supply

The importance of a sound agriculture economy was generally overlooked throughout 150
years before the first world war. During this period the ablest of mankind has been mainly
involved in exploiting the increclfbl_e richness provided by the industrial revolution. However
much underfeeding and malnutrition was present in the poorest sections both in industrial
and agricultural committees throughout the world, but for a few privileged clear sighted
minority there was no realization on the éxtent and 'severity.of‘ under feeding among the
masses at the bottom of the economic scale, The world wars with their interference first with
food production, gradualiy awakened the people of most communities to the nnportance of
the relationship among food, agncu]ture and population.

During the years 1965-06 the Nanona} Food Productmn,dcclined by 16.7 per cent due to
severe drought. There was a pick up in 1973-74, but again a fall of 3.1 per cent in 1974-
75. During these adverse periods there also occurred a failure of crops in large parts of .
Europe and Russia with a resultant global scarcity of food grains. However since 1978 there
is a global improvement in feod production and the total output in 1980-81 was 1517 million
1oNnes,




The compound growth rate of production of food grains decelerated from 2.93 per cent
during period 1949-50 to 1960-65 to 2.74 per cent during period 1967-68 to 1985-86, that
of non-food grains from 3.54 per cent to 2.55 per cent All crops declined from 3.13 per
cent to 2.68 per cent. ; :

: According to Swaminathan India is now capable of producing only 105-106 million tenmes
of food grains during a year of wide spread drought and unless the basc line production
capacity is improved there shall always be risk -of grain scarcity during a few successive
years of poor rains. Though self sufficiency is attained with regard to food grain production
protein deficiency still exists because of exclusive cereal diets. However hecause of the
_ protein and vitamin deﬁciency.which is not found in an exclusive cereal diets. However
- because. of the protein and vitamin deficiency which is not found in an exclusive diet of
- cereals, malnutrition cxnsls even in those arcas which are self sufﬁment in food grain
production. S

Check Your Progress - 2 & 3
2. National food production declined in 1965-66 - why?
3. What is the total output of food in 1980-81 at global tevel?

Note: (a) Answer the questions in the space provided below.
(b) Compare your answers with those glven at the end of tlus umt

Table 1.3, Food grain prnductiun and population - |

Period Population . = Food grain Per capita Per capita

in ‘millions production  food grain per day
(mllhon tonnes) productlon cwallablhty
(Kgs) (gms)
1937-46 © 3102 614 198
1947-51 . 3521 . 583 166
11952-57 383.9 66.0 172
1957-61 4243 755 178
1962-65 4672 83.3 178
1965-66 4932 724 147
1970-71 5500 . 1084 196
1980-81 6840 1300 190
1985-86 7500 1504 196 o
1992-93 8400 . 1765 . 1935  323g

The above table gives an encou_r-agiﬁg trend in food grain production though there are a few
fluctuations. However the figures for per capita production show a decline during different
_years compared to 1937-46 (198 kgfcapita). In terms of per capita per day availability is

.




323 p/capitafday which is less than the requirement of 460 g to 500 g per day per capita
(ICMR). Thus it is not a happy situation in the rate of 2,15 per cent/annum.of increase of
food grains while the rate of inerease of population is about 2.4 per cent per annum,

The pmdﬁctian and supply of other foc_xds- (protf:ctive- foods) the situation is still grim and
- requires all efforts to improve production, storage and distribution management of agricul-
ture products. - '

Prices have also increased both in absolute terms and relation o percapita income.

Some major steps are obvieusly needed including increased production, better storage
facilities at the same time cutting down' the productmn cost by helping the farmer through
different means.

1.5. TRENDS AND PRGBLEMS IN AGRICULTURE FOOD PRODUCTION

One of the objectives of agnculture planmng in Indla is to attain self suificiency especzalfy
in food grain production. Food production has maintained a satisfactory tempo of growth.
The success has been more striking in the case of wheat and to some extent rice. Coarse
grains, pulses and oil seeds and other possible foods continue to be problem areas of our

agriculture. Thanks to the green revolution which increased the production of food grains - -

more than twice since the launch of the programme in 1960's and' 70's..

Agriculture production rose gradually since 1950-51, received a severe jolt during 1965-66
‘and 1966-67, because of the severe drought over vast areas of the country, The upward
‘trend was renewed in 1967-68 between 1969-70 and 1983-84 production of food grains had
increased by 60 per cent while production of non. food grains increased by 47 per cent. Thus
the increase in agricultural production has not been smooth but hi ghly fluctuating (Table.1.4).

Table 1.4. Targets and Achievements in Fdod-grains'(in million tons)

Plan period | © Target - Achievement
First Plan : 62.6 . 669
(1951-56) (1955-56) (1955-56) -
Second Plan 818 i 82,00
(1961-66) (1960-61) (1960-61)
Third Plan ' . 1016 723
(1961-66) (1965-66) (1965-66)
Annual Plans - '
1966-67 97.0 | 742
1967-68 1000 951
1968-69 102.0 94.0)
-Fourth Plan 1290 103.6
(1969-74) o (1969-74) (1969-74)
 Fifth Plan - 1250 1319
(1974-79) (1978-79)  (1978-79).




Sixth Plan *  153.6 " 1500 -

(1980-85) - - (1984-85) (1984-85)
Seventh Plan 178.183 _ C1762
(198590) -  (1989-90) .. (1988-89)
Eighth Plan 176192 NA.
(1991-92) - - (1996-97) S

1.6. PROGRAMMES AND ACTION OF GOVERNMENT TO IMPROVE -

PRODUCTION

_ There are four ways in Wthh the food supply of the world could be mcreased There are
enormous areas of land which are not used for food production or for rough grazing or

shifting cultivation. There are millions of acres of deserts, semideserts, tropical jungles

which could be made to produce food. The Isrealis have given the world a striking example
of how to make the desert bloom. However the difficulties and expenses of utilizing such

lands are very great and the potentially good land is under cultivation. The second way is __

to improve methods of farming on land afready in use. Thirdly it is possible to produce
nutrients .... sources of Foods of Synthetic which could be used as foods on large scale by
the mcthods of chemical engineering. A major development hdS been the production of new
high yielding seeds. - :

Secondly, construction of new dams and use of new irfigation techniques like that of drip -
irrigation to make cultivation possible even in desert lands, water . shed mauagement and the :

like to improve produc,tmty

Thirdly, 1mpr0vement in farming techniques by rotation in cropping pattern, proper and

‘timely use of fertilizers (chemicals, organics, microbial, worm (earth worm. culturmg) and -

pesticides and use of modem tools (weeders, thrashers wmnoers)

Fourthly, the food problem is aggravatﬂd by’ losses of food graing - before and after
‘harvesting. Estimates of losses vary from 15 to 40 per cent. There is an urgent need to

ensure proper storage and handling of food-grains, so that they are not susceptable to loss

and spoﬂage because of rodents, insects and weather conditions.
Check Your Prqgress-_ -

4, Name the four ways of Iincreasiﬁg food supply. _
Note: (a) Answer the question in the space provided below.
(b) Compare your answer with the one given at the end of this unit.

D R T L R T T A T Y

Attempts have been made and are cdnl;inu(msly striving at the Central Food Téchnological
Research Institute (CFTRI), Mysore to develop techniques for the prevention of food losses.
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They include fumigation of the storage rooms of godowns {Duro fume-process) pest
proofing of gunny bags used for storing grains and the use of non-toxic grain protectants or
_chemicals toxic for insects, but not for man. Fumigant tablets (minifume) are available for
use by the housewives. Low cost indigenous fumigants also have been formulated to
disinfect rat burrows and termite colonies, :

'Methods have also been developed for better preservaiian of fruits, vegetables, milk, €ggs
efc. There is a need to develop and evaluate household methods for the storage of . these
commaodities, :

Fifthly, education and training programmes like kisan forums, organisation of periodical
melas etc. in the newer skills to the farmers. Encouraging farmers ahd ;iving incentives/
gifts for those who produce more, use newer farming technologies and the like arc some oL
the programmes to improve production. . i '

' 1.7. ALTERNATIVE FOOD SOURCES

Miscellanecus Foods: Insects, marine invertebraies and fungi have been made use of as
food. Odd and exotoxic foods add variety and pleasure to the necessity of eating. In some
commiunities and certain countries some uncommon foods add pleasure as well as nutrients.
For the buntua child for instance reared on little else but maize, grasshoppers (in season) may
supply much needed amino acids. The small boy raised on taro raised on a Pacific atolt may
improve his calcium intake by catching ant eating - the small fish that abound in pools of
the coral reef. Similarly in West Africa who depend on Cassava will derive puiritional
benefit from catching and cating monkey. - Nutritionists who carried diet surveys in under-
developed areas must always make note of such sources of nutrients.

New Sources of Foods: Man is no longer limited in his choice of conventional foods and
man can not depend only on conventional foods with the growing population. ‘The vast
improvements, in food technology provides the possibility of preparing foods from unusual
{non-conventional) sources of foods. : '

a).  Plankton: The surface water of the sea are inhabited by enormous number of
minute microscopic animals - mainly crustacea and. coclenterates. Plankton
when cooked forms a thin sort of gruel with shrimp-like taste.

b)  Chlorella: A unicellular green algae forms the scum on the top of many ponds.
Like green plants, it grows by using the energy of sun rays for photosynthesis
and can make carbohydrates and protein oui of the simple elements of
carbondioxide, water and inorganic nitrogen. Essential nufrients could be
extracted from Chiorella grown under scientifically controlled conditions, per-
haps using atomic energy to promotc the photosynthesis. Certain types of
algae, such as blue green algae is consumed traditionally in Japan and India.
Food factories operating on this principle would make man less dependent for
his nutritional needs on the vagaries of the climate - and farmers.

¢) ' Green Leaves/Leaf Protein Concentrates: These are the mosi efficient means of
making sun light to produce maximom amount of organic matter on a given
area of aerable land. Fresh young grass contains good amounts of protein.
Traditional cows eat grass and turn it into milk, but cow is not an efficient




d)

e)

machine in this respect. At least 3/4 of the protein is lost for human use. Leafy
vegetable cultivation gives maximum yields (20,000 to 40,000 kgs per acre).
Leaf protein concentrates (powder form) have been prepared and advocated by
CFTRI for incorporating. into traditional recipes to improve the protein quality
and quantity. They have been experimented successfully in both animals and
humans to alleviate protein malnutrition, but the green colour to the food was

‘the unacceptable aspect of this non-conventional food.

Proteins from Perroleum: French scientists have shown that it is possible to
grow. yeast using petroleum oils as substrates to provide energy. Attempts have
been made all over the world to get proteins from petroleum. These proteins
however are reported to contain residual quantities of hydrocarbons which have
been made free through technology development

Mushrooms: Now a days there is growing interest in the culfivation and use of
mushrooms though its consumption was less common in this country especially

- in South India. They can be valuable addition to food (diet) and can be grown

indoors.  'The most commonly cuitivated mushrooms are Agaricus bisporus

- {button mushroom) Pleurotus sp. (oyster mushroom) Volvariella (paddy straw

mushroom) ete.

-Synthesis of Nutrients: Some of the nutrients such as vitamins, amino acids are

synthesized commercially for quick use to relieve nutritional deficiencies using
nticro—organisms such as fungi, bacteria etc. '

Check Your Progress-S

5. What are the new sources of food?

Note: (a) Answer the question in the space provided below.
{b) Compare your answer with the one given at the end of this umt

R T T T Y Y

1.8. PUBLIC DISTRIBUTION SYSTEM IN INDIA

To protect the interests of the low income consumers and to maintain them in the open -
market system has failed. The over all stability- of the ‘general price level necessitated a
central public distribution system (PDS) in India. Government has been recognised the PDS
as a permanent feature of the economy for supply and distribution of essential commodities

- at reasonable prices to the people, particularly the weaker sectlons of the society. The public
distribution system has two fold objectives:

1.

To ensure supply of essential commodities to vulnerable sections at a reason-
able price.

- To protect masses from the vagaries of open market mechanism. It intends to—

a) bring stability in the availability of food grains,

10




b): to curb the tendencics of certain unscrupulous sections to indulge in profit,
during times of shortage and

'c) to ensure equity at reasonable prices throughout the 'c_()uni:ry.

The existing PDS opetates through a nationwide network of retail outlets called fair price
shops.' It has been growing steadily. The number of fair price shops have increased
substantially and are located at many places and these =cently are being maintained by
Mahila mandals also. ' '

The procurement task of paddy wheat and other commodities is done by the Central - o
Department of Food, the Food Corporation of India, the State Government and the Co- '
operatives. _ .

19. POLICY FOR DEVELOPMENT OF AGRICULTURE PRODUCTION

The main goal of this was enunciated as: to move the country "away from the menace of

|
\
|
In January 1946 government issued a statement on Agriculture and Food Policy in India.
famine to a new vigour and prosperity™.

'Grow more food' campaign was initiated in 1942. This was later modified as integrated
production programme in which besides food grains, cotton and jute also received impor-
tance. These were then integfated into 5 year pians. The Community Development and
National Extension Service Programme was starfed intc which Agricultural improvements
and social development of village life were made the major objectives. Under the new
strategy of agricultural developments, in the year 1966-67 on a field scale modernization of
agriculture through adoption of scientific inputs and associated improved practices were
incinded. : ' :

Simikar strategies were adopted in the sphere of animal husbandry (live stock). Initially key
village schemes were started and wege followed. In the later years under the intensive cattle
development projects, cattle and buffaloes, cross bread cattle and improved indigenous cattle
and buffaloes were multiplied through artificial insemination, The associated practices of
feeding and better health measures were also adopted which resulted in higher milk yields.

With regards to poultry, sheep and pigs also modern practices were initiated. Similar
modernisation methods and techniques were introduced in feeding, harvesting and market-

ing. - _

Mechanisation of boats and development of infrastructural facilities were the two principal
means-throngh which total caich in marine foods was sought to be increased. '

Agriculture policy is generally aimed at the development of agriculture and increasing the
rate of agriculture production per acre and per capita in particular for the people and o the
- country's welfare and prosperity.

Objectives of Agriculture Policy:

1. For the attainment of a prosperous and egalitarian society - first an adequate supply
of goods and services to support a rising standard of living and secondly, sufficient,
employment and income opportunities for the masses are 1 be planned. '

2. Secure demand and supply: The problem of Indian economy is not the lack of demand
but insufficient supply of agriculture commodities. Hence a rapid rate of growth in
“agricultural production becomes obligatory and it has to be planned for and to achieve
supply demand balance. '




Secure Social Justice: Widest possible participation of the weaker sections and
backward arcas in the very process of growth is {0 be ensured as to reduce dlsparmes
in levels of income and consumption. :

To -Generate Maximum Employment:: Creation of empioyment opporfm)ities and
rising the efficiency of productions are of crucial importance for the developmsnt of
agnculture

Diversified Agnculture Activities: Efforts should be made to achieve on integrated
development of crop production, Livestock and poultry, fishery and forestry to
accelerate the rural economic development. In addition to a diversified base of mural
economy. supportive marketing and institutional facilities are to be provided. The
development of subsidiary occupations like milk production, poultry, sheep and pig
rearing and fisheries as well as forest production are of particular importance for
enlarging employment and income opportunities of small and marginal farmers and
agricultural labourers. This also enlarges the possibilities of export and . import
substitution. ' : :

. Intensive Use of Land Resources: Agriculture policy s_h‘oilld be such as to ensure

intensive use of land, create wide spread productive employment and reduce disparity.

. Efforts should be made that all surplus land be dlstnbuted o the landless and margmal

farmers.

A Faster growth rate in food production to meet the demand for food and raw material
as also to create surplus for export and elimination of imports be taken care of. The
production policy should be based on modernisation of agriculture in which adoption
of technology is the most crucial input. A continuous expansion in production is also
necessary for creating surplus for export in raw or proccssed form of agncultural_
produc,ts :

Eradication of Povexty and Distribution Policy: It is not enough to produce more only

to eradicate poverty and hunger without proper distribution policy. Food distribution . -

policy should be directed to help the weaker sections through promotional and

- protective programmes. The present day f:aur pnce shops and. ratmn card system are

the policies in this direction.

‘Production Policy shoiild be Nutfition Oriented: Production policy should be nutrition

oriented to ensure adequacy both in respect of quantity as well as quality. Production
programmes should confirm to the needs of - different population groups and different
regions (socio-cultural habits). The aim of production should be to reduce nutritional

. deficincies through production of more protective foods like animal and vegetable

protein foods (milk, meat, poultry, fish, pulses, oil seeds etc.) and also vegetables and
fruits. Particular care should be taken to ameliorate the nutritional deficiencies of the
low income group. Most important is to restrict diversion of primary foods to
industries for conversion into. processed and sophisticated foods which are consnmed
by the rich people. Only such foods which are in surplus may be processed and
preserved so that the interests of the low income group are adequately met. ‘

1.10.

SUMMARY

India is largely dependent on agriculture for feeding its millions  of people. Popﬂation'
growth in India is alarmingly high and has become an anxiety to the agricultural scienfists,
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_economists and demographers. Efforts are to be made to increase the rate of production by
increasing the cultivable land area and intensifying the per acre yields so that a demand
supply balance could be achieved. People also should slowly be prepared to change the
- conventional eating habits and accept novel unconventional food sources. Government

should monitor and activise the public distribution systems (PDS) for the welfare of the low
income groups. e : e :

CHECK YOUR PROGRESS : MODEL ANSWERS

SR

1.11.

1 The earth carrying capacity of people is around 5600 million.

2. The national food production declined during the ycars 1965-66 due to severe drought.

3,  The total output of food in 1980-81 at global level is 1517 million tonnes.

4, | Increasing the cgltiv;ible area, odnstrﬁctipn of dams, improvement in farming tcch—lm
niques and proper storage and handling of food grains are the four ways of increasing
the food supply. ' :

5.  Plankton, Chlorella, green leaves/leaf protein concentrates, proteins from petroleum,'.
mushrpoms etc., are the new sources of food.. -

1.12. MODEL EXAMINATION QUESTIONS

. Answer the following questions in about 30 lines each.
Exﬁlain the reasons for food problems in developing countries.
Discuss about the alternative food sources. - | ‘
Explain the policies and their objectives of Government for the development of
agricultqral production. : ' :

II.  Answer the following questions in about 10 lines each.

1. Write briefly 'abdut population explosion.

2. _'What are the trends and problems in agriculture foed production.

3. Explain briefly the miscellaneous f0ods.

4. - Write briefly about Chloreﬂla as a new source of food.

5.

‘What are the objéctives of public distribution system.

Prof, D, Peramma
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~ UNIT - 2: NUTRITION
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2.10. Check Your Progress : Model Answers -

2.11. Model Examination Questions

- 2.1. OBJECTIVES

~ After going through this unit you will be able to:

define food, autrition and health,

listout different functions of food in the body, :

explam the daily requirements of different foods to maintain health
describe the effects of food habits on health, :
describe the effects of malnutrition on the health status of man,
suggest the remedial measures and the role of Governmient..

X ¥ ¥ ¥ ¥ %

2.2, INTRODUCTION

Geod nutrition is an indispensab) component of healthy life. It is the common denominator
for the healthy growth of mind and body. Malnautrition is wide spread in India, based on
the studies undertaken by the National Nutrition Monitoring Bureau (NNMB). The major
nutritional deficiency diseases identified in India are protein energy malnutrition (PEM),
vitamin A deficiency, anaemia and endemic goitre. Lathyrism and endemic fluorosis have
also been identified as significar; problems in certain parts of the country.

Nutritional def1c1enc1es are not the only problems confrontmg the growing population, food
* habits, some traditional beliefs, fads and fallacies in the use of foods confribute to
malnutrition. o

- Adulteration of foods is yet another commonly practiced menace in the society. Adulterants

. not only deteriorate the quality of foods but also lead to deleterious effects.

Whatever be the causative factors malnutnncm lowers one’s resistance to disease resulting
in hlgher morbldlty, apathy, Iethargy and rer.lucuon in work capacny.




2.3. FOOD, NUTRITION, HEALTH, AND CLASSIFICATION OF FOODS

Food is defined as substances that are cdible and digested by humans without causmg any
toxicity/or poisonous to the physiological system.

Nutrition is defined as, the food that is digested, absorbed into the blood stream and perform
all the functions or atleast one.of the functions like - a) energy yielding, b) body building
and repalr and ¢) protect from disease. '

Good health is defined as that state of well bemg W]]lCh enables one to carry on an active
and productive life. The corner stone of good health is good nutrition - in other words the
food we eat makes what we are.

The word nutrition or nutritional status may also be used to describe the bodily conditions
or state. One way to judge good nutritional status of an individual is by judging the outword
signs listed below:

Body - o © Well developed, correct weight for height and age.
Muscles ~: Well developed and firm. -
Skin :  Smooth, clear and slightly moist.
Hair . :  Smooth and glossy. _
Eyes : . Moist, clear and without datk circles under them.
- Facial expression . Alert but without strain. '
Good Posture oo Head erect, chest up, shoulders flat, abdomen in,
Attitude : Good natured, full of life, buoyant
Sleep ' : Sound
Digestion and Elimination : Good -
- Appetite ‘ . Good |
Appearance :  Of general well being

To attain these goals of good nutrition one showld know the functions of foods in the body,
and how these foods are classified according to functions and how much {quantity) we
should eat.

The different foods we consume may be broadly classified under three heads. They are: -

1. Energy yielding foods (fo provide energy)
2. Body building foods (to help in body growth and repair) and |
3. Protective foods (to protect from disease) "

2.3.1. Eneljgy'Yielding Foods
This group includes foods rich in a) carbohydrates and also b) pure fats.

a) Carbohydrates Carbohydrates are a class of energy yielding substances which include
starch, glucose, cane sugar, milk, sugar etc. Grain foods, and roets and tubers are largely
composed of starch, a complex carbohydrate. Food ingredients like simple sugars namely
cane sugar and glucose are pure carbohydrates. Starch is a complex carbohydrate made up
of glucose units. Glucose derived from starch and other sugars present in the diet is the main
source of energy (calones) in the body. Carbohydrates derived from cercals form chief
source of energy in Indlan diets. Starches when enter in a cooked form are completely

Dr. BRAOU,; Acc. Nof <ri- c06&3
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digested in the gastromtestmal tract and the released glucose is absorbed and metabolised in
the body to yrald energy. : :

b) Pure Fats: Fat 1s an lmportant component of diet and Serves a number of functrons in
the body. Fat is a concentrated source of energy and it supplies per unit werght more than
twwc the energy furnished by elther protein or carbohydrate.

2.3.2. Body Building Foods

Food rich in proteins are called body building foods Growth and repair are the functions
which differentiate the living from the non-living. For body growth and repalr of the tissues
proteins are required. -

Proteins are vital to any living organism. They form the important component of all cells,

- muscle and other tissues and vital body fluids like blood. Proteins supply the body building
material and make good the loss that occurs due to wear and tear, Pulses, meat, fish and
egg contain more protein than other foods

2. 3 3. Protective Foods

‘Foods known to be naturally rich in some nutrients are presumed to be rich in others as well.
These are classified into two groups -1) Foods rich in proteins, of high biological value,

- vitamins and minerals e.g. milk and milk products, fish poultry, meat, and eggs. 2) Foods’

rich in-certain vitamins and minerals only e.g. green leafy vegetables and fruits.

2.4. CHEMICAL COMPOUNDS IN FOODS

Human body is made up of chemlcal compounds and foods we eat are compoaed of chemical

compounds which are known as nutrients. Six classes of nutrients are supplied from foods

- 1) Carbohydrates (starches), 2) Proteins, 3) Fats, 4) Vitamins, 5) Mineral elements and
6) Water (though not exactly a nufrient). , .

Nutrrt;onal Clasmficatron of Foods: 'Nine Food Group Plan’: A food guide is useful for
promoting good nutrition and better health. The 'Daily Food Gyide' was designed to provide
a flexible frame work or foundation for making food selections to meet the nutrient needs
specified in the Recommended Dietary Allowances. It is intended to be easy to use, easy
to remember, and adaptable - to increase the chance that sound nutrition can be achieved by
all people. Foods have been divided into groups whrch are similar i in food composition and
have the same function in the body.

Table 2.1. Nutritional Classification of Foods - Nine food group plan

Food Group . Main Nutrients Contributed
1 ' 2
I Energy Yielding Foods

Group - 1

Cereals, Rice, wheat, ragi Supplies more than 70% calories,
bajra, jowar, maize efc. 50% B-Vitamins, — 80% calcium
Group - 2

Roots and Tubers Good source of starch

and fair source of vitamin C
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Group - 3
Sago, sugar and ]aggery

Group - 4
Oils and fats

Rich sources of carbohydrates

" Essential Fatty acids, vitamin E and vitamin A

II. = Body Building Foods:
Group - 5 : _ :
Milk and nnlk products Proteins of moderate nutritive value,
flesh foods ~vitamins and minerals
Group - 6 _ :
Pulses, nuts and oil seeds Proteins of moderate

0 nutritive value, B,, B, and F,

III. Protective Foods: :
Group - 7 _ ,
Milk Proteins, calcium, Vit.A, B, and B,
Liver Proteins, Vit. A, B,, folic acid, B,, and Fe
Eggs Proteins, Vit. A, B,, B,, and Fe
Group - 8

Green leafy vegetables - Proteins, Vit. A, Ca, Fe, Folic acid, Vit. B,, Vit. C

Group - 9

Fruits and vegetables Fair to good source of Vit. C.-

2.5. BALANCED DIET

Balanced diet is a judicious mix of all essential nutrients - proteins, carbohydrates, fats,
minerals, vitamins and water as required by our body. A healthful diet should first of ali
nutrition related diseases, %ec,ondly, it should minimise the risk of discases associated with
our consumption,. :

An ideal diet cannot be detmed The concept of healthful diet djffers from person 10 person,
Infants, young children and adolescents need nutritionaily rich diet to meet the demands of
their growmg bodies and elderly rcqmre foods to maintain and tissue repair.

- 2.6. RECOMMENDED DAILY ALLOWANCES (RDA)-

‘Thé amounts of different nutrients recommended in dietary standards usually exceeds those
found to be needed for metabolic requirements. This extra amount represents a margin of
safety to allow for differences between foods with regard to availability of nutrients and
" between individuals with regard to the efficiency of utilization. Also the requirements differ
with age, sex, activity, weight, height . special groups like infants, pregnancy, lactatmn, the
age and metabolic disorders.

National and International Organizations such as FAQ, WHO, NNMB and ICMR in India
" are involved in formulating the dietary and nutrient allowances. These are summarized in
the tables. , '
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L Low Cost Balanced Diet (Sedentary Man)

Cereals ' 460 g
Pulses _ 40 g
Leafy vegetables . . 50 g
Other vegetables 60 g
Roots and Tubers 50 g
Fruits (seasonal) : 30 g
Milk 150 ml
Qil and fat L 40 mi
Sugar and jaggery . 30 g

Check Your Progress — 1,2 & 3

1.  Define the terms food & nutri_tidn.' _ _

2. What are the functions of food in the Eody?

3. Give the different nutrients réquired by the body.

Note: a) Write the answers in the space provided below.
h) Compare your answers with those given at the end of this unit.

2.7. FOOD HABITS, FOOD FADS AND FALLACIES

Knowledge regarding the food habits of man is provided by many disciplines.  The social
scientists, anthropologists, sociologists, psychologists and cultural geographers have been
concerned with man's culture, social activities and food habits. These include among others,
educational and econdmic level of the community, availability and cost of foods and social
and cultural practices. Once the food habits are established, they are handed down from
generation to generation. The following aspects are of major concermn.. 1) Geographic, 2)
Religious beliefs, 3) Traditional beliefs, 4) Food fads and cults and 5) Changing food
habits. : _




Geographic: Early man ate whatever food he could get to satisfy his hunger. Soil, climate,
water and local agricultural practices determined the types of foods that are green in the
locality. Rice is the main food crop ir the tropical countries where rain fall is high and water
is available for irrigation, while millets are cultivated in areas of low rain fall. Wheat is
mainly cultivated in temperate regions. '

Religious Beliefs: The various religions of the world had some influence on the food habits.
~ For example, muslims are forbidden from eating pork and Hindus from eating beef.

Traditional Beliefs: Traditional beliefs in food habits are still prevalent with a large
majority -of the population who are illiterate or ignorant regarding the nutritive value of
foods. These beliefs influence profoundly the pattern of food eaten. In South Pacific Islands,
it is believed that certain shell fish eaten during pregnancy will cause the child to be born
‘ with scales on ifs head.. In India, consumption of papaya fruit by pregnant women is
believed to lead to abortion, and consumption of garlic by lactating women will increase
milk production. In some parts of India (West Bengal), it was believed that consumption
of milk and fish at the same meal will lead to the development of leprosy and leucoderma. .

Hot and Cold Feods: Foods are classified as 'hot' and ‘cold' by different cultures in many

countrics, "Hot' foods are believed to produce more heat in the body and lead to the

development of boils. Meat, legumes, eggs, nuts and oil seeds are supposed to be 'hot' foods.
| 'Cold' foods are supposed to lower the heat production and lead to the development of cold,
‘ sore throat etc. Fruits, vegetables and milk are supposed to be cold foods.

Pica: Pica is the habit of eating dirt, clay, chalk, lime stone, plaster, ashes etc. There is
a belief that the baby will not be normal if one does not eat clay or starch.

Foed Fads and Cults: Exaggerated claims for some foods: Hypocrites wiote of the health
‘ value of certain foods. Food fads of various kinds have persisted ever since, -1) According
| © to Indian Ayurvedic system of medicing many foods are reputed to have curative properties
of some diseases. For e.g. bittér gohird-cure diabetes, 2) Yogurt, wheat germ, brevers yeast
and honey have been widely promoted by some food faddists as possessing extraordinary
nutritional and medicinal qualitics. 3) Fruits and vegetables cultivaied using organic manure
are believed to possess greater nutritive value than foods grown with inorganic fertilizers.
4) Brown sugar is reputed to possess higher nutritive value than white sugar,

More commonly observed fallacies: 1) Fruits, especially citrus and tomato are too acidic
to be handled by the body, 2) garlic cures high B.P., 3) beet builds blood, 4) honey is not
fattening, 5) Adults need no milk, 6) Foods cooked in aluminium vessels cause cancer,

~T) Cucumbers without salt are poisonous, 8) Fruit- juices do not contribute calories to the
diet. Most of the above bchefs have no scientific basis.

Cult: For many years, vegetarianism has been practised on religious grounds by Hindus,
Buddhists, Zoroastrians, Jains efc. Strict Vegetarians do not even consume milk and hence
~ suffer from Vitamin B, deficiency.

Changing Food Habits: The djfference between a food fact and a food fad or a tallacy is

that a fact has some scieatific basis. A food fad may be compared with a fashion which will

soon be replaced by some new belief concerning food. The food fallacy is more 1ngm1ned
. and may- owe its beginning to a well publicized food.

Food fads and faulty food habits are the important contributory causes for the wide
- prevalence of malnufrition among preschool children, expectant and nursing imothers in
developing countries. These can be overcome only by education in nuirition.
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2.8. MALNUTRITION

Malnutrition describes a state of improper nutrition balance in the body. Malnutrition can
be a problem of inappropriate ingestion, digestion, absorption, metabolism, of excretion of
nutrients or a combination of several of these factors. Malmutrition can be the result of
nutrient excesses as well as deficiencies. Factors such as the amount, and kind of food
available, adequacy of housing and sanitation, and the rate of infection, influence the kind
~ of malnutrition and the degree to which it occurs. :

When a healthy individual habitually eats in such a way that his nutritional needs are not
properly met, the type of malnutrition he develops is primary malnutrition. Primary
“maluutrition is due to poor food choices or to an inadequate food supply. When malnutrition
is the result of faulty body function, secondary malnutrition pccurs. Secondary malnutrition
may also result as a side effect of certain medications and medical or surgical treatments,

_ Two other terms used' to describe a malnourished individual are wndernutrition and
overnutrition, Under nutrition applies to an individual who does not ingest an adequate
supply of nofrients and overnutrition applies to the individdal who eats more food than he
needs

.2.8.1. Under Nutrition — Dlseases and Remedial Measures

. Protein - Energy Malnutrition (PEM): PEM is probably cne of the most serious nutritional

problems in the world. Often infants and young children in developing nations suffer from

a lack of protein and/or calories. PEM occurs characteristically in children under five years.

When children are deprived of food and suffer an encrgy deficit, they degrade their own

body protein for energy and thus indirectly suffer a protein deficiency as well as an energy

| deficiency. The classic energy deficiency disease is marasmus, and the protein deficiency
disease is kwashiorkor. :

a) Kwashiorkor: The protein deficiency follows soon after weaning. Breast milk
provides a child with sufficient protein, but these children are generally weaned to a starchy,
- protein poor gruel, The-gruel does not supply enough ammoamds even to malntam a chlld'
body, much less enough to enable it to grow,

Kwashiorkor typically sets in around the age of two (i) by the time the child is four, his
growth is stunted; (ii) hair has lost its colour, (iii} skin is patchy and scaly, (iv) moon face,
(v) increase in body weight due to edeina, (vi) fatty liver, (vii) diarrhoea and (viii) sickens -
easily and is weak, fretful and apathetic.

‘h) Marasmus: The severe malnutritional state resulting from starvation is termed
marasmus. Children with marasmus suffer symptoms similar to those of children with the
. protein - deficiency disease - kwashiorkor, due to the loss of body protein tissue; differences
are that kwashiorkor children retain some of their stores of body fat, accumulate fat in their
livers and develop edema. : '

A marasmic child looks like a wizened little old person - just skin and.bones. He'is often
sick, because his resistance to disease is tow.  All his muscles are wasted, including his heart
muscle, and his heart is weak. ' :

Characteristic Symptoms-
(i) Growth failure and low body weight..
{ii)  Severe wasting of muscle and of subcutaneous fat and
(fi)  Dry and atrophic skin. '
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Most of infanis are severely hungfy but a few are anorexic.

Birth influences | Breast feeding

\

| Early abrupt weaning Late gradﬁal weaning

| Ditute dairy formut ' Starchy for diet
Repealed infection Acule infections

especially gastroentritis

}

Starvation Therapy - | Kwashior

Nutritional Marasmus Marasmic Kwashorkor

Fig. 2.1. Paths leading from early weaning to nutritibnal.marasmus and
protracted breast feeding without supplements to kwashiorkor

Prevention and Treatment

Provide the child with sufticient energy foods and good sources of protein. Milk is excellent
but when seriously sick, tolerance to milk will be less and when such a thing happens
skimmed milk or casein is to be given. Egg, meat and meat products are good for fast

recovery. Alternatively, vegetable protein (pulses, groundnut seed preparations) are also
good and are cheap sources of proteins. Many recover well on the RDA for a normal infant

of 0-3 months, i.c., 2.3 g/kg/day. But for infants who are seriously ill with indigestive
impairment 1 g/kg/day is sufficient to initiate cure though larger amounts are necessary for
full recovery. ‘ :

No age is immune, but in older persons the disease is much iess frequent and the clinical

manifestations not so obvious and usually less severe, becaise both protein and calorie
requirements are relatively less reduced as age advances.

- Vitamin Deficiencies and Prevention

Vitamin A: Vitamin A deficiency continues to be a significant health problem in many
developing countries. Vitamin A is essential for the functioning of the mucus membrane
which is found in the epithelial tissues of the eye, the tear glands and respiratory gastro—
infestinal and urinogenital tracts. In this deﬁciency_ mucus secretions decrease or cease.
Lack of Vitamin A in the diet is observed on the arms and thighs. As the deficiency is
prolonged, the skin becomes 'horny’. This is called Keratinization, Earliest symptoms is the
dryness of the conjuctiva. The lack of sufficient amounts of vitamin A in the dict has been

related to a condition called nightblindness. Night blindness is the inability of the eyes to’
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adjust quickly to dark after exposure to bright light, keratomalacia which may result in
blindness is found in children with kwashiorkor (diets, deficient in both protein and vitamin
A). Follicular keratosis (rough and dryskin) is another condition in vit. A deficiency.

Severe deficiency of vitamin A in humans is often associated with protein energy malnutri-
tion and infection which can modify the immune response. During the years around 1985
considerable debate took place on the extent of vitamin A deficiency, massive doses
(2,00,000 IU) of vitamin A supplementation (6 months) on the morbidity and mortality in
children. '

‘Most of the children with comeal xerophthalmia also had other conditions such as severe
protein energy malnutrition, history of measles, Aiarrhoea, respiratory iliness and a variety
of other infections which could also 1ndependehu? contribute to high mortality. Severe
vitamin A deficiency involving cornea is reported to be relatively rare where as mild
xerophthalmia as evidensed by night blindness, conjuctival xerosis and bitot spots is more
~ widely prevalent. It has been suggested that even mild xerophthalmia may increase the risk
of mortality.

Vitamin A deficient children are largely from poorer sections of the families subject to more

severe socio-economic and dietary constraints. They are more likely to encounter the

ryultiplicity of threats to survival than those with adequate vitamin A status. Thus the

importance of vitamin A in child health programmes is for the prevention of blindness and

sufficient reason for strengthening the ongoing vitamin A supplementation programme and
" in combination with other health care services.

Milder deficiency symptoms can be easily cured and serious deficiency prevented by the
regular consumption of leafy vegetables and other carotene rich vegetables and fruits
(carrots, yellow pumpkin, papaya, mangoes eic. and animal rich sources for vitamin A -
milk, eggs, liver etc.). Children and pregnant women are the special groups for greater
attention and prevention of vitamin A deficiency. '

Vitamin B (Beri-Beri): Formerly a wide spread disease in orient, caused by eating diets
with highly polished (milled) rice.  The disease is frequently precipitated by infection, hard '
physical labour or pregnancy and lactation. The clinical features usually suggests the
presence of muitiple nutritional disorder, although 1ack of thiamine produt.es the pred0m1-
nant clinical changes,

Prolonged deficiency of thiamine or Vitamin B, in the diet is one of the main factors lcading
to the disease beri beri which may manifest in one of the three forms. (1) Dry beri beri -
there is loss of appetite, tingling and numbness in the legs and hands and a dropping of the
feet. (2) In 'wet beri beri, there is dropsy, palpitation and breathlessness and weakness of
heart muscle leading to heart failure and (3) Infantile beri beri. Thiamiine therapy produces
predominant clinical changes in the condition. With moderate deficiency in the diets the
symptoms include loss cf appetite, vomiting, constipation, mental depression and vague
fears, with more severe deficiency soreness and weakness of the muscle, loss of muscle tone
specially in the calf muscle, poor limb coordination, sensitivity to touch etc.

In chronic and sub—acute conditions in infantfle beri beri, poor foed intake, edema/wasting, -
excessive urination, puffiness in the face, abdominal pain are formed. Convulsions may also -
occur. '

A hlgh prevalence of beri beri was found in Andhra Pradesh till the 1950 and the age group
highly effected are between birth to 12 months (specially between 2-5 months}.
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Prevention of using highly polished rice, cooking rice by absorption method ‘i.e., non-
straining of kanji from rice, using whole graln pulse are found to retain the thiamine content
in foods and prevents beri beri. - '

- Vitamin B, Deficiency: Some of the chmcal symptoms attributed to inadequate intake of

this v1tarmn in the diet are the soreness of tongue (glossitis), cracking at the angles of the

mouth (angular stomatitis) redness of the eye and burning sensation in the eyes, scaliness of
the skin in the region betweéen the nose and angles of the lips (seborrheic dermatitis). Scrotal
dermatitis can also be a result of riboflavin deficiency. Due to this deficiency psychomotor
development in children may impaired. Among the several B-complex vitamins, vitamin B,
deficiericy is the most widespread, particularly among children and women in our coumry
Recent studies indicate that common infections like respiratory infections can accentuate the
deficiency of vitamin B,. Good sources of Vitamin B are milk and milk pmducts eggs,
- liver and green leafy vegelables

Pellagra: People hvmg exclusively on maize diets were found to develop a disease ca]led
‘Pellagra characterised by lesions of the skin (dermatitis), symmetrical butterfly shaped
patches on the cheeks are found typically. Diarthoea and mental changes (dementia) have
also been found. It is often called the disease of the 3 D's (Dermatitis, diarrhoea and
dementla) and was particularly more prevalent in alcohohcs :

Indian studies have shown that in the pathogenesis is of Pellagra in populahons subs1st1ng
" on the millet jowar (which unlike maize) is not deficient in tryptophan, excess of amino acid

leucine and deficiency of pyndoxme may play a part. Pellagra is now fortunately on the

reduct:lon side.

'Whole cereals, pulses, muts and’ meat are good sources of mcotlmc acid. Groundnut is
_particularly rich in nicotinic acid. Although poor in nicotinic acu:l milk is also effective in
preventing pellagra because it is rich in tryptophan.

Scurvy: Scurvy is caused by a deficiency of vitamin C (ascorbic acid). There is an
impairment of collagen formation and retards wound healing and from fractures. The blood
capillaries become fragile and hemorrhages occur. The first symptoms of deficiency to be
experienced are weakness, fatigue, loss of appetite, swollen and bleeding gums. The joints

become swollen and painful. The skin become dry. and rough. - Anaemia is generally

associated with Vitamin C deficiency.

Scurvy can be prevented by inclusion oi resh fruits and vegetables in the chet Sprouted
grams and cereals contain good amounts of vitamins. Richest sources of Vitamin C are
green leafy vegetables and extracts, drumstick, leaf tea, amla, guava, lime, orange juice etc.
Vitamin C is heat labile and mild acidification (hght tamarind water, lime juice) reduces
0x1dat1011 losses,

Other Vitamin Deficiency Dlseases

Rickets is a disease caused by Vltanun D deficiency. It is found in children characterised. -

by pigeon chest, rosary beads, deformities of the legs etc. The joints become painful and

the child is extremely irritable. Severe rickets leads to tetany and death. Tn women of the .
child bearing age a deficiency of this vitamin results in & decrease in the mineral content of

the bone and the failure of osteoid tissue 1o calcify satisfactorily. This condition is known
as ostematocia. In the deficiency of Vitamin E, blood has a greater tendency to hemolyse
and this may result in anaemia and- reproductive failure may result in scvere
deficiencies.




Mineral Deficlency Diseases - Prevention

Anaemia: Anaemia refers to the clinical condltlon in which there is disturbance (i) in the
formation of haemoglobin, eg., iron deficiency, (if)-in the maturation of proerythroblast e.g.,
vitamin B, of folic acid deficiency, and (iii) depression or destruction of the haemopoietic
cells in the red marrow, e.g., effect of toxins or drugs or x-rays on the bone marrow, anaemia
may be broadly divided into 3 groups -

1)  Anaemis due to nutritional deficiencies, i.e., deficici-cies of irom, copper fO].lC acid or
vitamin B,,. :

ii)  Due to loss of blood (haemorrhage) or destruction of RBC (Haemolysis)’.

iii) Due to depression of the RBC forming tissues of red marrow due to i.ixins or exposure
' to x-rays efc.

Anaemia due to iron deficiency is particularly common in reproductive age women
and young children. Haemoglobin surveys in different areas reveal that 40 to 90 per cent
among women suffer from anaemies and about 10 per cent from severe anaemia (Hb - 8%).
About 85 per cent of the anaemies encountered among rural labourers in hot, damp, tropical
regions respond to ivon therapy. Consequences of iron deficiency anaemia - (1) during fetal
life: still birth, abortions, prematurity (2) maternal deaths. '

The deleterious effects of iron deficienicy are seen earlier than the anaemia stage. The latent
jron deficiency is likely to be more wide spread and changes induced in placenta, brain etc.
are mostly irreversible. Thus the iron stores have to be built up in pre-conception period
and the adolescent stages to prevent health consequences of this nutrient deficiency.

Food sources for preventing iron deficiency anaemia are given below:

Cheap but rich sources: Green leafy vegetables, whole grains and enriched foods some
fruits, raisins etc.

Costly but nch sources: Meat parucularly liver, egg yolk etc,

Table 2.3, Haemoglnhm levels below which anaemia may be said to ex1st

Group Age _ ‘Hb g/dl

Children 6 months to 6 years 11
S 6 years to 14 years 12
Adults S Men | 13
- Women ' 12

Pregnant WOmen ' 11 .

Goitre: The importance of the trace (micro) mineral iodine in relatmn to thyroid gland is
known very well. The adult body normally contains 20-50 mg of iodine. About 8 mg of this
amount is concentrated in the thyroid gland. The thyroid tissue has the property of storing
the iodine and releases it slowly in the form of thyroid hormone .(thyroxin). During jodine
deficiency the release of this hormone diminishes and the whole tempo of the persons life
is slowed down. When the iodine level of the blood is low, the cells of the thyroid gland
‘enlarge in an attempt to trap as many particles of iodine as poss1blc It the gland enlarges
until it is v131b1e it is calied a simpie gonre
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Clinical Effects of Campiscatmna In great majority of cases of mmple gmlr? there are no
clinical manifestations due to hypo or hyper function.

Simple cotloid goitre may require surgical treatment either for aesthetic reasons or because
of pressure effects on the adjacent structures. The fo!lowmg comphca’aons occur on the
severity of the deﬁcwncy and in endemic regions. :

-1, Hypothyro:d:sm: This condition occurs when the harmones -are i]_ladequately' pro-
‘Guced. This condition produces sluggishness, sieepiness, dry skin, cold intolerance
and sometimes constipation. :

2. Cretinism: Cretins have severe i ireversible mental retardation. Other signs including
deaf-uptism, short stature and retardation of musculoskeletal system

3 Repmduc;we hnpamnent More miscarriages, siﬂl blrths low birth weight babies.

4. fnfam mortality: 1t also lead to high child mortality due to lmpa,lred defencc against
mfecimns

As agamsi eartier observations the magnitude of this pmblcm in India is as high as 150
million people with the risk for IDD (Todine Deficiency Disease) and this figure may reach
200 million by the year 2000 AD. H is. currently estimated that iodine deficiency causes
goitre in 40-50 million Indians. Severe mental retardation in 2.2 million and wider
- neurological deficits in 6.6 million. Recent studies in India indicate the presence of goitre
gven in aress outside the sub-Himalayan belt. An ICMR Survey in 14 districts indicate an
alarming prevaience of endemic cretinism, Studies in India revealed hitheric inspected
serious dimensions of the problem of nconatal chemical hypothyroidism (NCH) and that as
high as 13 per cent of nconates in endemic goitre areas are functionally decompensated with
respect to thyroid function. In yet another s’rudy nearly 15 per cent of school children
investigated in endemic goitre area had evidence of neonatal under development, Qut of the
200 million people in endernic regions of the country more than 54 million have goitre and
one millicn show different grades of mental and motar handicaps.

More and more pockets of endemic goitie are being reported from different parts of India
which include the hilly tracts of Central India, Sub—Vindhya beli of Madhya Pradesh, the
Aravali. ranges of Rajasthan along Narmada valley in Gujarat and certain big cities in
Maharashtra State. The tribal areas of Visakhapatnam district of Andhra Pradesh were also
‘Teported to be endemic goitre areas. In the villages of Adilabad it is found that 50 per cent
of adults adclescents and school age children had varying degree of goitre,

Iodine is easily met by consuming sea food and vegetables grbwn in fodine rich soil. Todine
administration is also in the form of iodized salt, iodized bread or iodized oil have all been
demonstrated o be effective. Because of the urgency and need Nation wide programme of
Todization of salt has been started and by 2000 AD it is ordered that all common salt should -
be replaced by iodized salt in the markets,

Check Ydur ?ﬁrogress -4,5&6

4,  What is meant by marasmus?

5. What arc e characteristic symptoms of marasimus?
6 “What is the disease of 3 D's?
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Note: a) Write the answers in the space provided below.
b) Compare your answers w1th those glven at the end of this unit,

2.8.2. Over Nutrition, Diseases and Remedial Measures

Obesity: Obesity is a disease of civilization and one of the most common nutritional
disorder in west and the well to do. This gives rise to more ill health than all vitamin
deficiencies put together. Obesity is a condition in which excessive accumulation of fat in
the storage areas of the body takes place.

Aetiology: Obesity can only occur by excessive intakes of food than the physmiogmal
needs. The food eating behaviour is controlled by the centres in the hypothalamus in the
brain, Very occasionally in man disturbances in feedings arc shown to be due to disease
affecting the hypothalamus. However the regulauon mechanism may also be influenced by
a variety of other factors.

Age and Sex: Obesity can occur at any age and in either sex. In children, after puberty
it is more common in girls. It is especially liable to occur after pregnancy and at menopause
In men it is most common after the age of 35 years,

Economic Status: Food is a symbol of luxury and with increasing income the food will be- |
available in plenty and more of sweets and fats are’ consumed in excess.

Eating Habits: Eating habits of obese people are variable. Some eat three large meals a
day, while others eat frequently 5 or 6 times a day. In both the groups, excessive food intake
is the cause of obesity. Some people develop voracious appente after evening meal and eat
again in the night.

Physical Activity: Obesity is rarely found in those who lead active lives involving hard

physical exercise both in occupation and recreation. The farmer who walked behind his

plough uses 400 k cal an hour, now rides a tractor and uses 130 k cal an hour. Similarly

the housewife who used to wash clothes by hand spends 250 k cal an hour, now uses a

washing machine at - fraction of that amount, Now with the coming of television into

homes all members in the house have diverted their active recreation to sedentary viewing

leading to more people becoming obese. Hence activity may be a most important factor
explaining the frequency of what has been described as 'creeping’ over weight in modern
societics. Although it was once fashionable to do exercise as a means of reducing weight,

it is now taken seriously by most of the people for reducing weight along with diet.

Genetic Factors; It is general observation that obesity, is seen in some families. Several
genes might be responsible for-obesity but it is difficult to know the nature of the genctic
factors responsible. Also it is difficult to distinguish their influence from those of family
customs and eating habits,




Endocrine Factors: Failure of thyroid gland is. sometimes blamed. A consistent excess
intake of as little as 50 kcal/day can lead to a weight gain of around 2 kg over the course
of a year. - Fifty calories can be obtained following small amounts of food or drink, about
30 g of lean meat or chicken, one small potato, one fistful of rice, 1/2 teaspoonful of butter,
half a glass of milk: A similar situation may occur from a small reduction in physical work
when the daily calorie intake remains constant,

- Treatment: Treatment to obesity is very difficult to suggest as well as to follow. Also the
treatment is stow, gradual and requires a whole hearted mvolvement One day fasting may
not serve the purpose and may lead to other complications.

The weight reduction regimen is not to loose weight drastically. Not mdre than 1.2 to 1.4
kg/week should be lost. For this a 1000 to 1200 k.cal/day diet should be planned and
followed till the expected weight loss occurs. The calorie reduction needed for shedding the
excess welght for achieving normal weight is given in Table 2.4.

Table 2.4. Calorie reduction needed to reduce weight.

Calorie reduction needed for
achieving normal weight

Excess weight "

3 nion_ths' n " 6 months.
20 kg %0 1600
10 kg a0 800
5 kg 200 3 400

To summarise the cause of obesny is too much of food mtakc, too 11t|:1e exercise or both.

Table 2.5. Appr(mmate amounts of different foods prowdmg 100 Cal.

Food Group 'As consumed
Fats and oils _ . 2-2 172 tea spoons
Sugar ' , _ S§-6tsp
-Tea and Coffee ' 1-11/4 cup
Milk with sugar, curd - 3/4 - 1 cup
Roasted groundnuts 11/2-2tsp
. Cashewnuts, almonds 1-11/2tsp
Biscuits 4-6
Rige 172 cup
Chapathi 1
Pdori 11/2-2
Liquid dhal ... 1cup
sprouted legumes T 1/2 cup
Vegetable: Low calorie ' “1-112 cup
' I_-Iigh c'aloric -1/2't0 3/4 cup
Fried snacks 1/2 serving (30-40 g)
Halwas - _One small piece (20 25.9)
Vada " 40-50 gm
Tdii _ * 1leup
Dosa/omelette 1 '
- Boiled egg 1-1172
Jam : 2 tsp




Other Nutritional Deﬁclency Diseases

Lathyrism: Lathyrism is assocmted with the excessive consumption of the legume
kesaridbal or Lathyrus sativus. Much of Lathyrus is grown in M.P. (Madhya Pradesh.) In
the areas where the legume is consumed exaggerated knee and ankle reflexes in chﬂdren and
outward gait while running are quite common.

The disease starts with weakness of lower limbs. The movement at the ankles and knee
joints become painful. With the progress of the disease the foot of the patient becomes
completely flexed and the patient is unable to stand or wa.lk In some cases the onset may
be sudden.

A major break through with this disease is the isolation of the toxic facter B-N oxalyl amino
-alamine. With a good diet even severe cases may. respond and milder cases may take longer
- time for the diSeases..

Witk the National scarcity of pulses, Lathyrus seeds are now apparently in high demand
‘especially in Southern states where they are freely used as an acdulterant with red gram dhal
thus reducing the disease condition in the home land. Hence one has to be careful while
purchasing red gram dhal as Iathyrus resembles that of red gram dhal. :

Fluorosis: Exccsswe amounts of fluorine ( 3 to 5 ppm} in the diet or drinking water are
toxic and may cause gastro—enterities, nephritis and liver damage. Endemic fluorosis was
identified as a discase entity over 50 to 55 years ago. Consumption of moderately high
amounts for longer periods result in changes in the feeth and skeleton, With mild fluorosis
the teeth become mottled, ename] is lost and become chalky white. This may be followed
by brown pigmentation and mottling specially in the incissors of thie upper jaw. The
condition is generally found after the eruption of permanent teeth. '

If people live in endemic fluorosis areas they may develop even:skeletal abnormalmes In~
the early stages a tingling sensation appears allover the body followed by pain and stiffness
in the region of the spine. Gradually the bone become stiff and the person loses his ability
to send or turn his head. There is a progress in loss of appetite and general wasting occurs.

_ Osteo—fluorosis has been found in areas of Nalgonda district in Andhra Pradesh where the
water contains 11 ppm of the fluoride. Also Punjab is reported to have this disease.
Normally fluorosis is expected where the fluorine content of water exceeds S to 6 ppm.

Additional quantity of milk/milk powder or calcium and ascorbic acid rich foods in diet
protects against this disease, Another important preventional aspect is by defluoridation of
water by filtering the suspected water through activated charcoal. Now a number of areas
have been identified for fluorosis - Nellore, Visakhapatnam, Nagarjuna area, Anantapur etc.
and defluoridation plant for safc drinking water supply have been taken up in these areas.

-

Check Your Progress - 7

7.. ‘What are the common symptoms of Lathyrism?

Note: a) Write the answer in the space provided below.
b) Compare your answer with the one glven at the end of this unit.

.....................................................................................................................
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2.9. SUMMARY

How healthy we are depends on what we eat. The judicious selection of foods and the
quantity of foods consumed keeps you energetic, builds up the body and helps to avoid any '
infection and disease. Healmy individuals lend a long and pmducnve life. .

2.10. CHECK YOUR PROGRESS : MODEL ANSWERS

.

‘Food is nothing but a substance which is. edible and digested by human beings without
causing any toxicity to the physiological system. Nutritiofi is defined as the food that
is digested, absorbed into the bloed stream and perform all the functions. -

- The functions of food in the body are: (a) energy yleldmg (b) hody building, and repair -

and (c) protection from diseases.

Different nutrients requxred by the body are: (a) Carbohydrates, (b) proteins, (¢) fats
(d) vitamins, (e) mineral elements and (f) water

The severe malnutritional state resulting from starvation is known as THarasmus.
Growth failure and low body weight, severe wasting of muscle and of subcutaneous
fat and dry and- atrophic skin are the characteristic symptoms of marasmus.
Pellegra is often calded as disease o3 D's (dermatitis, diarrhoea, dementia).

" Exaggerated knee and ankle reflexes in children outward gmt while running are- thc
‘common symptoms of Lathyrism. :

2 11. MODEL EXAMINATION QUESTIONS

R
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. Write briefly about fluorosis, -

Answer the following questlons in about 30 lines each:

How do you classify food? Describe each one of themi. o

What are the aspects that govern the food habits? Explam each one of them;
What are the diseases caused by under nutrition? . What are the remed1al measmes‘? .
Write briefly about vitamin deficiencies and their prcventlon
Explain briefly the mineral deficiency diseases and their prcvehtlon

"' What are the disease: ,aused by over nytrition and sugge'st remedial measures.

Answer the folaning’ questions in about 10 lines ea.ch.
Write briefly about carbohydrates. = -~

Write briefly about be-y building foods and pmtcctwe foods.
Write briefly about protein-cnergy malnutntmn.

Write briefly about Kwashiorkor.

' What is marasmus? Write briefly about it.

What are the sympioms of vitamin-A deﬁc1éncy? How do you prevent it,
Explain the deficiency symptoms of Vitamin-B and its conlro_l_ measures.

" Write briefly about pellagra.

Discuss briefly about scarvy.

. What is anaemia? Explain the three groups of anaemia.
., Write briefly about Goitre.

Discuss briefly about Lathyrism.

. Prof. D. Peramina
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Check Your Progress : Model Answers
3.10. Model Examination Questions

3.1. CBJECTIVES

After going through this unit you will be able to:

* describe the reasons for the spotlage of foods,

x  list out and describe the ways of spoilage,

* gefine food standard and

+ describe the methods of storage of both grains and perishable foods.
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3.2. INTRODUCTION

Rising populatlon and income are increasing the demand for food at an unprecedented rate,
In this country substantial portion of food produce is lost due to spoilage -and there is
sizeable gap between ﬁgures available for production and available for consumption. The
losses are much more in the case of vegetables and fruits” because they come under
perishable foods. The Central Food Technological Institute has developed technologies for

; grain storage and fruit and vegetable preservation, A knowledge of these methods will go

| a long way to avoid food wastage and also make the best utilization of avallable foods in
times of non-season,

3.3. FOOD SPOILAGE/POISONING AND PREVENTION

| Food poisoning is-caused by eating harmful/contaminated food. The most usual symptoms
| : ~of food poisoning are stomach pain, vomiting and diarrhoea. There can be no evidence of
*  food poisoning though sometimes spoilage can be detected by a change in colour, texture,
taste and ﬂavour

‘There are three types of food poisoning - (1) Chemlcal 2) Bmlogwal anﬂ (3) Bacterial.
3.3.1.Chemical Pcusomng

g ‘ ‘Chemical food poisoning is caused by the presence of tomc chemicals in food. These

substances may be agricultural chemicals which are used intentionally in crop production.

" The use of weed-killers and insecticides is essential to ensure good yields. However some

| of these substances may be dangerous if used indiscriminately since they may be. toxic if
| C they are consumed in larger quantifies. :

- ~ Poisoning may also be caused by the dccumulatlon of certam metals (lead mercury, and
cadmium etc;) in the body., High levels of mercury and cadmium have been found in fish
taken from waters polluted by industrial wastes, Cases of lead poisoning have arisen as a
result of drinking water that has passed through lead pipes.

QOutbreaks of organic mercury poisoning have occurred in Irag and Guatcmala where farmers
_ who had received grain seeds treated with an organic mercury fungicide and ate the seeds
‘ : . instead of planting them.

Occasionally food poisoning may also be caused by ehemlcals acc1denta]ly added to food
dunng_preparaﬂon and cook.mg_ However cases of this nature are rare.

Biological food poisoning is caused by eating plant foods conta.lmng natura]ly occurring
substances which are harmful Green potato contain a substance called solamine which
causes iliness or even death if eaten in large quantities. Therefore green potatoes should
always be discarded. Foods containing large amounts of oxalic acid also are to be avoided.
Kesari dhal which contains the natural toxicant B-N-Cxalyl-Amino- L Alanine, when con-
sumed in large quantities affects lower limbs and leads to stiff gait. Similarly soyabeans
contain trypsin inhibitors and requires some processing before it 1s_ consumed as food.

‘ ' 3.3.2. Biological Food Poisoning

3.3. 3 Microbial/Bacterial Food Pmsonmg and Hygiene S o S S

Our know}edge about foods and preservation or storage would be 1ncomplete without some.: :
understanding of the role of microorganisms in the production and spoilage of foods. ™
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Microorganisms, invisible to the naked eye are the yeast, mould and Bacteria which
resemnble the plant cells where as protozoans resemble animal cells. Viruses are also
classified as microorganisms but they lie at the boarder between living and non-living
matter. They multiply like living cells but can only do s¢ in plant and animal tissue which
is called the host tissue. In contrast bacteria, yeast and moulds can be grown in sugar
solution with some added nuirients. - : '

Conditions for Growth of Microorganisms: Fortunately for humans most organisms are
either beneficial or harmless (Non-pathogenic). A few however cause food spoilage and
others.cause diseases when they enter the human body (pathogenic). They also differ in the
products they form during their growth. Some strains produce citric acid, some produce a
particular vitamin where as others remove the same from the mediumm as they require it for
its growth. Most microorganisms require air, moisture and an oplimum temperature for
survival and growth. A temperature of 30 to 40°C is usually favourable for their growth. At
high temperatures they die and at low temperaturcs, as in freezing they remain inactive but
‘become active again when exposed to favourable temperatures. Foods preserved by freezing
should therefore be free from initial contamination. :

Non-Pathogenic Micro-organisms in Foods: . Fénne;_ntﬁd foods such as curd, bread, idli
contain micro-organisms and they are detailed below. T

- Curd:. Preparation of curd is a way of preserving milk. Microorganisms are capable of
converting lactose in milk to lactic acid. This brings about chemical, textural and flavour
changes in-foods. The chicf change is the separation and acidification of casein from milk.
The sour taste of the curd is due to the production of lactic acid.” The environmental
temperature is responsible for the too - sourish taste of the curd (optimal temperature is 35- .
A0°C for 5 hrs?). The difference in the flavour of the curd is dueto the presence of formula

_ yeast which imparts- the cheesy flavour. Lactobacillus bulgaris is also used for the

preparation of curd or yogurt. “ The acid forming bacteria prevent the growth of other

organisms which spoil milk including those causing amoebic dysentery.

Bread:’ Leavened bread made from fermented dough are becoming increasingly popular. In
most breads fermentation is brought about by yeast. Yeast cells act on the sugar present in
the dough and produce alcohol and carbon dioxide. The CO, formed helps the dough to rise.
When the fermented dough is baked, the alcohol evaporates and the bread gets its typical
porous texture. Other micro-organisms such as Stréptacoccus lactis are also used in making
certain varieties of breads. S B

Most plant foods such as cercals and legumes contain micro—organis'ms. Species of lactic.
acid bacteria are found in most of them because of which batters prepared from them ferment
without the addition of any culture. -

The fermentation of idli batter also is associated with an increase in batter volume and
acidity because of the production of carbondioxide and lactic acid. These changes enhance
the taste and texture of the steamed products and are brought about primarily by Leuconostock
mensenteroids which is a dominant organism in fermented idli batter, Other fermentation
bacteria are L.delbrockii, and Lfermenti. They bring about increase in vitamins and
inorganic phosphate and also a partial break down in proteins and starch. Most of the
microorganisms present in fermented batters are found in the food grains used.

- Intestinal Microflora: The normal intestine contains many micro-organisms which make
their appearance soon after a baby is. born. They break down the undigested material 1o
simpler substances and help in the formation of faeces. They also play a role in digestion
and in the synthesi§ of several vitamins particutarly B-Vitamin and Vitamin K. |
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Pathogenic Organisms in Food and Spoilage: Foods become unfit for consumption due
fo the action of enzymes present in the food itself which bring about undesirable physical
(taste, flavour, colour, and fexture) and chemical changes. It may also be due to the action _
of micro-organisms such as yeast, moulds and bacteria or due to infestation with insects and
worms. When food comes in contact with cockroaches, rodents or lizards which are present

- _ in environment render ‘the food unsnitable for consumption. Foods may also become toxic
due to contamination with metals such as lead, copper etc. When food spoilage takes place
two distinct processes are involved, ' '

Autolysis (Enzyme Spoilage): The word autolysis means self destraction and is used to
describe the cellular breakdown caused by enzymes contained within the food itself, This’
- breakdown starts immediately after slaughter or harvest. Enzymes are chemical constituents
- in‘food itself which bring about either favourable or unfavourable changes, The ripening of
fruits and cheese and the softening of meat are some examples of favourable changes. The
rotting of fruits and vegetables, meat, eggs are due to some unfavourable Cha.nges. Enzymes -
activity is primarily due o, one - exposure to air and two, a favourable temperature. and pHl.
This can be slowed down or arrested by controlling these conditions.

- Most of the enzymes are heat Iabile and hence at high temperatures the enzymes can be
destroyed and their action on the food prevented, Exposure to air can be prevented or
minimised by botiling as in the case of frvits and vegetables, Keeping the food in opaque/
vacuum containers with air tight lids as in the case of fats, or by coating wax and by external
layer of oil as in the case of pickles prevent spoilage. Enzymnes are also inactivated by cold
freezing and refrigeration to prevent enzyme spoilage. : :

Microbial Speilage - Prevention (Pathogenic Microbial and Parasitic Spoilage): Once
the cellular structure of the fcod'become\s disorganised the food is vulnerable to be attacked
by micro-organisms. Microbial contamination is very difficult to prevent, since the patho-
genic organisms are usually derived from food, water, air or through direct physical contact.
Hence it is necessary to prevent the spread of these harmful microorganisms through these
media. - ' . _ ' '

Factors and Prevention

Personal Hygiene: Pathogenic organisms spréad through any part of tue p'er_soh involved
with food preparation. - .

Personat hygiene covers all the rules of hygiene_'which are the 'responsibility of the individual
and all food handlers should possess an elementary - knowledge of why these rules are
important. Some of the most important points of personal hygiene are covered _here.

Washing Hands: Washing hands should be frequent: (a) Before handling food in the
Kitchen: "This is important since bacteria, particularly Staphlococcis may be present on the
surface of the skin. (b) Between food-handling operations: This is hecessary to prevent
cross-contamination of all types of food poisoning bactéria from raw to cooked food.
(c) After using the toilet and before leaving the wash-room:. This reduces the risk of the
transfer of bacteria such as Salmonella and Clostridium perfringens, from faeces and door
handiers to food. (d) In food establishments (hotels and cafeterias): Specially it is necessary
to have notices in wash rooms requesting users to wash their hands after using toilet, .
(e) After smoking, coughing and sneezing and after using a hand kerchief: This reduces
the risk of the transfer of Pathogenic microbes to food. Use of soap dispensers; hand
creams, antiseptic lotions keep the hands free from bacteria. Paper towels, hot air driers or
roller towels, reduce the risk of trassfer of harmful bacteria from person 10 person.
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Other personal aspects such as having cuts, boils and septic spots, ‘long harbouring nails,
jewellary, ill health (eye, nose and throat infections), typhmd and other Solmenella infected
people can not be allowed into kltChCl‘lb :

Pathogenic orgamsms may also spread from unclean utensils. Hence the utensils used for _
eating, drinking must also be kept clean through stenhsatlon or through sundrying of these
utensils.

Water: Dysentery and diarrhoea are also cansed by micro-organisms which spread through
food and water and lodge themselves in intestine. Drinking water can be a potential source
for spread of diseases specially in village and slum wells since there is no protected water
source. Water can be from river, lake or even from a well (which has no platform arcund).
Under normal circomstances the river or lake waters ¢an be clean by the operation of oxygen
cycle but when this is polluted by indiscriminate practices like bathing, cattle and-clothes
washing, draining sewage water and industrial wastes, purification by the natural ways can
no longer be adequate. Where the water source is a lake, people should be prohibited from
misusing it at source and should be made to transport it away from the place for other
purposes. If it is a well, the inside of the well should be cemented upto to 15-20 ft. deep,
" so that the polluted water is prevented from seeping into it: Other means of getting clean

drinking water is filtering the water through 2-pot system. The upper earthen pot consists

of clean sand and charcoal so that clean protected water-seaps into the lower pot. This is
- feasible in a family and more so can be easily provided by the panchayats. Storage of water

in copper pots is believed to have an inhibitory effect on the growth of micre-organisms.

In many families drinking water is iaken care of bat in cocking water people become casual
while this is not harmful for foods that are boiled. Only drinking water or boiled and ccoled
water should be used for preparing butter mlik and chutneys and the like.

Soil Contaminants (Intestinal Parasites) : Apart from micro-organisms intestinal parasites
such as hook worm, tape worm and round worm also cause great harm by interfering with
absorption of food. Vegetables and fruits are often contaminated with these parasites
because of their presence in soil. Where modern sanitary facilities are not available.
Animals help to spread the infection. Hock worm egg can not hatch and grow outside the
animal body. It is important to realise that hook worm and other parasites spread throwgh
fruits, vegetables, greens and other foods which lie on contaminated ground. The worms are
present in the faeces of affected individuals and when excreted they lay eggs on the soil, if
the excreta is not sanitarily disposed off. Thus they spread through soil or water
contaminated with faeces containing the parasites. ‘When walking bare foot on contaminated
soil, eggs of hook worm enter the blood stream through the skin. They too attach themselves
to vegetables etc., but they can not hatch and thrive outside the body of the host (man or
animal). Hook worm disease therefore can be entirely prevented by sanitary dzsposal of
: faeces and reduced by wearing shoes. : : .

If foods should be consumed free of these eggs and parasites, all vegetables and fruit,should
be thoroughly scrubbed and washed with salt water and clean watet before cutting, In areas
affected with epidemics such as.choléra, it is dedirable to soak them in weak solution of
potassium permanganate or salt. This ‘particularly ‘is important with green chillies, ginger,
~coriander, salad vegetables and fruits Whlch are consumed as such without cooking.

-;3,3.4. Food Contamination throu'gh Pests and Control Methods

'i?ests, mice, flies and cockroaches are the trost common kitchen pests. Rats and mice often
carry Salmonella and other pathogens in their intestine and therefore excrete these organisms




~ in their faeces. In addition they also carry bacteria on their feet and can contaminate open
food and working surfaces. Cockroaches breed in warm temperature and on left over foods.
They contaminate foods with bacteria from their bedies and excreta but since they are
nocturnal their infe'station £oes unnoticed.

They shouid be controlled with msecm;idal sprays and: the best way to avoid is to keep the
store and kitchen clean and dry without food left. open -

335, Dairy Management and Hygiene

‘Milch animals can be carriers of diseases like tuberculosis. The holder of the cow, the hands
of milk man and the milking container must be thoroughly cleaned before milking as milk
is a very good medium for growth and transmission of microorganisms of diptheria,
streptococcal infections, typhoid, paratyphoid, cholera, dysentery and scarlet fever. Hence
milk should be transported in chilled condition. Fortanately in our country the practice of
boiling milk is a universal want for preservation of milk.

3.3.6. Hotel Industry and Hygiene

- Hygiene and sanitation are very important in hotel and catering institutions as spread of
pathogenic organisms is fast through personnel connected with preparation of food. Cooks,
helpers, servers and every one in hotel/catering institution should- be' non-carriers of
pathogenic microorganisms and they should be trained to observe rules of hygiene. They
should wash their hands with disinfectant, trim their nails frequently, use clean washed dress,
caps and aprons (cotton sweat absorbable), bathe regularly twwe a day and maintain good
personal hyglene :

Further they should be free from s'cratch_ing, sneezing, coughing and smoking durilig
cooking, Most important is that, they should be frequently. checked and treated for any

intestinal parasites. However food should be subjected to minimum handling afier they are - -

cooked. They should be thoroughly t:ramed to use spoomns, Iaddles and scoops to prevent
food contamination. :
Check Your Progress - 1 & 2

1. What are the three types of food poisoning?
2. What is the role of IIllCl‘OOI‘ganlS]]‘l‘: in the intestine?

Note: a) Write the answers in the space provided below. -
b) Compare your answers with those given at the end of this unit.
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.......................................................................................................

3.4. FOOD AND PRODUCE PRESERVATION

Most types of produce especially the food stuffs are given some forms of treatment either
as part of the final processing before sale and use. In this 1t is really the lllltlal processmg
prior to storage that is of most concern,
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Produce spoilage or deterioration is usually a combination of an oxidation process together
with the contamination by microorganisms and insects. The insects will e¢at part of the
produce and will spoil part by contamination with excrete, saliva and enzymes. In general
insect presence will accelerate the process of decay.

The majority of food stores are-for grains and flours. At the time of harvest most cereal
grains have & moisture content (MC), in the region of 16-20 percent. If the grain is stored
at this moisture level it is most certain to be attacked by fungi and insect pests, so it is
important that it should be dried before storage. At a moisture content of about 14-15 per

cent, grain in storage is not vulnerable. for fungi but Sitophilus weevils needs 9-10 per cent.

The different methods of food produce preservation commonly in use are given below.

3.4.1. Heat Treatment

Heat treatment is the most impoﬁarrt form of food processing. The effect on food itself is
very complex, depending both on the food and on the conditions of heating.

Blanching: Blanching consists of heating a vegetable briefly with either water or steam,
Before freezing or drying, bldnching is carried out to destroy the enzymes which affect
colour, flavour, texture and nutritive properties of the product during subsequent processing
and storage. Since blanching also destroys the semi-permeable membranes of the cell and
expels gas from the material, the tissue often collapses and is easier to pack into caps,

Boiling: Boiling water or steam condensing in-a pressure cooker has a high heat transier
capacity and the surface temperature of the food reaches the temperature of the water or
steam very quickly. The temperature at the centre of the food depends on its shape, size and
heat transfer characteristics. Occasionally there are phase changes with in the food which
may affect heat transfer, but these are though't to be small. The temperature of the food
never exceeds the boiling temperature of the water. Nutritional losses due to boiling are
extremely variable depending inter alia on volume of cooking water, cooking time, state of
dispersion of the food, pH and availability of oxygen. - Pressure cooking requires less time
and water hence losses are significantly lower than with ordinary boiling. '

Frying, Deep Frying and Baking: These processes are more complicated than boiling in
water because optimum crust properties must be matched by optimum characteristics of the
interior of the food. Traditionally frying may take place in an 0il bath, by contact frying or
in an oven. Characteristically the surface temperature of the food rises to well above the
beiling point of water while the temperature at the centre lags behind and only reaches its
maximum when cooling has already begun. Chemical changes occur both at the centre and
on the surface of the food, but those at the surface are more pronounced. Because of the
higher temperaturc further chemical changes take place but there is also a greater reduction
of water and rcacﬂon with the heating medium,

Pasteurisation: Pasteurisation consists of rapid heating followed by a rapid cooling
process. - The object is to destroy micro-organisms,” although not all  are killed by the
treatment and microbial spores generally survive. The time and temperature of the treatment
depends to a large extent on the product and its expected shelf life. :

Canning: In sterilisation the food is treated to such an extent that neither microbes nor their
. gpores remain viable under optimum conditions of growth. Heating and cooling are
- maximum stress periods for cans and cooling can set up a vacuum inside the can sucking

in contaminated cooling water. Once canned, the prodact should not be allowed to freeze
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i
or moisture allbwed to condense on the outside of 't'he can,

Example Bean
J .
Cleaning reel —3 waste
) _
Inspection belt
N .

Bean snipper

Cut beans
-l
B Inspection belt
' Grader
: !
Stean er hot water — Blanches - Freezer
- l ' ‘
Washed cans . —  Filler - = Packing machine -
! o
- Vacuum - 5 Frozen product
4 '
Closing machine
‘L o
Retort
. _
Cooling water —  Cooling tanks = —»  Water waste
_ L S
Labeller

)

Canned product

Check Your Progress - 3
3. What is meant by pasturisation? . _
Note: 2) Write the answer in the space provided below. -
b) Compare your answer with the one given af the end of this unit.

3.4.2. Refrigeration . _ .
Refrigeration is the removal of heat from a material resulting in either the removal of heat
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(cooling) or a change of state (freeziig). Some foods are easily damaged by low temperature.
Examples are banana, potato, tomato and some citrus fruits. Other foods are relatively
unaffected even on relatively prolonged storage. These include some betries, cabbage and
spinach etc. Two methods of refrigeratiah are commonly employed, i.e., chilling at 0-4°C
and freezing between -18° and - 35°C. The conditions used depend on-the lepgth of time the
food is to be stored and on the type of foods, Non-living foods such 'as meat and dairy
products are highly susceptible to deterioration by their own enzyme systems or by micro-
organisms. Living foods such as fruits and vegetables which are still metabolically active
have the natural resistance of typical living organisms. The former are stored in the frozen
state while the latter are sometimes chilled. Indeed, fruits and vegetables ofien require
processing such as blanching before they can be successinlly frozen.

If stored too long or at-incorrect temperatures or relative humidity the product may suffer.
In meat, oxidative rancidity may zlso occur during cold storage. Nutritionally refrigeration
is perhaps the mildest form of preservation. The muirients which have received most
attention are those which are water soluble and easily leached and the ones easﬂy degraded
chemically. -+

3.4.3. Dehydration

The simplest dehydration process and the one very common practice in developing countries
is ‘sun drying. More controlled methods are hot air *drying, contact drying, drying by
radiation and freeze drying. Concentration processes to remove water include. evaporation,
freeze concentration and membrane processes such as reverse osmosis and ultrafiltration.
Nutrient destruction on dehydration is virtually imipossible to quantify. It depends on the
- food, the nuirient and process. Ox yeen, pH and trace metals have a great effect on nutrient

destruction. There is little loss with freeze drymg Oxidative rancidity can be a problem
with all concentration and dehydration processes. ' : .

Before drying, food undergoes a variety of treatments. In the case ‘of vegetables this includes
washing, grading and blanching (to destroy enzymes). Sodium sulphite is usually added to
the blanching water, this improves the colour of the product, aids vitamin C retention and-
destroys. many of the microorganisms. Other foods such as meats. may be cooked prior to
dehydration.

There are many types of equipment used for df:hydrat]hg foods. Some of the more usual
methods of drymg are - tunnel drying, spray drying, roller drying and freeze drying. -

3.4.4. Salting

This has long been one of the traditional methods of food preservation, At highef
concentrations it has a pronounced bacteriostatic action and is used to preserve mainty meat
and fish. '

3.4.5. Addition of Chemlcal Imhibitors
Many methods of preservation, including many of the traditional methods depend on the
addition.of anti-microbial substances to foods. Some of these methods are outlined below. _ :

1. Food Preservatives: ‘A preservative is defined as a _Substz_mce which can prevent
~ spoilage. Some of the more important preservatives are benzoic acid and sodium benzoate
used in an acid medium such as fruit, pickles, soft drinks and fruit juice.
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Table 3.1. E__xamples_ of permitted preser&atives and some of the foods they may be used.ili;

Preservative ' ' Foods

Sulphurdioxide: _ - dried fruit, jam, dehydrated vegetables sausages, beer, llme"
Benzoic acid - soft drinks

Prepionic acid - - flour confectionsry -

Sodium Nitrate }

Sodiur Nitrite - Jam, bacon, pickled meat

Curing: The curing of meat such as bacon involves using a brine (salt) solution composed
of sodium chloride (25%) potassium nittate (1%) and sodiuwm nitrite (0.1%). The salt content
nhibits microbial growth by preventing water absorption by the brine and the meat develops
a characteristic colour and flavour. Amla, citrus fruits mangoes and vegetablee are preserved '
by this method.

3

Some cured products are also smoked by exposing them&to smoke from a wood fire. The
smoke contains anfimicrobial substances which reduce Spoﬂage It also gives the food a -
“characteristic taste. '

3. 4 6. Preservmg with Sugar

Many fruit products such as jams and crystalhsed froits are preserved with sugar. - Sugar
reduces microbial activity due to. its dehydratmg effect. ~ The same principle of salt
pre: ervation also applies here. :

347, Use of Oil and Splces

Spices such as chilli’eS and pepper are used in the preparation of pickles. They not only
improve flavour of foods but also are believed to create an environment unfavourable for the
growth of bacteria.

Similarly when oil is used in pickles a top layer of cil is formed which prevents the
mnicroorganisms in the air from coming into contact with the food. Coating fruits (lemons)
with thin layer of oil can keep them fresh for a longer time. Dals like green gram, red gram,
wheat, rice ete w1th 011 is a common procedure in some states.

K 4.,3. Mllk Processmg

Mﬂk is an excellent nutritive medium for microbes. Milk is easily contaminated and so-
becomes too sour to drink, unless it is processzd. The treatment of milk varies from 65°C
for 30 min to 130°C for 3-5 secs. If so treated and packed sterile, the milk will keep for
two months. :

1. Condensed and Evapamted Milk: The removal of some water gives a product known
as evaporated milk. Sugar may be added to sweeten it giving a total solids content of 75%,
55% being sugar. -

2. Dried Milk: Drying milk reduces its volume, preserves it and rnakes it into a usefui
additive to other dried foods. The process was alreaey known as far back as the thirteenth
century. _ _

B & Reconsmwted and Synthetic Cream: Reconstituted cream may be prepared by emul-
- sifying unsalted butter with milk es recopsifiuted milk. Synthetic cream 1s prepared by using
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margarine or another fat instead of butter.

4, Whipped Cream: This is prepared by w‘uskmg cream containing between 36 and 40 .
per cent fat.

5. Bufter: The cream is separated from the_ milk, either by gravity or by means of
" centrifugal separator. The cream is then briefly ripened. The ripened cream is then churned
and in the resuliing phase inversion butter and butter milk are produced. -

6. Cheese: Cheese is made by microbial fermentation. First, the milk is coagulated by
cither rennet or a bacterial strates which produces acid from the lactose contained in the
“milk. The milk may also be coagulated by thc direct addition of acid.

34,9, Food Additives

Food additives are used as antimicrobial agcnts, to reduce physwal and chemical spoilage
a.nd to aid processing. :

'The increased use of synthetic food additives also poses health problems but thcse must be
seen in proper perspective.- Many conventlonal foods contain toxins,

3.4.10. Flavouring Agents and Enhancers

Spices as well as natural and artificial sweetening agents are 1mp0rtant additives of the
flavour enhancers, sodium chloride is the most common and the oldest. Other flavour
potentiators include ethylmaltol, disodium inosinate and disodium guanylate.

34.1L Colourmg Agents

Annatto, 2 yellow colour, is isolated from the seed pulp of the annotto tree, Bixa orellana.
.Turmeric, a yellow dye from the root.of Curcuma longa, is an East Indian herb, and related
o ginger, Cochimeal, a red dye, is obtained from a South American insect, Coccus cacrz
Some other natural colours mclude, carotene, chlorophyll and caracel.

3.4.12. Stabilisers and Thickeners.

These are mainly gums and they are conveniently dmclhd into exudate gums, sesd g,
starch and cellulose derivatives. The only gum used in the food industry which is &0t a
cartgohydrate and hydrophoblc is chicle, usecl in the mapufacture of chewmg gum.

3.4.13. Surface Active Agents

These substances include lacithin, some mono and diﬂlycerideé of natural fats, sodium or
calcium steagoy 1-2-lactylate, propylene glycol mnnostearatc gtycerol lactopalrmtale and
polyoxyeﬂlylcne sorbitan mono-oleate. :

3.4.14. Antioxidants

Among the antioxidanis used in the food mdustry are Vmﬂmn E and V1tamm C, both of
which occur naturally, Among the synthetic antioxidants are butylated hydroxy anisole,
butylated hydroxy toluene, propyl octyl and dodecyl esters of gallic acid.

3.4.15. Chelating Agents

~ The most important chelating agent in the food industry is EDTA. The pyrrole system
_chelating ‘metals is very important in nature. - Mg is bound in chlorophy]l in this way, iron
-in the ilaem of blood and copper in copper phalocyamire.




3.4.16. Humefactants

"The most important oties added to food such as baked products are glycerol, mannitol, . -

sorbitol and propylene giycol. .

3.4.17.. Enzymes

Barley malt is still used as a commercial source of amylase. Remnin is used for curdling
milk in cheese production. The most common proteclytic enzyme is papain tapping from
the unripe fruit of the papaya tree. Enzymes are used for many indusirial processes including
meat tenderisation, milk fermentation, modification and degradation of starches, fruit juice
clarification, alcoholic fermeniation etc. ' o : '

3.4.18. Acids and Alkalies

~These are used as preservatives. Acetic, lactic and sorbic acids are ‘widely employed.
Sodium bicarbonate is also used in food processing. o

3.4.19. Irradiation

Although it has been known for many years that various types of radiation can_be used to

inhibit microbial growth, radiation as a method of preserving food is still' very limited, The
main factors limiting its commercial development are, the high cost of the equipment and
the development of unpleasent flavours in some foods. - Ultra-viclet radiation may also be
“used but its use is limited since it acts only on the outer surface of most foods.

3.4.20. Short—ferm Preservation

Two methodé used for temporary or short-term preservation are chilling and controlled

. atmosphere storage. These methods can be used when food is transported long distances.

1. Chilling: Temperatures used for chilling vary to a-great extent. The temperatures used 'A _
depends on the nature of the food and the storage atmosphere. For ¢xample bananas are .

stored best at 15°C, whereas meat is stored at 1°C to 2°C.

2. Contrblied ' Atmasphere Siorage: This involves controlling of ‘the humidity and

composition of the atmosphere and is normally used in conjunction with chilling. Too high
-a humidity encourages microbial growth while 00 low humidity results in loss of moisture.

3.5. FOOD STANDARDS

PP
it

Foads of excellent nutritive value may become unfit for human consumption during storage

and handling. Insect infested grain_s, 1ancid fats and contaminated milk and sweets are

examples.

In any country Food Industry is the major industry with a ‘very large turnover. In our countf_y _
except among the affluent, 60-80 per cent of the income is spent on food in middle and low

income groups. At the same time food supplies. (specially pulses, oil, millets, meat and eggs)

are not commensurate with population increase. With regard to spices, tea, coffee becouse

of export possibilities and industrialization the home market is poor. When this happens
there is a-short supply of foods and there is a great temptation for the merchants for either
adulteration or sell food of inferior quality, Any food is considered adulterated when its
nature and quality are not upto the standards prescribed to consume for that particular fiem
of food. ' -
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3.6. FACTORS AFFECTING THE QUALITY OF FOOD

There are various ways by which quality of the food may be affected.

1. ~Addition of extra meal matter: Addition of water (o milk to gain volume, “addition of
exiraneous matter, grains of sand or small white stones to gain weight are some
 examples. :

2, Mixing mfenor quality interior: Mixing used tea lcaves with. freqh tea ledves, mixing
infested grams with better quality grains etc. '

3. Using prohibited colours, dyes and preservatives: Th15 type of adulteration is found
very commonly in a variety of cheap sweets, spices, chilli powder, corriander and
turmeric powders,

4. Extraction of valuable ingredients: . This is usual with milk vendors who remove fat -
from milk. This is most times done by middle men and even sometimes by some
producers ' .

The quality may aiso deteriorate by impropcr storage conditions. For example, fats get
rancid when stored for a longer period speciatly in tropical chmates, and food grams are
subjected to insect infestation and rodents

. Hence government has promulgated the prevention of food adulteration act (PFAA) to help

copsumers to get quality or standard foods from the merchants and caterers. However
adulterated foods continue to be sold. Housewives and others concerned with purchase of
food must be aware of the qualities expected for different foods.

1. Cereals and Pulses: (1) Loss in weight and volume with insect infestation. (2 Uric
acid increase with storage period and insect infestation. (3) Decrease in acceptability.
(4) Increase in rancidity due to deterioration of fat i in the grain. (5) Deterioration in quality
of gluten in wheat and its products. (6) Water steeping and sprouting percentage test.

2. Fats and Oils: It is very easy to mix and adulterate these oils. Mineral oil mixing has
also become common but is harmful and toxic. Til oil and coconut oil are mixed with
groundout or cotten seed oil as they are cheap. Hydrogenated oil is mixed with ghiee.
Mixing vegetabie oil with miner al oil dangercus to health. They result in dropsy and
paralysis in epidemic proportions. Melting point, refractive index, and perioxide value help
in identifying adulteration in oils.

3. Milk: This food is subjected to more adultcm‘n than any other commodity. Milk is
usually tested for its 1) specific § gravity -1.029 - 1.055 (for fat content and non-fat solids)
2) freezing points 3) protein fat Tatio, 4} protein and lactose ratio to know the standard of
milk samples. The home life can be detected by 5) taste 6} setting cards, 7) milk becomes
yellowish and frothy. when mixed with other substances, 8} a simple method cf detecting is
by heating milk with lime juice to separate the cheese than curdless. With pure milk about
415 g of cheese will be fortified, 9) Yield of butter is also another indication.

4. Sugar, Jaggery and Salt: Should be- from 1nsoluble matcnal Sometimes these are
added to an extent of 4-10 per cent.

5. Spices: Turmeric and chillies are coloured with lead and matamﬂ yellow pigments to
enhance their colour to look bright and attractive. This may lead to serious liver damage on
long term use of such foods. Metamil yellow, sold as kesari colour is commonly used in
sweets and beverages though it is prohibited. The presence can be easily detected by its
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magenta colour when the food is dropped into hydrochloric acic. Hing (asafoetida) is
adulterated with forcign resins. ‘

6.. Coffee, Tea/Cocoa: Raw coffec seeds can not be adulterated. Except for mixing low
quality seeds with superior quality sced. However when roasted they prove to be mixed with
“various kinds. Most commeon being adding of chicory and roasted seed of dates and
tamarind. The ash content of pure coffec is less than 4-6 per ceat and half of this is water
soiuble. Chicory has.higher insoluble ash. Cocoa is adulterated with finely ground shell sago
flour or starch colonred with redoxide or iron is also osed. Tests include estimation of
moisture, solnble and insoluble ash, atkalicity of asir fal, starch, sugar and nitrogen.

7. Eggs: Shell of fresh eggs have glazed 'appea_ranee. Fyesh egps sink in water. The
chemical changes found in spoilt eggs are lowered content of albumin and increase in
- alkalicity. ' '

8. Meat: The quality (standard) of meat is determined by its tenderness, juiceness and
palatability. To cnsure a soft-meat: supply 1) the apimal shouid be examined before
slaughter, 2) adoption of environmentat condition to prevent contamination and spoilage, 3)
hygienic handling,, transport and distribution under Froper conditions,

9. Vegetables: The quality depends on their firmness, freshness, colour, moisture from the
stand point of cooking quality. Vegetables must be checked for worm, mowld infestation and
also spoilage. . Vegetables should be thoroughly scrubbed and cleaned with fresh salt water
io prevent. contaminants. '

The practice of adulteration of foods has increased enormously from time to time and hence
checking and purchasing the foods of standard quality are not only economical but helps to
keep all of us in goed sound health, '

3.7. PUBLIC EDUCATION

Theoretically the law gives us the right (the consumer) to get the samples analysed by the
public anatyst, though the procedure is cumbersome and defayed. For a large country like
ours there are about 64-70 food analysis laboratories with inadequate staff and equipment,
Now-a-days there are consumer protection association and the public should make use of -
these forms to get quality food. The merchants who try to cheat the consumer should be
black listed unless he improves his quality of the products. There is an urgent need that
students, teachers, nuiritionists, municipal authorities should wake up o totally prevert and
punish such shop keepers. ‘Also the public be educated to play an important rolé in this
direction and see that in each town a ol should be set up to detect the adulteration and help
the consumer, :

3.8. SUMMARY.

For good heatth and to be free from disease,consumption of Nutritional food is a prerequi-
site. . However food is liable to be infected and contaminated by various agents. To prevent
the food from spoilage during storage for longer duration, knowledge about how foods get
spoilt is important. The consumer should know how to assess the quality of food before
purchasing. In view of this consumer education is needed in order to prevent sale of low
quatity or spoilt foods. This knowledge not only helps the consumer to spend economically
but ensures a healthy life. ' ' . :
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3.9. CHECK YOUR PROGRESS: MODEL ANSWERS

1.

)

The thrée types. of food poisoning are chemical, biological and bacterial.

The microorganisms break down the undigested material to simpler substances and
help in the formation of faeces. They also play a role in dlgestmn and synthesm of
vitamins particolarly Vitamin-B and Vitamin-K.

~ To destroy the microorganisms rapid heating followed by rapid cooling is done. This . -

process is called pasteurisation.

3.10. MODEL EXAMINATION QUESTIONS

e A A

|}
|

G- RV SN

Answer the following questions in about 30 lines each

Write briefly about food spoilage.

Write -briefly about food poisoning by microorganisms.

Discuss ‘briefly about dairy management and hygiene and hotel inailstry and hygiene.

Write briefly about food and produce preservation,
Discuss briefly ahout the factors affecﬁng the quality of food.

. Answer the following questions in about 10 lines each.

Write briefly about chemical poisoning.

Discuss briefly about biological food poisoning.

What are the éonditions reqﬁired for the growth of microorganisms?
Write briefly about dairy. managemcnt and science. | '

Briefly write about hotel industry and hyglene

~ Discuss briefly about blanching.

Wiite briefly about Irradiation.

Briefly write about public education.

Prof. D. Peramma
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UNIT-4 : SHRINKING FORESTS IN INDIA
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4.1. OBJECTIVES

After gomg through this unit you will be able to:

+ describe the necessity of forests_in maintaining ecological balance and sustained
development,

* list out the various functions and usess of forests,

" % discuss on various aspects involved in reversing the process of degradation of land
resources.

4.2, INTRODUCTION

Forests are nature's greatest bounty to mankind. The ever increase in population with greater
interference of man's activities, the forests are being degraded and depleted to large extent.
The gravity of environmental consequences arising from rapid degradation of land resources
was felt only in the past decade. The steps were not taken on a large scale in our country,
to halt the process of degradation. However isolated- efforts are being made in different '
parts of the country to stop the process of deforestation and to reduce the soil loss. People's
‘movements such as Chipko in the Himalayas, the Appiko in Karnataka and the Kerala Sastra




Sahitya Panshat are workmg to protect the environment from breakmg down’ further

‘The country does® not have -enough land space and the productivity of the land as far as
forests are concerned is very low. According to earlier estimates, the area under forests in
India is 74.7 million hectares out of a total geographical area of 328. 8 million hectares with
22.7% arca under forest as against 33.3% enunciated in the National Forest Policy of 1988
{0 maintain the ecological balance. According to the Naticnal Remote Sensing Agency,
India had a forest area of 46.35 million hectares in 1981- 82 which is far below the central
forestry comimission estimation in the early 70's (about-75 1. ha). The latest assessment (85-
87) of Ministry of Agricuiture reveals that the fotal area under forest in India is about 64
million hectares with 37.8 million hectares under dense forest (crown density above 40%)
- and 25,7 million hectares under open forest (crown density 10 te 40%) and remaining arca
uader Mangroves and others. The Ministry of Agriculture recent comiputation reveals that
about 20 million hectares of forest lands are in: ‘bad ';hape ' -

- India has 0.11 ha per capita foreet area as agamst the World average of 1.6 ha per eaplta The

aniual productivity of Indian fordst is also very low 0.5m%ha when compared to world
average of 2m*ha. This is due to over explmtatlon over grazing and over maltreatment of
forest-areas in the past. In India most of the forests (95%) are owmed and managed by the

~Government in confrast to the management of forests by pnvate sector in the Eu_ropean_ SR
* countries. Although forests occlipy about 20% of area; they are reported to contribute only -

ong per cent towards national economy as against 35% from agriculture. Many reasons have

been atiributed to the low revenue, removal of large amount of forest producs by Iocal\-_ '

population in the form of rights and concession as, well as 111101t removals being the main
reasons , Yet anothier problem faced by the Indian forestry is the lack of proper investment
in reforestation and afforestation proglammes (Never exceeded 075% ol the total plan

outlay in the pubhc sector) : : '

4.3. IMPORTANCE OF FORES TS

The w01d forest is derlved from Latin word 'fons meamng outside the vﬂ]age boundry or
away from inhabited land. Genera]ly forests are those arcas of uncultivable land occupled :
by dafferent kinds of trees, shrubs, herbs and grasscs, :

' _Eco]oglcally forest is defined as a plant commumty predonnnantly of trees anﬂ other woody‘
vegetation usually with a closed canopy. ‘

Techmedlly forest is an arca set. asu:le for the produetlon of Umber and other forest produce

or maintained under woody vegetation for certdin indirect benefits which it provides e.g., -

climatic or protec1tve (shelter to wild life, birds and other fauna). Legal}y forests are areas
which have been notified by the Government under forest law '

i Forestry is defined as theory and pract1ce with regard to creanon conservatlon and aCleJmﬁc
- management of forests and continuous utilization of their products. It 1ncludes not only_'
- management of existing forests but also creation of new 1orests

Fu:nchons of Forest : .
Forests cover about 1/4 of the land mass on the carth. However in India they cover only :

about 1/5 of the area. Forests are one of the most predominant geographic features of this - -

" planet. They are world's air conditioners and: earth's blankets. They moderate the" extremes

of focal climate. They mtercept the prempltatlon and reduces the 1mpact of rain drops on

soil erosion. ‘They also reduce wind velocity and thus reduce the soil loss by wind and-
water They regulate stream flow in an area and 1mprove the quahty and. quantlty of water.
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Without forests, this world would be an .inhospitabi_e placé, to live in. Forests are the most
valuable natural renewable resources of the earth. Forests help the human beings in several -
ways. These are (a) productive (b) protectwe (¢) ameliorative (d) 1ecreaUOnal and (e

developmental.

A. Productive Functmns of Forests '

1. Wood is the major forest produce which is used for constru(,tlon of houses, Agricul-
tural unplements bridges, sleepers etc. In India about 12.5 m:lhon cubic meters of
timber is used for above purposes. :

Wood is a universal fuel and it is the major source of domestic fuel in India. About
175 million cubic meters of wood is used as fuel in this country.

3 Forest provides raw material to numbert of 'industrieé such as paper and pulp, plywood - |
and other boards, saw mills, furniture making, packing cases, match boxes and toys
etc. ' ' : ‘

4. . A large number of non-wood products which are often called as minor forest products ‘

(111 small quantities) are harvested from forests.

i, Fibres and flosses:  Fibres are obr;ain'ed for making ropes from baste tissues
of certain woody plants. Flosses are obtained from semal (Bombax ceiba) . and
kapok (Ceiba pentandra), '

il.  Grasses and bamboos: Many vatieties of grasses are found in the- forests. -
About 20% of 419 million liveéstock graze in the forests. Among valuable
grasses, about 80,000 tonnes '\of sabazi (Eulaliopsis binata) 1s harvested annually.
About 5.5 million tonnes ‘of bamboo is harvested from our forests annuatly for
paper and pulp (25%), rural and agricultural works (25 %), housing (10%) and
packing and other uses (40%).

ifi. . .Essen.zial Oils:  Approximately 1500 tonnes of essential oils are obtained from

Indian forests during 1980, which are utilised for making -soaps, perfumes,
detergents and chemicals. Many species e.g., Eucalyptus spp, Bursera spp.
!"}muogwgan spp and Santalum albun etc., produce these oils,

iv.,  Oil seeds: Many tree speclcs e.g., Madhiica indica, Pongamia pinnaia, Shorea
robusta, Azadirachta indica, Vateria indica elc., produce oil bearing seeds .
which are commercially important in soap industry. Tribals use these oils for
various purposes. There is a potential production of about one IIlll_lIDﬂ tonnes
of oil évery year from forest tree seeds. _ N\

V. Tans and dyes: The important vegetable tanning materials are the myrobolan
nuts and bark of wattles (Acacia A. decurvens, A . nilotica and Cassia
auriculate ete.) '

vi. Gums and resins: Guins and resins are exuded by irees as a resuli of wound

- ot injury to the bark of wood. Gums are collected from several tree species viz.,
Sterculia urens, Anogeissus latifolia, Acacia nilotica etc. Resin is obtained’
from Pinus roxburghit.

vil.  Drugs, spices and insecticides: Out of 2000 items of drugs mentioned in [ndian
Materia and Medica, over 1800 are of vegetable origin. Al plant parts e.g.,
roots, shoots, leaves, fruits, sceds, barks efc), are weed for _dmgs foportant
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specres Whlch are used as drugs are Rauvolfia serpenrma, Ephedm spp,-
: Hemtdermus cus, Swertia chirata, Dioscorea spp, Podophyilus spp, Atropa spp,
- Datura innoxia etc. Spices like kalijira (seeds of Cartim carvi) dalchini (bark
of Cinnamomum zeylanicum) Cardamom (dried capsules of Ellatteria,
Cardommomum, tejpat (leaves of Cinnamomum tamala etc are obtained from
forests. Pyrethrum and neem are used as insecticides. '

viii. Tendu leaves and other leaves: Tendu leaves (bidi leaves) are.collected from -
- forests and pther waste lands, dried and used for making bidis. Approximately
about 90, 000 tonnes of tendu leaves (Diospyros melanoxylon) are colfected
annually Leaves of trees such as- Bauhmza spp, Bulea spp elc are, used for
making plates, dona etc. ‘ : '

ix, Edible producrs Frults, ﬂowers seeds, tnbers etc of several forest species are
eaten. - : -

X.  Lacand other products: -Lac is a resinous secretion of lac insects which feed
on forest trees particularly on Butea monosperma. Similarly silk is obtained
from the cocoons of silk worms, which are raised on Terminalia alata and

- Morus.alba plantations. Honey is also obtained from forests,

xi.  Fodder and grazing: Forests provtde fodder leaves and grazing facility to _
~ livestock. Approximately 20 per cent livestock population depends upon forest
grazing and leaf fodder supply. The tree species which yield good quality

leaves as fodder are Ailanthus excelsa, Moringa oleifera, Sesbania spp, Morus -

alba, Albtzta Iebback, Leucaena leucocephala, Pongamm pmnam ete.

Protectlve and Amelloratlve Functions of Forests

" The important protective and ameliorative functrons of forests are as follows

i.

ii.

- iid,

iv..

vi.

Forests play mgmftcant role in maintaining CO, balance in the cttmosphere by '
absorbing for photosynthesis. In the absence of forests, CO, released in the atmo-

* sphere would result in warming of world's temperature, meltmg of polar ice caps and
- increasing sea levels, The CO, per cent in the atmosphere has already reached 0,042
" per cent against the normal of 0 030 per cent. If this increasé continues, there may.be
* many disturbances on. the earth, due to intrease in temperature which may result in .
un-imaginable miseries to the mankind. -

Forests increase local premplta:tlon by about 5-10 per cent as they act as barrier across
the horizontal path of wind and micro- -climatic effects. ‘These create conditions
favourable for condensation of the clouds, increase in the number of ramy days and

help in proper distribution of rainfall.

Forests reduce temperature and evaporatton losses and increase the humtdtty
~ Temperature in the forests is 3 to 8°C less than adjoining open area:

Forests add large quanttty of orgamc matter through fallen leaves and reeycle the plant.

nutrients.

In thtek forest with full folrage cover, rain flrst falls on the Jeaves of trees and slowly

clnps and thus reduce the impact of rain drop in 5plashmg tke soil aggregates. The
run off losses are less due to greater in filtration rate and ﬁnally help in consrderable

. reduction i in soil loss through water and wmd

Forests check floods and regulate the water flow as they 1ntercept about 20 to 30%
of . the total rainfall. : :
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vii. Forests serve as store house for genetic diversity of plants, animals,-birdsl etc.

ix. Forests protect from physical, chemical and noise polluuon They also protect us from-
dust and gaseous pollutants

Xx.  Forests and trees provide shclter belt and wmd brcak effect which is beneﬁcml to
agricultural crops particularly in arid-and semi-arid region.

C. Recreatlt'm and Educational Functions of the Forest

[
1

" The forests are rich in varieties of trees and shrubs, animals and birds which serve as
recreational place by attracting large number of people. '

¥ E

ii,  Forests provide large varieties of trees for 'ecologicol studies.
Forests provide a natural healing effect for a number of diseases.
Developmental Functions of Forests

[y

Forests provide employment directly as well as indirectly to large number of people.

ii. . Forests and various forest activities help tribals to improve their socio-economic
condition through collection, processing and marketing of various forest products and
by providing gainful employment

fii. Government earns a large sum of revenue through forests which can be diverted for
other developmental works.

Check Your Progress - 1 & 2

1. - Define forest.
+ 2. What is meant by forestry?

Note: a) Write the answers in the space given below
b) Compare your answers with those given at the end of this unit,

44 FIRE WOOD AND TIMBER PRODUCTION

Silviculiure: The term silviculture refers to art and science of cultivating forest crops (trees-
in community}. The Silviculture occupies a position in the forestry simitar to that of
Agronomy in agriculture, It includes the study of types and life of forest trees and crops,

their growth and development, trce and crop morphology, physiclogy, structure, reproduc-
~ tion, locality factors and their relationship with trees and crops and several other physical
. and biological laws. :

Practice of silviculture includes regeneration of the area, selection of suitable species,
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-creation and mainténance of forests tmproving their condition controlling the composition, -
restocking and understocked areas, improvement of site conditions and time to time
operations etc. o T

Obciives of Silvicul_iure: These include: _

1. Control of crop composition and production of species of more economic ?alu_e.
2. Control of stand density for maximum production. |

Afforestation of blank _an'& understocked ‘area,

3
4. Production of quality timber,

.

Control on rotation period depending on the density of crop and size requiremsnt.

5

6. Facilitate management and use of forest.

7. Creation of man made forests and introduction of exolics.
8‘ ) -

Protection of site and intangible returns.

Forests continye to be an important source of livelihood and means of survival. The bhuman
population of India -was 361.1 miliions in 1951 and it gradually increased to 844 millions
in 1991 (Census report) which was 143% increase, The livestock population in India which
was 292 millions in 1961 rose to 426 milliors in 1985,

. The forests and grass lands can support definite number or slightly more number of

livestock. It can meet fire wood and timber requirement of certain population only. It is

. therefore necessary to minimise the population growth on one hand and increase the
productivity of forests on another hand. ' ‘ -

The Government encourages the individuals to plant and preserve the trees in open spaces
near the towns and villages and in waste lands. The persons planting fruit trees on open
lands in any village site or on government waste lands had been entitled to ihe produce of
the trees but these concessions have been observed to be misused in the form of land grab.
The government also prescribed to confine goat and sheep grazing to the areas where least
harm would result to the forests. But this was not properly attended and hdndled.

When there was not so much pressure of population, the government granted certain
previlages in respect of their needs of small timber, firewood, grazing of animals and
coliection of rab materials etc to local inhabitants as a matter of favour but not as rights. But
local inhabitants continued to misuse the concessions without any- recoupment and restock-
ing of tree growth by regenecation. They have rendered the vast areas of forests into barren
lands. Despite these facts, (he politicians and’ governments are urged from year to year to
yield their demands now from reserved forests for earning the sympathy of local inhabitants.

The demand for timber and fire wood and fodder has rapidly out stripped the sustainable
yield of forests. The threshold of sasiainable yield of forest produce has been crossed long
back for fulfilling the needs of fast increasing population. According to estimation of &
forest survey in 1987, the demand for fuel wood and industriai timber is around 235 and
27 million: cubic meters as against supply of 140 and 12 million cubic meters, respectively.
Unless the people owning the land are persuaded and compelled to make - alternative _
arrangesments for meeting their timber and fuel requiremnents, the existance of forests is not
going to iast long,. ' o

The slow process of natural regeneration which dependes on for nataral restockin g of Torests
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has proved unsuccessful duc to intensive biotic influences. -Thc over explmtatmn reckless
deforestation, shifting cultivation and careless tillage operations have imbalanced the
environment. The Cyclones, erratic rainfall, floods and inundation of vast tracts have
© ‘become regular routine feature$ of adverse climatic conditions year after year. As a result,
the s0il loss amounting fo about 1200 crore tonnes worth Rs. 6000 crores of fertile top soil
is lost every year. The forests have both receded and dcp]eted, fast as the villagers arc
resorting to more and more use of cow dung for cooking. This infurn has deprived soil
nutrients and humans through cow dung leading to decline in soil fertility.

" Timber and fire wood for which the forests have baen cut are the products of the tree which
is only 0.3% of the real cost of living tree. An Indian scientist Prof. T.M.Das's research has
indicated that a 50 year old tree weighing 50 tonnes if allowed to survive, can give to the
society in terms of production of oxygen, absorption of CO,, recycling of water, checking

soil erosion, sheltering birds and animals and giving leaf protein worth Rs. 15 lakhs which \ ‘

is 100 per cent of its totak value, The forests are onc of basic natural resources which
provide protective umbrella against natoral dlsasters :

India's forests arg shrinking by about 1.2 to 1 5 rmlhrm hectares per year bccaus,e of their
low productivity. These wood lands can yield an annual harvest of not more than 39 millon
cubic meters as against the projected wood demand of 289 million cubic meters by the turn -

" of century. The present per capita availability of wood works out to be only 0.046 cubic

meters in India (both for industrial and fuel wood) compared with industrial wood conisump-
tion of 1.86 cubic meters per person in USA Wh.lL]l is 40 times higher than India's
consumption.

The fuel energy crisis has led the goverament to open a separaic orgamsauon' of social
. forestry to encourage tree planting on field bufids, vacant and marginal lands, community
lands, road sides, canal bank and so or. The spread of activities can not be said to have been
- packed up by niajority of agricultyrists as deinanded by field bunds.

However certain farmers in different-parts of India are resorting to plantation of Eucalyptus, -
Acacia and Casuarina in their marginal Jands, as well as are making use of waste lands. In
certain areas hitherto the lands under cultivation of unportant cash crops are being replaced
by the tree species. HJgher returns have prompted farmers to take up farm forestry. It is
reported that on an average an annual net income through sale of wood works out to be Rs:
2000 to 3000 per hectare from plantation of Eucalyptus, Babul and Casuarina.

4.5. DEFORESTATION

© According to 1993 World Development Report, deforestation is defined as the permanent
_conversion of forest 1and to deserts, waste lands, postures, shifting cultivation, agricultute or
mirasmicture development. The tropical forests which are native for more than 50% of plant.
species are being reduced by half of their original area and as per estimation of 1990
deforestation claimed 17 million hectares of tropical forest in Asia. The annual deforestation
- rate in India is 2.7 per cent as against 0.4% in Brazil, Peru and Zaire countrics.

' 4.5.1. Causes for Deforestation

: Unless the causes are identified and corrected appropnatcly, any programme on afforestatmn
- ¢t reforestation may not be fruitful., :
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- Some of the causes are:

1 Encroachment of forest

"Cattle_ grazing

land to agriculture

Shifting cultivation

Growth of consumerism .

and extensive monoculture

e

Commercial exploitation

Commerical energy -~ | causes Development exploitation,
- production and non- i for | |Indystrial Mining, Hydro-
‘commercial energy ‘deforestation - electric projects,
consumption m— | construction of highways
Man-made and Conversion of forest
nataral factors like . ~ land to other .
frost, drought, fire, decline of ||  Shori-sighted -~ ~ forest products
water table, cyclonic storms, ~ Govt. policies IR —
wind, lightning; snow, insects, | and debt ’
diseases efc. '

Encroachment. of forest land to agriculture>- Rapid population growth, inequitable

" land distribution and' the increase in area of export oriented crops. reduced the land -

area available for subsistence farmmg forcmg many small farmers to clear forests to

. grow food Crops.

Cattle grazing: Cattle grazing in the forest land causes damage to both seedlings and
older trees. The nation's 12 million hectares of permanent pastures are vastly
inadequate to needs of 196 million heads of cattle.

- Growth of consumerism and extensive monoculture: An‘y etwmpt to hasten the process
.by planting monoculture may give higher and immediate yi¢lds but at great future -

cost. In Brazil 18 million hectares has been cleared to meet I*uropean and American
Coffee demand.

Commercial exploitation and sieady demand for rimber: It is one of the most powerful
causes for deforestation. According to Smt. Mancka Gandhi the world's iropical
forests ‘are being ruined by the demands of developed countries for hard timber and

- plywood. About 100 million cubic meters of hard wood being consumed in the

Western countries from Asian forests (Mostly .from Indo-Malayan forests). In 1950

_ consumption of tropical hard wood by Japan, USA and Europe was 4.2 million cubic
_meters which increased te 66 million cubic meters. -

Sh:ft Cultivation: S]:uﬁmg culﬂvahon reduoe the forest ares but it is mamly confmed

to North Eastern states of India.

Cleanng the forests for rehabztat:on of the people: The People affected by submer— _

. gence of major irrigation dams or for industries or for construction of roads or canals,

forest lands are generally selected. For example Sard_ar Sarovar Project. (Gujarat) ; '



cnvisages an irrigation component of 187 lakh hectares and 1450 MW power but it
will submerge about 40,000 ha of forest land and 11,318 hectares of agricultural land.
It will also displace 66,675 people, majority of them are tribals who are to be
rehabilitated by c'learing forest. o

Conversion of forest land into resort complex: Orissa Government's plan to develop
beach complex over more than 900 ha between Puri and Konark by clearing forests
raised a storm controversy.

Commercial energy production and non-commercial energy consumption: Generally
mining of coal is done in forest area by felling irees. The coal is used for energy
production. Coal combustion produces acid rain which results in the destruction of
forests. Deforestation is being done in different parts of the country for meeting the
fucl requirement.

Man made and natural factors: Man is the greatest destructor of the forest in the
world, Fire reduccs forest arca. Natlural factors tike frost, drought, decline in water
table, cyclonic storm, lightning, snow, insects and diseases etc cause forest destruc-
tion.

4.5.2, Consequences of Deforestation
* The consequences of deforestation are given below.

I DEFORESTATION |

| Increasing CO,

@E . 1 Affecting cological belance |

Loss of top soil _ Decreasing . fncreasing
and nutrients rainfall _ temperature
Sitting of ‘ Not conducive to Climatic change
reServoirs agriculttre feading to desert
~ formation
Loss of fand Decline in agri-production : Drying of water
properiles & loss of fodder resources and
fowering the water table]

Decrease in health
of flora and fauna

Impert not only
but also Todder

and food webs

Change in food-chains

Warsening poverty™

THREAT TO THE FUT

URE OF MANKIND g~

Scarcity of
water resources

Increasing soclo-
ecanomic problems




The wealth of Tife-on earthis vanishing at a faster rate due to deforestation which is 2 bigger
threat to the future of earth as well as man kind. Removal of natural forest cover by felling
Irees results in a‘ctﬁelerated erosion and fertile top soil is washed away during mensoon.
Large scale silting of reservoirs and canals, uncertainity and decrease in rdinfall, increase in
temperature, affecting hydrology and breaking water techarge cycle are some of the effects

of heavy deforestation. As there is no human, rain water drains with great speed causing’

flood.

1. Farming system and food production: After independence the deforestation has taken
place at a faster rate. This has led to ccological degradation on one hand and poverty and
unemployment on the other as agricultural land and agricnliual activity are both directly
affected by absence of forest cover. Deforestation has adversely affected the production in
sub-Saharan Africa. ' '

2. Floods and drought: The twin problem of drought and floods is getting more and more
acute every year because of deforestation. Birla Institute of Scientific Research at Jaipur
(BISR) made a scientific study and is of the opinicn that deforestation of major mountain
ranges of the Himalayas and Western ghats have been the cause of recurting droughts. In
Western India, the desert is advancing into Gujarat and Haryana at a rate of almost one

kilometer a year. Thus, India has a new phenomenon of man made deserts.

3. Importing wood: The world Bank expects that there will be drop in the number of net
tropical wood exporting countries from 33 to 10 over nexi decade. Nigeria once a major
~ tropical log exporter, saw is timber shipments fall off dramatically after many years of over
cutting forests and rapid expansion of slash and burn cultivation. In 1988 the couniry 2arned
$ 100 million on forest product imports.

4. Fuel wood scarcity and increasing illegal cutting: The increase in the price of fugl
wood in urban areas induces some of the poorer people to switch over to cow dung. Even
in rural areas the scarcity and higher price would be beyond the reach of rural poor. This

will result in illegal collection of wood. Tn Kurnool district of AP, villages living within’

50 km radius of Kurnool town periedically smuggle fire wood illegally cut from forestry into
the town through shuttle trains that run daily. The fuel wood ‘conunit{ee report, said that with
non-commercial sources dwindling in rural areas, fuel wood becomes a major problem soon.
In much of West Africa families who used to prepare needs twice a day are now shifting
to once a day or once every alternate day.

5. Enviroumental Refugees: Depletion of forests in developing countries is a complex
problem. Unable to support their growing population, they push more anfi more pecple to
urban arcas, This resulted in big slums, pollution and sanitation problems, epidemics such
as malaria, cholera and addicting to drugs, crime and violence. In the Nilgiris (Tamilnadu)
more and more migrants from the plains are pouring into the hills and most of them have
settled down in-ecologically sensitive areas. They start cultivating in steep hills which resulis
in soil erosion, water runoff, flash floods, avalanches landslides, resulting in silting up of
dams and reservoirs. ' :

6. Global warming affecting habitation of flora and fauna; The role of tropical
deforestation in global warming is well known accounting for 20-30 per cent of annual
carbon cmmission world wide. When there are no trees for absorption of CO, automatically

CO, concentration in the air increases. Added to this fel¥ed trees emit more CO, as they burn

on decay. If respiration exceeds photosynthesis for long period, trdes would stop gorwing
and uitimately die, The destruction of trees not only make themselves extinct from: the area
but also other habitats of hundreds of species of birds, insects, reptiles and mammals being
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destroyed. Harward biologist Edward O Wilsom, estimates that nearly 50,000 invertebrate’
species per year are condemned to extinction by the destruction of their tropical rain forest,

4.5.3, Deforestétion of Himalayan, Eastern and Western Ghats

The contimious onslaught on forest resources and consequent massive environmental
degradation call for rational management of forests. The influence of Himalayan forest and
mountain regions of Noith East extend on plain regions extending from Assam to Rajastan.
Similarly the Deccan plateu lying between Western and Eastern Ghats is greatly influenced
by the extent of forest cover present in the Western and Eastern Ghats,

The rivers rising from Himalayan hills are a major source of the country's prosperity. But
in the last 50-60 years the forests of Himalayas have been cut heavily and presently most
hills, mountains and valleys arc barren. Its effect is being felt in severe floods, heavy soil
loss, land slides, drying up of water resources and severe droughts.

In the Eastern ghats, the indiscriminate felling of most valuable sandle wood in the Jawadh
and Meltur hills by smuggling gangs with strong political backup has almost made these hilis
barren. The povertiness of local people made them to rely on the forest wealth for their
sustenance without any regard to environmental consequences.

The Western ghats running North-South in the Tamil Nadu is another victim of deforcsta-

tion. The Nilgiris and Kodaikanal, the two hill resorts are no more healthy. Extensive

denudation and faulty agricultural practices have resulted in frequent landslips and severe

soil erosion. The pollution of lakes in these places is serious concern. The upper side of

" Periyar river in Kerala had one time dense forest in the Western ghats. Now the situation

has changed with degradation of almost entire forest barring some pockets. The river which .
had fiow of 227 km Jong being considered life line of the Kerala state has lost much of its’
importance. ‘

4.5.4. Forest Pelicy of India

Although the forest managemenl policy in India came 4nto existence since 1864, the
condifion of forests continue to deterjorate through over exploitation. The first forest policy
of 1894 mainly meant to collect revenue from the forests and liberal granting of rights and
concessions 1o local people. There was no interaction to improve the forest managemest 1
gencral, After independence, the Government of India, Ministry of Agriculture enunciated
the second forest policy in the year 1952, Tt recommends that India should aim at
maintaining 1/3 of its land area under forests. This policy mainly aims at the COnservaon
of forest and there is no emphasis on production of forests. It is therefore felt to make the
existing forests of low productivity to be converted into plantation forestry of high
productivity through epunciating the third forest policy in the year 1988. The main
objectives of this new national forest policy are:

1. The national goal should be to have 1/3 of the total land area of the country under
forest to save fragile ecosystems.

2. The forest should not be looked upon as source of revenue. Forests provide cover to .
steep slopes, catchment of rivers, lakes and reservoirs. They also check the extension
of sand dunes. They should be protected.

3. Massive need based and time bound programme of afforestation and tree planting with
a particular emphasis on fuel wood and fodder development on all degraded iands in
ihe country are to be promoted both on forest and non forests as a naii onal Imperative,
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4. The policy emphaticaliy says that construction of dams, reservoirs, mining and
expangion of agricu]ture should be consistent with the needs for conservation of irees
and forests. It categorically states that no mmmg lease should be granted to any
(public or private).

5. The policy specifies that the land laws should be moeditied wherever hecessary $0 as
to facilitate or motivate individuals and Institutes to undertake tree farming or grow
fodder trees grasses and legumes on their own lands.

6. The policy favours the resiriction on grazmg, browsing in forest areas by ]evymg-'
grazing fee to discourage people in forest areas from raising heads of livestock.

7. The policy envisages to put an end to removal of timber by contractors, by replacing
with bodies like tribal and labour cooperatives and government corporatives.

8. The new forest policy aiso invites special care for the needs of wild life conservition.

Check Your Progress - 3 & 4. |

3. What is meant by silvicuiture?

4, Define deforestation.

Note: a) Write the answers in the space given below.
b) Compare your answers with those given at the end of this unit,

B R R R X R

4.6. PEOPLE'S MOVEMENTS

Various peoples movements are ‘given below:

4.6.1, Chipko Movement _ L

In mid Htmalayan/regmm the main tributory of Ganga, the Alaknanda and it§ feeders such |
as Rishi Ganga, the Patal Ganga, the Garudganga and Mandakini etc., had thick forest cover.
In the catchiment area of these feeder rivers and Alaknanda, the large scale cutting of trees
and rolling them down hiil loosened the upper soil which eroded during every-rainy season.
The deforestation activity over a decade period resulted in a deévastating flood in the
Alaknanda in July 1970, which caused havoc in the upper catchshent aréa. The silt choked
the upper Canga canal from Haridwar to Pathari for 10 km ami affected irrigation in about;
3,80,000 hectares for six months besides affecting the functighing of 48 MW Pathari power
station. All these great].y affected- the agricultural productmn in this regiomn. :

In this reglon of Uttarakhand, the Dasholi Gram Sararya Mandal (DGSM), Gopeshwar )
. which was engaged in social work stepped into carry out relief wark during 1970 Hoeds.

They realised that forest and land and forest and man were intricately linked. The peopte
were educated about it and gradually they geared themselves into a movement. Thus the
Chipko Movement was born. A plan of actien was drawn by the people of non-violent
methods to oppose the cutting of trees by contractors and forest department, 1t was on April
24, 1973, the people's movement begat in the Mandal near Gopeshwar, a brave method of
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"hugging the trees to save them from cutting". The forest department and the contractors
avoided a confrontation but marked trees for cutting 60km away from Gopeshwar in'the
Phata-Rampur jungles near Kedarnath. When Chipko workers came to know of this they
reached the forest and with the help of local people hugged the trees to save them, The
Chipko Movement this successfully had been launched. '

In 1974, the forest department began marking trees for felling in the Peng Murendra jungles
in an area of about 430 hectares which was affected by Alaknanda floods of 1970, From
this area the Rishi Ganga rising from Rishi glacier flows, The social and political workers
and students decided to act against the felling of the trees. The coniractors tried to infiltrate
into area. But the Mahila Mandal Dal of Rini village challenged them and hugged the trees
to save them. :

The movement aftracted the attention of Uttar Pradesh Government, which appointed a
committee headed by the botanist Dr. Virendra Kumar. The Chipko Movement through this
committee managed to raise the questions about 10 year plan of forest department and it
received global support. The contractors and other agencies who sapported the felling of -
trees earlier became a part of the movemen. 'y -

After the Chipko Movement was organised and implemented in Gopeshwar, Bheundar (near
the valiey of flowers), Joshimath and Chancharidhar, the  forest officials cancelled the
programmes to fell trecs. The movement again gathered momentum in 1950 when Dungari
Paintoli, a dense oak forest was o be cut o ‘accommodate an orchard.

Tn 1989, the villagers of Malai-Nauti (near Karna prayag) in Chamoli district - checked the
forest departments' move of plantation of pine trees along with oak trees. Pine leaves falling
on the ground-increased the acidity of the soil which adversely effect the growth of jungles.
The needle shaped leaves of pine trees do not retain any rain water. The danger of fire is
more in pine forest. In contrast, the oak trees arc heneficial to hill farmers. The forests are
the sources offodder, fruits grass and medicinal herbs. Forest officers at an eco-camp
orgamised in DGSM at Nandarain accepted the arguments of villagers and removed /some of
~ the pine trecs planted as a gesture,

The Chipko Movement began educating the local people about afforestation by organising
conservation camps (eco-camps) in areas affected by landslips in mid Himalayas. At these
camps, cnvironmental knowledge is imparted and afforestation is done by 'Shramadan’ by
the people of the area. Voluntary agency workers, youth University students and experts are
encouraged to participate. A typical camp begins involving women with local folk songs
‘connected with forest and environmental preservation. Local problems are discussed and
solutions devised.

The local people plant trees on barren and unutilised land around villages. There is a festive
atmosphere at the camps with active participation and invelvement of local people. Stone

‘walls are put up o save planted trees and crops from foraging animals. In 1989 the people =

of Bacher, Kathura and Tange villages put out a forest fire on a steep bill without caring for
their own safety. This movement took the lead in introducing smokeless chullas and gobar
gas plants in the area. ' ' '

The DGSM has successfully attracted the attention of planners on the impact of big dams
and hydel project in the Mid-Himalayas. The Vishnu prayag, hydro-electric project was to
be put up 15 km upstream of Badrinath temple which was even cleared by the Environment
department. The DGSM highlighted that the entire area would be @nvirohmbntally,_fragile-
and the project was rejected after a review though the work had begus on i Similarly
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becanse of Chipko Movement, soft stope quarrying was stopped and the entire Alaknanda
caichment area has been covered with foresis. In the catchment area of Bhagirath in

~ Uttarkashi and in Pithoragarh district licences for detergent and chemical units were

cancelied.

Thus the Chipko Movement which began witl stopping of falling of irees and saving forests,
has successfully involved people in greater issues of ecology and environment.

4.6.2. Appiko Movement -

The Uttara Karnataka district of Karnataka which forms part of Western Ghats is known as
the forest district.  Besides being rich in forest wealth the favourable micro-climatic effect
of the tropical forest favoured the cultivation of cash crops like black pepper and cardamom.
At the fime of independence, 82 percent of the district was covered by forests. The forest

" based indusiries such as ply wood factory, paper unit were sct up. The Government began
felling trees for revenue and the forest department converted the prime tropical forest into
monocultore teak and Eucalyptos plantations. The development activities led to a drastic
drop in the area under forest cover to 20% in 1983-84.

The destruction of forests on such a large scale woke up the local people especially the
youth. They were motivated into direct action. A group of youth in Balegadde village
tepresented to the forest officials not to establish teak plantation by clearing the natural
forests. But this appeal was ignored. Then the villagers decided to lannch the Chipko
Movement popularised by environmentalist, Sunderial Bahuguna in the Himalayas. He was
invited and people took art oath to protect the trees by embracing them. This movement

- came to be known as Appiko in Kannada. In September 1983, when axe-men came for

felling to the Kalase forests, people embraced the trees and thus Appiko Moverment was
launched.

The simple non violent action became popular state wide and the people joined the
movement Spontaneously in many forest-areas of Western Ghals from Coorg to Goa,
Padayatras, slide shows and street plays created mass awareness. The Yakshagana, a folk
dance was used effectively to convey the message of forest conservation. In Coory district,
people stopped the felling of trees in the Cauvery catchment area for which the goverument
had given felling permits o plywood units, The people camped in the forests for months
1o save natural wealth. In Dakshina Kannada, the authorities of Subramanya temple resorted
to the Appiko Movement to save evergreen forests while in Sbimoga district, youth groups
stopped felling trees by forest based units, . The action groups of this movement with a wide
base support of local people constantly watch the status of Western Ghat forests.

The vigorous launching of the movement foilrced the government of Karnataka fo change its
forest policy by stopping the felling of natural forests, the policy of rhising monocnlture
“plantation of teak was abandoned, allotment of timber to units was stopped and the
government itself stopped felling green trees for revenue.

The Appike Movement has three main objectives. These are:
i.  To conserve the remaining meagre tropical forest of Western Ghats.

2. To bring back greenary to areas by natural regeneration and by planting the seedlings
raised in the nursery.

3, To make people use forest resources rationally.

i

The Appiko movement also interacts with action groups in other regions of Western phats.
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- In Wynad, Kerala its actmsts are in touch with local groups to evolve a strategy to save the
forests. In Tamilnadu the Appiko is working with the save Eastern Ghat Organisation while
in Goa it is helping env1r0nmental groups. The impact of successfulness of Appiko
Movement has been felt in other countries (Malaysia, Indonesia, Victnam and Ivory Coast)
as wood based units in India _st;artcd importing timber from these countries.

4.6.3. Kerala Sastra Sahitya Parishad (KSSP)

This is not wholly an environmental Non-government organisation but one of its main
activities is environmental education. Some of the activists of this organisation took keen
interest in finding out pollution problems in and around the city of Cochin {Kochi) in the
. early 1970's. The group made preliminary survey on air, water and land pollution and
assessed the damage caused and worked towards creating public awareness as a possible
means of demanding the arrest of worsening of the environmental status of the Cochin arca.

The K.5.5.P. actually involved in the environmental issues in the later part of 1970's. It was
invited to study the ecological and other problems in the proposed hydro-clectric project in
the silent valley in Kuttanand district. The debate on silent valley project was becoming
controversial in 1978. :

The K.S.S.P. had established its environment and health Brigade and coordinating mass
education programmes on environmental issues. At this time, the villagers of the Chaliyar
river basin were protesting against the Gwalior Rayons factory at Mavoor which threatened
their lives by severe poliution of water and air. The K.S.S.P. got involved in this and soon
a team of experts studied the problem and eventually brought into light an economically
feasible solution. Simultaneously KSSP strengthened its nonformal education by introduc-
ing the famous Kala jaatha using folk art medium, exhibitions, wayside meetings, slideshows
and demonstrations.

The campaign to save silent valley turned out to be a public education programme in many
respects. All sorts of issues caméup and the campaign grew with various small organisations
such. as "Save Silent Valley Societies’ "Societies for Environmental Education”, "Societies
for Environmental Protection”, "Nature of Lovers" etc.

KSSP's awareness programmes were designed on multipronged approach. [t fought to save.
- forests not for aesthetic or pure ecological value but preserving gene pool with its socio
economic implications. It is related to conservation issues to the needs of the future.

According to Mr. Darryl D'Monte;-the rallying force of -the KSSP, the silent valley is a
unique environmental campaign in the:entire Third World because it took the issue out of
lecture rooms and columns of the pr¢ss to the people. Many people in Kerala are aware of
meaning of ecology, due to silent vatiey movement. This movement is symbolised with the
stogan “Development without destruction”. Initially KSSP was associated with ‘state
government schemes of social forestry in supplying and distribution of saplings. Subse-
quently not satisfied with this programme, it also questioned the introduction of Eucalyptis
and Acacia on such a a large scale. The state government had to abandon efforts of
planting Eucalyptus in new areas. The KSSP learnt that when any construction of dam or
clean‘ng of forest is opposed. it should be in a position to suggest suitable alternatives.

4, 6 4, Narmada Bachao Andolan (NBA)

Under the leadership of Baba Amtf: the Narmada Bachao Andolan has put all its efforts to
oppose the construction of the Rs. 9,000 crore multi purpose project on the Narmada river. _
It began as a campaign for rebabilitation for over one lakh ousiees of this project smeqd




across Gujarat, Maharashtra and Madhya Pradesh has crystalised into a movement against
large dams. It mainly opposed the government efforts tc move abd relocate people in the
submergence area of particularly Maharashitra and Madhya Pradesh. The movement
ideologically questions cn the direction of development policy which does not weigh
benefits and cost of the project,

To strengthen their point of view Narmada Bachao Andolan activists have lobbied in India

and abroad. They gave petition to World Bank. which is thé main financier of the project -

and resorted to dramatic action of waiting until flood water drowned them in the village of
Manibali in Maharastra. It’s do or die tactics were perceived as extreme but its sustained
campaign forced the World Bank to suspend further assistance to the project until Indepen-
dent Review Commission led by Justice Thomas Berger reassessed the prc:gcct particularly
its rehabilitation and relocation plans. The Narmada Bachao Andotan . won the Right
Livelihood Award popularly known as the atternative Noble Prize in the year 1991.

The second nmost prmnineﬁt antidam campaign is against Rs. 3465 crore Tehfi 'hyd: o-electric
project in the Garwhal Himalayas. The project envisages a 260.5 m high earth and rock fill

dam across Bhagirathi in a seismically volatile region, The Tehri Bandh V1r0dhl Samithi -

4 group of locat people lead by ciivironmentalist Sri Sunderlal Bahuguna is opposing the
1mplcmentatm:1 of this pmject :

Check Your ngress-S

What are the main objectives of Appiko Movement?

Note: a) Write the answer in the space provided below.
b) Compare your answer with the one given af the cnd of this unit,

47. EUCALYPTUS DEBAT'E

Eucalyptus plantations of dilferent species were bcmg taken up on a large qcale durmg 60’

and 70°s as a measure of recouping the existing forests as well as on social forests
programme on waste 1ands,. common lands, road sides, canal sides, farm bunds and also in
agricultural lands, Eucalyptus. hybrid and E. iereticornis were widely planied in areas of
average climatic conditions.  E. Citrodora was planted for extraction of oil. E. glabulus was
planted at higher elevations of southern and northern hills. E. grandis was found smlable
fot high rainfall area (Kerala) while E. camaldulensis was preferred in low rainfall areas.
Similarly some other species were grown on specific microsites. -

Characteristics of E ucalyptus sp.
L. These are quick growing and can be harvested within 7 to,10 years.
2. They are easy to raise and manage.

3. 'The survival of trees is very good.
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4. Establishment is faster.
They are not grazed and browsed by hvestock

6. They have good regeneration capacity and can be harvested 2-3 rotations w1th one 1.1me
. plantation.

7. 'These plantations are eéononiically viable and commensurate with investment.
8. They are highly adoptable to different soil and.climatic conditions.

9. The timber and fuel wood obtained are useful for variety of purposes.

Large scale plantation of Eucalyptus has drawn the attention of journalists and environmen-

talists who started opposing the plantation of Eucalyptus. Under these pressures Govern-

ment of India stopped plantation of these species on forest lands. The coniroversy whether
. Eucalyptus have long term ecological effects has centered around the following aspects,

L. "Eucalyptus consumes water copiously and lower the water table,
2. Eucalyptus prevents undergrowth and do not check run off water and soil oss.

3 _ Eucalyptus makes the soil acidic and does not enrich it.

The research findings en the above issues are as foliows.

I Eucalyptus and water consumption

i. The transpiration tate of Eucalyptus species vary from 20 to 40 litres/tree/day (FAC

" 1985). This is not very high and is equal ip pines and other borad leaved species, In

Niigiris annual transpiration of Eucalyptus corresponds to 347 mm of rainfall. In

Isreal evapotranspiration from regenerated E. camaldulensis is very small i.e., only

24% of pan evaporation compared w;th 272% from bare plot and 31% from adjacent
natural forest. :

The water consumed per unit of biomass produced (htref gy was flow in E. tereficornis
(0.48) as compared to 0.55 by Albizia lebbeck 0.72 by Acacia auriculaformis, 077 by
Dalbergia sisso (Chaturvedi 1983, Tiwari and Mathur 1983). Eucalyptus has the
capacity to adjust the water use by adjusting transpiration tate. When water 3
" available in plenty they go for luxury consusiption but when water is in short sagpy
they reduce water uptake considerably (Sharma and Nag1 1984). :

When water table is hlgh say within 2-3 mclres of surface, most trees wﬂi fend to

lower waler table to certain extent. Eucalyptus root system goes about 3.5 10 4.5 m

deep, Water tables located below the capillary fringe area are not likely to be affected

by Eucalyptus or any other planis. Rapid development of root system in trees helps

in infiltration of rain water and reduce surface and sub surface run-off Jrrespecuvc of
~ tree species. :

ii.  Eucalypius are accused. for reducing the undc,rgrowth which leads to more run-off and
soil loss. but tesearch evidence indicates that E. camaldulensis and E. grandis
plantations supported more undergrowth than Shorea robusia. - It is believed that
certain species of Eucalyptus have allelopathic effects which inhibit the germination
and growth of other species. However evidence indicates that production of under-
growth is mostly governed by soil fertility, moisture and site factors. In area of high
rainfall such as Dehra Dun, with good soil fertility, Eucalyptus plantation of different
species support as much as undergrowth as natural forest. © I dry aress fhese
plantation support a thin wndergrowth. There is no evidence w indicate that soil
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erosion is more in Eucalypius plantation compared (o other plantations or vegetation.
Its plantation is morc safe in reducing soil 1oss compared to agricuiture.

ili. . Trees are important as some of them fix nitrogen and add nutrients through recycling.
Eucalyptus do not fix nifrogen from the atrnosphere. Studies indicate fhat certain
species of Eucalyptus add substantial amounts of nutrients through precipitation, The
litter production in Eucalypius hybrid plantation varies from 3377 to 6267 kg/ha
which is slightly less than teak and sal. There are no evidences to indicate fhat

. Bucalyptus make the soil acidic,

It is clear that most of the criticism of Eucaiyptus is nor based on scientific facts.
However, more investigations are required in different locatities to clarify the position
on these aspects.

4.8. SOCIAL FORESTRY

According 1o Jawaharlal Nehru “A growing tree is a living symbol of a progressive nation”.

Social forestry was first started in the year 1976 based on the recommendation of Natjonal
Commission on Agriculture, 1t is defined as a forestry having social content achieved
through ihe participation of people and intended to meet timber, Tuel and fodd®r prazing
requirement of local people. 1t is agro-forestry taken up by the community on waste lands,
comimnunity iands, road sides canal sides etc., to meet their needs of timber, fuel and fodder.

Historians have mentioned occurrence of dense forests in Northern India during Alexander’s
invasion (327 BC). The dastruction of forests probably might have started since their main
occupation was cattle rearing. By the time of Asoka the desiruction of forests was 1o a
Considerable exient. He therefore advocated free plantation along with roads and camping
grounds.

The concept of social forestry was enunciated in a comprehensive manpsr by Mahatma
Gandhi, the Father of the Nation. According to him an ideal village be so conditioned that
the villagers could procure all their needs and requirements of inaterials such as bamboos
for thatching, fucl wood, grazing, timber for implements and other domestic requirements
from with in a radius of 10 km. The credit for coining the term social forestry for the first
time goes {6 Mr. Westoby (1968}, who defined it as forestry which aims at producing flow
- of proteciion and recreation benefits for the comnutity, '

Since the independence, the government of India launched many forestry programmes. The -
Van Mahotsava, Make India Green Campaign, Save Himalaya Movement and other social
forestry programmes are being carried. The central government is-also rewarding Vap
Pandit award at state level and Indira Priyadarshini, Viikshamitra award at national level 4n
recognition of exccpuonal contribution in the field of afforestation and wasteland deveicp--
ment every year to individuals and non—governmental organisations. The biggest botanical
garden in Asia is being set up on the National Highway No. 1 near Karnal in Haryana. The
environmenit and forest department has provided Rs. 30 crore to the state speciatly tot iy
purpose under the project of “Greening of Haryana”.

Inspite of all the efforts made by Government of India only a little success has been achicved
in social forestry programmes. The major reason is the lack of active participation by Tocab
pcople as well as lack of full cooperation from persons concerned in these programmes.
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4.8.1, Need of Social Forestry

The vast human and cattle population of country needs fuel, wood, fodder and smail timber.
" In India 95% of fucl consumption mainly consists of fuel wood, cow dung and agricultural
wastes. The agricultural labourers and farmers are using large quantities (4.58 mt of wet
dung annually) of cow dung as a fuel due to shortage of fuel wood, which otherwise can be
diverted to increase the food production or “We are burning the food to cook the food”. The
extensive. deforestation resulied in scrious soil erosion. About 144 million hectares of land . -
is being affected by erosion, causing removal of 6000 million tons of fertile top soil every
year including 5 mt of NPK nutrients. The soil erosion also results in silting up of reservoirs.
and causes floods. The fast recceding forest cover is causing “Green House Effect” where
CO, content of atmosphere is heing increased which results in increase in earth’s tempera-
tare by 1-2°C. ' | '

Tt is estimated that about 146 million hectares of wastelands including 30-35 million hectares
of degraded forests, 40-45 million hectares of marginal agriculturai lands are available in the
country. Keeping in view, low per capita avaitability of land, the waste lands can be put
to proper use by effective land use planning. o
Therefore the immediate need of the day is creation of new man made forests near the
habitations, village waste lands etc., to cater to the needs of rural masses besides conserving '
the eco-system and restoring the productive capacity of all waste lands. National Coinmis-
sion on Agriculture (1976) therefore recommended that cach state should recrganise the
forest depariment info (wo separate. wings (1) To retain charge of traditional production
forestry (2} to develop social forestry almed at the production of fuel wood, fodder and other
minor forest products for raral population. Subsequently the World Bank undertook 4
review of forcstry prospects in India in 1978 and identificd sociat forestry programme as an
ideal vehicle for economic development in rural areas. In the year 1985, late Prime Minister
Shri Rajiv Gandhi set up the National Waste Land Development Board fixing a target of
converting 5m. ha of wastc land inf0 forests to every year.,

4.8.2. Objectives of Social Forestry _
1. To develop tree CORSCIOUSDESS 'and love for tree cultivatibn among the masses,
2. To supply fire wood to the rural areas and to replace use of cow dung.
3. Ta provide timber for sustaining and creating village level cottage industrics basew i
“wood. _ -
4, To supply fodder for livestock.
To protect the agricultural fields again_st wind and soil erosion.

4. To improve the socio-economic level of the village through increased avenues of
gainful employment.

7. To raise green belts around industrial locations to contain atmospheric and 10ise
pollution. '

& To help in planting all available land in the urban areas to improve the urban
environment. ' o

9,  To make vast saline and alkaline lands productive through afforestation.

10. To create recreational amenities.

4.8.3. Components of Social Forestry
"The broad base of social forestry was extended to urban forestry and designed for the Heneit

87




of community. The National Commission on Agriculture outlined the scope of social

forestry as follows: o ' '

L. Community Foresiry: Practice of forestry ‘on community tand in which planting,
management, harvesting and marketing of forest producis are carvied out by rural
community members by themselves with the proceeds going to benefit the community
rather than individuals. '

2. Farm forestry: Practice of forestry on farm land in which individual land owners are
encouraged by training and incentives to plant the trees along the field boundaries,
near wells etc. Raising of shelter belts and wind breaks are also included in farm
forestry. ' : o '

3, Extension forestry: Practice of forestry outside farm lands and reserve forests. [t
includes raising of trees on canal banks, railway lines, road sides, foreshore areas of
tanks, reservoirs and on marginal lands not suitable for agriculture.

4. Recreation and amenity forestry: Creation and maintenance of trees for recreational
' purposes and improvement of local amenities. '

5. Rehabilitation fores.try: Creation of forest or raising of trees in degraded forests and
' degraded lands. ' '

6. Compensai'o}ry plantations: Supplementing the natural regeneration to conserve the
natuzal forests with the benefits of gene conservation for supplies of medicines and
protection, ' -

7. Agro forestry: A form of mixed cropping whete trees arc integrated with agricultural
crops on arable lands for sustainable agriculture, . '

‘8. Urban Forestry: Growing of trees in urban areas for beauty and climatic amelioration. -

4.8.4. Scope of Social Forest_i’y

In India about146 million hectares of waste land is available which can be brought under
social forestry programme.  The premises of schools, colleges, universities' and other
institutions, periphery of community ponds, grounds also provide encugh area for plantation
~of trees. Plantation of ornamental trees can be taken up onroadsides and canal banks. Agro-
forestry can be introduced in the individual farm$ for production of focd crops besides -
production of fodder for cattle and wood for fuel and timber, '

'4.'8.5.. Selection of Species

In order to ensure success in the soci al forestry progranumes, it is necessary to select s_uitable
species and proper planting techniques. The species selected should possess the following
characters. ' :

1, Ability to survive and grow well under difficult social and edaphic conditions.

2. Should be fast growing and in a position to yield useful produce in a shorter duration, _
3. Resistance to local hazards inchuding pests, diseases, fires, grazing and browsing.
4

Easc of seed procurement, handling, storage etc., Easy iechm‘que‘s of nursery and
regencration. : ' L -

bt

* Should not harbour the pests and diseases of field Crops..
Should not have adverse effects such as shade or competition with COmpanion crops.

7. - Should possess proper root System for soil é_md‘ water conservation,
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A few common examples of such species are Eucalyptus, Acacia, Dalbergia, Azadirachio,
. Bambusa, Quercus etc. An admixture of 75% of quick growing firewood species, 20% of

small timber yielding specics and 5% of fruit bearing irees is commonly recommended by
 forest experts.

Social forestry must provide wage employmcnl to certam families in the neighbourhood
areas through raising of nursery, planting of trees and protection of trees/ nurseries efc,

4.8.6. Ma_nagement of Social Forestry

Planning for social forestry activity should be done from the village level so that it is ocal,
need based as well as socio-economic, environment protection and target oriented. The
targets should be based on the desire of the people but not on the wish of government. The
social forestry programme so far remained unaltractive for majority of the villagers. There
is a need to assess the requirements of villagers and to identify the local leadership right
from the initial stage of planning. The following steps should be taken for effective
involvement of people in social forestry. ' :

1.-  Wide spread education of people through various media for identifying the specics and
techniques for rapid propagation, demonstration ctc., should be taken up.

2. Training of the manpower to be employed, through workshops, seminars, discussions
etc, should be held.

3 Seedlings should be raised and extension support should be provided to individuals,
institutions, organisations etc.

4, The service of the existing voluntary organisations should be utilised for taking up
plantation activities. Involvement of local people will reduce the cost of production.

5. Motivate the farmers to take up tree farming in their holdings.

6. Procurement of common area for social forestry plantations should be taken up by the
government and other agencies,

4.8.7. Problems and Constraints

The protection of trees raised under social forestry poses certain problems.  The protection
of community plantation depends on ownership and sharing of profils by the rural people.
~Thie ownership rights are not given to the people in most cases, The uncertainity about Jlegal
status of land is a great constraint on taking up forestry development programmes in India.
The other constraints are the differences in protection and maintenance of {rees, grazing and
browsing by cattle and profit sharing efc.

The following suggestions are made for successiully 1mp1emenung social forestry pro-
gramme,

1. The involvement of the people by giving proprietory rights at the time of implemen-
. tation of programme may be the correct step to create jnterest in the protection and
maintenance of forests. The sharing of produce and profits shouid ¢learly be spelled
out, Forest farming for rural poor (FFRP) has becn successful in Orissa, Karnataka

and in many other statcs.

2. Provide Imancml aggsistance till the returns from the forestry crops are obtained io
reduce financial burden of rural poor.

3. A net work of forest nurseries and extension workers should be created for takmg up _
timely plantmg of social forestry with suitable tree species.
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4, The zindents in schools and colleges should be involved in making use of premises
and otirer surrounding waste land areas for trec plantation.

5. Demonstration of social forestry benefiis on the farms should be organised.

6. A number of noo-governmental orgnaisations (NGO's) are playing a crucial role
creating awareness for conserving forest resources and adopting new technologics as
alternative source of energy. The involvement of these orga.nis@tjons significantly
contribute to extension of social forestry to the surrounding viilages., These organtsations
can take up planting and protection of trees in and around govermment offices, sport
bodies, cultural t;entres, rail tracks, sides of trrigaiion and drainage canals, road sides
elc, '

7. Villagers cooperation must be soughl in the protection of p]autations‘on government
waste lands and other comununity lands.

&, Cirass cubting may be permitted to the villagers in social Forests but not grazing.

G Shouid be execuled taking into consideration the sccic-economic needs of ihe people
and land capability of the area. '

10. The areas and viilages which are having serious shortage of fucl, fodder and small
timber should first be selected for social forestry programmes,

11. Tree plantations and revenue from farm forests should be exempted from wealth tax.

12.  Prizes and awards for groups and individuals separately can he given in recognition
of outstanding work in social forestry programmes.

' 49. ACTION FOR FUTURE

The FAQ assessment reveals that tropical forests are being cut much faster than
reforestation or afforestation of new areas. Tn early 1980°s in the tropical region about
11.3 million bectares of forests were being cleared annually while only 1.1 million hectares
plantation were being established. Tt is therefore necessary (o regulate the felling of trees
in the forests restricting to only old trees. The area that is to be brought under forests under
various forestry programmes not'only compensates the felling of old trees but should account
for 8-10% additional area under forests.. '

The tegeneration of stocks of felled trees should properly be protected from trampling and
grazing of catile. They also need to be protected from fire which is a common feature in
the forest during summer. The heavy grazing and repeated fires have limited the process of
humus formation which is so essential for providing required nutrients for growing trecs
besides improving the physical condition of the soil. The forest trees arc generaily deciduous
in nature and shed foliage heavily. The shed foliage is one of the primary cause for frequent
fires in the forests, It is therefore necessary to make use of fallen leaves as a muich to check
the evaporation Iosses of soil moisture so that newly germinated or regenerated seediings get
sufficient moisture for longer pericd. These mulched Jeaves later get decomposced and serve
as a manure for nourishment of young scedlings.

fin the existing forests wherever there are gaps and large stretched vacant patches and in
adjuining areas of forests, manual reseeding with quick growing tree species fike Subabul, |
Casuarina, and bamboo etc., should be faken up. The former two trae species have profuse
foliage with heavy leaf shed. The decomposition of leaves of these species i3 also guits fast
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The protection of forests from grazing and fire not only resalt in more humus formation but
provide favourable conditions for better growth of newly emerged seedlings. Thus better
growth of regenerated seedlings from stocks, and seedlings from indigenous seeds and
introduced -seeds create a congenial microclimatic environment for further enhancing. the
natural’ regencranon of valuable species like teak etc. '

The thick and green forests which were seen 30-40 ycars ‘back in many places nearby
villages are. no more presend. The large scale deforestation resulted into loss of fertle top
soil in-the forest areas. In all our present five year plans the major thrust is being given only
on reforestation and afforestation activities without any budget provision for after care of
reforestry -and afforestry activities such as watering and manuring. In degraded forests it is
necessary that nourishment of young seedlings is made by leal mulching of fallen leaves and '
later incorporating near the trunk of trees. In all such slopy degraded forest areas, soil and
moistore conservation measures should invariably be taken up to check the farther loss of
soil and water 30 that regencratlon and recouperation of forests take place propetly.

It is being reported that some reserved forests such as Tiger rescrve forest on Hyderahad-
Srisailam road arc being invaded by most uncle‘urablc species like Lansana, which is bushy
in nature without yielding any worthwhile wood nelther for fuel nor timber purpose. The
growth and spread of such unwanted bushy plants should be checked and these should be
replaced with quick growing useful tree species. The common species preferred for planting
are Neem, Sisso, Siras, Shivan, . Holoptclca, Kachnar ete. There are some other plants like
Sawar and Ailanthus which have great potential of colony formation. Subabul is also one
of such species besides being multipurpose should find a place in various afforestry
Programmes. o

In the under-developed countries, as seen in previous chapter, the main cause of deforesta-

tion is fuel wood requirement. It is felt by environmentalist and others concerned with futurc

prospectives, that a country of our size cannot- afford any more cutting of trees from already

depleted forests. The gap between demand and supply of fuel wood would be approximately
125 mﬂhon tons annually by 2000 A.D.

The fact energy requirement of vast number of rurdl families has to be tackled mainly by
two approaches

(iy  To find out alternative fuel resources which can be within the purchasiﬁg
- power of rural people. :

(ify  To bring more arca under forests utilising waste lands and poor soils through-
social forestry and other forestry programmes.

1. To meet the acute fuel wood’ shortage, the following alternative measures are
suggested. :

1. Educating the tural masses about the i1l effects of deioregtatmn on environment,
soil loss and other effects.

To make use of alternate fuel sources such as Gobar gas plant etc, in rural areas.
Installation of improved chullas having heat utilization efficiency of 30 to 40%.

Dcvelopment of gas plants ut111smg agricultural wastes.

P‘P‘P’P

Development of suitable solar tcchnology toc make use of solar energy for
cooking

1=

6. Utilisation of logging wastes.




All these ineasures lpa.rt[y will reduce the pressure on the demand of fuel wood.

| . The selection of tree species for social forestry should possess fuel efficiency
properties such as combustability and caloric value (heating power). The
readiness with which it catches the fire and confinues to burn is known as
“Combustability”. The wood cf dense structure generally takes long time to
burn and gives steady heat than porous wood. The wood containing 8 to 9%
moisture is just cnough for domestic wood burning for cooking. ‘

2. Under social forestry and afforestation programme, it is being recommended to
adopt high density planting using intensive production measures. As the tree
growth progresses, the certain number of trees at regular spacing can be cat in
phases to meet fuel and other small timber requirements.

3. Tree plantations should be encouraged by individual farmers, on the field bunds
and on all border sides of their fields as a farm foresiry practice.

N

To popularise agro-forestry and forage forestry and forage horticultural systems
particularly in marginal and poor soils to supplement the fuel and fodder
requirement of viilagers besides field crops and fruit trees.

4.10. SUMMARY

The protective and ameliorative role of forests on various aspects of environment nich as
maintenance of CO, balance, cooling down temperaturs, increase in precipitation, checking
soil erosion and ﬂoodq providing organic matter ele., besides supplying firc and timber
wood, fodder and various other forest products were siphasised. The demang for fuel and
timber wood and cattle grazing by rural people, conversion of forest land into agriculture and
other purposes such as rchabilitation, mining, commercial exploitation, shift culiivation are
some ol the causes of large scale deforestation in our couniry. The ill effects of deforestation
“and its threat to the foture of mankind were pointed out. The genesis of various people’s
movements such as Chipko Movement, Appiko Movement, Kerala Sastra Sahitya Parishad .
Movement and Narmada Bachao Andolan in profecting the (recs against felling in forests
and their participation in afforestry programmes wag discussed,  The mass educational
approach in environmental issucs by these movemenis was highlighted. The doubts
regarding Eucalyptus plastation and their long term ecological effects were cleared. The
~need for social forestry and its various components and their management was considered.
The various steps were suggested (o overcome the problems and constraints in implemen-
tation and maintenance of social forestry. The action for future is suggested in finding
alternative fuel energy resources to reduce the stress on the forests and various measures in
conversion of waste lands into forest lands.

4.11. CHECK YOUR PROGRESS : MODEL ANSWERS

i Forest is defined as an area of uncultivable land cccupied by differcnt trecs, shrubs,
herbs and grasses.

The theory and practice regarding creation, conservation and scientific management of
forests and continuous utilisation of Lhcu products is called forestry.

b

Lt

Art a.lld science of cuitivating forest crops is called silvicniture.
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The permanent conversion of forest land to deserts, waste lands, postures, shifting
cultivation, agrlculture or rmfrastructure development is called deforestatmn :

The three maifi ob]eetwes of Appiko Movement are: (1) to conserve the rematning - o

meagre tropical forest of western ghats (2) to bring back greenary to areas by natural
regeneration and by planting the seedlings ralsed in the nursety (3) to make: people -
use forest resources ratlonally N S

* 4.12. MODEL EXAMINATION QUESTIONS ©

L

L

. What is the role of forests on rainfall occurrénce? . -

N

‘ o,

Answer the fOllowing' cjuestions in about 30 lines each,”
How are forests important in man’s aetmty‘? o

What are the causes of deforestation? What measures do you suggest to tackle the -
above problem? e :

- What is Chipko Movement? How is it started? What are other movements that were
started in other parts of the country? Do you think that such movements are necessary 7

to check the deforestation in various parts of our country

What are controversial views with regard to plantatlon of Eucaiyprus? Are these views
have any scientific basis? Why is Eucaiyptus plantation became popularr? :

What is social forestry? Why is social forestry necessary for Indla‘? What are 1lm1tatl()llS_:

and how do you overcome them'? o

Answer the following questlons in about 10 lines each.

How are forests useful m protectmg the environment and mamtammg the ecologlcal'
balance? - . | : : e ,

Why are forests degraded to greater extent m developmg countnes compared to"
developed countries? -

Briefly describe the forest pollcy of India.
What is Narmada Bachao Andoian?
What are the disadvantages of plantanon of pine trees"

What are the characteristic features one should look-into while selecting tree species for-' B

~ plantation under social forestry programme'?

- What alternatwe fuel sources do you suggest in place of ﬁre wood?

Briefly mention different uses of forest products..

10. How do. you solve the problem of fuel wood shortage?

_ Prof. S. Narsa Reddy




UNIT - 5 : LAND MANAGEMENT IN INDIA
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5.1. OBJECTIVES

After going through this unit, you will be able to: .

* class1fy land use system and describe the change in land use pattern over the last
‘4 decades, - : h ' '

- * describe the scope and limitation of extensive and intensive cultivation in relation
" to food requirement, ' ' 5

* discuss about soil erosion problem and control of wind and water erosion; -

* identify of salt affected soils in India and| suggest measures for the reclamation and
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management of different salt affected soils,

* describe the causes for conversion of cultivable lands info waste lands, types of
wastelands, wasteland management of different types of wastelands,

- ¥ defing infertile and fertile and productive soils,
* describe the method of maintaining soil fertility.

5.2. INTRODUCTION

Land is the basic input for man’s existence, Oul of total reporting area of
305 million hectares in our country, about 181 million hectares of land is classified as
agricultural Jand (arable land) which comprises of 142 million hectares net sown area,
23 4 million hectares of fallow land, 11.8 million hectares of permanent pasturcs and 3.7
million hectares under miscellanecus tress. An area of 68 million hectares is under forests. -
All these lands come under broad category of vegetated lands (249 m.ha).

Nearly 85 per cent of vegetated lands (216 m. ha) are being subjected to one kind of
degradation or other and a greater part is due to soil erosion {150 m.ha). Fhe fertility status
of Indian soils further points out that 95, 98 and 65 percent of the soils are low to medium
in NPK status respectively.

The net cultivaled area remained around 140 million hectares from ltast 25 years which
clearly indicates that there is practically ne scope for enhancing the food production by
extending the area under cultivation. The food grain requirement of growing population has
10 be met mostly by bridging the gap between the average yields obtained at farmers field
and yields achieved at rescarch farm. This is possible through better adaptation of intensive
cultivation practices under irrigated conditions as well as adoption of suitable integrated
technology under watershed philosephy for rainfed crops.

It is therefore of paramount importance that the present lands are protected from further
degradation and restore their fertility status. Hence the immediate attention of planners,
rulers, administrators and scientists is called for to halt the process of degradation of our
Iands through adoption of effective mcasures in checking soil loss, slopping the process of
deforestation, reclamation and management of saline and sodic soils etc. Multidisciplinary
and integrated system approach for increasing the yields of dry lang o through better
mojsture conservation practices and harvesting excess run off in farm poixis for reuse under
aberrant rain fall condition as life saving irrigation is being contemplated under watershed
programme. The water harvesting technology through farm ponds spicad over in number
of small watersheds would also help in minimising the flood damage under events of heavy
rain.

Development of waste lands at a rate of 3.0 million hectares every year by converting them
into forest ands by afforestation and social forestry progranmies by Natonal Waste Tand
Development Board is laudable step in right direction to mitigate the problem of deforesta-
tion. The importance of forests in maintaining ecological balance and in preventing land
degradation should be realised by present and fulure generation. Integrated nutrient
management of organic and inorgani¢ fertilizers through effective use of organic wastes and
other resources are being advocated to sustain the productivity of agricultural lands,

53. AGRICULTURAL LAND

The fand is the basic requircraent for man’s existence. It is reporied thal every person needs
0.4 ha cultivated langd fo meet his food needs and another 0.8 ha land for all other purposes.
"'C' i " PJEJ ﬁffﬁ Nﬁ? - oo (, '5
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The planet carth provrdes us a total geographrcal area of 15 2 billion hectares which
- measures 3.00 ha per person as on 1989, Hoquer in countries like Australia, and Canada
the per capita availability of land is 50 ha, in Sputh America and USSR 10 ha, iin 1JSA 4
~“ha, in France 1.2 ha, while it is only 0.41 ha 111|Incha The per capita avarlabﬂrty in India
‘based on total geographical area was 0.91 ha ini jthe year 1951. However with the increase
in the population, the per capita availability of land decreased to (.39 ha as on 1‘991 and it
“would be furrlher brought down to 0.33 ha by TOO A.D. o e

India has a geographrcal area of 329 million, ectares, of which 24 mllhon hectares are

" inaccessible, Therecords of land use pattern are a‘vaﬂable for only 3035 million hecfares (total .
reporting area). The land in India is classified into 8-categoriés and reporting area istaken -
as a base value (tolal land area) for computing 1he percentage of different categori¢s of land.

5. 3 1. The Changmg Land Use Pattern

- The statistical data on land use pattern in India for a penocl of four decades. from 1950-51
to 1990-91 is presented in Table-1: It is seen from'the table-1 that the land arca put to non-
agricultural use increased considerably over the four decades. from 9.4 million hectares
during .1950-51 to 21.2 miltion hectares in 1990-91, It is also noticed that the area under
barren and uncultivable land decreased by 18.4 Emrlhon hectares from that of 38:1 million
hectares (13.4%) in 1950-51 to 19.7 million hectares (6.5%) in 1990-91. This is mainly due
to change in the attitude of the people towards lurbarusatmn where fertlle land gs well as
barren rocky lands are being used for the constructlon of buildings, roads, recreafion parks

and play grounds etc. It is further reported| that ‘atleast 3,00,000 hectares of prime

agricultural land in the world disappear every yeir under buﬂchngs, roads, recreation parks,
play-grounds, aerodromes, helipads etc., of modern era (deve]opment) B ;

As per the table-5.1, it is inferred that there was a drastic change in land use durmg the first

decade after independence and it was gradual there after, The area under miscellanéous trees

decreased to 4.4 milkion hectares (1.5%) in 196061 from that-of 19.8 million he(iare., (T%)

in 1950-51 and later the decrease was nominal. There is a substdntral increase in the area

of torests from that of 40.5 million hectares (14 2%) in 1950-51 to 68.00 million hectares

(22.3%) during 1990-91 bhowmg an increase of 60% in the area under forest but ’i”." million. -

“hectares of forest lands are reported to be subjected to suffering varying degrees of so0il

~ degradation. - The area under thrck forests wr 406% crown densrty is approxxmately
38 million hectares ' S '_ o o

There is no much change in the area of total fallow land whrch was 28 13 uullmm hectare
9. 9%) in‘the year 1950-51 decreased (o 23.4- II].II?IOII hectares (7.6%) in 1990-91. | The area
under current fallow was on the increasing trend ifrom 10.7 million hectares to 18 3 million
hectares from 1950-51 iill 1987-88. However, about 4.5 million hectares of current fallow
land was brought under cultivation as on 1990- 91 To. recent years with the encouraging
trend of remunerative prices. for commermal crops, oil seeds and pulses, the agricultural -
- profession could attract the attention of unemployed youth for gainful cmployment.  With
the increased irrigation potentials, it is expected that atleast more than 50% of current fallow
land of 13.8 m.ha as well as -old fallow land of 9.6 m.ha may be put to use ¢ither for
cultivation of crops or afforestation, : N '

The land available for agricultural purposes as on 1991 is about 181.2 million hectates.  This
.includes 11.8 million ha. of permanent pasture and other agricultural land (3.9%), 3. 7 mllhon
hectares (1.2%) under miscellaneous trees, 23. 4 million hectares (7.6%) of fallow 'land and
142.2 million hectares (46.6%) of net sown ared. There is a net increase of 234} million
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hectares of cultivated area over 40 years penod from that of- 118 8 nu]hon hecta.res (41, 8%)"-
in the year 1950- 51 '

Whatcvcr increase in the net culnvated area whlch was visualised during the first two
decades of post—mdcpendence, and thereafter it remained more or less. the same between
140-142 million hectares. There is a limited scope for horizontal expansion of the land. The
possibility of increasing the area under this category lies on the cultivable waste land which
is abouf 15 million hectares. Tt -can be put to use through reclamation and in uuhsmg old
and current faltow lands,

The gross cropped area in India is about 185.5 million hectares as on 1990 91 with a crop
intensity of 130 per cent. The. area sown more than once was 13,1 million hectares
constituting 11 per cent of net area sown in the year 1950-51 and it steadily increased to 43.3
million hectares which is 30.5 per cent of net area sown as on 1990-91, Thus increase in
the double cropped area over 40 years period was measuring only to the extent of 302
million hectares, This increase is mostly due to increase in the net imrigation area from 20.1°
million hectares (17.1) in 1950-51 to 47.4 million hectares (33.3%) in 1990-91. '

53.2. Land Degradation

The arid and semi-arid areas with erratic distribution of rain fall and area of steep slopes with
low content of organic matter are more vulnerable to environmental and soil degradalion
conditions resulting in severe losses to rural commmnity, Land degradation has been deﬁned
~as “the process whereby land deteriorates through reduction in soil depth or quality as a
_result of actions of water, wind, gravity and temperature which may be reflected in reduced
productivity in current and feture periods by its impact on the quality and quanuty of
vegetation which the land supports (Woods, 1983).

The relentless pressure of an increasing human and cattle population, the diversion of lands
in fragile ecosystem for dams and roads, the expansion of irrigation without adequate .
concern for the treatment of catchment or the dangers of water logging and salinity in the

-command areas, Impropet agnwltural practices on margmal lands, destruction of forest_ L

wealth etc., all have caused a considerable degradation where 185 million hectares of forest
-land constituting nearly 2/3 of the productive arca requlres special treatment to restore such
" land for productwe and proﬂtable use,

The major cause_of land degradation is soil erosion which is again caused by water
(111.3 m. ha) and by wind (38.7 . ha), followed by other factors such as shifting cultivation
(4 m.ha), water logging (8 m.ha), salinity and alkalinity (8 m.ha), river action and other -
~ factors (7 m.ha) flood affected areas annually (8.00). T

The range lands are under heavy livestock pressure and are becoming largely degraded. The
-livestock population increased from 292 millions in 1951 to 410 millions in 1982. The..
environmental degradation is taking place at an accelerated rate of deforestation (0. 15 m.ha
per year) in the Himalayas, the Shivalik ranges, Aravali, Vindhyachal ranges, Western
- ghats, Eastern ghats and in Dcccan and Chota Nagpur platecau. -

The femhty status of ‘soils indicated that 95,98 and 65 per cent soﬂs fall under low to
medium category in terms of NPK status, respectlvely :

The various programmes such as Drought Prone Area Programme, Watershed ﬁbvelopment'
Programme, Soil and Land Resources Mapping, ireatment of catchment of the irrigation

( ) of the total Feporting area.

17



projects and flood prone areas are being in operation with technological back up by Institutes
of ICAR as well as the research projects sponsored by ICAR. The policy making bodies
such as waste land development boards, Naiional and State Land Use Boards, Pollution
Control Board, Ministry of Environment are collectively engaged in gigantic task of
gre2ning the waste lands. -

5.4. EXTENSIVE VS INTENSIVE CULTIVATION .

5.4.1, Extensive Cultivation

It is a method of raising crops in large areas without irrigation with limifed resources of
manpower and capital. Tn this type of farming less care and attention is paid in cultivation
of crops and the average yields of crops are usually less ranging between 30-50 per cent of
what could be achievable with better inputs of men and material under intensive agriculture.

The extensive cultivation is generally practiced by those farmers who have large boldings
such of those farmers who have less zeal and enthusiasm and do not possess managerial
skills to make use of available resources effectively also practice extensive cultivation. In
this type of cultivation because of less productivity, the growing demand of food grains, oil
seeds and Iibre crops is met by bringing more area under cultivation. However presently
there is a limited scope of bringing more area under caftivation. The present cultivable
waste lands of 13.8 million hectares and fallow lands of 23.4 million hectares offer litfe
scope in bringing them l}nder cultivation. Most of these lands are degraded to great extent.
and have to be reclaimed at great cost. The others are infested with tall perennial grass with
long wnderground creeping root stock spread over in states like Madhya FPradesh, Bihar,
Rajasthan covering 10 million hectares. Then there are ajkaline and saline lands, water
logged and deseried lands. The details regarding reclamation of such lands are given in this
chapter in respective of such heads of saline soils and waste land management,

During the first 15 years after independence, a portion of lands hitherto which were undcr
the natural protection of grass cover and forests are turned into plough. Through land
reclamation measures, fallow lands were utilised in raising new crops. But at the same time
the soil is exposed to greater erosion losses (*). The final result of reckless management of
cultivable lands is that they have become less productive. '

s

Lands with low production potential includes arid, semi-arid arcas with unrealiable rain fall,
steep slopes and poor soils. These lands are more vuinerable for environmental and land
degradation. These lands as well as present cultivable waste lands and fatlow lands are often
better Sultf.,d for production of fuel and timber wood and toddcr as an alternative land use
system.

Out of total net cultivable land of 142 wmillion hectares, about 42 million hectares {30%) is
frrigated and 100 million hectares is rainfed. The scope of increasing the area umider
drrigation is limited. The cost of creating irrigation facifities have gone up to aboul Bs. one
lakh or more per hectare. About 70 per cent of rainfed arca receives low to medium rainfall
ranging from 350 to 1150 mm and remaining 30 per cent area falls into category of high
rainfall region with more than 1150 nun of rainfall. Earlier much atiention was not paid to
dry land crops.

(*) with an average soil loss of 6-10 tonnes/a/year.
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. The rainfed crops contribute about 40 percent of total food grain production. About 70-100
percent production of important crops like- Sorghum, :maize, peari millet, pulses, oil seeds,
cotton, mesta and jute comes from ratnfed areas. - However increase in the production from
these dry land crops over last two decades during post-green revolution period is only
rnargmal even ‘in”spite of the fact of development of dry land technology by All India
coordinated Rice Research PI‘OJeCt and ICRISAT and State ‘Agricultural Umversmes The
' technology includes land treatment measures for arresting run off and soil erosion, water
harvesting in farm ponds and recycling, selection of suitable crops, inter-cropping combina-
tions and sequence cropping, contingent cropping practices for aberrant weather COHdl[lUl'lS
and alternate land vse system for shallow and margmal tands.

In recent years dry land agnculture is increasingly ‘bomg.-looked upon as an integrated system
than developing merely a crop production technology. For improving the productivity and
sustainability ‘of dry land areas, .the thrust should be ‘on resource. chardcterisation af,
microlevel and to develop appropriate cropping system for different agro-climatic regions.
* Tree crop interface study at micro-level requires further-attention in perfecting alternate land
use system. Development of dry land agricuiture on watershed basis was launched by ICAR
in 1983-84 with setting up of 47 model watersheds in each of major agroclimatic zones of -
India. A National Watershed Development Programme for rainfed agriculture was initiated
in 1986 to annually cover 0.232 million hectares. In the 8th plan, the target is to cover an
area of 2.8 million hectares in almost all- community development blocks having less than
30% of arablc area under irrigation. Requisite integrated watershed management plans of
about 2594 micro- -watersheds identified of size ranging from 500 to 5000 hectares area
which will be developed and executed thrr:)ugh [’eople § paI'thlpallUIl

53.4.2. Intensive Cultivation

Itis a method of farmmg anned to produce max1murn ylold per- unit: area per year where.
resources are generally not constraints. The available land is put to maximum use with all
cate and attention from time to time ‘without any limifation of other inputs.. It basically -
involves the higher inputs, adoption of improved technology:to éxploit the yield potentials
of -improved varieties and hybrids, ' better utilisation of human rescurces so that the lond
which is limited is put to maximum use. It would provxde better bupport for o&hﬂ‘
complementary onterpnses such as dmry, poulm -sericilture ete! ' : '

' It is seen in the prev1ous chaptcr that our not cultlvated area has remamed arouna:’
140 m. ha over the past two decades and. there appears to be hmxtcd scope for. fuz‘thcr '
expansion in the net area for cultivation. Tn fact the fertile lands aré gettmg dlwted for uses
other than agnculture like urbamsatlon mclustrlal houses, roads, brick rn.ikmg et¢; . The per
_ caplta of net culnvated land which is 0. 33 ha in 1950-51 reduced to 0.2 ha in 1980- 81 and

further brought dowri to 0.17 ha in 1990-91 and is cxpected to come down o 0. 14 ha by
2000 A.D. Therefore there is a need to produce more area through intensive cultlvatlon to
meet the demand of ever growing population. - o o

Imganon is the mafor mput in 1ntenswe agrlcu]ture The use. of other lnputs &uch as growmg
_high yielding varieties, optimum fertilizer application, tlmely control of pests and dlseasos
and adoption of other production technologies which depend on irrigation. It is common
feature in intensive agriculture, that the area is sown more than once. The increased food
production target can be achieved by enhancmg the. double and muluple cropped area
" through better  management practices at field level, avoiding conveyance 1osses wnth..
mandatory regulations and better control in supply of irrigation, water, more area can be
' D‘”ﬁﬁght w'der 1mgation w1th existmg u'nga;;on tacﬁmac Furthor new. areas cai be bmo;:*** '
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under double cropping by' éréating- additional infigation resources duly tapping surface flow
of rivers as well as underground water. Another approach of increasing the crop intensity
" is through improved soil moistare coneervauon practlces '

Higher cropping intensity through mu]tlple cropping Ief;ulls in full unhsdtmn of limited

resources of land and water. Multiple cropping requires a mgh level use of plant nutrients.
' Higher cropping mtemlty signifies land augmentation vertl(,ally In general, cropping
intensity is inversely related to farm size. The crop intensity is very high in Punjab,
Haryana, Himachal Pradesh and very low in Gujarat, Karnataka Maharashtra, Tamilnadu,
Andhra Pradesh, Bihar and Madhya Pradeah

It is estimated that by 2000 A.D. the population in India may be around one billion and food

~grain requirement would be 225 million tonnes, 100 million tonnes of vegetable oils, 30
million tonnes of sugar and 17 million bales of cotton. The developing countries like India
have to face the twin problems of land scarcity and population pressure which would require
to intensify the production on existing cultivated area. In onr country 74.5 per cent of
population living in rural areas are dependent on agriculture. Intensive agriculture provides.
more employment opportunities for greater number of people spread over to different
seasons. Il can also improve the nutritional standards besides providing enough food for

~ people and fodder for cattle. Tt is one of the w&ys 1o improve living standards ()f 98 miltion
rural families. '

. Even 1hough the agriculture which accounted for 522 per cent. national gross prodact. in.
" 1950-51 has come down to 29.4 per cent in 1992-93, still it is an important sector and will
continue to be $0 in the foreseable future.

5.5. TRENDS IN AGRICULTURAL DEVELOPMENT

- FAO analysis of growth pattern in. crops in 93 developing countries shows that 63 per cent
of the growth in production must come from higher yields, 15 percent from higher cropping
intensitics and 22 per cent from land resources. A comparison between annual growth rate
of population (2.3%) and total food grain production (3.6%) over 10 year period from 1981

- t0 1991 of India snggests that food has kept pace with population growth. However in terms
of nuiritional adequacy about 30 per cent of its population are still under nourished, The
infensive agricul_tura] practices are generally confined to high potential arcas. These lands
can sustain intensive cropping using existing technologies as long as they are compensated
to the extent that has been removed by crops. Usually these areas are either irrigated or
blessed with reliable and adequate rainfall. Soil fertility of these lands is commony high.

“Existing agricultural technology is capable of raising popula‘uon carrymg capacity of such
lands (FAO 1984).

In Asia 82 per cent OI cereals are grown on high potcntial naturally flooded or 1mgated'
areas. It is not only essential to maintain and increase the staple food production of irrigated
land but also necessary that natural resource management be improved in areas coutiguous

o irrigatecl river basins.

Indian Agriculture made rapid strides in the producnon and productjvity of major mes
changing the agricultural scenario from that of subsistence economy during the pre-green.
revolution period (1950 to 1964-65) to that of reasonable surplus situation at present. The
proddction of total food grains increased from.50.8 m.t in 1950-51 to' 180.0 m.t. in 1992-
93; while the productivity enhanced from 522 kg per hectare to 1445 kg per hectare. About -

82




90% of increase in total food grain production came from wheat and rice which was more
. spectacular during post-green revoliition period due 0 use of high vielding varieties and
increased use of fertilizers, pesticides and innovative modern technologies. These crops are
" mostly grown under irrigated conditions. - ' s

The increase of wheat production in India was impressive which was nine fold from
6.4 million tonnes to 55.1 million tonnes and that of rice from 20.6 m.t to 74.3 m.t. during
1950-'51 to 1990-91 (over four decades). The productivity of wheat and rice enhanced from
a meagre yield level of 663 and 668 kg/ha in 1950-'51 to 2281 and 1741 kg/ha in 1990-791

~ respectively. Further examination of productivity of wheat for pre- and post-green revolution

periods, the growth rate per annum was 3.16 per cent during period of 1967-°68 to 1990-
*01 as compared to 1.27 per cent per annum during Pre-Green Revolution period.

* . Though the achievements made so far are commendable, India’s annual compound growth

rate in the production of food grains during 1980-89 was 2.9 per cent. However, this growth
~ raie appears to be moderate only when compared to growth rates of production in some of

the neighbouring countries like China (6.3%) Pakistan (4.4%), Thailand (4.1%) and Indone-
sia (3.2%). _ o ' _ E _
It is reported that the levels of untapped yield potentials in the developing countries (40-50%
for India) even at current levels of inputs could be realised through scientific management
cf inputs used. It is further emphasised that farmers all over the world can only accept
technological input levels as long as they are economical. A cursory look into comparative
yield levels of different crops in India with that of world average vield (Tables 5.2, 5.3)
 reveals that average yield levels of different crops in India are relatively lower than the world
"+ averages and far below the potential yields of available high yielding varieties in India. The
information further indicates that the productivity of these crops can be doubled by making
available the high yielding varieties to the farmers and their full yield potential is realised
through appropriate inputs and technology.

- 5.6, RESOURCE CONSERVATION.FOR SUSTAINED AGRICULTUR_E

Land is the most vital resource for agricultural production. Whatever food grain targets -
achieved so far is done without concern. of sustainabifity by over minizg of our soil resource
without adequate replenishments and fauity management: practices which created economic
and environmental problems. Land resource is getting limited as certain lands are being
diverted due to fast industrialisation and urbanization. The lands with -low production
potential which are generally slopy are being used for growing crops under rainfed
conditions. Such soils are subjected to frequent eroston losses getting thinner year after year
and if not properly protected, they become unproductive and would fall in the category of
waste lands. Further improper management practices in these low potential lands resulted
in adverse off-site effects such as silted up reservoirs and reduced soil production.

The high poténtial jands with intensive agricultural practices under irrigated conditions have
neglected drainage problems and also proper water management practices leading to salinity,
sodicity or both. The costly and scarce irrigation water resources is being wasted by
excessive use. Indiscriminate use of pesticides created a problem in the natural control of
insect pests through killing of predators and parasites and thus affecting ecosystem, Now
concern being expressed from many guarters whether the growth in agricultural production
to feed our ever growing population and fand resource base can be maintained in sustainable

manner.




Table 5 2. d,ompamnve yleld levels in Indla and uarld and petential yields of India (kg/ha)

Crop - -~ - 'mdla $ World avcrage - Polentlal of h1gh

yvield cyield -7 yielding Indian -varieties
Rice . 269 ) 3504 S 4001 - 5810
Wheat . - oo . 2274 2391 6000 - 6800-
Groundnut g7 THME 2000 3000
Rapeseed . 90 w0 1500 - 2000
Soyabean - .- 1180 - 2088 . 1500 ~ 2500
e 1565169 25003000
Tobacco 46l oo 612 . 2530 - 2865 .
Potato 16196 14890 . o 238000-30900 .

-5 7 SOIL EROSION

Soﬂ erosmn is one. (Jf the gravcst human-made dlqasters a qmet msxs nol w1dely percmved
but graduatly unfoiding as monstrous phenomenon Of the. various types of degr&datlon
1and, soil erosion poses.a serious threat to the livelihood and food security . of pt,ople

Soil eroelon can bc deﬁned as remo\/al or loss of surface soil by water and wind: These are
' 'known as dgents cauqmg erosion, Depcndmg on agents of erosion they are called as ‘water
erosion or wind erosion. There are three stages in erosion i.e., detachment, transport and
deposition (sedimentation). The force of falling rain drops as well. 4s Tun-off water or wind
on a bare soil first detaches the soil particles. from soil aggregates. Then the detached soil
particles are transported by-flowing water or wind: The rate of erosion depends on ‘intensity
of rainfall, slope of the land, 9011 charactenshcs type of vegetation and mode of cultivation.

-5, 7 1. Waier Eroswn

Mechanism of erosion: . The process of -erosion can be conveniently d1v1ded into two sub-
- processes’ viz, detachment -and (ransport. Detachment - needs energy which is mainly
-supplied by kinetic energy of falling rain drops which breasthe soit- aggregates-and splashes
the soil particles. The seil aggregates are also broken down due to entry of water from all
sides (engulfing). - The-air inside the aggregates is compressed and. pressure increases
resulting in bursting of aggregates. The rain water received subsequently mixes the soil
particles and muddy water results. The finer particles. (clay and silt) block the pores of the
soil. The kinetic energy of falling rain drops alse compacts the soil. - Thus due to sealing
and compaction, in-filtration of water is ‘reduced and excess water starts flowing which is
known as run off. Along with run off water, soil particles of less than 50 mm in; dmmetcr
“are suspended in water and are transportcd '

Forms of water erosion: Recognised types of water erosion are sheet erosmn rill erosion,
- gully erosion, rdvmes and land slides.- ; :

A Sheet erosion: Tt is the removal of soil all -along the fleld in thm ﬁlms It is less
conspicuous hirt could be noticed with movmg out of muddy colour mn off watm from
the field. It is the initial stage of soil erosmn
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2. Rl erosion: - When sedirnent ladden surface flow increases, it starts forming finger -
size para]lel channels and'erosion is no longer uniform and erosron is more apparent
than sheet ergsion. Tlns 1s the - second stage of’ eros1on ' : :

3. Gully erosion:” When r111 .erosion is not checked the n]ls are further wrdened and
deepened. When channelised run-off from vast sloping land is sufficient in volume
... and velocity to cut deep and form wide- channels of irregular shape and size are known
. as gullies.. These are most spectacular symptoms of erosion and.if unchecked creates
. problems in cultivation. . . : - : :

4. Ravines: These ate manifestation of a prolonged process of gu]ly erosion. They are
 deep and wide gullies and their formation indicates very advanced stage of gully
. erosion. - These are typically formed and: expanded in deep alluvial soils..

5 Land slides: These occur in hrll srdes when slope exceeds 20 per cent the soﬂ from
_ __top of hill side shp down and some trmes blocks the trafﬁc in ghat roads _

6. - Stream bank evosion: Small’ streams, rivulets; torrents (hrll streams) -when in excess

. flow are subjected to streain bank-erosion: When-streanis dryup, vegetation spreads

- and obstruct flow causing cutting of bank or. changing the flow’ direction. Torrents

with flashy flows can camry boulders and uprooted plants which are deposited down-

stream causing over ﬂowmg and extending siream bank erosion to the nelghbourmg.

field. Water erosion cannot be predicted with sufficient accuracy to permrt the
selection of management alternatwes with low erosion potentlal

 Water erosion control: The main objectlves in controlhng 5011 erosron ca.used by water a,re _

i, to reduce dispersion of soil partlcles
ii. to put mechanical obstruction in the way of flowing water -
iii. to reduce surfdce runoff.. '

The obgectwes can be achreved by

1. Bnngmg about 1mprovement in physmal condmon of soﬂ through proper
: manuring and croppmg with a view to 1ncreasmg water mﬁltratmn and holding
capacity.

2. Ensunng good crop growth by adoptmg the recommended agronomlc practices
for each Crop.

3. _Practlcmg other conservation. measures hke contour bunchng, terracmg, contour '
~ trenching, contour _cultrv_atton strip cropping, mulch_lng, reclamanon_of_ gullics
_ 'etc. : ' ; - '

The problem of soﬂ eros1on can be tackled best on a catchment basm rather than on
individual plots. The planning should include:

1.  All measures like contour bunding, terracing, diversion channels and other agronomic
measures like strip cropping, crop rotations efc., on land under cultivation.

2. Structural or vegetative gully stabilization. -

Structures like the use of spurs, revennents checkdams retammg walls etc to stablise
stream banks,

4. Structures for any combined purpose like irrigation and power to.'con_n"ol ﬂood )




5. Distilling basins to hold ‘back sediment.

6. Erosion control measures on non-agric ulmml tands including high-ways, rai lway lines
and other wastelands.

5.7.2. Wind Erosion

Wind erosion has the same three phases as water erosion; detachment of soil particles, their
movement and their deposition. Control of wind erosion is accomplished by reducing
detachment and movement. Detachment of soil can be reduced by compaction, aggregation,
welting, stabilizing with living or dead vegetation, and/or by a chemical mecans such as the
use of organic polymers or asphalt emulsmn ' :

Forms of wind erosion: Clods laiger than 1mm in diameter are too large and have too much
mass to be readily detached. Aggregates between 0.5mm and 1 mm are too large 1o be wind
borne but can be moved along the soil surface by strong winds. This movement is known
as 'Surface creep. Individual soil grains and aggregated soit between 0.05mm and 0.5mm
move by a series of rolls and leaps, known as 'Saltation’. Soil grains and aggregates smaller

than 0.05mm in diameter (silt and clay) once detached and suspended in the atmosphere
~ (suspension) are usnally kept aloft by air turbulence and may be moved long dlsiance before
being deposited.

1

Contml of wind ergsion: Principles of wind erosion control are:
L Reduce wind velocity at ground Ievel
2. Remove sediment from the wmdstrgsam )
3. Reduce the erodibility of the soil.

Praptices of wind erosion contro! includes;

1. Establishing ridges of soil from 5 0 10cmj high and at right angles fo the ditection of
the prevailing wind at the time of .maximum wind crosion.

2. Planting dénse vegetation onthe eroding ﬁéld at right angles to the most erosive winds

Establishing a wind break of vegetaﬂon or a structure on the windward side of an
eroding field. :

5.7.3. Extent of Land Degradation Due to Erosion

Soil erosion is a global phenomenon affecting an area of about 1.2 billion hectares with
moderate to severe erosion. This represents 11 per cent of carth's vegetated surface.
Deforestation, overgrazing, agricultural activities, over exploitation and industrialisation are
the main causes of soil degradation. According to World Resource Institute (1990) 29 per
cent soil degradation at the global level is. caused by deforestation, 35 per cent by over
giazing, 28 per cent by agricultural a(,twmcs 7 per cent by over exploitation and 1 per cent
by mdusmahsahon

The regions of the world that suffered most due to land dagradati on in descending order are
. Asla, Africa, South America, Oceania, North America and Europe. The land degradation iz -
accelerated in countries where population pressufe of both human and cattle is high coupled
with severe rural poverty, lack of knowledge, ill matched resources and non-sustainabie
lands. At global level about 20 million hectares of " productive range lands, irrigated and
rainfed crop lands are rendered permanentdy useless. FAO estimates that werld wide
desertification irreversibly claims approximately 6 million hectares each yoar.
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It is seldom realised that a top 20 cm soil produces 97 per cent of the world food production.
A loss of 1 mm of top soil amounts 15 tonnes of soil loss per hectare. A loss of one tonne
of soil means a loss of 4 kg nitrogen, 1 kg phosphorus, 20 kg potash and 2 kg calciom and
~ considerable amount of soil organic matter. The loss of nutrients is estimated to be equal

- to be 50 tonnes of FYM/year/ha. ' '

In India it is estimated that about 6000 million tonnes of soil are annually eroded, of which-
30 per cent washed into the sea, 9 per cent is deposited in the reservoirs and rest 61 per cent
is deposited on the land. The average annual loss of plant nutrients through eroded soit is
estimated at between 5.37 and 8.4 million tonnes. The loss of organic matter with 0.5
organic carbon content works out to be 120kg/ha. The average soil loss in India is estimated
at 16.35 tonnes/ha/year. Among the world's 16 worst eroding catchments, Indian river
catchments of Ganjga, Brahmaputra and Kosy occupy second, third and' twelth positions,
respectively. ' : '

It is estimated that 150 million hectares of geographical area of India is subjected to different
kinds of erosion; of which 111.3 million hectares area is under water erosion and 38.7 mha
‘under wind erosion. ' '

The per capita availability of net cultivated area is decreasing from 0.48 ha in 1950-51 to .
0.17 ha in 1990-91 and it would be 0.14 ha in 2000 A.D. and 0.05 ha (500 sq.meters) in
2025. The increasing urbanisation and competition from industry and civic uses etc., is
pushing the agriculture to more marginal and fragile environment. The problem of future
generation is to produce more food from less land that too of poor quality. The subsistent
farmer appears to be concerned more with his fulfilment of present food needs than the
welfare of coming generation and threalening un-sustainability of agriculture. The best
strategy is to minimise the environmental impact and meet the present and future needs of
. the country. Sustainability of land resource is necessary and for this the following measures -
are suggested: - - :

-1.° Conservation of areas of high bio-diversity and fragile environment through greening
' and ise of soil and water conservation techniques. : '

2. Optimisation of -production from the areas.of high potential usiﬁg eco-friendly and
" high potential technology. _ : o

3.  Restoration of product_iv-ity of the areas which have been degraded.

Check Your Progress-1 & 2

1. Define soil erosion.
© 2. What are land slides?

Note: (a) " Write the answers in the space provided below. _ .
(b) Compare your answers with those given at the end of this unit.




5.8. SOIL SALINITY

Salt is the savour of food but at the same time when in excess in soils it kills growing plants.

- Solubie sall contamination of soil has caused problems primarily in arid regions of the world

where inadequate rainfall means little or no change for the excess salts 1o be leached from
the soil. The effects of salts are apparent in many areas and are becommg increasingiy
prevalent and scrious as water supplies bewmc more limited and are increasingly. polluted
with soluble. salts.

© §8.1. Identification of Salt Affected Soils

There is-no much deviation in the criteria used in classification of salt affected soils. The
changes proposed are (1) the use of SAR of the soils saturation extract instead of the ESP
{2) the proposed lowering of the salt content for bdllnE‘ s0ils and the (3) umts for reporung
c!uctrlcal Conductmty ' : : :

The change to SAR (Sodium Adsorpﬂon Rdtlo) in placc of ESP (Exchangeablr‘ Sochum '
Percentage) has been made partly because of the ease in the estimation of SAR in Idb()rdtory

compared to that of the ESP. The values of ESP are 15% 3(}% more than the SAR

determlnatlon on thﬁ soils saturatlon extract. : :

5.8.2, Extmt of Salt Affected Smls :
The salt affected soils are estimated to occupy an area of 7m.ha in different p‘lﬂ‘s of [ndld

. as shown in the Table 1.

Table 5 3. Geographlcal dlstrlbutlon of salt aftected soﬂs

Pmbiem : T Swes nwheh Approﬁ_.'area\'
soils ooour . " {m.ha}

Coastal ‘salt affected solls:

a. Coasial sait affected soils of ard region "Gujarai' o _ a4
T b Deltaic coastal salt affected sails ¢ West Béﬂg.al', Qrissa . T 1.3%4
of the humid regions Andhra Pradesh & Tarnilhiadu -~ = - - :
2. Salt affectsd scils of the medium -~ - - Karnataka, Madhya Pradesh, - 1420
& deep black soil ragion Andhra Pradesh, Maharashtra
_ Rajasfhan o :
3, Sail affectad sails of the arid and Gujar*ai, Rajasthan, Punjab, - - - 1000
semi-arid region : ' Haryana, Uttar Pradesh - I
4. 3alt affectad soft of the Indo-gangetic plains .~ - Uttar Pradesh, Haryané, Bihar, S 2.516 -
: A - Rajasthan, Madhya Pradesh . .
Total: . 7.044

£.8.3. Causes for Salt Accomulation

A combination of factors whlch are mainly geological, climatic and hvdx ological in anurf:
nzually involved in the formation of saline and alkali soiis.

The sources of salts in soil are from the soil itself, ground water, irrigaticn water, canal and
sea. The primary source of saits in soil is from wesihering of rocks, Puring the procass of
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rock weathering and soil formation, soluble salts are formed.” Solute movement with water
is the determining factor in the soil salinisation process. '

- In the humid and per humid regions with adequaté rainfall, most of the soluble salts are
leached down to some depth below the surface into the ground water. If the rainfall is not
adequate, leaching is not adequate to remove the soluble salts.

Soil salinisation is quite common in arid and semi-arid regions having an annual rainfall of
less than 550 mm. Encrustation of salts occur on the land surface. Fluctuating depth of
ground water table leads to salinity in soil. Soluble salts move upward along with rise n-
- the water-table. The salts are left behind when the water table recedes and accumulates at
varying depths below the soil surface. Upward movement of soluble salts already accumu-
lated at some depths of soil also takes place. The higher the depth of water table, the higher
is the rate of cvaporation. The critical depth of the water table is defined as the depth of
the water table above which soil solution along with salts can move upward by capillary
action to the surface. This critical depth depends on texture, water: retention and water
transmission characters of soil in the profile. ' ' '

In coastal areas, the salinity is due to intrusion of sea water into the main land coupled with
the transportation of salt particles from salt affected areas through wind creating salinity in
normal soils. Very high summer temperature and low rainfall in these areas similar to arid
and semi-arid conditions and occurrence of poor quality ground water results in formation
-of ¢oastal saline soils. Poor drainage and use of poor quality of irrigation water also resilts
into saline soils. ' : : '

5.8.4 Effect of Salt Affected Soil on Crop Production
1. Poor soil physical condition restrict the crop production
2. Salinity impede the drainage and results in water logging during MODSoO0nN Season.
3. High salt concentration results in osmotic pressure affecting water and nutrient by the
crops - _ : :
4, High water table conditions lead to secondary salination affecting soil and health and
crop production E :
5. Sea water intrusion affects the soil and crop grov%t_h _
" 6. The nutrient availability in these soils generally lower than normal soils e.g., nitrogen

5.10.5. Reclamation of Saline and Sodic Soils

For economic utilisation of salinre and sodic soils, it is desirable that such soiis are surveyed
and mapped. ~ The potentiality of these soils for agricultural purpose need to be assessed
which depends on the water transmission characteristics of soils. The physical, chemical and
‘biological properties of the soil greatly influence their-suitability for crop production. The
physical characteristics include mechanical impedance (physical barrier), aeration, infiltra-
tion capacity, permeability, pore size distribution, bulk density, soil aggregaiion etc. In the
sub soil, clay and kankar pans with different cementation are known to occur which limits
drainage, root penetration and cause obstruction in reclamation of these soils.

The chemical properties of saline and alkaline soils need to be estimated in relation to cation
exchange capacity nutrient availability at different stages and nutrient imbalance etc. It is
being reported that these soils are significantly low in certain plant nutrienis and toxically
high in other constituents. The nature of organic matter and its content in the soil and
microbiological properties of the soils are also important in determining the produciive
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capacity of these soils. The aikaiine conditioh creates instability in the organic matter
content of soil. ' ' - : : _

“The assessment of effectiveness of different methods of reclamation at differem stages of
reclamation is desirable so that suitable corrections can be affected, The basic principles
involved in reclamation of salt affected soils are as follows; '

1.  Establishment of dramage' The effectlve dramage system should aim at nemoval of .
.excess water from the field and keep the ;ground water to penmssible depths so that

~ salinity does not increase and effect the crop growth, The Physm graphic locatmn of

the field is important. In providing clramage in the ficld one May come 4cross any one

of the following situations, o -

a. Certain fields have adequate natural dramage

'b. For other ﬁelds installation of dramage system such as open ditches or tile drams. '
may be necessary.

C. Ttnere are certain other fields where d:mnage is unpractlcal or 1mp0551ble

2. Leac]hmg of soluble salts: The salt content of problemat.lc soils must be lowered at
least in place of root zone. In sodic soils (alkaline) most of the replaced sodium must.
be leached from the root zone. In such sdils the reclamation is not effective without
Jeaching. For leaching out salts use only good quality of low salt content urlgatmn
water.

The Ieaéhing requirement (LR) has been referred as that fraction of water that must
be leached through the root zone to control salinity at a specified level. Simply this’
is the ratio of equivalent depth of dramage water to the depth of applied, water and

may be expressed as per cent.’ _ 2

3. Replacement of excess exchangeable sodium: This process is necessary in saline-
- sodic and sodic soils. It consists of applications of amendment to supply soluble
calcium to neutralise the atkali, replace exchangeable sodlum in the soil and flocculate
the clay for improving permeability. The amendments. inchude direct application of
- soluble calcium compound like gypsum-which is the cheapest source or an acidifier
like sulphur, iron pyrite to dissolve the cxisting reserves of native insoluble calcium

in the' soil.. : i :
Reclamation of Saline Solls _ |

Saline soils are relatively easy to reclaim for crop production if adequate amount of good.
quality or low salt content 1rr1gat10n water is available with adequate surface and sub surface
drainage famllty :

1. Mechanical method: The mechanical meﬂlods are initially employed to mlprove the
physical nature of the soils. It consists of (a) Scraping the sutface crust of salt infested soils
by manual labour and putting the scraped soil in salt disposal pit (b) Deep chiseling (sub
soiling) or deep ploughing may be used on soils with impervious layers to open soil for easy

percolation of water. This process may have to be repeated severat times and may become

expensive sometimes. (c) Application of sand to improve drainage particularly in heavy
clay soils would hasten up the reclamation adopted. (d) The process of proﬁle inversion
can be adopted to bring less salt content soil to suiface.

II. Hydro technical method: Leachifig and dramage are the mam components of this
- method.  The majn thrust in the reclamation of saline soils is to leach most of the salts
" downward and out of contact of root zone through irrigation water, '

920 .
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The quahty of water required to. remove sait from the soil depends on following.
1. How deep the salts are to be washed. ‘
2. What percentage of the salts are to be removed and
3. How leaching is done (ponding constantly or intermittent application)

It is generally estimated that ponded water of about 30 cm are required to remove 70-80
percent of salts for each 30 cm depth of soil. Intermittent water additions are more efficient
and water required under the method is about 70 per cent of ihat required with ponding.

Generally saline soils are fine textured and frequently have a Ingh water table or a dense
gypsum layer. These conditions reduce the movement of irrigation water downward and
make it difficult to leach the salts to the desired depths below the root zone, The magnitude
of seepage through irrigation and other sources may augment the ground water recharge. In
soils with high water table artificial drainage is nccessary to remove excess salts.

T11. Biological methods: Addition of organic matter benefits the saline and alkali soils by
two ways (a) Improvement in Water infiltration and (b) release of CO7 during decomposi-
tion which has the solubilizing action in soils rich in calcium (calcareous soils). Thus CO2
released during composition would increase additional soluble calcium content for cxchange
reaction to replace sodium in the soil exchange complex. '

When irrigation water is limited or fields which depend only on rainfall, appliéation of
organic mulch on surface will reduce the salinity. Mulch is effective in reducing the
evaporation and thus reduce movement of dissotved salfs to the surface. .

Reclamation of Sodic and Saline-Sodic Soils

In sodic soils, the exchangeable sodium is so great that resulting dispersed scil is almost
impervious to water. The sodium must be replaced by another cation and then leached
downward beyond root zone and should be moved out of the field through proper drainage.
Calcium is often used to replace sodium' in sodic soils. Of all calcivm compounds, calcium
sulphate (gypsum, CaSOg4, 2H0) is soluble calcium replaces sodium leaving soluble
sodium sulphate in the water which is then leached out.

In calcareous saline-sodic soils, leaching with irrigation water of low salt contcnt (SAR-— 5,
pH 7.5) was effective in removing exchangeable sodium without #%ton of gypsumt.
Without gypsum, about 50 per cent more watet is required {0 rei.e; sodium theough
leaching.-

5.8.6. Management Practices for Sait Affected Soils

Tt is not always possible or practical to eliminate all salts from soil but managing of such
soil is necessary to minimise salt damage. In sodic soils, some of the exchangeable must
be removed before they are put to use along with slightly saline soils. The proper use of
irrigation water, correct position of placing the seed choice of salt tolerant crop are some of
the management techniques that helps for ‘successful raising of crops in these soils.

1. Water Man agement: Maintaining a high water content in the soil near to field capacity
dilutes salts and lessen their toxic and osmotic effects. With frequent light irrigations t0
keep high moisture content particularly during salt sensitive germination and seedling stage,
plants are able to survive to the normaily more tolerant mafure stage of growth.

~ Limited leachmg done before sowing or light ifrigation by sprinklers after sowing will move
salts below the seed and early rooting zone. However soils which develop hard crust should
not be 1rr1gated unmedlatsly after sowing but irrigation w1th sprinklers should be given at
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the time of emergence to soften the hard crust.

Periodic leaching during off-season where crops are not growing to leach the salts deeper
can be practical wherever water is available, In reglons with short water supply, the leaching
can be done only once every year for several years to achieve good results.

2. Planting position: Salt moves along with water and some will accumnlate in the top
layer of soil. Laying out the fields into ridges and furrows and sowing of seeds (Planting)
at the middle or bottom position of the sides of ridges will help t0 avoid the damage of
gerounating secds from salt concenfration.  Most ‘of salts move to the top of ridge and
accumulate. Careful placement of sced in less salt content posmon instead of planting at top
or near the top ridge will ensure safe germmaﬂon and growth of young seedlings.

3, Chmce of crops: Cultlvatmn of salt tolerant .crop is other management practice. Crops
can be classified into three groups based on their tolerance to salts. -

a, High galt tolerant crops: Rlce,_sugarcane, oats, berseem, lucerne, fen'ugreek, barley,
Indian clover. :

b. Medium salt tolerant crops: Castor, cotton, mustard wheat, sorghum, maize, pea:] millet.
c. Low sall tolerant crops: Pulses, pea, sunhemp, bengal gram, linseed and sesamum. '
Varieties ‘of a crop may also differ in their salt tolerance.

5.9. SOIL INFERTILITY

Soil 1nfert111ty can be defined as mablhty of the soil or nutrient status of soil Whl{:h is not
in a position to supply required plant nutrients to the growing crops. -

It has been estimated that the present level of inherent fertility status of Indian scils can be
able 1o sustain a food grain production of about 100 m.tons, N early 40% of the current food
grain out put can be attributed to fertilizer applications. In respect of N,P and K 95 98 and
65% of the Indian-soils fall undet low (0 medium category respectively. similarly inr respect
of micronutrient defficiencies, half of the Indlan soils are deficient in Zinc. The other
micronuirient deficiencies such as iron, boron and manganese are found to be to lesser
extent. Sulphur deficiency is likely to limit crop yields in about 100 districts in the country.

3.10. SOIL FERTILITY

It is the statys 01 the inherent capacity of the soil to supply hutrients to plants in adequate
amounts and in suitable proportions. '

The productive. capacity of the soil is influenced by:

i The inherent capacity of the soil to supply plant nutrlents

ii. The physical condition of the soil

iii. Micro-organisms activity of the soil

iv. Moisture content in the soil :

v. Various inhibitory factors present in the soil hke acidity, alkalinity etc.

vi. Climatic conditions, incidence of pests and diseases and managemerit prac-
© tices. - - '

Historically, crop production bas been based on the use of plant nutrients already in the soil,
Although the addition of plant mitrients is being practiced through application of fertilizers

but still many crops in dry lands goniinge 1o be grown extracting the most of its numents .
from 'sail.
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Several techniques are commonly employed to assess the fertility status of a soil.
1, Nutrient deficiency symptoms of plants. :
2. Blologleal growth of higher plants is used as a measure of soil fertility.
2. Analysis of tissue from plants growmg on the SOll
4 Chemical soil tests.

Out of the above, the first two visual methods of evaluation of soﬂ fertility are useful in that
it requires no expensive or elaborate equipment and can be used as a supplement to other
diagnestic techmques :

510.1. Soil Fertility Losses
The causes for soil infertility losses are given below.

1. Removal of nutrients by crops and weeds: Soils vary greatly m their inherent capacity

- for how long they can be cropped without yield reduction before a given nutrient must be

added. The optimum dose of fertilizer application to supply plant nutrients is influenced by
a knowledge of the nutrient supplying status of the soil on which the crop is to be grown.

The knowledge regarding nutrients deplietion with targeted yield in different crops is one of .
the right steps in that direction. The nutrient removal by crop not only vary from crop to
crop but also depends on yield levels obtained in the crop. The amount of N P K required

 to produce one unit of different crops is given in Table-5.7.

Table-5.4. Nutrients required (Kg) to proﬂuce one quintal economic produce
by dlfferent Crops

Crops o N P20s5 KO-
Rice 2.0 11,12 3

~ Wheat 245 006 328
Barley ' ' 2.06 0.78 2.52
Maize 2.63 1.39 358
Sorghum 224 1.33 .34
Pearl millet ' 423 C 226 9.08
Finger millet ' ' 2.98 - 1.13 .39

- Chickpea | 463 ... 084 - 496
Groundnut _ 581 ¢ 1.96 301
Mustard 3.28. ‘ 1.64 4.18
Linseed : 190 12 - 33
Castor : 3 12 1
Sugarcane ; 0.16 0.04 : 0.2
Cotton : ' 445 . 0.83 7.47
Tobacco . 1165 1.93 2.19

Source: Velayutham, M and Reddy, K.C.K. 1987 Regional Agricultural Meeting, IFA, New Delhi,

In intensive cropping when more than one crop is grown during the year, the amount of
nutrient removal correspondingly increases. To meet our food. grain production target of
225-240 million tonnes by 2000 A.I}. an estimate of expected nufrients removal by ramfed
crops is gwen in Table-5.8. ' : :




_Table—S.S. Production and Nufrient removal (N, P, and K)
(estimates of some rainfed crops by 2000 AD)

Crop Production ‘ Nutrient removal

' (million tonnes) (miilion tonnes)
. _ 1986-87 - - 2000 1986-87 2000
~ Sorghum 8.87 . 20.4 044 1
Pear! millet 4.49 15 : 0.13 0.44
Chickpea 446 1275 033 094
Pigeonpea 2.32 45 0.3 044

Groundmout 542 135 - 095 ' 2.36

Source: Directorate of Economics and Statistics, 1988 and National Commission on Agriculiure
1975, '

It is being reported by the National Co-ordination committee on efficient use of inputs that
weeds take away 30-40% of plant mutrients applied to crops. The vield losses due to
competition from weeds in India is annually estimated to be ranging betwecn 18-41 per cent,
Thorough land preparation during summer and timely intercultural operations followed by_
hand weechn gs are necessary to reduce the nutnent depletion by weeds.

2. Leaching losses: Among the major plant nutrients, nitrogen in nitrate form is highly
soluble and therefore is subjected to more leaching losses, The extent of losses depends on
the form of nitrogenous fertilizer, soil texture and intensity of irrigation/rainfail. Nitrogen

losses are more in light textured soils, hence need to be applied in two to three split doses.

Heavy irrigation or high intensity rains results in more leaching losses. ~Fertilizer nitrogen
application should be managed in such a way that it is cither utiliscd by the crop or retained
in soil for future wse and the methods which can reduce nitrification process also help in

. minimising the leaching losses.

. 3. Losses i-m gaseous forms: Among nutrient elements, only nitrogen is lost in gaseous

forms; volatalization as ammonia and denitrification of gasecus form of N (under anaerobic
conditions) as in rice fields. The amount of N lost due to volatalization could be upto 3¢
per cent of applied nitrogen. Drilling of nitrogenous fertilizer reduces the voltalization
losses to 5 per cent as compared to 30-40 per cent under broadcast method of fertilizer

_application.

4. Soil Eresien: No other soil phenomenon is more destructive world wide than soil
erosion, It involves losing water and plant nutrients at rates for higher than those occurring
through leaching. More fragically, however, it can result in the loss of the enfire soil.
Further miore, the soil that is removed finds its way into streams, rivers and lakes and creates
a pollution problem there. Erosion is serious in all climates, since wind as well as water can
be the agenis of removal. Water erosion carries away the larger amount of soil. The details
rogarding amaunt of nntrient losses are discussed under sub-head of soil erosion.

Nutrient Statos of Indian Soils _

Based on soil analysis reports, soil fértﬂity maps of India show that for phosphate supply,
out of 372 districts of India, soils of 42% of the districts are fow, 56% medium and 2 per
cent high and for ‘K’ supply, soils in 20 per cent of disiricts ace low, 42% medium and 38
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per cent are high, Almost all soils in India are deficient in available nitrogen. Soil .samples'
deficient in micro-nutrients are 46% Zn, 17% boron, 12% Mo, 11% Fe, and 5% copper.
Sulphur deficiency is estimated to limit crop yield in about 100 districts in the country.

5.10.2. Mamtenance of Soll Fertility
Maintenance of soil fert:lhty should be considered both on short term and long term bams :

Short Term _Mea.sures. These include: addition of organic manures green manvring,
fertilizers and bio-fertilizers. The organic manures are cbtained by composting left over
cattle fodder in the cattle shed along with excreta of farm animals and other farm wastes.
These are known as Farm Yard Manure (FYM) and compost which are generally bulky in
nature and contain less plant nutrlents They supply almost alt the ingredients of plant food
and application of 5 to 10 tonnes ha~ 1FYM or compost is generally recommended for all
crops. Besides supplying plant nutrients they are much more valued in improving the
physical condition of the soil (Soil texture and moisture retentivity). The oil seed cakes,
blood meal, bone meal etc’, are rich in particular nutrients, the first two in nitrogen and the
third in phosphoras and they are refemred as concentrated organic manures, :

2. Green Manures: Growing a crop porposely and incorporating it in the soil for manuring
is called “Green Manusing”. Legumes are commonly used as green manure Crops, because
they fix atmosphenc nitrogen and the orgamc matter produced are dlstmet additions to the
soils.

. 3. Biofertilizers: These can be more’ appropnately called as microbial inoculants and
defined as biological preparations con!:ammg live or latent cells of efﬁc1ent straing of
nitrogen fixing or phosphorus moblhsmg micro -Organisms.

The dlfferent kinds of mlcrobes that can be exploned as nitrogen supplies and ‘P’ mobilizers
to crops are: Rhizobium legume 3 wbiosis; Azolla-Anabaena symbiosis - these are -
symbiotic nitrogen fixing systems. .-Fre¢ Hving nitrogen fixing system include free living
bactetia like Azotobacter Beijerinckia, Klebsiella etc. '

4, Fertilizers: The use of chemical fertilizers. for increasing the production of crops is a
recent development when compared to the use of organic manures. Fertilizers are inorganic
substances that contain one or more 1ngred1ents of plant food, in large proportion.

'The growing need for increasing food gram production can be met only by enhancing the
productivity of crops. This calls for significant. mcrease in fertmzer consumptlon not only
in immigated arcas but also in rainfed areas. :

Long Term Measures: These include reclamation of the soils by cultural practices and use
of amendment and adopting suitable c‘onservation practices,

Apart from the above the system of growing different crops one after another, by changing
the crops grown (crop rotation) and the cultivation of two or more crops as inter crops
together would help to maintain the fertility status of the soil.

5.10.3. Balanced Nutrients Use

Sustainability in agriculture is one of the most compelling issues to keep pace in meeling
food requirement of growing population. The adequate quantities of fertilizer application is
necessary to fully balance the nutrients that were lost from- the soil by crop removal and
other means. It is necessary to identify the numenl status of all plant nutrients in soil and’
develop a balanced programme of fertilizer application. A rough estimate of nutrient
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removal show that replenishment of M is satisfactory of P marginal but apphc,atmn of
potassic fertilizers is about 5 per cent less than its removal.

- "Although India ranks -as the fourth largest producer and consumer of fertilizer nutrients in
the world, the average per hectare consumptios is still low (75.2 Kg ha—l) The consumption
of fertilizer nutrients-in 1950-"51 was 0.6 lakh tonnes with a food grain production of 54.9
million tonnes. These figures significantly increased to 12.6 miltion {onnes and 180 million
tonnes, respectively in 1991-°92. To meet the target of foed grain production by 2000 A.D.
the fel‘tlllZCI nutrients rcqmremenl is estimated as 20 million tonnes. :

The present strategy of integrated nutrient supply through judicicus use of locally available
organic resources such as Farm Yard Manure, compost, bio-gas slurry, sewage sludge, green
manures and bio-fertilizers along with fertilizers is one of the sound management technology
for increasing the soil productivity, Tt is estimated that the total poteatial of nutrients from
livestock, wastes in the country is around 11 million tonnes, much of which is lost when
used as fuel. Intensification of agro-forestry systems and popularization of household and -
community biogas plants will divert a greatcr part of these organic wastes for manurial
puiposes.

“The availability of crop residues from nine principal crops of India is estimated at about 185
~million tonnes . with a nutrient content of 3.32 million tonnes which can be recycled for
manuring m the form of compost.

‘Check Your Progress - 3 & 4
3. Define infertility. .
4. What is meant by soil fértility?
Note: (a) Write the answers in the space provided below.
b) Compare your answers with these given at the end of this unit,

e L R L R DL T T TR PR U
R R L L L LR T LR T E L E T E T L
R R T
...........................................................................................................

...........................................................................................................

" 5.11. WASTE LAND MANAGEMENT

Soils are ﬂle most prec:ous natural resource of any nation. It takes almost 10,000 years to
produce aninch of soil. They are vital to our very existence. But during last 20-30 years,
the enhinced demographic pressure and the tendency of over exploitation of natural
resources put a heavy pressure on life supporting systems in the country. India has only land
area of 2% of World’s land area and it has to support 15% of the world’s human populatlon
and 16% of world’s cattle population. .

Degradation of land, a man indaced phenomenon is a serious problem, the country faces
today, The degree of degradation varies with the imtensity of human interference. As a
result of intense human activity the lands loose their inherent capacity to support crop
growth and lie as waste lands. Tt is therefore imperative that vre manage and conserve them
to meet the growing demand for food, fodder, fibre and fuel,
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The term waste land is being used synonymous to land degradation. According to
Dictionary meaning “Waste land” is that which is unfit for usc L.e., uncultivable barren
(withoul vegetation). Technical task group report of National Waste Land Development
Board defines “Waste land” -as the land which is presently lying unutilised except current
fallow due to different constraints. Waste lands comprises of (1} Cultivable waste lands: It
is capable or has the potential for the development of vegetative cover but not being used
due to different constraints of varying degree such as erosion, ravines, water logging, salinity
industrial waste lands, shift cultivated lands etc., (2) Uncultivable waste lands: These can
not be developed for vegetatwe cover e.g., barren rocky areas, snow covered areas and sand
dunes,

Causes for conversion of cultivable land to waste land
1. Population pressure -
Mismanagement of so0il and rain watcr
QOvergrazing pastures
Increased demand for fuel wood and othe,r Iorest problems
Building of big dams

RIES S

5.11.1. Extent of Waste Lands in India

~Official source first estimated that the extent.of waste lands in India is around 175 millicn
hectares which is 53.2 per cent of total geographical area of the country (329 m.ha).

Area under various types of -degradation

~ Water erosion = 1113 mha
Wind erosion = 387 mha
Salinity and atkalinity = 7~ mha
Flooding =20 mha
Others = 7 nLha

Soil and water conservation division of Ministry of Agriculture during 84-85 estimated that
an area of 29 million hectares of waste land was treated out of 175 million hectares and the
remaining waste land area is-about 146 million hectares. As per latest estimation, India has
130 million hectares of degraded state forest lands and 94 million hectares of degraded state
forest lands and 94 million hectares of non-forest waste Tands (Nair 1994). According to
FAQ report about 2.1 million hectares is turned into waste lands annually out of which 1.5
million hectares due to deforestation alone.

‘1. Among the states with extensive degraded lands, Rajasthan ranks first with 37 million
bectares followed by Madhya Pradesh (20.7 million hectares), Maharastra
(19.8 million hectares}, Uttar Pradesh (13.1 million hectares), Gujarat
(12.3 million hectares), Andhra Pradesh (12.2. million hectares) and Karnataka (114
million hectares).

1. The states where waste lands are morc than 5 Jmlh()n hectares but less than 10 million _
hectares are Orissa and Bihar. :

M1, The other states of India are having less than 5 million hectares of wase lands.

5.11.2. Types of Waste Lands -

Degraded forest lands, agricuitural fields affected by soil erosion with gullies and ravines
and fields with other specific problem constitute the bulk of waste lands 'The wastc lands
are grouped into 9 categories; : :
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Heavily grazed lands infested with uneconomic bushes
Gullied and ravincus lands
Salt infested saline and atkaline lands

Land affected by shift cultivation -

-

Shailow bill torrenis in sub-mountainous Himalayan region having seasonal and
flash flows called “Chos™ and other river bed infested areas. :

6. Desert lands and sand duncs
7. Road, rail and canal side areas
8. Degraded forest lands

9. Lands affected by wzi_ter logging .

5.11.3. Need for Waste Land Development

National Wasteiand Development Board was constituted in 1985 {o develop 5 million
‘hectares of waste land every year. Since'it was felt, the target is toc high that the revised
target during Bth five year plan was kept as 18 million hectares with 3.6 million hectares of
waste lands to be developed every year. World resource Institute forecasted that by 2000
A.D. most of tropical forests of Western ghats will disappear if the present rate of
denundation continues. The hills of west coast 01 India can not support any vegetation if the
top soil is lost, '

The major thrust in the development of wasteland is therefore should be on establishment
of vegetation. Flanting trees (afforestation) is conceived as main techuiique or instrument for
development of wastelands. The {ollowing pmntz, should be considered before taking up the
~ waste land devclopment programme :

L, ASSeSSlﬂg the physical status of waste lands at macro and micro kevels.
2, Analysing the factors responsible for forinaﬂon of wastelands.

. 3. Assessing relative merits of various reclamation (dmehoratlve) prdctlcea, to be
adopted in the field.

4. Estimating the economics of waste land developmient in terms of afforestation,
. agroforestry, silvi-pasture and agriculture systems. -

5. Assessing the availability of resources, inputs and financial requirements.

6. Evolving inn(jvalivc methods to suil specific site requiremcnt keeping in view the
ecological balance, without further degradation of lands and social acceplability,

3.11.4. Waste Land Management

The programme of ameliorative works on degraded and waste 1ands is difficult to implement
largely due to the prevailing socio-economic conditions, on the sites and surroundings.
Different types of cultivable waste lands require different corrective measures. It is desirable
- that all measures are less cost effective and should be within reach of local people. The
participation of local people will further reduce the cost of maintenance of treated lands.
The mass mobilisation of rural population through proper education about waste land
resource use and their voluntary participation need to be emphasised. The protection of
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planted trees and vegetation from grazing animals is the foremost hurdle which challenges
this programme. These should be inbuilt responsibility among local people for resource
sustainance and use besides departmental guidance in proper utilization of planted species
The major regeneration is biological correction (Plantatlon of suitable t:ree speciés and
grasses and forage legumes). :

Severely eroded lands: The gullied and ravinous lands need to be protected first by plugging
. them at the place of their imitation through suitable mechanical methods. In upper-rcaches -
of gullied and ravinous lands and other sloppy lands, suitable soil conservation measures
such as contour bunding or live bund with vetifer grass or contour trenching can he adopted
o prevent further erosion of gullics and ravines: On the slopping sides of gullies and ravinas,
soil binding grass can be raised to prevent further spread. The gullies and ravines s:wly
gets filled over a period of time. Such lands can be put to use for afforestation.

The measures suggested for amelioration of wind erosion are al’[’orestation, plantation of
- wind breaks and shelter belts like Prosopis chilensis, Azadirachta indica eic. - C -assland
development by growing grasses like Cenchrus caharrs was found effective in arrestisig and
drifting of soil by wind.

The movement of sand dunes towards preductive agricultural lands and oiher establishment
is a serious. problem which needs immediate attention of the concerned agencies in
SldblllSdtl()n of sand dunes through afforestation. / '

Salt affected soils: The saline soils occur in arid and semi arid and coastal areas. Irrigation
without proper drainage leads {o salinisation. The main factors of salinisation are high salt
content in the soil profile, saline ground water, high watcr table and seepage from canals.
The reclamation measures include leaching of salts with good quality water and provision
of drainage so that salts are kept well below the toot zone.

The sodic soils occur in Pcmnsular_serrﬁ-arid tract, where soils are injudiciousty immigated.
As these soils are saturated with sodium jons capable of alkaline hydrolysis, it is necessary
~ to replace Na with Ca in exchange complex. Gypsum being relatively cheaper and most
abundantly available is commonly used as an amendment in the reclamation of sodic soils.

Shift cultivation: Shifting cultivation or Jhuming is practiced in North-Eastern states in three
million hectares where dense forests on sloping land is cleared and crops raised without any
management. As the yields decrease after some years (3-4 years) new forest is cleared for
cultivation, abandoning old area which is subjected to severe soil erosion and the soils
become shaltow, unstab[e and degrdded

Acid soils: The acid soils with less than 5.5 pH occur at higher altitudes of western and
middle Himalayas, high precipitation region in the eastern Himalayas, eastern and north
‘eastern plains, high rainfall zone in peripheral peninsular and coastal plains. The
reclamation of acid soils through use of amendments is necessary.. Lime rich industrial
wastes such as basic slag, paper mill sludge and cernent factory waste can be used as
amendment to reduce the cost. :

Water logged areas: An area of about 6 million hectares will be water logged during rainy
season in the country. Water logging restricts O7 supply in soil which is essential for
respiration of roots and for microbial acti\fity'. These soils are subjected to frequent flooding.
Providing drainage to remove cxcess water, lining of canals to prevent seepage in and rise
of water table are the remedial measures suggested in these areas. Wdterlogged fields can
be put to use for fish culture. ‘




~ In addition to above ameliorative measures, the adaptation of following suggestion would
hasten up in converting the waste lands into forest lands.

1. Incentives be given to farmers for growing multipurpose or useful trees around
their dwellings, farmsteads, tield bunds and other common waste lands.

2. Research on silvi-pastural technology should be identified in different a_gto-

climatic zones 50 as to evolve site-specific recommendation.

3. Forestdepartment should take up large scale seed multlphcatlon programme of
popular tree species, grasses and forages to meet the demand.

4. All waste lands should be brought under productlve forestry to meet fuel fot age

and timber requirement besides conserving the soil and moisture.
i

5.12.

SUMMARY

. discussed.

~The changes brought in land use pattern in India decade wise for four decades were

analysed.  There appears no scope in bringing more area under net cultivation.

The increased demand of food production, oil seeds and raw material requirement of
industrics has to come by increasing the productivity of irrigated and rainfed crops.

The adoptlon of intensive agricultural praotlces by providing betier quahty seeds and
other inputs in time for irrigated crops and adoption of watershed approach for dry
land areas are recommended for 1mprovmg the crop yields.

The extent of damage occurred to agricultural land in India through increased pressure
of both human and cattle population in over-exploiting natural resources was brought
out and the remedial ‘measures for haltmg the process of land degradation were

The method of damage due to water and wind and the extent of damage caused by -

these agents were pointed out. The formulasito estimate the losses due to these factors
are given and suitable methods to check these losses are suggested.

"The extent of presence of saline and sodic soils in diffefent parts of the country are

. furnished. The effect of these soils on crop production is mentioned; reclamation and

management methods are suggested for i lmprovmg the productivity of these lands.

Infertile, fertile and productive lands were" defmed The extent of nutrient losses -
occurring through crop and weed removal, Ieachmg, voltalisation, erosion losses were

pointed out and effective remedial measures on short term and long term basis were

suggested. The importance of recycling of o;ganlc wastes, green manuring, diversion
of animal dung from fuel use to manure would improve the chances of integrated
nutrient supply through both organic and inorganic sources.

The extent of treated and untreated waste lands in India are given. Principles of waste
land development and need for development of such lands into forest lands through
different, reclamation, amelioratives. and ¢orrective measures for drfferent types of
waste lands are suggested. - o

All the above measures would u]tifnatel;é help for sustaihing the productivity. |
) ' i i . ,
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5.13. CHECK YOUR PROGRESS MODEL ANSWERS

1. The removal or loss of surface soil by wawr or wind is called soil erosion.
When slope exceeds 20%, the soil from top of hill side shp down and blocks the
traffic in ghat roads. This is. called land slide.
Sail mtertlhty can be defined as inability of the sonl to supply reqmred plant nutrients
to the growing crops.

4.  The ipherent capamty of the soil to- supply nutrients to plants in ddequate amounts and

" in suitable proportmns is called soil fertility. :

5.14. MODEL EXAMINATION QUESTIONS '

L 'Answer the followmg questmns in about 30 lines each.

1. What is land degradation? What are the causes for land degradatlon'? What steps are
suggested to prevent further degradation and use of these degraded lands?

2. Classify the tand based on land use pattern and give the latest area along with
percentage under different categories of land. ' :

3. What is intensive cultivation? How could India achieve the present level of food
" production? :
What is sustainability in agriculture? How could ihe food grain tar gets _of India be met
for next 30 years? , '

5. .Briefly describe different types of erosion. 7

6. What are the soil conservatlon measures you suggest to check the soil loss?

1. What are the causes for salt accumulation and what is their effect on crop production?

8. Discuss the basic principles involved in reclamation of salt affected soils.

Q, How do you reclaiﬁl salaine soils?

| 10. What management strategies do you suggest for salt affected soils?

11. Discuss in brief the different types of fertility losses. How do you reduce these
losses? ‘

12.  What measures do you adopt in making use of different types of wastelands in Indla?

13. Discuss in brief about management pracmes for different types of waste lands.

Il.  Answer the following questions in about 10 lines each. |
Why is extensive cultivation practiced?

~- Which Crops are grown under extensive cultivation?

What is the scope of increasing the net area sown in India? What are its limitations?
Briefly classify types of erosion. How are these erosions are caused?

What criteria should be adopted for making use of salt affected soils?
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11.
12.
13. -

Differentiate hetween soil fertility and productivity.

Mention different technigues used f{)f assessing the fertility status of soil.

What strategy do you suggcét for effective adopfion of integrated nutrient supply?
What are the different types of lands tﬁat are gr.uuped under waste lands?

Write the causes for the conversion of Eﬁlﬁvable land into waste land.

What is the extent of different types of waste lands?

What measures do you suggest in accelerating the proéess of waste land development?

What is the effect of utbabisation on cﬁllivab]c-l lands and barren lands?

Prof. S. Narsa Reddy
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UNIT-6 : CROP PATTERNS

'Contents

6.1, Objectlveq

6.2. Introduction ‘

6.3. Important Features of Crop Patterns

6.4. Factors Determining Crop Pattern

- 6.5. Cropping Systems in India

6.6. Types of Soils in AP. and Crops Grown
6.7. Hybrids

6.8. Govt. Policies

- 6.9. Summary

6.10. Check Your Progress : Model Answers
'6.11. Model Examination Questions '

6.1. OBJECTIVES

After going through this unit you will be able to
* explain the important features of crop patiera,
* list out ihe factors determining the crop pattern and describe each one of them,
* define various cropping systems in India, '
* Jjst out the types of soils in AP. and the crops .grown in each one of them,
B

define hybrids, hybnd vigour, hybridisation, sele(,tlon plant 1ntroduct10n and
acclimatisation and mutations and

* list out various hybrid varieties in various crops.

6.2. INTRODUCTION

Many crops are grown in India. The net area under these crops is about 45% of the total
. geographical area. Out of the 143 million hectares, 38 miilion hectares are sown more than
once. As a result of this, the total or gross cropped area is larger at 182 million hectares.
- The most important features of crop pattern are devotion of large area for food grain crops,
increase in the area of cultivation of nonfood grain crops, increase in the area of cultivation
of certain crops, slow increase in the area of preponderant crops and emerging imbalance in
the cropping patterns. The cropping patterns are always determined by several factors. They
are physical, historical, social, economic and government policies.

The croppmg systems in India are always determined by climatic factors and they are
followed to increase the yield of the food grains and non-food grain crops. The cropping
intensitication techniques which are usually foltowed are intercropping, multiple cropping,
relay cropping, sequential cropping and crop rotation by using the improved hybrid varieties.

6.3. IMPORTANT FEATURES OF CROP PATTERN

The most 1mp0rtant feature in rebpect of crop pattern that outstands any other is the very
. large area devoted to food grain crops. The total area presently under food grain crops is
about 70% as agdlmt 30% under non-food grain ¢rops. In the beginning of the present
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century as much as 83% of the cultivated land was under food grains, In 1944-'45 it

continued to be around 80%. Since mdependcnce there is a little fall and in 1950-51 it was
14%.

The second important feature is the increase in the cultivated area of non food grain crops.
This trend is seen both beforc and after independence. For example during the first 45 years
of this cenfury the land under food grain crops increased by 14% and non-food grain crops’
by 41%." Even after independence, the trend! is similar with an increase of 25% for food
grain crops and 50% for non-food grain crops. :

The third significant development is the increase in the area of culﬂvahon of (,ertam crops.
In the case of food grain crops, the increase has been the largest in respect-of wheat. The
area of production is almost doubled in its case. Among all the individual crops; the largest
increase has been. experienced with wheat, Among the non-food grain crops, sugarcane
experienced the largest increase. ‘5 a 3

The fourth feature is the slow increase in area regarding preponderant crops such as rice,
Rice is the staple food for majority of Indians.; The largest area is under rice cultivation but -
the growth in area is so small and its share has remained the same (from 23.4% (o 23.6%).
Same is the case with that of Jowar, the food of the poor and pulses; the source of protein
for poor and vegetarians. Among the commercidl crops, the largest arca is under oil seeds
whose growth in area is very slow and it could only retain its previous ranking in the
cropping pattern. -

The fifth notable feature is the emerging imbalance in the cropping patterr. In otherwords,

the crop pattern is changed and it has been drifting away from what is a desirable course.

It is evident from two sources of change viz, substitution effect and expansion effect. The
substitution effect is nothing but the rcldtlve decline in area of some crops through an
increase in gross cropped area and the expansion effect is the increase in area under some
crops through an increase in gross cropped area. The substilution effect is much more -
prominent. This is particularly so with regard to some important crops. For example, area
under fast growing craps such as wheat and rice has increased continuously in many states

at the cost of cereals, millets, pulses and in somc places cotton, This is because of the
technological changes, increase in the irrigation facilities, increase in governmental support

- and the changes in rclative prices in favour of certain crops. All these factors collectively

made wheat and paddy superior in profitability to other crops. This led to the reduction in
producuon of cereals and pulses consumed by; the poor. Wthh necessitated huge imports.

6.4, FACTORS DETERMINING CROP PATTERN : -

The factors determining the crop patferns can be studied under several beads viz., physical,
historical, socml cconomlc, and governmem pohcncs

Physical factors: Natural environmental conditions of a couniry are the most 1mp0rtant1
physical factors affecting the -crop pattern. The phys.lcal factors that determine the crop

" pattern are soil, climate, rain fall etc. ‘

Itis a well known fact that certain soils. and chinate are suitable for parﬂculdr CI"Op.': and not- -
-guitable for other crops. Due to this only such crops are grown in those areas which suit

to the natural conditions. For example the soil and other conditions are suitable (o the
growth of wheat and coastal districts of Andhra Pradesh are conducive to the growth of rice.
Similarly jowar and bajra are grown in places with low rain fall. To sonie extent modern
technology can change the crop pattern by crcatmg the requlred condmons for any crop but

itis a costly affair. - o
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Historical Factors: The crop pattern of a cduntry is given by history. The needs and
capacity of popu]iition through time have’ governed the types of crops grown and the lands
~ are earmarked for different crops. The generation after generation will be growing the same
crops as they learn the farming techniques of one particular crop trom their earlier
generations: The small farmer having 1-2 acres of land gives priority for the crops of his
daily consumption. The farmers with more land may have a differcnt crop pattern.

Social Factors: Sociat factors such as density of pdpulat_i.on, customs, traditions, attitndes
. towards material things, willingness and capacity for change etc., have played an important
role in determining the crop pattern, Before independence, the farmers in India are tradition
bound and fatalistic in out look. As a result, the farmers carried ot with the crop pattern

handed over to them by the earlier generations. Afier independence, there has been some
change in agriculture by taking the advantages of modern inputs, new knowledge and new
facilities of agricultural operations. : ' ' :

Eeconomic Facters: The economic factors which determine the crop pattern are the prices, '
income, size of land holdings, availability of agricultural resources etc. The prices of
- agricultural products of manufactured goods will have tremendous effect on the types of
“crops that are grown by the farmers. It also determines the size of land that the farmer -
devotes for a particular crop. In addition to the ievel of prices, the changes in prices also
affect decisions as (o' what to grow and on how much of land. - - '

The different prices i.c., sale price of products, purchase price of inputs and consumer goods
and the terms of trade bc_:tWeen agricultural and non-agricultural goods determine the real
income of a farmer. Therefore, the crops that give largest profit wiil be definitely preferred
by the farmers. ' ( Y : ' '

Investment for culfivating a particular crop also plays a vital rolé in defermining a crop in

the field. Some farmers who cannot invest much for the cultivation will go for crops which

needs less investment and others who are economically well equipped will go for crops with
* much investment and make more profit. - ' S

Government Policies: 'The policies of Government affect crop pattern in a very important
way. Policies regarding the priorities given to various crops, exports, taxes, supply of credit,
development of backward regions ete. determine the nature of crops and the area under them.
The facilities that the government gives for the growth of certain crops and for the
development of certain regions determine the crop pattern mostly.

Before indépendence, neglect on the part of Goverment, resulted in the continuation of the.
old crop pattern determined by ‘the old historical factors. However, during second wortld

war, when the "Grow Mdre Food" campaign was launched, same changes in the crop pattern -
were initiated by the Government. After independence Government policies have played a

vital role in changing the crop pattern. ) : 3

Check Your Progress - 1 ,

Name the factors that determine the crop pattern.

Note: (a) Write the answers in the space provided below. ’ _
(b) Compare' your answer with the one. given at the end.of Ithis\'unj.t,

T I
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6.5.  CROPPING SYSTEMS IN INDIA

To keep pace with the demand of the ever increasing population, the food prdc!u(_:tion has
to be increased. There is little likelihood of extending the areas under cultivation. But there
'is a possibility of raising ‘two or more crops per year through muitiple cropping, relay
cropping, intercropping systems etc., and by utilising the available resources more efficiently
than before. L o o -

. With the availability of high yielding crop varieties and improved management techniques, *
the emphasis has been shifted from yield stability of crop mixiures ic the achicvement of
yield advantage, maintenance of ‘soil fértility, increasing  of farm income and efficient
utilisation of resources through intensive cropping by cxploiting the space more effectively.

The: cropping - intensification techniques include intercropping, multiple cropping, relay

- cropping, sequential cropping and-_crop_rotation.l C o

Intercropping: Gtowin'g of two or more crops simultanéously- in alternate rows on the same

field is called intercropping. In dry land agricutture, to utilise the scarce rainfall efficientty, . -

cropping pattern should be adjusted in accordance with the available resources. In this type
of areas, there is no scope for growing a second crop in sequence due to the availability
of moistare for a limited period in a year. Undér such "conditions, the adoption of
intercropping system as a whole proved to be more profitable than growing one crop. The
use of mutrients and moisture is likely to be ali the miore Complete because different crops
in intercropping use the moisture and nutrients from different depths and layers of soil and
also there is less run off and leaching. ' : o .

The advantages of intercropping are: (a) maximum utilisation of resources like sunlight,
moisture and- mutrients, (b) increase in the production per unit area per unit time, (c)
minimisation of risks due to diseases, pests and weeds, (d) building up of soil fertility due
to the inclusion of legumies in intercropping (e) distribution_bf labour peaks due to the
maturity of different crops at- different times and (9) provision of balanced food for the
fariner and his domestic needs. .

- Multiple Cropping: Growing two ot more crops on the same field in a year is called
multiple cropping. The main-objective of multiple cropping is to intensify cropping with the
available resources in a given environment. Success of multiple cropping lies in' the choice
_ of crop. varieties. Crops should be arranged in such a way that temporary immobilisation

of plant nufrients and depletion of nutrients from the same layer of the soil do not occur, .

‘ -Simi[arly crops which add larger quantities of casily decomposable -residues and which
~ benefit the succeeding crop with: available nutrients should be included. Legumes are.
suitable for any cropping system because of their limited demand on_resources like water,
nutrients and light, their adaptability to varying environmental conditions and their capacity -
‘to fix atmospheric nitrogen in their root modules preduced by bacteria.- Vegetabie crops are
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also suitable for multiple cropping because of their monetary and nutritional values. Most
of the vegetable crops can be raised as seedlings and transplanted for reducing the duratmn
of the crop in the main field. : :

Relay Cropping: Growing WO or more crops s1mu1taneously during the part of the life-
- cycle of each crop is called relay cropping. The second crop is planted after the first bas
reached its reproductive stage of growth but before it is ready for harvest is called relay
cropping. It is like a relay race in which one crop hands over the land to the next crop in
quick succession. It has been practiced in irrigated conditions and occasmnally in humid
chmates as a means of maximising the use of. resources like land, water and time. Relay
cropping at ICRISAT (International Crops Rescarch Institute for Semi-Arid Tropics),
Hyderabad, indicates encouraging potentiaities on scope for effective utilisation of soil and
water and increased yield. ' '

~The advantages of relay cropping are: (a) increase in the efficiency of water and feruhsers,
(b) control of growth of weeds, (¢) restoration of nitrogen status of the soil by the inclusion
‘of legume crops (d) adding of considerable amount of organic matter to the soil by foliage
drop and left over stubbles, (&) " efficient use of farm labour and cattle, (f) no need of
preparatory cultivation for second crop. But this system is limited to in’igated areas.

- Sequential Cropping: Growing two Of more crops in sequence on the same field in a
farming year is called sequential cropping. The succeeding crop is planted after the
preceding crop is harvested. This practice is adopted in assured irrigated conditions and also
in sub-humid areas with heavy rainfall. Some of the sequences in assured irrigated
conditions are: . :

~a) Paddy - Pulscs - Groundnut
-b) Green manure - Paddy - Pulses - Fallow
¢) Paddy - Groundnut - Paddy '

In demdmg the crop sequences, it is advisable to select crops with different morphologu,al
behaviour i.e., deep and shallow rooting, nuiritional requirement of crops etc. Certain basic
rules are to bé observed in identifying the crops in sequential cropping, They are: (a) Crops
having the same pests and diseases should not be grown in sequence, (b} One should be
shailow rooted and another with deep roots, (¢) restoranon of sofl fertility by including one
legume etc : .

The advantages of sequential cropping are (&) better seasonal distribution of labour, (b) less
erosion, (c) better weed control, (d) less insect and discase problem (e) more y1eld in
rotation. .'

Crop Rotatmn Continuous cultivation of crops one a[ter another on the same land is called -
crop rotation. For the completion of one cycle, one or more years are required.
The importance of crop rotation was realised long time ago in view of the need for fertility, -
maintenance, prevention of the spreading of soil -borne diseases, pests and weeds, contro}
of soil erosion etc. Selection of crops in a given rotation depends on the type of farming
i.e., rainfed or irrigated. A well planned crop rotation has several advantages. They are:
(@) maintenance of soil femhty, {b) prevention of pests, weeds and soil-borne diseases,
(c) control of soil erosion, (d} provision of a balanced programme of work tbroughout the
yeadr eic.

Check Your Progress -‘2,, 3&4
2. Define inter cropping.




3. What is meant by niuitiple cropplng‘?
4 What is the difference beiween relay u:oppmg and cIop Iotauen‘? _
Note (a) Write the answers in the space prowded belew

(b) .Compare your answers .with those given at the end of this unit.

'

6.6. TYPES OF SOILS IN A.P. AND CROPS GROWN

The producuvuy and the type of crops grown always depend on the physwal properties ot
- soil such as texmure, structure, density, pore space, plasticity and cohesion, soil temperature, -
' soil air and soi] water and chemical propertles like mineral composition, organic conteri, and.

soil pH. Based on these characteristic features soils are classified into different groups.

~ They are coastal sands, deltcue alluvium, red sandy soils, red loamy soils, black soils, Iateme L '

- 80ils etc.

Coastal sands: These soils are very deep (180: ms to 3 meters). ’Ihese are Coarse textured
-with sandy subsoils. The water table is close to the surfa(,e and ground water is strongly
. saline. These soils are present all along the éastern coast, in the district’ of Strikakulam,
S isakhapatnam, Fast and West.Godavari, Krishna, Guntur, Praka%am and Nellore districts.
(enerally nurseries of rice and tobacco are raised. and vegetables are also grown in smali
- areag’ Casuarina and cashew plantations can be taken up :

Deltaic A_lluvmm. These are very deep,-over 180 cins. Ferttle clay minerals ate varying
due to deposition of silts of varying composition. These soils are prevalent in some parts
of East and West-Godavari, Krishna and Guatur districts. The crops that can be grown are
rice, tarmeric, sugatcane, banana, ¢hiliies, Vegetables maize, cotton and groundnut mostly |

_ under ngatmn ' _ v :

‘Red Sandy Smls. The depth of the soils varies from very shallow 0 shallow (2() 60 cms)
These are very low in nitrogen content. - These soils are present in tracts of Hyderabad,
- Medak, Guntur, Prakasam, Nellore and Kurnool districts. The crops grown in- this type of
soil are jowar; bajra, redgram castor, groundnut etc. under rainfed condmons and rice under '

irrigation. ’ :

Red Loamy Soils: 'These are shallow 0 moderately deep (20-75 cms) They are low in

. nitrogen and phosphorus. These soils are present in parts of Cuddapah, Ananthapur,
Chittoor and Nellore districts. The crops grown in this type of soil are jowar, bajra, Ragi,
Korra, ‘pulses, groundnut under ramfed condmons and rice and sugarcane under 1rr1gated h
condmons :
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- Black Soils: These soils are medium deep to deep (45-90 cmis). These soils are low in
nitrogen, very low in phosphorus, and medium in potassium. These soils are prevalent in
parts of Adilabad, Nizamabad, Warangal Khammam, Medak, Hyderabad, Mahabubnagar,

" Kumnool, Ananthapur, Nellore and Guntur districts. In this type of soil rainfed crops like - .

Towar, Bajra, Gingelly, Cotton, tobacco, groundnut and irrigated crops like rice and
sugarcane are grown ' ' ' C

Black cotton soils are very deep clay soils (90-180 c¢ms). Nltl'() gen and ph()spherus contents
are low but potassium content is at medium level. These are prevalent in parts of Cuddapah,
Anantapur, Kurnool, Mahabubnagar, Guntur, Prakasam, Krishna, Khammam, Nellore etc.
Rainfed crops like Jowar, Maize, pulses, Cotton, tobacco, chillies, wheat and 1rngated Crops
like rice, sugarcane, cotton, chillies etc are grown. :

. Laterite Snils: These are deep to very deep (90-180 cms) and poor in fertility. They are
Jow in pitrogen, phosphorus and potassium. . Considerable area is present in Zaheerabad
taluk of Medak and some patches in Kavali taluk of Nellore, certain parts in Visaka and,
Srikakulam. Crops like potato, turmeric, ginger; tobacco are grown in this type of soil.

6.7._HYRRIDS

* Hybrids are noﬂ:nng hut the new crop varieties which ar¢ far better than orlglnal fypes in all
respects. These are produced by, selection, hybndrsatron pIant infroduction and acclimatisation

- and mutations, The branch of science that deals with hybridisation and production of
hybrids of agricultural crops is called plant breedlng The main objective of plant breeding
is to produce new Crop. varieties supenor in all aspects as compdred to the eXJStmg types.

Selectwn is thie oldest breedmg method and is the basis for crop improvements. Plant
" improvement is started with the primitive man changing his mode of life from food gatherer
to food producer. He has obtained the first crop from the plants growing in nature but for
 the next season crop, he had obtained the seeds from the first crop. For this purpose, he
thht have unconsciously practiced the selection. Even foday selection is the most common
method of crop improvement. Selection is of two types i.e., Natural selection and artificial
selection. Natural selection is a rule in nature and is the result of evolution. According to
ﬂns, the fittest can-survive and rest wipe out. All the local varieties of crops are the re‘;ult
of such a natural selection. Artificial selection is the selection of certain types of plants by .
the plant breeder frorn the mixed population for their own advantages

Hybrldlsatmn is apphcable to both self and cross polhnated crops. In thlS, two_plants of
- unlike genetical constitution are crossed together. The plants that are crossed may belong
cither to two different varicties of the same species (intraspecific hybridisation), or two
differeni species of the same genus (interspecific hybridisation), or two different genera
(intergeneric hybridisation). The main purpose of hybridisation is to create variation. No
new genes are produced by hybridisation. But variation is created by bringing in new
combinations of genes already present in the parental stock. During the course. of "
hybridisation many plants possessing scparate combination of different characters are
produced. Some, out of them, may be selected possessing all the possible good characters
together. By further selection, a variety with as many economic characters as possible may :
" be produced from these plants by hybridisation.

fntroducing the plants growmg in one locallty with better eharaeters mto anew locahty wrth -
different climate is called Plant Introduction, The adjustment of crops to the conditions
of new locality is known as Accllmatlsatlon The crops may be introduced into a new
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locality either from outside the country or from a different region within the couniry. If the
crop is found suitable, it may be utilised as it is after selection or utilised in hybndjsatlon
for transfcrrmg the des1red charactcrs into the local vaneﬂcs : :

: .Mutatm ns are the sudden changes in the genes present in chromosomes whlch dre hentable ,
* These changes may be due to rearrangement of genes (gene muitation or point mutation), -
changes in chromosome size and structure (chromosomal mutatmn) changes in chromosome

number (Polyploidy) and changes in the cytoplasmic genes (somatic mutations). “These
'mitations are the basis of selection and productlon of new crop varieties in plant breeding.

Planting breeders in several c0untﬂes have been working endlessly to produce high yielding

hybrid varieties in several Agncultural crops. . In India several Agricultural ‘Research
Stations which are under IART, ICAR, Agricultural Universities, and Institutes like ICRISAT
(Hyderabad) are making tremendous efforts for the production of hybrid varicties in several .
agricultural cmps Some of the 1mp0rtant hybrid varieties,of important agnculmral crops are
given below.’ !

Wheat: India is well known for wheat breedmg Several improved varieties havc already
“been evolved and released for cultivation. Some of the important varicties are NI-5439, HD-
. 2189, HD- 2278, DWR-39, HD- 4502, NI—’?47 19, CC-—464 UP-215, HY-65 efc. '

Rice: Rice breedmg work in India has yielded more than 500 improved varicties which glve
20-50% more yield than local varieties. Some of the varieties which are grown in India are.
BPT-3301, IET-5854, IET-6314, NLR-9672, NLR-9674, IR 20, IR-50, MTU- 6024, MTU
5656, MTU-9416 etc.

Maize: Beforc 1962, the work was conﬂned to selection, introduction and acchmdUSatlon
But after 1962, many hybrids such as Ganga- 101, Ganga-l Ranz1t I-Ilmalayan 123 UL- 54
Deccan-101, DHM-103, Rohirii, Ganga-S et¢ were released.

Jowar: More than 50 improved varieties have been produced by various states Important ‘
- among them are : T-4, T-22, M-35-1, CO 20 CSH 1, CSH«S CSH-6, CSV2 CSV-3, CSv-
4, CSV-5, CSV-6 etc.

BaJra Most of the bajra breedmg work has been done by Pun|ab GUJarat Tamllnadu,
IARI and Rajasthan. The Important hybrid varieties are Co-1, Co-2, Co-3, PT 17 PT-248,
AKP-1, AKP 2, BJ-104, BK-560, Vijaya Composﬂ:e V1sakha etc. R

Sugarcane: * Most of the hybrid varieties of sugarcane are produ(,ed at the, sugarcane '
‘Research Station, Coimbattore. Some of the important hybnd varieties are: CoA-7701, Co-
7508, Co-6907, CoA-8201 (early maturing varieties) ; Co-975, CoA-7602, Co-62175, Co-
6304 (mid season maturing variclies); C0-22175 Co-719, Co-419 (late maturing varieties).

Cotton: In place of desi cotion, East India company introduced h;rmmm specxes of
Gossypium from America, Egypt, Brazil, Peru etc, Improvement in. the varieties ‘was’
* achieved through the breeding programmes of hybridisation and selection. Some of the
hybrids recommended are MCU-5, MCU 9, Varalaxmi, Bhagya Savitri Hybnd Suguna,

DCH-32 etc. '

- Chlllles Prior to the introduction of chillies in India from its native South Amenca, black
pepper was in use. The most important hybrid varieties; of chllhes are G3, G4, GS, CA 960
- CA-1068, X-196, X- 197 Jwala etc.

Groundnut: is an 1mp0rtant 0il ylelchng plant The'most important high yielding varieties
are Kadiri-1, Kadiri-2, Kadiri- 3, M-13, TMV-1, TMV- 2, I- 11, JL- 24, POL-1, POL-2 eic,

- Sunflower: is another oil yleldlng plant. The most 1mp0rtant hybrid vanetles are TNAU
SUF-3, TNAU SUF+4, KSF—S GPl APSW-9, APSH-I] PKVSW-I KBSH 14, MSSW-
1,4,5,10,11,12 etc, -
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Hybrid Vigour: When two homozygous inbreds of genetically unlike constitutions are
crossed together, the resulting hybrids obtained from the crossed seeds are usuaily vigorous,
productive, sturdier and taller than either parents. This increased productivity or superiority
of the hybrids over parents is called hybrid vigour or heterosis. :

Interspecific and Inter generic crosses: Interspecific hybridisation is also called intrageneric
hybridisation. Some of the example for this type of cross are (a) pusa red plum (tomato)
which is a cross between Lycopersicon esculentum and L. pimpenellifolium (b) Deviraj
(cotton) which is.a cross between Gossypium hirsutum and G. arboreum. Intergeneric
* hybridisation is a cross between different genera belonging to'the same family. In this type
- of hybridisation. new hybrids such as Raphancbrassica (Raphanus x Brassicaj, Bromato
(Brinjal and Tomato), Triticale (Wheat x Rye) etc. are produced. s

Check Your Progress - 5 & 6
5, What is meant by hybridisation?
6. What is the difference between intraspecific and interspecific crosses?
Note; (a) Write the answess in the space provided below.’
(b) Compare your answers with those. given at the end of this unit.

6.8. GOVERNMENT POLICIES | | -\

The provision of food security to its citizens is an important goal of India. The application
of Modern Technology has e_ffective\ly proved the fallacy of the "Malthusian spectre of
- Famine" since growth in production of food grains in the world as a whole has by far
exceeded the rate of population growth. Enhancing the food grains supply even to the level
" of minimum requirement still remains the dream in the case of many developing countries. -
Further, in years when the whether turns unfavourable, the spectre of hunger still looms large
for much of the developing world. - However the achicvement of free India as far as the
~_provision of food security to its citizens is concerned have been quite creditable.

In the late sixtees, India was categorised as’a test case by the authors of "Famine 1975".
Their analysis had convinced:them that India wonld not be able to increase food grains
supplies to match its population growth and they had predicted large scale starvation. But
India has been able to record a more rapid growth in the food grain output than its
population. It has been able to prevent the occurrence of famine in the country despite
domestic production declining sharply in years of drought but has also succeeded in
increasing both economic and physical access to food.
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it is the total developmental policy for the agncultural sector that has brought about. these o
remarkable changes Two macro-policy. measures have played a major role, They were the
agncultural price policy and the pohcy of pubhc djsmbutlon of food grains in conjunction:
with' provxsmns ‘of scarcity relief.

The national food pohcy has been steadfdst in its pursmt of three goals

1. To increase. food predu(,tlon in- the counﬁy by ensurmg remurierative ‘prices to the
farmers by offering to purchase at stipulated minimum prices whatever quantities are.
o offered for sale in. the market and thereby eneourdgmg thent to increase use of more.

~ inputs.

" 72, To safeguard the interest of the consumers by makmg ava.tlable the, food grams'
through the public distribution system throughout the country at a reasonable and -
tniform pnce The idea is to stabilise- the open market prices at reasonable prices.

3, To hold adequate stock of food grains as a measure of food sccurity in the country::
not only to impart inter-seasonal stability but also to meet the emergent sﬂuaﬂons that
could arise due to crop failure, floods etc. .

Tndian agnculture aemeved respectable progress over the last four decades. Il achieved an
annual! growth rat¢ of 3% in the pre-green revolution period and 2. 7% in the qubseque* -
- period. Food grain production increased from 55 million tonnes in ]950 5110 103 mifti’ ~
tonnes in 1970-73 to 131 million tonnes in 1980-83 to 177 million tonnes in 1991-94, -

69, SUMMARY

Y

Many food grain and non- -food grain crops are grown in India in 45% of the total"_

‘geographical .area and in 9 million hectares the crops are grown more than once.  The - -

~ devotion of very large area for food grain crops is the most important feature of crop pattern.-

_ The othér impoitant features of crop pattern are increase in the cu tivation of non-food grain
crops, increase in the area of cultivation of certain crops such.as wheat, sugarcane etc., slow
increase in area of preponderant crops such as iice & emergmg 1n1balancc in.the cropping
pattern, :

~ Several factors such as physueal lustoncal socml econonuc & Govt pohc1es delermme the ;
crop patterns. The important phymcal factors are nothlng but the environmental condltmns

The historical factors such as ‘needs. and CapaCIty of pepulatlon have determmed the types

- of crops grown. Social factors such as density -of populaﬂon customs, traditions, attitudes o

towards material things etc. and economic factors like prices, income, size of land holdmgs .
avallablhty of. agricultural resources also determine the crop patterns.  Some of the Govt.
policies sueh as priorities given to various crops, exports, taxes, supply of credit, develop- .
- ment of backward regions defermine the nature of erop in an area. :

Due to increase in populatlon the food productmn is to be increased. To increasc the food

production cropping intensification techniques such as mter-croppmg, multiple cropping,
relay cropping, sequential cropping & crop rotation are to be followed. Intercroppmg means
growing of 2 or more crops simultaneously in alternate rows on the sarpe, field. Growing of

.2 or more crops in a year on the same field is called multiple croppmg Relay cropping can .
be defined as growing of two Of MOIE CTOpS smultaneously during the part of the life-cycle
of each crop, Growing 2 or more Crops in sequence on the same field in a farming year is
called sequential cropping and contmuous rotation of crops ong after another on the same.
land is called crop rotatlon
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There are different types of soils in Andhra Pradesh. The productivity and the type of crops -
grown always depend upon the physical and chemical properties-of soils. The types of soils
present in A.P. are coastal sands, deltaic alluvium, red sandy socils, red loamy soils, black
soils, laterite soils etc. ‘ '

The important goal of India is the provision of food security to the citizens, The growth in
the food grain production has by far exceeded the rate of population growth, The authors
of "Famine 1975" said that India would not be able to increase food grains supplies to match
its population growth and they had predicted large scale starvation. -But India not only
‘increased the food grain production than its population but also prevented the occurrence of
famine in the country. '

_ To increase the food preduction several hybrid varieties of food crops were produced. The
hybrids are produced by selection, hybridisation, plant introduction & acclimatisation and
mutations. Selection is the oldest breeding method and it is in the selection of certain types
of plants by the breeder from the mixed population, Hybridisation is the crossing of two
plants for unlike genetical constitutior.. The plants that are crossed may be two varieties of
the same species (intraspecific hybridisation), two different species of the same genus
(interspecific ), or two different genera (intergeneric). Introducing the plants growing in one
locality to another locality with different climaie and adjusting it fo the new conditions is
called introduction and acclimatisation. Sudden genetic changes that occur in plants is called
mutations. These mutations are the basis for selection and production of new crop varieties
in plant breeding. ‘ '

6.10 CHECK YOUR PROGRESS : MODEL ANSWERS

1.  Physical, historical, social, economic factors and Govt. policies are the determining
factors of crop patterns. _ '

2. Inter cropping can be defined as the growing of t\_:\éo or more crops simultaneously in
alternate tows on the same field. - _ :

3. If two or more Crops are grown on the same field in a year, it is called multiple
cropping, ' :

4. Growing two or more crops simultaneously during the part of the life-cycle of each

crop is called relay cropping where as crop rotation is the continuous cultivation of
crops one after another on the same land.

The crossing of two plants of u_nlike genetical constitution is called hybridisation.

The crossing between 2 different varieties of the same species is called intraspecific
cross and the cross betwetn two different species of the same genus is called
interspecific cross.

6.11 MODEL EXAMINATION QUESTIONS

Answer the following questions in about 30 lines each.
Write brieﬂy about the important features of crop patterns.
“What are the factors that determine the crop pattern? Write briefly about them,

w8 =

What are the different types of soils in A.P.? Write briefly about the crops grown on ‘
each one of them., ' ' : _
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What are the cropping systems followed in Indla'? What are the advantages and
" disadvantages? .

Write briefly about hybrids_. -

Answer the followmg questmns in about 10 lines each.
Write briefly about the physu:al fdctors that affe(.t the crop. patlern._

How does the economic factors determine the crop patterne_?

Write briefly about intercropping

Write a brief account on multlple cropping,

What is relay creppmg" Wiile bneﬂy about the advantages of it.

Write a bnef account on black sols and the crops generally grown in this sml
'Wnte lbrleﬂy about hyhndlsatton o

Dr. M. Ramachandraiah -
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7.1 OBJECTIVES

After going-through this unit you will be able to:
* describe the distribution of rainfall in India,
* distinguish between ground water and surface water resources,
+  describe the pattern of monsoon, B
* describe and distinguish between tanks and lakes
* describe the water cycles -
X differentiatc between drought and ﬂoods
* explain future sirategies to be adopted.

7.2. INTRODUCTION

The earth is believed to be in existence since the past 5 billion years. The quantity of water

remained constant over the period of the time. The basic source of water is precipitation in .

the form of rainfall or snowfall, runoff from precipitation drains through streams and rivers
CLor collects in the surface depresmons forming tanks or ponds. ° :

Water from streams and rivers is stored in reservoirs or is diverted directly through canal
systems for irrigation. Runoff water stored in tanks or ponds:is also regulated for irrigation
through suitable conveyance systems. A part of the rainfall: is stored as gr@und waler.

' Ramfall in India varies from place to place and from year to year The Indlan Meteorologi-
cal department has devised a network of rain gauges for measuring the depth of precnpltauon ‘
over the areas. '
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7.3. WATER CYCLES

: 'Hydrologlc Cycle: The water exists on earth in its three forms Viz. gaseous, ltqmd and-solid |
. forms and is constantly circulated mamly by Solar and Planetary forces. The sun provides

the energy for the evaporation of sea water, the group of numerous arcs which represent the
different paths through which the water in nature circulates, is known. as the hydrologic
cycle. These arcs penetrate into the three parts of the total earth systems viz., ‘Atrnosphere’,
‘Hydrosphere™ and ‘Lithosphete’. The atmosphere is- the gaseous envelope above the

- hydrosphere; hydrosphere is water that cover the surface of earth, and ltthosphere is the solid

rock below the hydrosphere. The activities of water extend through these three parts of the

_earth system from an average depth of about one lnlometre in the hthosphere to a height of -
- about fifteen kilometres in the atmosphere. o '

Hydrologtc cycle has 1o beginning or end as the Water in nature is continuously kept in
cyclic motion. However, for the purpose of description, the cycle may be vxsuallsed as

- beginning with the prempltatlon from the atmosphere. Precipitation may take place in liguid
. form as rain and also in solid form as hail, snow, dew, frost etc. While prempltatlon is taking

place, a part of it may evaporate and reach back the atmesphere. Some more precipitation

is intercepted by’ the trees and vegetation and the rest of it only would reach the ground. The -

intercepted prec1pltatlon eventually evaporates ‘into the atmosphere _The precipitation
reaching the ground surface is called the throughfall. Considerable pornon of the precipi-
tation reaching the ground gets infiltrated into the ground, The throughfall in excess of
infiltration would be detained temporanly on the ground before it becomes surface runoff, -
The precipitation falling directly into the streams is called the channel precipitation and it -
readily becomes runoff without any delay, And the precipitation ralling on the water bodtes

like ponds and lakes may be disposed of cither as surface runoff to. streams if the water- :
bodies overflow or as evaporation or as infiltration.. The- evaporation would also be taking -

place from stream surfaces. The infiltrated water may bé distributed in different ways First

" it supplies moisture to the vegetation and after utilising it for the sustenance of t their life, the _

vegetation sends this moisture into atmosphere through a process known as u'ansplratlon

Secondly the infiltrated water may percolate deep. and. become ground water supply-to .

surface streams known as ground water runoff, or'it may become ground water supply to N
oceans, The ground water runoff is sometimes. referred to ds the base flow or interflow. - The

total stream flow which is the sum of surface runoff and ground water ranoff ultimately joins

the oceans, whereffom it again evaporates into the _atmosphere, thus completing the-
hydrologic cycle. The entire cycle repeats when the atmospheric moistare prec1pnates onto.
the ground after cloud formation, Thus the hyclrologlc cycle consists of various coimplicated
processes of precipitation, mterceptton evaporanon and transpxratton mfllttatton percola— '
tion, storage and runoff - : - : : '

. Check your progress-l _
- What are the three parts of the carth system‘?

Note: (a) Write the answer in the space provided below

(b) Compare your answer with the one g1ven at the end of thIS unit,

B e L e U S

it e T D T S FA R




1.4. RAINFALL DISTRIBUTION IN INDIA AND MONSOON PATTERNS'

The major source. of witer available either for agriculture or for human consumption is
obtained from the rainfalls on the earth surface. South-West monsoon, North-East monsoon,
cyclonic depression and local storms contnbute to ramfall in different degrees in varipus
rainfall regions of the couniry

In summer, there is an enormous rise in temperdtures due to which the moisture laden
South-West monsoons originate from the vast expanse of the Indian Ocean and enters the
Indian Sub-Continent from South-West. The physiographic features of Indian peninsula and
the Western Ghats divert these monsoon winds into two branches, one the Arabian sea
branch and the other, the Bay of Bengal branch. The Bay of Bengal branch of monsoon
winds moves inte Assam by June where they strike the Himalayas and precipitates heavily.
A Large portion of these monsoon winds are deflected towards the west by the Himalayas -
‘advancing the winds upto Delhi, Rajasthan and North-West India. These South-West
monsgonic winds increase from June to July and hegm to weaken in September, specwlly
in North India. : : \

The Arabian sea branch of the monsoon strikes the Western Ghats and heavily precipitates
along the west coast from Kerala to Gujarat between the last week of May to the first week
of June, By the first week of July the monsoon is established all over the country. The
withdrawal of the monsoon starts in September in North India and there is a rapid decrease
of rainfall towards the end of the month. - The duration of monsoon activity is minimum in
the North-West region of India and maximum in the southern region. The crucial months for
agricutture are July and August and the fate of rainfall kharif crop largely depends upon the
amount of distribution of rain especially during these months.

Some parts of India receive hot weather rainfall between March to May, which are mainly
due to large thunderstorms activity called North-Westers. These rains are of substantial
importance in West Bengal for the early spring crop of rice and for tea crop in Assam.

During the North-East monsoon season, the retreating South-West monsoon currents from
North-East, which are weak and shallow, are directed tcwards the peninsula causing
occasional showers in the East coast of peninsula. :

Precipitation during the cold weather season is due to a low pressure system in the North
- India called Western disturbance which move from Wet to East, These bring snow to the
high ranges in Himalayas and rain to the sub-mountain tracts and adjoining areas. The
precipitation decreases from West to East. These are significant as the fate of rainfall rab:
crops in the north and the central areas of the country depends upon them.

It is interesting to note that two places, Khagra and Cherrapunii, at almost exactly the same
latitude, are among the driest and wettest places, respectively, on the earth, This extreme
difference in precipitation of these two places is caused by orographic factors. Along 25°N
latitnde in northeastern India is located Cherrapuniji - a town that holds the world record for
the most rainfall in a 12-month period - 1041 (2644cm) in 1860-61. Its long-term average
is 430in. (1092cm) per year. The town of Cherrapunii is located on the edge of plateau that
provides the first orographic barrier to the moisture-laden winds of a monsoon blowing
North out of Bay of Bengal. On the other hand, along the same latitude i in Western Desert
of Desert of Egypt, the region around Khagra receives virtually no rainfall at all year after
~year, Iis long-term average is probably Imm (0.04") in a year. Khagra lics in a large
depressnon near the eastern side of the great Sahara Desert, more than 2000 miles (3200 km)
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from the Atlantic Ocean and about 500 miles (800 km) South of the Mediterrancan Sea. By
the time winds from the Ocean reach Khagra, they. have lost their moisture on the way and
become as dry as the sands they blow across.
Check Your Progréss-2
What are the driest and wettest places on the éasth.
Note: (a) Write the answer in the space provided below.

(b) Compare your answer with the one given at the end of this unit.
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7.5. GROUND WATER AND SURFACE WATER LEVELS

'7.5.1. Ground Water Resources .

" The ground water is the largest source of fresh water on the pla.net excluding the polar -
icecaps and glaciers. The amount of ground water within 800 m from the ground surface -
is over 30 times the amount in all fresh water lakes and reservoirs, and about 3000 times
the amount in stream channels, at any one time. At present nearly one fifth of all water used
in the world is obtained from ground water resources. Agriculture is the greatest user of the -
water accounting to 80% of all consumption. It takes, roughly speaking 1000 tones water
to grow one tonne of grain-and 2000 tonnes to grow one tonne of rice.- Animal husbandry
and fisheries require abundant water. Some 15% of World’s crop land is irrigated. The
present 1rngated area in India is 60 million hectares of which about 40% is from ground
water. : : :

The average anmual ground water recharge from rainfall and seepage from canals and
irrigation system is of the order of 67 million hectares/metre of which 40% i.e.,
. 27 million hectares, is extractable economicaily. “The present utilistation of ground water is
roughly half of this 13 million hectares/metre, and about 14 million hectares/metre is
avallable for further explmtatxon and unllsatlon

Ground Water Development in Indla The excavahons at Mohanjodaro have bnck—lmcd
dug walls existing as early as 3000 B.C. during the Indus Valley Civilisation. ‘The writings
of Vishnu Kautilya (in the region of Chandraguptha Maurya - 300 B.C.) indicate that ground
water was being used for irrigation purposes at that time.

' Sinking of wells and a variety' of water devices were well known from vedic times.'-

_The first Lrigation Commlssmn in 1903 affirmed the 1mp0rtance of 1mga110n wells. The
Well sinking Department of the Government of Nizam at Hyderabad made mtcrestmg
studies on ground water in Deccan Basaltic Terrains,

In 1934 a project for construction of 1500 community tube wells in Ganga basin was
initiated in U.P. The success of this project led to the constitution of a sub-soil water section
in the Government of India in 1944 which was converted later into the Centrat Ground
Water Organisation which functioned till 1949. During this period a Central Drilling School
at Roorkee was established which tramed more than 100 ofﬁcers of the Central and State-
Government.
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Thc Exploratory tube Wells Organisation (ETO)- was set up dunng 1954 under Indo-US

" Technical Co- operation Oporatlonal Agfeement No. 12, under the Ministry of Agriculture

and Concomitantly the Ground Water Explorahon Sec‘uon was set up in the Geologlcal
Survey of India. B : : '

In October 1970, the minisiry of Agriculture upgrades the Exploratory Tube-Wells
Organisation into the Central Ground Water Board (CGWB) merging it with the Ground
Water Regional Directorates and District Officers of the Geological Survey of India to
effectively shoulder the ground water investigation programmes; it started functioning from

August 1972, As an apex body at the national level, the Board is concerned with all matters
-relating to exploration, assessment, development, management and regulations of the -

country’s ground water resources.

Large scale ground water investigation programmes have been taken up since 1967 in
Rajasthan, Gujarat and Tamil Nadu with the assistance of the UNDP, the Canadian assisted
project in AP, the upper Betwa River Basin Project in MP and UP with UK assistance,
Narmada Valley Project in MP, Vedavathi and Tungabhadra River Basin in Karnataka under
UK assistance and many such projects. - o

During the middle and late sixties, the Government of India urged all the State Governments
to set up State Level Ground Water Organisations to deal with the problems of ground water
surveys and-development and utilisation for minor irrigation and eventuatly they have been
set up. State Directorates of Ground Water Board is contemplating special measures for

ensuring coordination of work among the various States and between the Centre and States

so that overlapping or duplication is avoided. ”

Since 1970, major programmes with the assistance of UNICEF for provision of drilled wells

for rural water supply have been launched in hard rock areas of AP, Karnataka, MP,
Maharashfra, Tamil Nadu and Rajasthan. These utilise the air hammer drilling rigs.

In'recent years there has been an increasing tendency towards drilling deep wells as well as

towards revitalisation of existing open (dug, shallow) wells. Advance in the field of ground

'water development have made it possible to lift ground water from the depths of 60 to 100

metres. With the extension of electricity in rural areas, there has been 2 great spurt in the
lift irrigation from tube wells and open wells, The Government, Voluntary Agencies,
Agricultural Refinance Corporation, Land Development Banks, State Agro Industries Cor-
poration etc., arc all coming forward to help the poor and marginal farmers by giving short
and long term loans, grants technical advice, and making technical feasibility and economic
viability studies, thus accelerating the pace of ground water development and bnngmg more
land under intensive irrigation. :

In general the term “groundwater” or “subsurface water” refers to the water that occurs
below the surface of the earth. The main source of ground water is infiltration. The
infiltrated water after meeting the soil moxsturo deﬁc:ency peroolales deeply and _]Dll‘lS the =
ground water reservoirs, :

7.5.2. Surface Water Sources

The basic source of water is prompltatmn in tho form of rainfall or snowfall. Runoff form
precipitation drains through streams and tivers or-collects in surface depressions forming
tanks or ponds. Runoff water from streams and rivers is stored in reservoirs or is diverted
directly through canal systems for irrigation. Runoff stored in tanks or ponds is aiso
regulased for irrigation through suitable conveyanf‘e systems.

121




River systems of India: The river systems of India can be classified into two groups, viz.,

the perennial rivers of the Himalayan region and the rivers of peninsular India. The great

Himalayan rivers, Indus, Ganga and Brahmaputra, together with their tributaries, are

perennial since they are fed by the melting of snow in summer and by rainfall runoff and

subsurface flows during the monsoons and other seasons. "The rivers are often uncertain and
' capricious in their bebaviour. ' '

The river systems in the ceniral and southern parts of the country are only rain-fed as they
originate from mountains which are devoid of snow. These rivers are most stable as they

flow through geologicallly stable areas,  Rivers from the central platean flow in all.

(directions’ contributing to the Ganga in the north, Narmada and Tapi in the west, Damodar

and the Mahanadi in the east and the tributaries of Godavari in the south. Most of the _

. southern rivers originate from the Western Ghats which stretch along the entire western coast
ffom porth to south. The rivers draining the west slopes carry large volumes of water dye
to the intensive monsoon rains. The rivers on the cast coast are longer but their flows are
meagre, their catchment area being in the rainshadow region. Major rivers like God.ava_n,
Krishna, Cauvery and small rivers in the south have formed deltas which are fairy extensive
in area and are fit for intensive cultivation with appropriate soil and water management
practices. :

Water Resources Regions: Water resouices regions can be plaiined on the basis of river
basins, which are the natural units. A river basin has a defined water shed boundary and

also has relationship with grouud water resources in most of the cases. The development'

of a balanced plan for water resources utilisation requires full knowledge of the quantity,
quality* and distribution of water resources and also the changing pattern of land use in the
entire water shed and its influence on the river flows.

India has been divided into six river basins for the piirpose of assessment of the available
water resources. They are (i) Indus Basin, (i) Ganga System (i) Brahmaputra System (iv)
East Coast, (v) West Coast and (vi) Rajputana Region.. Table 7.1 presents the [ocation,
climatological factors, areal extent and annwal runoff the six regions. Table 7.2 presents the
statewise distribution of potential and utilization of surface water resources of India.

~ Table 7.1. Su’rf&ice water resources of India - Annual Rﬁnoff.

R Important - State Catchment  Average Total  Mean . Average

No. river in the © O ared annual precipitation  temperature annual
basins region m. ha  precipitation m. ham g runoff -
o ' cm. o fn.ha-m
1 2 34 5 6 7. - 8
) Red  Jammuand - 3540 5 - 1982 126 7.94
Beas Kashmir :
Sutlgj Punjad, and Haryana
- Himachal Pradesh
{iy  Ganga Uttar Pradesh 97.50 11 108.34 1'6.8 48.96
' Binar : '
Yamuna Rajasthan
Chambal Madhya Pradesh
Gorga, " West Bengal

Gandak Kosi



1 2 3 .5 8 7 8

(#)  Brahmaputra Assam, - 50.62 122 67.76 8.2 38.08
o - Meghalaya . '
* Subansiri Nagalznd
Manas - West Bengal
Teesta
(ivy  Cauvery Madhya Pradesh  121.03 109 131.92 26.1 4119
Krishna Bihar : ' :
Godavar,  West Bengal
Orissa

Mahanadi ~ Andhra Pradesh
Subaranrekha, Maharashira

' : Karnataka -
Damodar - Tamil Nadu

vy Taptl, Gujarat . 49.16 122 58.68 25.5 31.06
Maharashtra :
Narmada _ Karnataka
Karala
(i) . Mahi, Rajasthan 880 29 487 %2 -
Sabarmati ' L :
Tolal o 7061 -~ . 39669 ~ 167.23

Table 7.2. Statewise Distribution of Potential and Utilization of
:  Surface Water Resources of India. :

S. State Ultimate Utilization Percentage

No. _ potential _ of potential utilization

| 4ll 1973-74  of potential
m.ha m.ha-m %

1 2 - - 3 4 s

1. Andhra Pradesh | 1098 - 5.180 5275

2. Assam | 2190 0091 415
3. Bihar 6800 2044 30.06
4,  Gujarat - 2.85 0517 -

5. Haryana : N.A 1.010 _ -

6. Himachal Pradesh - - -

7. Jammu & Kashmir = 0550 0.065 11.82
8  Karnataka 2850 0871 3056

9,

Kerala 1535 0370 - 2410
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10, Madhga Pradesh - 7017 1030 1468
11.  Maharashira 3399 0712 - 2095
12, Orissa | 3947 - 1673 - 239
13.  Punjab S 4934 2575 52.19
{4. Rajasthan . S oasl0 L1936
15.  Tamil Nadu - 2550 1.590 62.35
16. Uttar Pradesh 0.429 3205 33.99
17. - West Bengal 3840 . 1216 3166

18.  Union Territories 0.110 NA S —

NA Not Available |

7.6. FLOODS AND DROUGHTS

7.6.1.Floods

A flood occurs when. a lake, reservoir, or chdnnel is unable to contain the amount of water
it receives. It also occurs when an area has inadequate drainage to drain eXCess precipitation.
The result is an inundation of what is ysually a dry land. Floods are sometimes caused by
the failure of hydraulic structures such as dams, levees and dykes. Natural floods are,
however, more common. The problem of flooding is defined by its areal extent, duration,
mtensity and damage. The projects designed to mitigate flooding and flood damage may be
structural (e.g., dams, levees, dykes, diversions, floodwalls, and channels), nonstructurai
~ (e.g., flood proofing, floodplain management, and relocation), or a combination of both. The
hydrologic input needed to design such projects inclides: (1) peak discharge and its
“frequency of occurrence, (2) duration and volume of flovd hydrograph and their probabilities
of occurrence, and (3) the arrival of the next flooding. : '

Floods have been damaging large irrigated areas in the Indo Gangetic Plain, particularly in
north Bihar, eastern Uttar Pradesh, Assam, Punjab, Haryana, portions of Rajasthan and also
the coastal areas in Orissa, Andhra Pradesh and Tamil Nadu. The damage is acute in the
delta areas of Mahanadi, Godavari, Krishna and Cauvery rivers. Floods also cause damage
to the arcas irigated by tanks in peninsular India, particularly where these tanks are in series
and the breaching of one, tdllk leads to the failure of tanks below.

The best way to control floods is to intercept them with storage reservoirs, so that only
moderated floods are allowed to flow through the valley below. Reservoirs constructed
merely to detain and moderate floods may not be economically justifiable. However, multi-
purpose projects could be planned to prévide for flood control also. The works carried out
by the Damodar Valley Corporatién in the Damodar river basin and the various bepefits
conferred by them, are the result of such planning where the primary aim was fiood control.

7.6.2. Droug’hts

A drought occurs when there is a shortage of water by comparison w:th the demand for it.
There may not be enough water in lakes, reservoirs, or streams, or precipitation ay be
~deficient. Agricultural, hydrological, and metrological droughts are usuaily distinguished. -



These thrce 1ypes arc significantly 1nterrelated although in extreme, these may be indepen-
dent of one another. Analogous to flooding, the problem of drought is defined by its areal
extent, duration, severity, and the onset of the mext drought. From a hydrological
~ perspective, low discharge (defined over a period) and its frequency of occurrence, duration
of this low -discharge and velume of low flow, as well as their frequencies, and the
probability of occurrence of the next drought are useful to design drought-mitigation
projects. A similar type of information is needed for rainfall in case of meteorological
drought and for soil moisture in case of agricultural drought, = Construction of water .
impoundments, groundwater pumpage, interbasin transfer, water conservation and even -
augmentation of atmospheric precipitation through cloud seeding are some of the ways to
mitigate droughts. However, droughts are known to occur over large areas, even as large
as continents, and the effectiveness of mitigation measures is only limited,

.The problems posed by drought vary from area to area, depending on the amount of rainfall
and its variability, and also the extent to which irrigation has been developed. Assuming that
the districts which receive less than 75 cm of rainfall per annum are lable to drought, there
are 77 such districts in India, which account for about 34 per cent of the net sown area.
Excluding such of these districts as have developed irrigation on the adequate scale, there -
still remain 50 districts, accounting for one-fourth of the cultivated area in the country,'
which could be considered as vulnerable to dmught There are in addition, another 22
districts in Maharashtra, Gujarat, Madhya Pradesh, Karnataka, Rajasthan and Uttar Pradesh,
-accounting for nine per cent of the cultivated area of the country, which get between 75 cm
to 85 cm of rain. This rainfall is of doubtfully efficacy and the districts have very little '
irrigation. They could also, therefore, be considercd vulnerable to drought. However, the
areas which suffer from chronic dronght are only a part of the total area affected by drought.
The chronic areas are confined 10 west Rajasthan, particularly to the districts of Jaisalmer,
Barmer, Jodhpur and Bikaner, and Kutch in Gujarat.

The problem of drought has also a socio-economic dimension. There have been glaring
disparitics in income.and living standards hetween the dry and drought areas on the one.
hand, and the irrigated and high rainfall areas on the other. Providing irrigation to the
maximum extent possible is the major step in relieving the drought affected areas from
scarcity conditions. A recent example is that of the Ganga canal in Rajasthan which
transformed parts of Ganganagar, one of the- mtensely arid chsmcts in the State, into a
prosperous agrmu]tural tract.

Unfortunately most of the drought affected areas have only limited sources of water which -
could be harnessed for irrigation. In these areas, transportation of water from other basins
arg exploitation of ground water to the extent possible, may provide some answer to the
problem of drought. The development of suitable techniques to conserve mmsture would
also be of great value, :

Check Your Progress-3 & 4
'What are the reasons for the occurence of floods.
What is. the meant by drought.

Note: (a) Write the answers m the space provided below, .

(b) Compare your answers with the those given at the end of thi_s unit.
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7.7. TANKS AND LAKES

The surface water mainly consists of the water in rivers and lakes. A tank is formed on its

upsiream of 'qmall earthen bunds (earth dam), which is generally less than 12 m height. - 3

Tanks are very common through out the country. It provides irrigation facilities. to small
arcas very economlcally as high investment is not required in the construction of tanks.
The tanks also serve the drmkmg water needs of rural areas (More details are given in
Chapter 8). :

Lakes may -be defined as wide places in rivers. There is a great variation in lake
characteristics and geologic condition. that resulted in lake formation. The earthen land areas
are dotted with hundreds of thousands of lakes. This is essentially true of many small lakes
impounded by the river channels, The importance of lakes lie in their ability to store water, -
allowing the rivers to flow during periods of low precipitation. Lakes also regulate the flow
pattern of rivers. Lakes are not common in India, whereas tivers are more common, Lakes
of the 3 continents - North America, Africa and Asia - amount approximately 75% of $e
‘world’s fresh water supplies of lakes of other continents - Europe, South America and
‘Australia amount for about 22.5% of the total. Thus the remaining less than 25% of the total
fresh water fills the hundreds of thousands of rivers and snlaller lakes found throughout the
worlgl, : :

Asia’s largest 1ake is located in Russia i.e., Lake Baikal, which is supposed to be the deepest
Iake in the world contains about 21% of the world’s fresh water. Lakes are formed in many
ways, glaciers by scouring depressions and depositing debris that blocks water drainage.
Thousands of lakes present in parts of Northern Asia, Europe and North America are of -
glacial origin. Some lakes are trapped remnants of prehistoric seas and oceans. Notable
among these is the Caspian lake. Craters of extinct volcanoes occasionally are lake sites.
Lakes may form in depressions caused by faulting or fracturing of earths surface. ’

7.8. CASE STUDY OF A TYPICAL DAM (NAGARJUNA SAGAR DAM)

The multipurpose Nagarjuna Sagar Dam is located across Krishna River, near Nandi Konda
village in Nalgonda District of Andhra Pradesh. It is named after Buddhist Saint, Acharya
Nagarjuna, who lived at the spot about 2000 years ago to fulfill a mission, '

This dam irrigates in Guntur, Kurnool, Nalgonda, Kahmmam and Krishna Districts. Its
irrigation potential is about 35 lakh acres of land, electrical potential is 1 lakh kilowait hours
of firm power (guaranteed power generation) and 4.6 lakh kilowatt hours of seasonal power.

7.8.1. Sallent Features of the Dam

The river gorge is Bocked by masonry dam 409" high above the deepest foundation level
4756' long. The full reservoir level is +590 -t sbove mean sea level (M.S.L.). The most
unique feature of this dam is adoption of stone 'm'as'onry for its construction, deviating from
the traditional concrete, the use of stone has resulted in a large saving and had created huge
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employment potential for large labour force. Hence, Nagarjuna Sagar Project ranks the first
in the man power utilisation among the modern gigantic projects of its own kind in the
world. It was designed and executed entirely by Indian Engineers. On the either side of the
masonry dam, earth dams have been constructed for length of about 2 miles, the maximum
height being 83'. The spillway crest has been installed with 26 radial gates each. of size
45'x44', Other component works of this mighty dam include 8 penstock pipes on the left
side, 3 power sluices and a diversion-cum-irrigation tunnel. Two canals offtake on either -
. side of the dam for irrigation. The expenditure on the project was of the order of
Rs. 80 crores. The crest level of the dami is +605 ft and the crest level of the spilway is +546
ft. Various details .of the dam are given below;

1. Location: Lat=16" 34' North, Long. 71° 19" East, 1 mile downstream of Nandikonda
village Miryalguda Taluk, Nalgonda District, 90 miles from Hyderabad.

2, States covered: Andhra Pradesh

3. . Hydrology

- da. Water-shed area at dam site (Sq.miles) _ | _ 83,087
b Maximum flood discharge (observed) (cumecs) 11.71 lakhs
4, Reservoir
a. Full Reservoir level ' . +590'.0
b. Maximum water level (fl.) ' _ ' _ : +594'.0°
c. Gross storage capacity (m.a. ft) o X v
" d, Net (live) storage capacity (m.a.ff) - 5.51
"e. No. of villages submerged o ' 57
 f. Population displaced (families) ) _ - 4,824
5. Masonty. dam :
~a Total length (f) o o 4756
b. Spillway length (ft) A Gl o . _ 1545
¢. Non-overflow length including power dam (Il) _ . 3211
d. Helght of dam (maximum} (ft) _ : o 409
e. Base width (méximum) {1ty o 320
f. Top width (1) | - 28
g. Top level (ft) o : . 4605
h, Top of crest in spillway {ft) - ' . ' +546
. 1. Chute sluices 2 no 10'x25' provided in blocks 25 and L
51 with sill Ievel elevation (ft) : - +450"
j- 8 No. of 16' diameter penstocks provided | ‘ : _
one in each in blocks 16 to 23 wnh central line at elevation - #4500
k. 3 No. power sluices 15" x 38' prov1ded (two in block 71 _
and one in block T) with still level at elevation +479,'.0' '
1. Radial Cr'est Gates 26 No. 45'x44', with crest'elevation ' +546'.0 |
m. Thickness of spillway piers +15'

-n. Nine No. sluices 10’x15" are provided. for _
' nght canal head regulator with still at elevation +489'.0
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6. Quantities at Work )
'a. Excavation for foundauon : o +42.07 m cft

b. Volume of masonry and concrete : ' 198 m cft
‘c. Quantity of cement _ ' ‘About 11 lakh tons -
d. Quantlty of ‘steel About 60,000 tons
7. Earth dams | o
a. Length of Left Earth Dam o 8400 fit
h. Length of Right Earth Dam T : '2,800 ft
- ¢ Maximum height above foundation level _ ; 85 ft
d. Top width S 30 ft
¢ Top level ' ' o o 510
f. Excavation of foundation _ : 92 mcft
g. Earthwork for embankment . ' - 88 micft
8. Imgatlon-cum Diversion Tunnel (Horse—shoc in Section) - o
a. Length : 2,590 ft
'b. Diameter : y S o 27 &

9, Power Plant _
a, Left side 8 No. of penstocks 16 ft diameter to develop -~ 3 Jakh kw

b. Right side - 3 power sluices. of size 15" x 38 fo develop 0.6 lakh kw
' 10 Man-Power : ' | . 50,000

7.8. 2 Organisation

In the carlier years of comtruchon a Control Board was the overall nmhargc of. the
Nagarjuna Sagar Project including technical, financial and administrative aspects. The
project was then located in the Andhra Pradesh and the Hyderabad states.. After the
reorganisation of states, the project came entirely in Andhra Pradesh State. The State.
Government assumed its full responsibility w.c.f. 1.8.1959, ‘The Control Board becomes an
advisory Body to the State Government, whose advice is accepted as a matter of convention.

The programme of construction 'of dam and canals was so adjusted that partial benefits
started accruing even from 1967. The reservoir.was able to deliver water to first crop of
Krishna delta in time for ~ raising substantial acreage in 2nd crop. Letting out waters in the
two canals was 1naugurated by Smt. Indira Gandhi, the then Prime Minister of India, on

4.8.1967.

7.8. 3 Rehabilitation

The man-made lake of Nagarjuna Sagar fully submerged lands of 52 vﬂlages and partially
submerged that of 5 villages,

Abcut 4 900 famihcs were d1splac,ed and rehabﬂtta.ted in 24 rehabmtdtion centres. - Good

uprooted

7.8.4. Nagarjunakonda Excavations
As the Nagarjuna.'Sagar reservoir was to completely submerge the famous relics of
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Nagarjuna Konda, which was the seat of Ikshwaku Kings and one of the principal centers
of Mahayana System of Buddhism, the whole area was excavated by the Archaeological
Department of the Government of India. The more lmporta.nt of the relics were located in
~a museum constructed for the purpose, on ‘the top of an adjoining hill. Practically, ail the
relics had been unearthed and shifted to the museum. - Expenditure to the extent of 12 lakh
rupecs was debited to the Proj ect and the balance was met by the archacological department. -

7.9. FUTURE STRATEGIES

 The water potential of India has been studied indepth, after ascertaining the amount of water
present, the management of the same should be done, so as to ensure optnnal unhsatlon of
walcr.

The water resources projects should be undertaken as a part of regional development policy,
in the context of which they have to be planned as part of it complex, large scale multi
objective systems interlinked with energy as well as to meet the various demands of water
not only for effective use but alsp in the context of optimal utility. The operating policies
of the project should be decided from time to time based on the availability and the water
requirements for irrigation, industrial water supply, drinking water needs, power generation
*and flood control. The system architecture and configuration has to be determined well in
advance so that based upon the demands, after ascertaining the ;:round watcr resources, the
surface and, sub-surface water can be used conjunctively.

The objectwes of development of the preject should be clubbed with lhe engineering accept
~ so that maximum benefit is derived from a unit of water. The objectives should be 1o
increase the Duty (irrigating capacity of unit of water) and to bring large areas of barren land
into irrigation. To explore the poq31b11mes of storage of flood waters and 1o adopt drought’
mitigation measvres.

A scientific approach involving systems engiheering should be deveioped for uuhsmg the
water. The Warabandi system of distribution of water in the command area of the canals
should be adopted to ensure equitable distribution oI waler irrespective of the reach of the
farmer. :

7.10. SUMMARY

All the aspects of water including its occurrence, movement and circulation has been studied
through the description of the Hydrologic Cycle. The distribution of rainfall in India with
reference to the occurrence and the monsoon patterns has been described in detail. A study
of droughts and floods, the places of their occurrence has been dealt. A case study of typical
project has been give'n and the strategies for optimal utilisation of water have been discussed.

7.11. CHECK YOUR PROGRESS : MODEL ANSWERS

1. The three parts' of the Earths system are atmosphere, hydrosphere and lithosphere,

2. Khagra and.Cherrapunji are the driest and weulest places on the Earth respectively.

3. Floods occur when the lakes, reservoirs or channels are unable to contain the amount
-of water they receive, They also occur when the areas are not having adequale
drainage to drain excess precipitation,




4, Drought is nothing but the shortage of water when compared with its demands.
During drought, there may not be enough water in lakes, resetvoirs or streams and
precipitation will also be less.

7.12. MODEL EXAMINATION QUESTIONS

1. Answer the following questions in about 30 lines each.

1. Write briefly about the rainfall distribution jn India and the variation of the same with
the monsoons.

2. Discuss the importance and availability of surface and groundwater.

1. Answer the following questibns in 10 lines each.
Describe the waler cycles.
Distinguish betwecn droughts and floods

What sirategies do you suggest to improve the utility of water?

oW

Ditferentiate between tanks and lakes.

Prof. K Megh Raj
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UNIT-8 : IRRIGATION -

Cnntents _ o ' ' ' : ;

8.1. Objectives
8.2. Infroduction
8.3, Viilage Tanks ,
8.4. Major, Medium and Minor Irrigation Projects
- 841, Major Irrigation Projects
8.4.2. Medium Irrigation Projects
8.4.3. Minor Irrigalion Projects
8.5. Water managemeﬁt and Distribution
8.5.1. Objectives of Watcr'Management and Distribution Through Integrated and
Conjunctive Use . "
8.572. Problems of Irrigation Water Management
8.6. Scientific Management of Water Resources
8.6.1. Obijectives of Scientific Water Management
8.6.2. Suggested Ways of Scientific Management
8.7. Water Budgeting I
8.8, Summary
8.9, Check Your Progress : Model Answers.
8.10. Model Examination Questions

8.1. OBJECTIVES

After going through this unit you will be able to:

§ explain the nfility of village tanks,

description of major, medium and minor irrigation projects,

list out the problems of water management and

describe the economic utilisation of available water (hrough scientiiic management of
water reseurces.

8.2. INTRODUCTION

Irrigation in India has been practiced from pre-historic times. The usage of thousands of
small and large tanks for irrigation throughout tl"le"'coul}try is a common practice. The
development of small irrigation works were undertaken during the British ruie from 1320 -
1947 and many Irrigation canals were developed including the Nizam Sagar Project in
Andhra Pradesh, After independence the five year plans were drawn from 1951 (i.e., 1951-
56, 1956-61, 1961-66, 1969-74 and 1974-1979) todate, a fotal number of 537 schemes were
drawn under Major and Medium Irrigation schemes, out of which several projects have been
successfully completed. Later during the Sixth Five Year Plan (1980-85) ’_basin—WiSe
planning and several scieatific techniques of water distribution were taken up. The
assessment and availability of water that is both surface and sub-surface bas been discussed.
The reasons for difficulty in utilising the created Irrigation potential are being given, so that
the necessary scientific management techniques can be used for conservation, distribution
and avgmentation of water resources. L '




8.3. VILLAGE TANKS

Therc is, thus, no technical difference between a ‘reservoir’ and a ‘tank’, except that a large-
sized tank will be termed as a reservoir. Morcover, a reservoir will generally be formed by
dams of any material (such as masonry dam, concrete dam, or earth dam, etc); whercas a
tank is generally said to be formed by earth dams only (or strictly speaking by earthen
bunds). Thesc earthen bunds, spanning across the streams, are called tank bunds or tank
bands. )

Most of the existing tanks of South India possess a maximum depth of 4.5 m, while a few
are as deep as 7.5 10 9 m, and only a few exceptional ones exceed 11 m in depth. When
the depth of the tank exceeds 12 m or so, the tank s generally referred to as a reservoir,

Like all earth dams, tank bunds are generally provided with sluices or outlets for discharging
water from the tank for jrrigation or other purposes. These tank shuices may be pipes or
rectangular or arched openings passing near the base of the bund and throu gh the body of
the bund, and carrying the water into the downstream channel below the bund or transporling
at distances where required, through pipes or canals. Sometimcs, these supply sluices may
not be passed through the body of the bund, and may be carried adjacent to it through some
hill side at onc end of the bund.

Similarly, as in case of all dam reservoir projects, tanks are provided with arrangements for
spill away the excess surplus water that may enter into the tank so as to avoid over-topping
of the tank bund. These surplus cscape arrangements may be in the form of a surplus escape
weir, provided in the body or at one end of the tank bund, or some other arrangement like
a siphon spillway, may be provided as is done in case of earth dam projects. The swrplus
escape welr 1s a masonry weir (compared to an ogee spillway in an earth dam) with its top -
L.e., crest level at equal to Full Tank Levet (RT.L.). When tank is full upto FTL, and extra
water comes in, it is discharged over the surplus escape weir. The length or capacity of this
surplus escape weir will be so designed that water level in the tank does never exceed the
Maximum Water Level (MWL), The top of the tank bund will be kept at a level, so as
o provide a suitable free-board above this MUW.L. Since the surplus cscape weir is a
masonry weir, it will have to be properly connected to the earthen bund by suitably designed
bank connections. '

84. MAJOR, MEDIUM AND MINOR PROJECTS

Irrigation projects arc classified into three categories for administrative convenience, viz,,

i - Major projects,
ii. ‘Medium projects, and
iil. Minor projects.

Schemes estimated 1o cost above Rs. 5 crores are classified as major, those costing above
Rs. 25 lakhs (Rs. 30 lakhs in hilly areas) and upto Rs. 5 crores as medium and those costing
below Rs. 25 lakhs (Rs. 30 lakhs in hitly zreas) as minor, -

~ According to the revised classification in vogue since 1978, projects having a C.C.A.
(Cultivable Commanded Area) of more than 1_0,000 hectares each are classified as major
projects, those having C.C.A. between 2,000 hectares and 10,000 as medinm schemes and
the schemes having C.C.A. of Jess than 2000 ha each are categorised as minor irrigation
schemes, : S ’



8.4.1. Major Irrigation Projects : ] ‘ \
A total of about 80 major irrigation projects have been taken up in India during the planned -
development programmes i.e., from the year 1951 onwards. Some of the major river valley
schemes in India are described in the following paragraphs, '

Bhakra-Nangal Pm]ect (Pllll] ab): The Bhakra-Nangal project is the biggest mulm-pumose
river valley scheme and is estimated to have-cost Rs. 175.14 crores. It consists of the 226m
high dam across the river Sutlej at Bhakra, the 29 m high Nangal Dam; the 64 km long
Nangal Hydel Dams; two power houses on the left and right hands of the Bhakra Dam; two
power houses on the hydel channel at Ganguwal and Kotla. Besides, these there are about.

1,104 km of canals and over 3,360 km of distributors.  The project, which has been
completed, serves Punjab, Haryana and Rajasthan. o '

Beas Project: This project, a joint venture of Pumab Haryana and Rajasthan, consists of
two units viz., (i) the Beas-Sutlej Link. and (ii) the Beas Dam at Pong. The former provides
for a diversion dam at Pandoh, a combination of tunnels and an open hydel channel, and a
power plant with an installed capacity of 660 mw with provision of 330 mw of additionat
pOWET. it provide irrigation to Punjab and Ha:yana '

Rajasthan Canal Project: The Rajasthan Canal Project, it is estimated, will cost
Rs. 184 crores. To begin with, the 470 km long, Rajasthan Canal will be fed with water
from the Ravi and Beas rivers through the Rajasthan feeder which is 215 km long. Later,
the flow supplies will be supplemented by stored water {rom the Beas dam at Pong. The
flow supplies. will provide irrigation to about 12.64 lakh hectares of parched land in
Ra]asthan

Hirakud Dam Project {Orissa): The 4800 m tong main Hirakud Dam on the Mahanadi
river in Orissa is the world’s longest dam. Flanked on both sides by 21 km of dykes, it
- impounds 810 crore cubic meters of water. The dam and dykes, as well as the power house
at the toe of the dam, and the. vast network of transmission lines have already been
completed. The estimated cost of the project is Rs. 08 crores. The entire irrigation system .
has been completed and irrigation provided to the entire commanded area of
2.53 lakh hectares. '

Damodar Valley Project: This project which benefits the states of West Bengal and Bibar
comprises four storage dams completed between 1953 and 1959, They are at Tilaiya, Konar,
Maithon and Panchet Hill with hydel power houses of a total capacity of 104 MW attached
to all the dams except Konar and three thermal power stations with a total capacity of
957 MW.- As a part of the Damodar Valley Project, a 692 m long and 11.58 m high barrage
at Damodar in West Bengal was opened in 1955. Tt is planned to irrigate about 4 lakh
hectares of land. Nearly 137 km of the main left bank canal is now navigable. The barrage
at Durgapur has canals and distribution nearly 2,494 km long, some of which are navigable.

‘Tungabhadra Project: The project which benefits the States of Andhra Pradesh and
Katnataka, comprises a 2,441 m long and 49,39 m high dam on the Tungabhadra river and
a.system.of canals with power station on either side. The dam was completed in 1956, The
reservoir has a water spread of 37,800 hectares. The total irrigation potential created so far
is more than 4 lakh hectares and the total installation capacuy for power ‘generation is
99 MW.

Kosi Project (Bihar): The Kosi scheme estimated to cost Rs. 64.23 crores, will on
.completion irrigate 12 lakh hectares in Bihar and Nepal besides affording protection against
floods. The project comprises construction of a 1,149 m long barrage with a train-cum-road
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bridge over the Kosi river. This was completed in 1965. A power-house with four
generating units of 5 MW is under constraction on the eastern Kosi Canal. Flood
embankments affordmg protection to ncarly 20,720 sqkmn in Nepal and Bihar, were
completed in 1959.

Chambal Project (Madhya Pradesh): The first phase of the project includes, among other
works, the Gandhi Sagar Dam, which has a gross storage capacity of about 77,460 lakh
cubic-meters of water. The Canal System will irrigate 4.44 lakh hectares in Rajasthan and
Madhya Pradesh. Besides, 115 MW of power will be gencrated by five gencrating sets af
the (randhi Sagar Power station. The dam, the Kotah barrage and the power station have
already been commissioned. '

- Work is ncaring completion on the second stage of the project which envisages the
construction of the Rana Pratap Sagar Dam and the power house below it. ¥t will provide
irrigation faciiilics to 1.21 lakh hectares of land and generate 90 MWof power.

¥ork has been undertaken on the third stage of the project which comprises the construction
of the Kotah Dam and Power station at its toe. The pewer house will generate 33 MW of
power. '

- Nagarjuna Sagar Project {Andhra Pradesh): The Nagarjuna Project envisages
the construction of a dam on the Krishna River and two canals, on gach side. The canals
will irrigate 8.3 lakh hectares. The reservoir will have a storage capacity of 808 crore
~cubic mefers and its water spread will be 22,387 hectares. The estimated cost of the project
is Rs. 164.9 crores. :

Farakka Barrage Project: The principal components of the Farakka Barrage Project which
is primarily intended to improve the navigability of the port of Calcutta, are a barrage at
Farakka across Ganga, with a rail-cum-road bridge over it, a feeder canal and a cross-
regutator atross Bhagirathi, CO!lSlderdble pro grcsq has been made in the constrmction of this
- difficult project.

8.4.2. Medium Irrigatibn Projects

More than 450 medium irrigation schemes have been launched in various states of the
country during the planned development programme. Of these, about 300 projects have been
completed and the remaining are in progress and it is envisaged that these will be compieted
by the end of the Sixth Five-Year Plan period. Some of the important medium irrigation
schemes underiaken or in progress are listed below in the Table.

StNec,  Slale " Project/Scheme Cost in  frrigation
Lakhs Potential
of Rs,  in thousands

- of hectares

? : i : 4 5

1. .Andhra Pradesh . Musi 409.00 16,92
it. Rajolibanda Diversion 383.00 354
iii.  Thandava Reservoir - 370.00 45.90

2. Assam i Jammun frrigation . ‘ 39600 - 2570

i, Sukle Ifigation . N 29800 3270
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3. Bihar i, Kamala Irrigation - 148.00 26.31
ii, Musakhand Dam 17929 " 1174
iii. Sunder Reservoir 19206 8.50
4. Gujarat " i, Bhadar 433.01 17.16
ii, Meshwa 31433 23.90
5. Haryana i, Extension of Irrigation
' (5f) W.J.C. to Rewari and adjoining areas 130.00 27.82
il. W.I.C. Feeder 339,05 -
ili. Irrigation tube wells in W.J.C. tract 104.00 10.15
6. Jammu & Kashmir i - Pratap Canal Remodelling 148.05 8.09
ii. Kathwa Canal 7594 8.05
iii, - Dudhar Canal 42.50 2.83
iv. Kahrbathang Canal 35.13 0.81
7. Kerala i. Peechi 235.00 28.08
ii. Pottmdi 234.25- 8.90
iii. Kanchirapuzha 392.84 19.43
iv. Parhashsi (Vallapatnam) 476.50 28.33
8. Madbya Pradesh  i. Saroda : : 166.73 735
ii. Remodelling of Mahanadi Canals 282.69 56.66
iii.  Dudhwa ' 333.64 =
iv. Removing Shortage in Harsi System  452.44 23.88
v. Hardeo Right Bank Canal (R.B.C.) 497,21 4746
vi. Bagh RB.C. 348.40 47.46
9. Maharashira i. Gangapur - Stagel 396.00 16,79
- Stage 11 133.60  7.69
ii. Manar - Phase | 24344 - 1012
- Phase II 293.00 16.59
iii. Bor - Phase I 358.00 13.56
iv. Pus - River 51281 11.72
10. Mysore i. Tunga - Anicut 302.30 8.70
' ii, Rajolibunda Diversion 251.00 2.38
iii. Hagaribommana - halli 267.00 297
11, Orissa i, Darjang 372.35 9.7
: ' ii. Salia _ 294.00 10.83
iii. Godehado 197.34 6.47
iv. ‘Bahda - Stage I 158.94 9.10
12. Punjab i,  Madhopur Beas link 338.00 --
' ii. Raising and strengthening of banks 11490 -
ii. Extension of non-perenial irrigation -
to area of U.B.D.C. 27271 143.71
iv. Remodelling of Hairke Headworks 40.27 -



13. Rajasthan i, Jawai 249060 7.69
| ii. Parapati - 13540 1214
iii.,  Khari Feeder : - 118.00 324
iv.  Jakham L 233.00 1165
v. Meja Feeder-1 _ _ 166,30  39.94
14, Tamilpady = . i Amaravathy - 33414 21.65
' ii. Vaigai Project ' 330.00 9.24
iii. New Kattali High Level Canal 22458 8.34
iv. Pullambadi Canal 205.88 8905
v. Modernising Vaigai Channels 394,00 44.42
5. Uttar Pradesh i. Belan and Tons-Canals ' 279,24 41.08
ii, Sarda Sagar Stage T : - 47256 67.75
ili. Meja Reservoir 354.70 21.20
iv. Nanak Sagar Dam ) S 42038 . 5371
v. Baur Rescrvoir ' 34000 18.90
vi, Musakhand Dam o -~ 315.00 22.29
vii.  Jamni Dam ‘ ] 372.00 1248
viii, Kosi Irrigation _ 288.00 19.13
-ix.  Narainpur Pumped Canal . 10000 2430
16. West Bengal i. Berai Canal ' 21.78 2.02
il. Karaiowa Tamia | 46.38 8.80
iii, Shahrajore - ' 5561 . 485
iv. Hinglow - 97.94 12.44

v. Bandhu ' _' 42.33 2.02

8.4.3. Minor Irrigation Projects

Minor irrigation works include the construction of wells, tube-wells, smiall canals and tanks,
Such works  have been used since time immemorial and they have always formed a
substantial part of the total irrigation in the country. The ultimate irrigation potential ;
from minor irrigation has been estimated to be 50 million hectares, out of a total of
107 million hectares i.e., 46.7 per cent. The total cropped area which benefits from minor
immigation so far is of the order of 29.5 million hectares.

Open wells have been constructed in all pcll'ts of the country for domestic water supply and
for the nganon of land from the remotest period. An assessment of the total number of
~open wells in the country is 5 million. About 20,000 state tubewells have been installed in
the various states all over India, the largest number being in Uttar Pradesh. There are also
a large pumber of private tubewclls in different parts'of the country in operation, The
number of these private tube-wells is increasing by day and, for the country as a whole, they
might soon exceed the number of stale tube-well, :

Surface minor irrigation works have not yet received adequate iechnical support in the matter
of design. Construction and maintcnance. A serious effort will have to be made to correct
these defects in the coming plans to make.good this deficicncy. Minor storage and diversion
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schemes dte-particularly susceptible to loss of potential by siltation and hence suitable co-
ordination between the State Soit Conservation Organisations and the authorities responsible
for the construction and operation of irrigation of minor 1rr1gat10n shcemes will be very
necessary. : -

Check Your Progress 1&2

1.
2.

“How do you classify inigaﬁon projects?

Explam on what basis the irrigation pm]ccte are classified?

Note (a) Write the answer in the space provlded below.

(b)ICOmpare your answers with those given at the end of this unit.

: 8 5. 'WATER MANAGEMENT AND DISTRIBUTION

The principal ways of wiiter management and distribution can be a(.hleved thmugh inte- -

grated and conjunctive usce undcr the following aspects:

1.

State and distribution aspect: Total amount of rainfall varies generally from place
to place and distribution is highly skewed in .that 75-90 per cent of total rainfall occur
within .3-4 monsoon months. Surface water which is mostly available during the
monsoonic monihs and causes floods, can be used either for recharging the ground
water or for diversion to areas wh‘ere there is a scarcity of water.

| USL aspect: Water is manageable input in raspect of time, freguen-y and depth. The

seasonal variations in the availability of surface water can be augny epted with groutid
water and regulated to provide assuied means of irrigation. Water use, combination

in different seasons should be such as to obtain maximum overail return for a.given
© amount of water supply. :

Control aspect: Iniegrated and \*.conjunutrvc use embodlcs certain advantages o
control some of the ill-clfects of 1rr1gat10n

Time aspect: Major and medium ilriga,tion projects have long gestation period,
Ground water can be utilised in the initial stages of irrigation developrent before the
availability of sarface water from the new project. Thus time sequence of apphcatlon
of water for irrigation in the two sowrces can be adopted.

8.5.1. ObJectlves of Water Management and Distribution Through Integrated

" and Cenjunctive Use

'Apart from the main objec,twe of integrated development of surtace and ground water

dtscussed above, sone of its secondary Qb}ectwcs are: -

1.

- Reclamation of water logged areas.
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2. Control of overdraft of ground water reservoirs.
3. Control of salt water intrusion in coastal acquifers.

4. Combination of saline or brackish water with fresh water )in order to dilute the former
to such proportion as.to bring down the salinity to the tolerable limit of crops.

5.- Improvement of dependability of surface water supply, which is generally 75% for
such projects. With ground water utilistaion less dependable supply ol surface water
can be considered through unprovement brought to the overall dependablhty by the
use of ground water, :

0. Economy in the storage needs of the surfa(,e water and conseguenily in the hmght of -
' the dam, submergence, efc., whlc,h form bulk of the pro;ect Cost. '

7. Flexibility of operation with the utilisation of ground water for !hc appllcauon of -
_correct dosage of water at proper mtervals . - '

8. Early a(,crual of benefits. Ground water develnpment and utuhsatlon can precede the .
completion of the dam.. -

9. Reducti(_)n in drainage requirements.

10. . Firming up of hydro-power. At the end of monsoon when storage heads are highest
and also releases are large for irrigation requirements, lot of secondary power is
" available. If the releases from the reservoirs during the period (Aug-Oct), when

ments met from ground water through tubewells, the power development aspect
© during critical (Nov-April) would greatly improve. The secondary power available
would be used for workmg these tubewells.

8.5.2. Problems of Irngatmn Water Management

The total irrigation potential created from the major - medium 1rr1gat10n schems has not been -
fully wtilised, Food grains production per hectare is about 1.7 tonne/ha against average yleld :
ot 4.5 tonne/ha from irrigated areas in. the countries '

‘The principal reasons for lag in utilisation of crcated ungatlon potent:dl are summarised as
under: : '

1. Lack of or inadequate field channcls: The single most important item to achieve
expeditious and efficient utilisation of -irrigation. potential created is construction of
field channels from the outlet of individual fields. While some field to field irri gation

* may be possible in Kharif season in the absence of ficld channels, these are a must
for raising Rabi and summer crops. Even in Kharif season full impact of fertilizer
responsive high yielding varieties cannot be achieved unless field channels are
constructed and apphcatmn of fertilizers and pesticides is employed.

2. . Inadequate dramage facilities, seep_dge, impeded drainage, absence of field drainage - .
channels and waterlogging: Provision of adequalte drainage is of vital importance for
realising full benefits of irrigation. ¥t is necessary that main drains and the interme-
diate drains are conslructed as a part of the 1mgat10n project. -

3. Inadequate preparation of land I_or 1rr1gated agriculture: For drawing full impact from
- Irrigation works, it is imperative that land shaping and levelling and bidding etc., of
the fields are to be done by the cultivators.
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10.

Warabandi: Inadequate water suply, wasteful use of water, mal-distribution of

- available water and tail end difficulties for water are responsible for non-utilisation of

created irrigation polential. It is therefore imperative that warabandi (turn schedule
for water), according to which water is made available {0 each farmer in the command
of an outlet for.a specific period in proportion to the size of the holding and according
to the turn schedule {prepared in advance) is prepared and cnforced for equitable
distribution and efficient utilisation of irrigation water; particuldrly for ihe farmers at
the tail end of the canal. Since the quantity of waler, allocated to cach irrigator is thus

~ fixed, the warabandi includes the farmer for making more efficicnt use of water (o

bring maximum area of his holding under-irrigation with aliocated amount of water.

Crop planning and scheduling of irrigation Crop: pattern and waler allowance
anticipated under the project are not being realised. It is imperative that [ull benefits -
from irrigation works can be derived if crop plans arc preparcd on a scientific basis
keeping in view (i) the availability of waler (ii) soil types and (iff) regional agro
chimatic conditions. Crop -varictics which have given cquivaient yieldé with less

" moisture and of short duragion are preferred.  Significant contribution in the form of

double or multiple crepping can be achicved it the sowing of crops such as paddy,
groundnut, archar ete, is-advanced, if necessary, by raising. the nurserics with the help .
of ground watct.

Suppleinent irrigation: The conjunctive use of surface and ground waters is essential -

 to increase the intensity and stability ol irrigtion-as also 1o control water-fogging and

salination and to reduce requircments of horizontal drainage. - As such construction of
private tube-wells and dug wells necd to be cncouraged.

Lack of proper coordinating agency or deficiencies in its functioning: The command
area Licvelopmcnt programime is aimed as to remove or minimise the various deficien-
cies taced in the EX].‘)Cdlli()UH and-efTicient use of irrigation water in the command and
achicve full impact of irrigation on.increased agricultural production. Tt nceds close
cooperation amongst irrigation, agriculture, revenue atd cooperative finance depart-

JRLIGSIED

Lack of agricultural research, demonstration farms and education, training and exten-
sion facilitics to farmers: It is desirable thet agricutiural and engincering universities,
IIT's arc fully involved in providing training in water management.  Elficient
agriculture extension in the command arcas improving for introducing the right
varicties of crops and dpphcalxon of matching inputs as also for poputarising some
water management practices,

Lack of adequate credit, input's and infra-structure: Infrastructure facilitics in lhc
shape of communication systems and marketing in the. comm&'nd arcas arc essentiail
Network of roads for movement. of agricultural inputs into the areas and surplus.
agricultural production from the command area to the consuming centres within and.
outside the command areas i§ essenually tequired, Suitable marketing facilities tor, thc, '
agricultural produce have 1o be made” so that -the. Tarmers get fair price for their

_purpose,
Neglect of operaunn and maintenance ol irrigation and drainage systems: Modernisation

of the old irrigation: system which is not able 10 mcet the irrigation requirements of
the cropping patterns developed due to excessive transit losses and inadequate of

' regulaling structures is essential by lining the canals, construction of regulatory

structures ele., so that the requirements of crop in the peak periods are met and
productive agriculuure coupled with the use of fertitizers and other inputs hecome
passible. : o '
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8.6. SCIENTIFIC MANAGEMENT OF WATER RESOURCES

utilisation- of available water and augmentatlon of supply of water) can be done by tapping
new sources of irrigatton as mentioned below: -

1.

Conservative Water Use: Water -is the most essential and expensive. input for

‘ The considerations for developing water resoutces in a scientific way (so that economic -
X
I
|

irrigation.  Water like food has often a cost production but due to lack of cost
consciousness, ‘water is often Wwasted and not properly used. This underlines the
necessity for its most economic utilisation through conservation of water use. Since .
irrigation is the principal water consumer evidently greatest scope for economy in
water use is possible in this field. Comparatively new and unconventional method like

‘sprinkler and drip systems of irrigation avoid waste of water through percolation and
_evaporation and hold great promise of saving water to the extent of 50% compared tc
surface irrigation methods. Additionally, drip irrigation is more suitable for using

poor quality water in saiidy Ioam alluviai soil. In pervious ateas where water is in
short supply, the use of sprinklers is more advantageous. Conveyance losses ini canal
system can be reduced by lining the canals. The water thus saved can be used for

‘extension of ‘itrigation facilities to new areas.

Artificial Recharge: Even after 1mp0udmtr of water in reservoirs with construction
of dams, part of flows in wet years, in excess of live storage capacities of IEservairs,

-spill below the dams. This flow being erratic can only. be used by conserving it in
. ground water reservoirs by artificial recharge for use-in dry years. Artificial recharge _

is an important means of augmenting total yield and tool for management of water
supply system. In large irrigated areas there ‘are possibilities of providing under-

~ ground storage through recharge provided by ‘irrigation supplies as well as natural -

rainfall. These under ground reservoirs serve as a dependable source of water so as

" to supplement the waters available in the canals. The quantity of available room to
“store underground water depends on the volume of porous material between the

seasonal high level of water table for a year in which storage operation is conducted

"and water level which devclops an undue efﬂuent seepage. -

Command area Developmenit: Cornmand area development aims to accelerate. the

. process of uullsatlon of nrigation potential already created in the “shortest possible

time and to improve the efficiency to serve optimum yield/unit of water, per unit of
land, per unit of time. It has not so far been possible for the farmers to maximise
advantage from irrigation facilities because of several factors such as non-construction
of water coutses and field channels, practice of field to field irrigation, non-adoption -
of ‘roistering. system of irrigation, non-existence of proper drainage system and
inadequaté infrastructure ‘and inputs. In order to-ensure efficicnt utilisation of '
mrigation potential created in the command area projects, it is imperative that an
integrated development approach is adopted in dealing wnh those aspe('ts which have
Ied to under-utilisation of 1mgatlon potentlal :

Mult]-d1sc:1plmary approach in “this context lcqmres adeguate land reforms, including

.consolidation of land holdings, land drainage, soil survey and regulation intensity and

adjustiment in cropping: pattersiis depending on the capabilities of- the $oils worth -

‘sustained 1rngat10n con';tructmn of field channels, land lwellmg and shapmﬂ ele.

Increasmg Irrigation Efficiency: Woater '1ppl|c¢1t10n efﬁuency in 1r11gdfcd areas - -

need to be increased (rather doubled from present 20% to 40%) by land" shaping,
smoothering land slope .and making judicious selection of plot size-and slope to a



10,

particular size of stream. With increased irrigation efficiency more-area can be
irrigated with the same amount of water. Land grading and smoothering the land also
results in uniform moisture d1slr1but10n simultaneous maturlty of crop, ease of tﬂldge
operations etc.

Change in Cropping pattern: Emphasis on high water consuming paddy and wheat
need to be hhlﬂﬁd. to growing cereals requiring less water like maize etc

Equitable Water Distribution: Eqmtable distribution of supphes of water parhcu-
larly in large commands is of great signiticance. Farmers assured of equitable and
adequate supplies desist from over- irrigation. Volumetric supply of water nceds to be
encouraged and water rales charged on volumetric basis are to be reduced,

Flood Use: TFarmers generally welcome floods to certain extent as they brmg with
them high mineral silt. What is desired is control of floods during the early part of
monsoon. and carly _dramage of flooded area in time to sow rabi crop, Irrigation water
if available during the rabi season and hot weather results in bumper crops in the
flooded areas. Storage of flood water in local depressions and tanks, where feasible,

for subsequent use. for agriculture during the rabi season and fishery need to be

encouraged.

Grid of Water System: Intel -basin transfer of water resource from areas where
surplus water available to areas of scracity is one of the promjsing means for
augmentation of water resources. Tt envisages total utilisation of available water- by
damming the rivers section by section, channels built skirting the mountains and
connected with number of ponds, lakes and reservoirs to bring water to the fields.

Thus all rivers, reservoirs, pools and ponds of the valley should be linked so as (o form
one single system, Through this system the volume of water of the rivers, reservoirs,

- pools, and ponds is regulated and rivers, when in floods are prevented ITOIl‘l causing -

dclmagc

Desalination: India with long coast line of 6400 km has vital scope of devleoping
desalination of the sea water for irrigation and public supply. Desalination methods
can also be used for conserving brackish ground water in semi-arid and arid parts of
Rajasthan, Uttar Pradesh and Gujarat. The constraints in the adoption of this method
are high cost and requirement of large amount of electricity power. The advances in
nuclear reactor technology have opened vistas for large scale desalination of sea
watet. Other cheaper methods for desalination are also under active research to bring
it within the realm of cconomic feasibility. :

Weather Modificati(m and Weather-Harvestin g: Augmentation of water resources
by weather modification and weather harvesting are new techniques. Out of over
3.87x10° mhm of atmospheric moisture moving in India, only about fraction falls as
precipitation. Rain making aims at producing rain from clouds with a moisture
content at an -adequate level and o form new clouds by encouraging increased
evaporation from sca. Nearly all scientific experiments to increase. raisfall involve the
seeding of clouds with particles in order to cause rian through (i) mteus:m cation of the

- condensation of cloud drops that subsequently collide and coalesce to form larger

drops, or (ii) initiation or increase in the growth of ice prempltahon pamcles or
(ii) change of dynamic properties of the clouds themselves. Cl(;uds can be made
coilmdallly unstable by the addition of dry ice, silver iodide, common salt or other
chemical agents, so that a part of the otherwise unavailable water will reach the

Jground as prémpﬁanon The cloud seeding operation entails using aircraft guided by
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ground radar to drop tiny particles of silver iodide in the upper over cooled layers of
the clouds. One gram silver iodide make up to a billion minor crystals. Each particle
condenses water vapour, like natural ice, and as it grows larger and heavier it enters

the warmer layers where it melts and turns into rain. Local rain making can be

effective if suitable basic weather conditions exist, the cost of obtaining water from
clouds is only a small fraction of the cost of other methods for the same quality of
water. Results of some rain making experiments have revealed that it is possible to
increase the rain amount by 10 to 20% in situations where rain would otherwise have
occured, But legal and jurisdicticnal problems may arise if the cloudq are seedcd
which are destined to rain in another area.

11.  Water Harvesting: 'Water harvesting offers solution to the problen of water for

frrigatioi. Ponds and ditches harvest rain water where it falls rather than allowing it
to go to rivers and then pump it back to the field,

i2. Snow Meltmg Augmentatlon of water resources by mcmng of glacmrs in Hundlaycm
region through artificial means for increasing dry weather flows in rivers in hot

weather is under study in India. Induced snow melting can theoretically be accom- -

plished by heating or by using chemicals. Use of chemicals to-induce melting is based
__on the principle that the lowering of the vapour pressure of the- solution formed by
adding chemical to the snow lowers freezing point of water. The heat used for
induced metting may be solar energy abserbed by a coating of materials spread over

the snow. The material used for the purpose may be soot, finally puwdcred c,ml _

industrial slag and ﬁnally powdered organic matter.

13. Evapnmtmn Reduction: Evaporatlon which accounts for sizable loss of fresh water

parucularly in hot, arid and semi-arid regions are generally believed to be the loss on -

which there is no control. Seepage losses from the canal systerm can be reduced by
lining the canals. Recently attempts are being made to reduce “evaporation by
controlling the rate at which water escapes from water surface of large lakes and
reservoirs by covering the water surface with a thin mdno-molccular film. Hexadeconal
or cetyl alcohol is found to be an effective file forming agent to reduce evaporation
from water surface. It is considered that normal evaporation may possibly be reduced

by this method to as much as one-third by saving in actual practice may be much less.

Wind velocity will have profound effect in evaporation. A reduction of wind bpeed
by wind breaks is one of the methods used for controlhng evaporation,

leltatmns
1. - Ettcctwe apphcatwn of the methods is a big technical pmblcm for large reservoirs.

2. Effect of the ﬁlm process of manufactures such as solumht_y, wmd action, method of
- -application and oxidation or degradation by micro-organisnis, may sweep off the film
- and pile it near the shore. :

8.6.1. Objectwes of Scientific Water Management

Importance of water management has not been given due importance aiong thh waier
resources development. Water management has much wider concept rather than mere
regulation ot canal suppheq The prmmpal objectives of water management are hnefed as
~undet:




l. Allocation and supply of irrigation water to the irrigators according to their entitle-
- ment at the right time for optimum yields of crops with the allocated water.

2. Equilable distribution of canal supplics to irrigators especially at the tail.

3. Achievement of optimum irrigation efficiencies commensurate with agricultural pro-
ductions. Ensured increased yield {or a prolonged period without loss of fertility of
land with time due to soil erosion and nutrients, waterlogging, salinity and/or
deterioration of soil structure.

4. FEconomical and efficient opemuon and mamlenance of irrigation system.

5. Realisation of sense of justice and equity among the irrigators by proper implemen-
fation of waler management reles,

8.6.2, Suggested Ways of Scwntlﬁc Management

Population of the country in the year 2000 A.D. is likely to be 900 million for which the. )
requirement of food grains will be about double the present production. Accordingly an
- overall inadequacy of water resources may have to be faced towards the year 2035, It is
evident that water. and not land,"would be limiting factor in the future economic growth of -
the country. It is thus imperative that: '

1. ' Economical use of water together with conjunctwe use of surface and gmund water
resources is made. It is estimated that 70% of the world water demand is for irrigation:
and every effort should be made {0 conserve water and optimise the lmgalwn output
for every unit of water utilised. ' : '

2. Inter-basin transfer of waler from surplus river systems to drought prone, semiarid and
arid areas to provide life-saving irrigation to about 30 million hectares

3. Harvesting of rain water through a grid of farm ponds and Feservoirs in areas where
irrigation facilities do not exist and rainfafl is highly irregular in its disttibution.

4. Solar desalination of sea water provide drinking water as well as water for irrigation
' in the rain-shadow regions all along the east and west coasts.

5. Artificial rait making-and weather modifications: In India attempts have been made
for controlling evaporation and for increasing rainfall artiﬁéially Modification of
‘weather has not yet been attempted but w1de1y possible particularly in the Khasi-
J ayntln hills in' Assam.

'8.7. WATER BUDGETING

'The estimated quantity of water, which remained constant over the period of time is about

1358.72 million. cubic kilometers or 1358.72x10"m®. This water is not distributed evenly,
about 9Y7% (1,321.26x10% cubic meters) is present in the oceans, This saline water spreads
over about 361.3x10° Sq.km. of the ocean basin areas, with an average depth of about 3.66
km. About 4,17x10" cubic meters of saline (salt) water is buried underground. The total
fresh water supply is estimated to be about 33.97x10% cubic meters amounUng to about 2.5% .
which constitutes the total supply of Iresh water in the world, -

- The basic source of water is prec1p1tat10n in the form of rainfall or snowfall, Runoff from
precipitation drains through streams and rivers or collects in the surface deprcssmns forming
tanks or ponds.

- Water from streams and rivers is stored in reservoirs or is diverted directly through canal
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. systems for 1rr1s:du<m Runol[ water stored in 1ankq or ponds is also regulatcd for jrrigation -
Im)us_h suitable vonveyance systems. :

: Ramidll in India vancs Irom place o ptace and rrom ycar to yedr The hidian Meteorologi- -
cal department has devised a network_ of rain gauges for measuring the depth of precipitation
over the arcas, . The country's average annual rainfall is about 114cm, which when
considered over its geographical area is about 3.92x10" cubic meters, when the snow fall
-is also considered it may be taken as 4x10' cubic meters. About 7)?]{)” cubic meters is lost
into atmospbere. About 1.15x10™ cubi¢ meters flow as quricu,e Tunodf and 1(=ma.uung
2. 15x 10" cublc mcters infiltrates into underground :

8.8. SUMMARY

A tank is analngous to a réservoir but very small m we ‘The-height of the edrthen bund,

rarcly exceeds about 12 mts for the formation of a tank. Th¢ difference belween major,
medium and minor irrigation projects based on area now in voguc has been discussed with -
some examples. The problems associated with water management have been mentioned.

- The objectives ol scientific water management have been: discussed. The techuiques of
waler mariagement have been reviewed. The amount of water present in the world has been

discussed,

89. CHECK YOUR PROGRESS : MODEL ANSWERS |

1. - The lmga‘uon projects ior the sake of ddmlmsl.raUVO convcmcncc are. classmed into -
' major, mcdmm and minor projects, ' : ' :

oy “The basis-for the cldwhccmon of irrigation pro;cct&; is the. cost of the prO]ect T he
~ projects costlng above 5 crores are classified as major, betwcen 25 lakhs and 5 crores
- as medium and less than 25 lakhq as minor.

8.10. MODEL EXAMINAT-ION QUESTION S

L Answer the fﬂllowmg questions in about 30 lines eac,h :
1, . What are the principle reasons for lag in utjhsmg the created irrigation potentldlsf

2. . What are the methods of scientific” water mdnagcmcnt Whth ensure eoonomlc
: utlhsatlon aud augmcntatlon of dlelable water? :

II. Answer the Tollowing questmns in about 10 lines each.

1. " Describe the water budgeting? _ E . .
‘2._ _ Dmtmgmsh between Minor and Medium projects. Diswss’ b’riéfly about them.
- What scientific methods do you suggest © dLhJeve the ob;cmvcs of scmntmc water

C e

managcmcm

4 Desc,nbe the \«1llzige tanks.-

Prof. K. Megh. Raj -




UNIT-9 : FISHERIES

Contents
9.1. Objectives
9.2. Introduction
9.3, Fish and Fisheries

-9.3.1, Marine Fisheries ,

9.3.2. Brackishwater Fisheries

- 9.3.3. Freshwater Fisherics

'9.3.4. Advances in Aquaculture Techniques
9.4, Fisheries Education and Research
9.5. Summary
9.6. Check Your Progress : Model Answers
9.77. Model Examination Questions

9.1. OBJECTIVES

After going through this unit you will be able to:

* list out different places of occurrence of fishes,

*  describe the methods of fish & prawn cultre,

* distinguish and differentiate the freshwaier, brackish water .and marine fisheries and
*  describe the advances in aquaculture technologies. '

9.2. INTRODUCTION

India has a vast potential of fish and fishery resources located within 2.02 million sq.kms
of exclusive economic zone (EEZ), 27,000 kms length of rivers and about 113,000 ks of
canals, about 1 million ha in the form of tanks and ponds in addition to about 0.6 million
ha of stagnani derelict water spread which can be utilized for capture »nd. culture fisheries
development. In addition, about 1 million ha of coastal land awais utilization through

brackishwaler farming and a mumber of protected bays and coves, along the 7517 ki
coastline for remunerative mariculture.

Presently, India contributes to about 4 little over 3% of the world fish catch of about 72-15
million tonnes. By 2,000 AD the. world production is expecied at 100 million tonnes of
which it should be possible for India to contribute to the order of 5 t0 6 percent. For the
purpose, the target of fish production by the turn of the century is envisaged at 6 million
tonnes out of which 2 million tonnes is expected from inland sector.  Accordingly there can
be a sizeable rise in {he contribution from the fishery sector to the Indian national inceme
at the market price from the present 2% to about 5% extending the benefits to about 12-15
lakh active fishermen in the country. :

The current quality of export of the order about 93,000 MT valued at Rs. 386 crore (1986-

87 rates) is largely due to the harvestable catch and is about 5% of the total marine catch.

The scope of enlarging the export quantum to about 3 lakh tonnes valued at Rs 1,000 crore
by 2000 AD could be possible with the enlargement in the cuiture sector, particularly of

shrimp production in brackish water ponds. ' :
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In marine sector, the currently harvested quantity of about 1.8 million tonnes (1986-87) of
the economically harvestable fish species would be doubled by tapping  the estimated
resource potential of exclusive economic zone (EEZ) at 4.5 million tonnes through efforts
to expand the area of operation in the EEZ and beyond, diversification of fishing activities,
processing of unconventional fish and shell fish Species for new products and their

. promotion for marketing both for export and domestic consumpuon i

.Check Your Progress -1

What is the role of fisheries in the economy of Imha"
Note: (a) Wtite the answer in the space provided below.

(b)Compare your answer with the one given at the end of this unit,

L T T T T T P

9.3. FISH AND FISHER[ES

9.3.1. Manne Flsherles

Marine fisheries has a great role to play in 1ncreasmg food production since ﬁsh inone
of the sources of getting food. India has very rich fishing grounds to be exploited on

©commercial basis, not only for meeting its dOchSth needs byt also for increasing the export

trade. The exploitation and development of this resource has drawn the serious attention of
Government of India after its independence. India can exploit its marine fishery resources
up to 2.02 million sq. kms zone which include anch0v1es, sardmes, mackerels, carangids,
ribbon’ ﬁshes, perches, catfishes, elasmohranchs, oceamc tunas, prawns lobsters and.
cephalopods

Marine Capture Fisheries: India declared its exclusive economic zone in the year 1977,
thus placing a great responsibility on the country to utilize the zone economically. Various -

- estimates of the potential marine resources varying from 2.3 to 4.47 million tonnes for the

EEX have been given based on primary production, explumtory surveys and catch and effort
data. Thus, the estimated harvestable fish potential is about three times the yleld of 1.5
million tonnes (average for the years 1983-85). The large gap between the actual yield and -
the potential resource is a matter of great concern. In the présent day situation, the exploited
resources having a high unit value, require rational exploitation and judicious management.
The untapped deep and oceanic Iesources need to be exploited at the optimum level.

Coastal Flsheries The coastal fishery TesOurces are exploited by cauntry hoats using a

~variety of gears (nets) ; smatl mechanised boats using trawl nets, purse seines, glll nets; and

boats fitted with outboard and inboard engines both for propulsion and fishing up to a depth' .

of about 50 m.

The major fish landings are contributed by oil sardines; pénaeid_pré’wns, Bombay ducks,
sciaenids, white baits, lesser sardines, silver bellies, perches, non-penaeid prawns,

elasmobranchs, catfishes, ribbon fishes, pomfrets, mackerals, seerfishes, soles, caphalopods
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and tunnies in the order of their abundance.” In the north-western region, Bombay ducks,
penaid prawns, sciacnids and hon-penaeid prawns are important. In the south western region
oil sardines, white baits, mackerals and penaeid prawns are dominant. In the south eastern
region, silver bellies dominate the catches followed by lesser sardines, perches, penaeid .
prawns and elasmobranchs, In the north eastern region sciaenids, lesser sardines, penacid
prawns, ribbon fishes, catfishes, elasmobranchs and perches contnbute to the catches,

Deep Sea Fisheries: Large vessels ranging from 20 to 23 m are operated by the Government
agencies and also recently by few private industries. Their contribution to total productlon
is little over 5%. The potential fishery resources in this zone are:

(a) Pelagic Fisheries: The potential of the pelagic stock is estimated 10 be 1.85
million tonnes as against the present yield of about 0.7 million tonnes, Purse
~ seines and midwater trawls are operated for the white baits, mackerals, sardines
and tunas, in 20 to 50 m depth. Boat seines and trawl nets would be ideal gear
for the capture of ribbons fishes. The caranglds are caught with midwater
trawls, purse: seines and drift gill nets,

{b) Bottom Fisheries: The estimated potential of these resource is dbout 1.1
million tonnes as against the current yield of little over 0.34 million tonnes,
Production fish grounds for catfishes have been located along the north-west,
south-west and north-cast coasts between 20 to 100 m depth. Bottom fish
trawis and drift gill nets are used. The perch resources of north-east coast are
-also significant. Fish trawls, handlines and traps will help in their capture. The
silver bellies, sciaenids, ¢lasmobranchs are some of the major groups form and
the bottom fishery resource.

© Crustacean Resources: The potential_yield of panaeid prawns is estimated to

" be 180,000 tonnes against the present yield of over 123,000 tonnes. Non-period

© prawns arc the other 1mp0rtant resource consisting of deep water shnmp and
lobsters. :

d) Cephalopod Resources: As compared to the present catch of 23, 000 t, the
“potential for this resource is estimated to be 180,000 t. It is caught in'0 to 50
m depth areas. '

Oceanic Fisheries: Tius resource has not been exploited on a commercml scale except for
some exploratory studies. By far, the most important aniong the oceanic resources which
offers the maximum potential for exploitation is constituted by the oceanic tuna such as
yellowfish, skipjack, big-eye, albacore, marlins, and the oceanic sharks. Recent surveys by
longline fishing of south-west coast, Andaman sea, west of Maldives and eastern Arabian sea
indicated that these areas especially of the west coast of India (120 to 16°N Lat., and 700
to 74° E Long.,} , are rich grounds for these fishes yielding catch rates as high as 8.1 to 25
nos per hook. Long lining and purse-seining are expected to yield good results,

Fairly abundant resource of the oceanic squid in the shelf edge and slope of the west coast
of India at depths beyond 18 m is also abundantly indicated. ‘

. Check Your Pi'ogress -2
Write briefly about marine fisheries.
“Note: (a) Write the answer in the space provided below.

' (bj Comparé your answer with the one given at the end of this unit.
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Mariculture (Sea Farming): Not much information is available with regard to culture of
marine organisms except for'a few instances by the research organisation in India, But other

" countries especially in China, Thailand, Japan, Morway, Canada are culturing several .
varieties of fin fishes in floating net cages set up in the seas on a cominercial scale.

Fish Culture: Sea farming of several s_p.eciesl-of' fin fishes is becoming very popular and '
- India is yet to make a beginning in this direction. It is possibie to make use of shallow
inshore waters along the mainland and sheltered bays in islands.

Crustacean Culure: The current investigations are mostly concentrated on prawns, iobstf;rs
and crabs. Prawns are traditionally cultured in the low lying areas adjoining the backwaters

" and in the brackishwater ponds. Lobsters are cultured in the pen enclosures erected in the

inshore waters. Crabs are cultured in the baskets ot specially designed cages in the jnshore -
flowing waters. The activity is still at.laboratory level and the ﬁeld technology is yet 10 be
* established to exploit our coastal farming potential. '

) Shell fish Culture: Coastal aquaculture of mussels, 0ystém clams and other conuhercial
' mo]luscs is well known. Efforts are madc in this direction, specially ft or pearl Oyster farming
and pearl culture. -

Seaweed Culture: Seaweeds are one of the commermally nnportant marine living and
_ renewable resources of our country. . The coastal waters have immense potential for
cultivation of scaweeds and seaweed industiies producmg agar, g:anageenm and algin.

‘Sea Urchin and Sea ‘Cucumber Culture: India's rich resources of sea urchins and sea
cucumber are totally untapped for marlculture They ate high prlced sea food products with
good demand in South- East Asian countries and a source to earn good amount of foreign
-exchange to our country '

93.2. .Brac_klshwater Fisheries

~Brackishwater bodies are three types including estuaries, lagoons or lakes and backwaters
- with connected bays. The brackishwaters ar¢ fragile habitats intermittent between the
freshwaters and seawater. The animals present in this habitat have euryhaline medium and
regulate their body fluids with the changes in the environment. Most of the rivers generally
join the sea and meeting place of the river and the sea is cafled an estuary, where the tide
meets thc current

Brackishwater Capture Fishes: The coastline of India has numerous estuarics and a few
brackishwater lakes, most of them are in the east coast, the estuary of Ganges is very
important, followed by estuaries of Mahanadi, Godavari, Krishna and Cauvery, and the
brackishwater lakes like Chilka and Pullicat, whereas on the west coast the estuaries are
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limited to Narmada and Tapii and vembanad backwaters. The esmarme species is divided

into two types, (i) open estuaries - containing estuaries of rivers and Chilka and Pullicat

lakes, and (if) embanked backishwater onc as containing bherries of west Bengal and

‘backwaters of Cochin, Estuarine waters are: composed of both freshwater and marine

fisheries and some animals like Hilsa, eels and prawns have migrating habits. The general |
composition of estuarine catches are Hilsa, mullets, Chanos, smaemds, clupelds Bombay

duck and both penaeid and non penaeid prawns

Brackishwater Aquaculture: In India we have almost 1.2 million ha of coastal area for
-brackishwater fish and prawn farming. Because of economic vahie, most of the area is
converted for shrimp famung only. The practices are stated as under,

Prawn (Shrimps) Culture: Shrimp production from captive fisheries from sea has
stagnated around 200,000 and further prospects of increasing shrimp production for export
is enwsaged mainty through shrimp farming. In India we have about 1.2 million ha of
coastal area suitable for shrimp farming. Even in this, around 50,000 ha area is under
traditional farming in states like Kerala, West Bengal, Karnataka and Goa, with the meagre
production of less than 300 kg/ha/yr.-

(a) Traditional Prawn Farming: In West Bengal prawn is cultivated along with paddy in.
the rainy season, which is called Bashabada fisheries, While in Kerala, prawn is cultivated
after the paddy is harvested. There is no control over the stocking -density, because it
depends on natural stocking through tidal waters. The production rate in this method ranges
from 300 tc 500 kg/ha of which good quality prawns (Penaeus monodon and P mdxcus)
constitute only about 20%.

(b) Extensive Prawn Farming: ’I‘Ius is with an 1mpr0vement over the lIale.IOIlal system

with scientific farm managerial measures. About 18,000 ha is under this systcm of farming
~and the production ranges from 500-1500 kg/ha/crop. The ponds are stocked with wild or

hatchery produced sced of P.indicus and P.monodon at the rate of 20,000 to 30,000 tons per

ba. Compound feeds have been ftried to improve the production. - ’

(c) Scnentlﬁc Farmmg (Seml-mtenswellntenswe) This method is of recent origin and

‘has taken a new dimension with the advent of integrated shrimp farming with components
such as semi-intensive shrimp farms, capuve hatchery, feed mill and processing plant. This
method of prawn farming is practised through selective stocking after preparation of pond'
by eradication of predators and fertilizer application. High quality prawns, P.monodon and
- P.indicus, stocked over 50,000 tons/ha and more, 2,000 kgfhafcrop is harvested (over 40 g
size) by adopting feeding and water management. This method of farming is expected to
revolutionise within a decade as big corporate sector has entered mto the industry with more
capital and imported technology including feeds.

Fish Culture: Fish culture in coastal areas is an old established practice in several countries
of Asia. The fish culture farins incorporate nurseries, rearing ponds and stocking ponds. It
~ entails selective stocking of compatlble species of fish in appropriate densities and application
of nursery management and rearing technicues. Il involves pond fernhzauan and feedmg
so that predictable harvest can be obtained.

In India, brackishwater fish culture development has not taken place but at the same time
the valuable coastal land is utilized exclusively for rearing prawns as it felches more profit
because of high export demand.  The culture of fish is in the form of traditional method
and the fishes along with prawns are harvested. The common fishes harvested are rnugil,

Chanos chanos ete., along with penaeid and non penaeld prawns.
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Check Your Progress-3 , _
Write: briefly about coastal farming potential of our country.

Note: (a) Write the énswer in the space provided below. )

(b)yCompare your,ansWer with the one giveﬁ at _'fhc end of this unit. "
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93, 3 Freshwater Flsherles

India has a vast potential freshwater fishery resources rdngmg from cold water hlll stream
and lake fisheries to rivers, reservoirs, tanks, ponds, swamps, bheels, derelict waters etc., and
harbour a wild variety of freshwater fishes. More than 27,000 ks length of rivers, about ‘
113,000 kms of canals, almost 1.75 million ha of identified water spread in the form of
reservoirs and about 1 million ha in the form of tanks and ponds and in addition about 0.6
- ha stagnant derelict water bodies are available for capture and culture ﬁsherles development,

' T’ne spemes structure is-also vaned from the temperate to troplcal ﬁsh Tesources.

_The I-Ilmalayan rivers have a rich range of fish resources including fast growing major carps,
mahseer, catfishes, anadromous hilsa and -shrimps, while river basins of peninsular India of
amuch older geological history have an equally unposmg array. of endemic icithyofauna of
economic importance. A few-species have beeftintroduced into Tndia for ornamental '
purpose,- for- pubhc health importance such as foed fishes and game fishes. :

Fresh Capture Fisheries: Reservoir (Lentlc/Lacustrme) Fisherics: Reservoirs are amﬁmal
aquatic systems ‘crested by dams built across the rivers. Yet the ccology of reservoirs thus
formed radically differs from that of the original river both up and down streams, In general
reservoirs exhibit a high level of initial femhty owing to nutrient leaching from hitherto
unflooded substrata, submerged fauna and nutrients washed from catchment areas. This
soon faces denudation after reflecting a maximum productivity level and good growth of
fishes. The productivity ultiniately gets stabilized somewhere near half the magnitude of
initial fertility phase- getting adjusted to the basic productivity levels of the basin and .
allochthonus nutrients. The long terin fishery management strategy evolved for a reservoir
‘basically revolved around this final biological productivity level. By and large, productivity
Ain reservoirs is influenced by climatic, cdaphic, soil quality, drainage and morphometnc

- features. A host of factors thus enable to group-the Indian reservoirs broadly into low
productive, medium productive and high productive systems for managément needs.

‘The fisheries of Indian Teservoirs is ¢onstituted by both i‘nqigendus and stocked fish
populations. Among the former, the Gangetic major crops occupy a prominent place in
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North Indian reservoirs both as naturally occurrmg and stocked species. In addition to these
they also harbour other Labeo spp., Puntius spp., Cirrhinus spp., and catfish speues

In Peninsular reservoirs, the indigenous fishes forming the commercial fishes are Cirrhinus
cirrhosa, C reba, Labeo kontius, L. fimbriatus, Puntius dubius, P. sarana, P. carnaticus, P.
kolus, P. dobsoni, P, hexagonolepis, Tor tor, Thynnichthys sandkhol and Osteobrama
vigorsii, In addition, Indian major carps are also stocked. Among catfishes, the Indian
~ reservoirs contain Wallago antu, Aorichihys seenghala, A aor, Silonia, Silondia, Silonia

childreni, Pangasius pangasius, Pseudotropius takree and, various other Mysfus spp form
commerc1al fishery. :

The reservoirs also harbour a variety of trash fishes, Ambassis, Esomus danticus, Aspidoparia

morar, Amblypharyngodon mola, Puntius spp., Oxygaster bacaila, Laubuca laubuca, Barilius
barila, Osteobrama cotio and Gudusia chapra. Though most of these trash fishes form the
food of large carnivorous fishes and they compete for the food with the Indian major carps.

Fishing gear in common use are gill nets of entangling type, the typical among them being
'Rangoon net'. Simple long lines, hand lines, traps and shore seines are other common gears
Castnets are also used in shallow areas of reservoirs.

The management p011c1es for stablllsmg fish populatlon fluctyations and mcreasmg yleld
generally fall into threc categories of fish population and their food supply; and (iii}
regulation and control of fisheries. To achieve these objectves it is required to know the
changed patterns of fish populations consequent to the formation of reservoir, fish population
.dynamics, abundance of fish spec1es and their biomass, and maximum yleld that the
reservoir can sustain,

Stocking of reservoirs with fingerlings of economically important fast growing species to

occupy all the diverse niches of the biotype-is one of the necessary prerequisites in reservoir

fishy management. Lack of such measures would lead to trash fishes present in the riverline

icthyofauna to take advantage of the available fast food resources and become dominant.

- This would also provide opportunity to catnshes and other carnivorous fishes to gain
dominance in the reservoir fishery, which have longer food chain. i

In contrast to large reservoirs, the small irrigation reservoirsftanks, constructed or small
intermittant water courses, serve to capture the surface run-off for its abstraction dunng
scasonal irrigation demands. Experience has revealed that these water badies offer immense
potential for fish husbandry through extensive aquacuitore tec,hmques

Riverline (Lotic) Fisheries India has got wvast riverline FESOUICES tallmg from the hill-
streams to the plain Gangetic and Peninsular river systems amounting to have more than

27,000 km length. Added to this with the construction of multipurpose reservoirs an

extensive net-work of irrigation canals running to a total 113,000 kms. These sources are

designated as flowing water series in which the water body as a whole is continuously in a

state of motion in a definite direction, They harbour a wide variety of endemic fauna

. consisting of coldwater fishes such as some variety of carps including Mahascer and
. Gangetic Indian ma;or CAarps, minor carps, catﬁshes Hilsa, prawns etc,

Normally the rivers originate in the hills where they have the colder temperatures, and flow

through the plain to the sea. Before going to the sea, they may have distributaries, forming
deltas. 'The rivers bring dissolved sand and solid malters during the flow. The fishery of

rivers will be different from river to river or vary in the same river in different zones. They
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can be broadly classified as ({) Himalayan rivers (Brahmaputra system, Ganges system and
Indus system).and (i) Pennisular rivers or Rivers of Deccan {east coast rivers: -Mahanadi,
~ Godavari, Krishna, Pennar, Cauveri, Tungabhadra, west coast rivers: Narmada, Tapti, gic.).

The principal fisheries of Himalayan rivers in the plains are carps: Labeo rohita, Cirrhinus
‘mrigala, Catla catla, Barbus, Tor; Calfishes: Bagarius, Aorichthys seenghala, A. aor,
Wallago attu, Clarias batrachus, Heteropneustes Jossils;  Murrels; Channa striaius, C. -
‘marulius; Clupeids; Hilsa ilisha, Setipinna phasa; Eels; Anguilla bengalensis, spiny cels;
Mastacembelus armatus are approximately in the order of abundance. . )

The cast coast river systems offer, Indian major carps (L rohita, C. catla, C.mrigala) medium
carps (Labeo calbasu; Labeo fimbriamus, Labeo gonius, Labeo bata, Labeo boggut, Labeo
kontius etc.), minor carps (Puntius sarana, Thynnichthys sandhkhol etc.), Channa sp; Wallago -
attu, major and minor catfishes, Hilsa, prawns etc. o ' : ‘

The rivers of wést coast have fisheries formed by H ilsa, é:arps, mahaseer, murrels, catfishes,
-perches, prawns etc. . o L -

Of late, because of indusirialization and high growth of civilization along the banks of rivers
brought in poliution and certain streiches of rivers have become uniinhabitable for the aquatic
life. The tiver fishery is undergoing many changes and needs conservation and sanctuaries
- for the protection of endangered species of fishes. and prawas.

Cold Water Fisheries: Most of the cold water fisheries is based on _exotic fishes
transplanted into India during the later half of the 19th century, out of which the trout fishery -
is significant. : e

Sport Fisheries: “The sport fishery is in the low profile and'needs encouragement from sport
fishing lovers. The mahaseer fishes are the most prominent ones used in this fishery, mostly
‘in the Himalayan rivers. o -

Freshwater Aquaculture: Fish is a source of high quality protein which cgn be produced
" more cheaply than most other animal proteins for human nuirition. Capture fishery
resources are being exploited more or less at maximum sustainable levels and only marginal
increase in productioh is possible through more efficient management of this resource. It is:
at this juncture that aquaculture gains focus as a means of attaining quantum jump in the
production of choice fish. It has tremendous potential for ‘making more fish available,
particularly in the rural areas. : :

Tropical Fish Culture: The carps form the majority of the cultivable fishes all over the
world. - They are cultured under three sysfems: (1) Chinese system (2) Indian system and
(3) European system. The main cultivated species in India are Caila cala (catla), Labeo
rohita (rohu) and Cirrhinus mrigala (mrigala). - ' : .

Coldwater (Teémperature) Fish Culture: The most important fi's_h cultured in cold waters
 is the trout (Salmo spp..) an-exotic species. Trout culture in ponds is also becoming popular. -

Freshwater Prawn Culture: Among the increasing number of aguatic animals that have’
been coming to the force as candidate species for aquaculture, the freshwater prawns are:
pethaps the most recent: - The most notable among these belong to the genus Macrobrachium,
viz., Macrobrachium rosenbergii and Macmbrdc'hium malcolmsonit. ' '

Results of culturé eipcriments in pbnds indicated specitic size stockiﬁg density relationship,
the size~of-the prawn decreasing with increased stocking density (68 -g/5700 - 25 kgl
112,000), akhough the overall production increased with the laiter (284 kg/5700-1929 kg/

152



112,000} - supplementary feeding resulted in mcreased production (578 kg/ha) whlle unfed
pond production was very poor (40 kg/ha) under identical conditions.

In polyculture (30,000/ha), mrigal and common carp were found to compete with prawns
while the surface and column feeders (catla, roho and silver carp) were compatible (prawns
700 kg/ha) Substratum was also found to influence production. Clayey bottom or bottom
infested with weeds produced 124-208 kg/ha while ponds with a ‘silty- sandy bottom
produced an excellent crop (700 kg/ha).

Sewage Fed Fish Culture: Sewage waters 'contribute high producti_vity as they cinn_tﬁin high

-, percentage of nutrients. The sewage {ed fish culwure 1s practised in West Bengal. A great

potential lies in the utilization of sewage water fed fish culture, particularly in urban areas
having great market potential, .

9.3.4.Advances in Aquaculture Techniques

Aquacultural Engmeermg Aquaculture engineering has to play an important and crucial
role for the development of aquaculture in the country. India is having a very rich potential
for aquacultural development in inland waters. About 2 million ha of estuarine and

.brackishwater areas remain largely unexploited. Tt is to be recognised that modern -

aquaculture is a major development in the interphase of science, engineering and social
sciences particularly economics. One of the major constrains in the growth of aquaculture
enterprise is the insufficient inputs of engineering sciences to make aquaculture practxce
commermally v1able

Pond Constructmn. According to the use in fish farming, the ponds may be broadly
- classified into three types (i) the nursery ponds (smatl size), (ii) rearing ponds (medium size)
and (iii) the culture ponds (large size). :

(a) Fish Farm Site: The success of fish farming depends largely on the selection of
suitable site. To construct a good fish farm it is essential to have enough water of desirable
quality, heavy impervious soil and suitable type and land of satisfactory topographical

characteristics. To assess the .site suitability, engineering surveys are required to be

~conducted thoroughly.

(b) Design Criteria of Fish Farm: To construct a fish farm the followmg dcsngn
criteria may be considered (i) The spillway requirements: Ponds formed by putting an
embankment across a water course require protection by constructing a carefully designed
spﬂlway or a.combination of spiliways. The spiliway must pass or conivey the excess water
from the pond safely to a suitable inlet without overflowing the embankment and damaging
the down stream slope of the eémbankment (ii) The dikes/embankment must be stable. The
stability should be checked by drawing a hydraulic gradient/a line of saturation which must
pass through the base of the dyke and there should be a clear cover of atleast 0.3 m between
the line of saturation and top of the dyke. (iii) The water inlet: All ponds should be provided
with a water inlet. A good water intet should provide required and controllable water supply,
and prevent entry: of undesirable fish into the ponds. (iv) The pond should be provided with
suitable drainage arrangernent so that the same can be emptied dry at will. The drainage
arrangement for a fish farm can be  provided either by constructing suitable drainage
* channels or by laying drain pipes (v) The layout of the ponds should be prepared as per the
land configuration and the contours. The deeper ponds shounld be positioned oni the lower
- contours, so that lesser earthwork is involved. For economic design the earth avallable by
excavation should as far as practicable, be equal to the earth required in filling or raisin g the
dykeé While preparing the layout due consideration also should be given for easy water
supply and drainage arrangement to the ponds.-




“'Fish and Prawn Hatcheries: The hatchery technique depend on the species of fish/prawn
‘to be bred or reared. Technical experts supervision - is a must for hatchery design and
management. Succéssful hatcheries are the backbone for the aqua-farmiing activities and
they reduce the dependence on wild seed stocks thus preserving the biodiversity. Enough -
hatcheries are now under operation with indigencus and foreign technologies to meet the
ever increasing demand. of fish and prawn seed '

Aeration bystemS° Aeration is a crucial process in intensive aqua culture systems o
maintain the required levels of dissolved oxygen concentrations in water. -Mortality of .
fishers occur when they are exposed to prolonged period of low dissolved oxygen (less than
3 mg/l). Aeration not only prevents mortality due to oxygen depletion but also reduces
stress on the animals by circulation of combined water resulting in destratification, which in -
- turn, helps in better growth, Therefore, in intensive aqua culture systems it is necessary to
have artificial aeration or maintenance of dissolved oxygen sbove 4mg/l- continnousty
throughout the culture period. Different types of aeration devices such as gravity aerators;
paddle wheels, spray type surface aerators, pumps with hydraulic structure, etc. may be
used. Of all these types paddle wheel aerators for ponds and diffuser aerators for hatcheries
are preferred.  Pumps with simpte hydraulic structurcs can be more effectively usccl under
~Indian conditions.

‘Recirculatory Systems: In arcas where water is not abundant or when artificial sea water
. is being used or when the farmer is working with indpor facilities, the recirculatory or closed
loop aqua culture systems can be used to achieve satisfactory production rates. '

The basié infrastructure cbnsists of (i) rearing/culturing tanks, (ii) adequate aeration systems,
(iii) mechanical as well as bio-filtration device, (iv) water pumps, (v) closed-loop pipe line.

Through an efficient bi oﬁitc’r can atlow repeated recycling however about 2 to 10% of water
make up would be reqmred per day The system can be further aerated by pond aeratlon
techmque """" _

Bwtechnology Appllcatmns' In 1919 Kark Ereky, the. Hungandn Agncultura] econoimist
~coined the new word 'Bio-technology' on the lines of chemical ‘and mechanical technologies
to cover the interactions of biology with technology, connotlng all produchons by means of
- biological transformation.” It also means all the lines of works by which products are
produced from raw materials with the aid of living organisms. In view of its wider
application, it has become a wider thought area of present day researches.:

Genetic Engineering: Genetic engineering or tmprovement, in broadest definition, includes
a wide range of actwmes and disciplincs that are divided for convenience into the followmg
main items.

(i) Selective breeding and genetic analysis of quantitative characters: This section deals
with selective breeding carried out by aqua cultural breeders and research workers and with
experiments designed to investigate the genetic control of production characters, -

(ii) Estimation of genotype X environmental interactions: Better understanding of the role
played by genotype X environment interaction would help. the aquaculturist to exploit 4
wider range of enviromments. More specifically the breeder has to know how organisms
selecied in the environment would perform under the multitude of environments of commer-
cial aqua culture (iii) Hybridization : The various types and objectives of hybridizing
different genetic groups are discussed. The major topics are breeding for heterosis,
introgression, establishment of gene pools, 'distant hybridization and spemﬁc subject of
- hybndwaﬂon in order to produce sterlle or monosex populations.
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(iv) Use of genetic markers in breeding programmes and in genetic analysis: Genetic
- markers in breeding programmes and in suppoﬂive genctic research. is strongly urged in -
order to minimise incorrect identification and stock wntammatmn with regard to gyno gen—

esis, polyploidy and mutagenesis.

Present knowledge indicates that relat;ycly simple steps may result in large scale genetic
improvement of commercial breeding stocks in aqu.. culture. Most promising of these are
cross breeding to benefit from heterosis exploration and testing of new wild genetic stocks,
Interspecific hybridization to produce monosex and sterile hybrids, and the properly
executed and controlled programmes and selective breeding and gene manipulation through -
polyploidy. ' : \

Other Biotechnological Applications: Utilization of organic wastes of plant and animal
origin in fish culture has been a traditional practice in the Asian countries with unintegrated
farming providing for all possible channels of recycling wastes into fish production.
‘Biotechnology assimilating the traditional practices and providing modern methods of
improving productivity, promises to play a major role in agua culture. Biological filters are
widely used in intensive aqua culture systems with recirculated water, while a host of -
bacteria are employed in processing organic effluents to be fed inlo culture ponds, Selective
enrichment of biotic communities is attempted in the form of additional periphytic sub- -
strates, compost manuring for cladoceran growth or a combination of compost and green
manures for the devélopment of oligochaetes. '

Biological nitrogen fixation is a priority sector of biotechnology as it accounts for more than
50% of the global nitrogen input. Partial substitution of nitrogenous fertilizers inputs by
symbiotic nitrogen fixers is already a common practice in agriculture. Similarly, trials at
increasing the nitrogen fixation levels in ponds through biofertilization with green algae
(Anabaena spp.), minor weeds (Azolla spp.) where fixation rates of upto 150 gm/N/ha/year
have been recorded. Genetic manipulation of bacteria to improve their nitrogen fixing
capacity is a prospective area of researcli. Photosynthesis improvers, growth promoters and
water absorbents have been developed in the form of mixtures of orgamc compounde,
appllcable in aqua culture operations.

‘In recent years, a series of techniques like gynogenesis, androgenesis, sex reversal, male
sterile pregnancy etc. are being employed to improve the cultivable traits of fish species.
Studies are in the pipe line on micro injection of growth hormone genes into the eggs of
economically important fish species. - Recognizing its need and potential applications in the
field of agriculture and industry, the Govt. of India has set up the National biotechnological
Board in 1982 which became the department of biotechnology (DBT) in 1986. The
Department formulates and coordinates research activities in biotechnology in several
research instittes of the country, many programmers being relevant to aquacuiture.

Seed Production Technologies: For taking up any culturc opetation, seed is a prerequisite
and it is either obtained from nature by collection or: produced artificially in controlied
conditions. Fish seed production is obtained either from natural sources or from artificial
reproduction methods. ‘ '

(a) Natural Collections: Fish or prawn seed is mainly obtained from natural sources mainly
from rivers and estuaries. Most of the fishes either breed naturally in flooding rivers during
rainy season or in brackishwaters, Eventhough some of species of prawns and fishes breed
in open seas, the estuaries act as best nurseries for the young larvae. Thus shrimp seed are
«collected extensively in mangrove areas.
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- While the seed of pond breeding fishes is procured easily, that of Indian major carps, wlnch
-are the main cuitivated fishes of the country is collected tradmonally from the natural
habitats, the rivers, where these fishes breed every year during monsoon. The seed is
~collected in the form of fertilized eggs, spawn, fry and fingerlings, by specially designed
gear (shootirig net). The fish sced thus collected, are transported in suitable containers either
to the market for sale or to a pond for direct stocking after removal of the unwanted othcr :
: vanety of seed, : :

Smoe the breeding season of major Indian carps coincides with that of other fishes

(predators, trash fishes) cspecially the minor carps, Triverline spawn almost invariably
consists of a mixture of economic and ugeconomic species and frequently the economic

species is too low to make the riverline . collection profitable for fish culture. Collection of

riverline spawn in India cominences along with the monsoon generally in June and continued

in August : :

(b) Artlflcnal methods: The methods of induced breedmg by hypophysatlon has
established itself as a depondahle means for obtammg pute fish seed of cullivable and
cultivated fishes. This method, in recent years largely supplements the production of
required fish secd for stocking purposes. Since the first success in brcedmg Indian major
~¢arps and the Chinese carps in India by hypophysation the technique has been adopled
throughout the country for augmenting the productlon of pure fish seed.

Though, carps attain maturity in combined water they require extraneous stimulations cither

by hormoene injections or by erealing environmental stimulation, the former is known as - B

hypophysation and the latter is induced breeding in bundh type of tanks. Tn the former type,
the breeder fishes are injected with pituitary glands collected from other fishes which are
- preserved in alcohol. The females are injeeted at the rate of 3 mg gland per kg of fish in
first injection followed after 6 hus by second dosé of another 6 mg pituary/kg of fish. At
“the time of second injection to the female, the two males arc given at the rate of 3 mg pitnary
o gland/kg of tish and released both males and females logether in a breeding system. The
. traditional breeding system was a brecding hapa. The fishes respond and the breeding takes
place after about 8 hours 10 the second injection und the eggs are collected and hatched in
hapas. This system is now. being replaced by adopting Chinese hatcheries where seed is- ..
produced on a mass scale. -Over the past decade attempts have been made (6 use in the

. Place of pituary glands, various.analogues of LH-RH and the results are encouraging,

Carp breeding in the bundhs (dry or wet) has becn found to be the cheapest-method with high
_ degree of consistent success. ‘Bundh breeding' technique implicates simply a regulated flow
of fresh run-off rain water into the small, impoundments where the selected male and female
. breeders are introduced. “The rain water creates stimulation in the brood fish and they start
' breedmg in shallow margmal dreas ~Later the fertlhsed eggs are collected md halched
separately. o

“Shrimp Seed Production: Shri'mp seed is produced in hatcheries arong the sea coast. Theye
are a number of hatcheries have come up for producing seed, especially for 2. monodon.
The breeds are oolleoted from open seas and transported carefully 1o the hatchencq

 With regard to freshwater ,prawns, small scalc_hatoherles have come up in the coastal’ states
of India for producing post Jarvae. The species is an .ommnivorous bottom feeder. It grows
‘to maturity within 6 months under pond conditions, their size being around 150 mm (25 g)
in females and 175 mm (35 g) in males. Depcndmg upon temperature, the incubation period
_ losts from 15 to 24 days. There are eleven local stages in the. larval cycle of the species
,r _ ~ lasting from 22 to 35 days. IR “ :
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FISH CULTURE TECHNOLOGIES

Composite Fish Culture: Investigations were taken up in India from 1952 onwards to
achieve the objective of attaining optimum production of fish per hectare through mixed
farming which involves stocking of suitable combination of species in proper ratios,
manuring the ponds with organic and inorganic fertilizers and artificial feeding of fish.

In order, to obtain high i)ro'duotion per ha of water body, fast growing compatible species
of tish of different feeding habits, or different weight classes of the same species are stocked
together in the source pond so that all its ecological niches are occupied by fishes. This
system of pond management is cailed mixcd fish farming or composﬂ;e fish culture or
Ipolyculture '

The experiments conducted on composite culture call under thres broad combmat:onq (i}
culture of Indian major carps alone, (i) culture of exotic carps alone and (iii) culture of
Indian and exotic carps together. A sustained yield of over 4 Vha/yr was obtained under this

system, This technology was further improved and tested under All India Coordinated

Research Project at twelve centres located in various parts of (he country. ' Very high yield

rates of over 5 t/ha in 6 months, § t/ha in 8 months and 10 t/ha in one year were shown

possible in different situations, The production Jevels are likely to be increased still further

by judicious combination of species, adequate stocking with yearlings, population manipu-

lations, inlense feeding, timely manuring and acraung the pond to ensure high dissclved

oxygen concentration.

Following the scientific management, the aqua culturists in- Andhra Pradesh have achieved
a constant fish production of 7500 kg/year in_large ponds (>5ha in area). The highest.
. recorded vield of Indian major carps in pond culture operations in A.P. was 14000 Kg/m 15
months with simple sclennﬁo managcment

Enclosure Aquacu_lture: Unconventional aqua farming system in cages, pens and other
enclosures instalicd in open-seas or inland waters are amenable for hi-tech production
techniques yielding many fold in comparison to conventional aqua culture. Cages are box
shaped or circular structures with screens or nets in all sides, either floating, submerged or
fixed. Pens, on the other hand, are enclosures, including hose barricading a portion of the
water body along with soil and water interface. Among inland fishes the Tndian and Chinese
carps, air breathing cat fishes, snakeheads have been found to be suitable for cage or pen
rearing in lentic or lotic waters. Recently freshwater prawns also have been reared in cages.
Marine prawns also have been cultured both in pens and cages and it is yet to be applied
on a commercial scale using large cages. :

Raceway Fish Culture: The name raceway suggests a very rapid rate of flow, but there it
will be defined as any system where there is a perceptible current throughout all the pools
‘or enclosures . at all times during normal operation.. Though raceways are (raditional in
intensive trout culture, they are considered a radical departure in the production of other
fishes. Culture in raceways is exclusively intensive, i.e., it requires some environmental
cantrol, the fishes are stocked in high densily, and virtually all the feed is provided from an
outside source. The advantages of raceways over standing water arc the following.

Production per unit area is many times greater, since pollutod water is constantly being
replaced by cleau water —oxygen depletion never arises.

The raceways may be cement tanks, sunken pools or ready made tanks. Some sort of pond
can be built in most places, but a few sites have both suitable topography and an adequate

~
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supply of water for race ways. They may be set up in parallel or in series and both methods
have their own advantages and disadvantages, :

Recirculatory Tish Cultural Closed Cycle System: As the availability of SufﬁCJent water
of suitable quality and at the right temperature to run a through-flow system is rare, a closed
cycle system need to be employed. The polluted water draining from the tanks is piped into
a purification plant for treatment, and after aeration is returned to the fish tanks. A closed-
warm water system, suitably housecl and insulated, saves energy because heat losses are
drastically reduced. . o

Closed systems also reduce waler requirements-water availability is an increasingly major
limiting factor-because in such systems it is only necessary to replace water lost by
evaporation, spillage and spray. Further more the system. is not subject to the natural
- seasonal temperature fluctuations and it precludes problems arising from the progressive
pollution often met in natural waters, T‘he system can be employed for the mdoor rearing
of fish or prawn seed. :

‘Check Your Progress-4 | S
What is the name of the'system that can be employed for the rearing of fish or prawn seed?
Note: - (a) - Write the answer in the space provided below. '

| (b) Compare your answer with the one gwen at the end of this unil.

R R R L T R P TP R T T TR TR}
L DT T T
..........................................................................................................................................................
LT LT T P T S S
LT T T T T

.......................................................................................................................................................

Integrated Aquaculture: Water is essenfial for all plants and animals and fish pond could
thus be the hub of various farming systems leading to increased production through
diversification of activities, additional income and year round occupation. The system of

. integration as above is met pepular in China and now interest is being shown in India to
- integrate- compaiible ' agricultural systems. Among crops there arc pulses, ofl seeds,
vegetables, horticultural, green fodder, mulberry, mushroom etc can be integrated being land
based. Cattle, poultry, ducks, quails, goats and sheep, rabbits and pig are well known animal
which would supplement the farmers produce and increase with associadon with aquacul-
ture. The culture of fish also can be composite or polyspecies culture so as to utilise the
various food items available in different layers of the pond system,

Therefore integration of livestock with, fish or agri-aquaculture systéms provide certain -

economical point costs. the cattle manure is utilised as a fertiliser for fish production and the
.pond is a sanitary means of waste disposal of the manure. Additional benefits to integration

' will be achieved by incorporating irrigated gardens. In recent years fish culture (composite)

was integrated with cattle (20 head/ha); with manure collected three nights per week), pigs

(20 50 nos/hay), poultry (50-100 kg manurelha) and ducks (500-ducks/ha). - T

Ornamental Fish Cultureo Omamental fish culture is consldered to be an industry in some
of the south Asian countries and it is reported to be the world's largest fishery with annual
retail sales (including both ornamental fish and associated equipment) of $ 4 billion in 1971.
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Ofcourse, in India it is in the initial stage of development. ‘The interest is in both marine
and freshwater side having good export potential. Most of the aquarium fish are imported
into Incha principally from Sri ldnka and Singapore.

- Paddy-cum-Flsh Culture: In areas where paddy fields retain water for 3 to 8 months in
-a year, paddy-cum-fish culture can provide an additional supply of fish crops. The culture
of fish in fields which remain flooded even after the paddy is harvested, might also serve
as an off-season occupation for farmers. Depending on intensity of cultural praeuces
mvolved fish culture in rice fields can be grouped as:

a) Seco.ndary crop of fish after paddy
b) allowing with paddy during the period of cultivation and

c)a continious fish culture, transferring the fish to specially prepared dltches or
channels durmg the harvestmg permd or when fields are drained.

9.4. FISHERIES EDUCATION & RESEARCH

With the attamment of mdependence of the country, fisheries education, resear(,h training,
extension and awareness have received a great fillip.

(a) Education: [ndla is one of the major fish producmg nations of the woﬂd and after _
independence it was felt the need for establishing a regular fisheries educational system so
as to create a reserve of trained personnel,  Soon, the Govt. of India and the State
Governments have put in considerable effort to solve the problem and a number of fisheries
educational institutions have. come up.. Now there dre many professional and trained
personnel -are available for holding any posmons either in the Government or public sector
undertaking or corporate sector. : : :

Research: Considering the importance .of fisheries research, the Gover’nment of India has
‘started a number of research institutions, one in the fisheries education, inland capture
fisheries, freshwater fish culture, cold water fisheries, fish "genetic:s, brackishwater fish
culture, marine fisheries, fishery technology, tishery operatives, fishery survey of India etc.
There are a number of univerbity departments, fisheries colleges and state departments which
are doing research in hsherles for solving regional problems for application in their regions. -

Aquaculture is a relanvely new science which has in its early stages, been heavily orlented
* to biological investigations, Production practices have evolved through trial and error, and
recent researches have helped in understanding the scientific basis of some of the successful
practices, Expansion of aquaculture in the future is expected to be based on transfer of
technology, improvement of existing practices, and Lhe development of new technologies.

Directed research at a level appropriate for solving the problems encountered in production
programmes has to be carried out to support aquaculture development. Such research has
necessarily multidisciplinary and systems oriented. The facilities required for experimental
and pilot scale studies make research of this nature. ' '

(b) Training, Extension and Awareness: The training and extension is a part of the
laboratory to land program carrjed out by central, State and university extension wings
- through field trained personnel. A fifth dimension has been added to the already existing
system through non—govcmmental organisations to create awareness at micro-level, so that
the results are percolated to the rural users for better production of aqua products through
aquaculture techniques.

159




9.5. SUMMARY

Fisheries play an important role in the economy of India through supply of nutritionat food,
by generating employment, raising the social status of the fishermen and edrning valuable
. foreign exchange, The Government of India through the Department: of Agnculture and

- Cooperation is assisting the \State governments through various programmes in bmld.mg the -
" infrastructare facilities for better produchwty and exploltatlon of the fishery resources. Fish
production has been increased to 43.65 (lakh tomles) as recorded dunng 1992 to 1993 and
" projected targets for 1994-95. and 47.50 (lakh tonnes). Fish farmérs development agencies -
(FFDA), national programme for fish seed development and a scheme for development” of
reservoir fisheries in cooperative sector are playing a great role’in the development of inland
fisheries. Similarly, the development of major and minor f1sh1ng harbours 1ncludmg fish
- landing centres with freezing and processing facilities, mechamsmg the traditional craft and
providing various subsidies to the fishermen are going to play a major thrust in development

of marine fisheries. There has been a tremendous increase in export of marine products -

through prawn culture and deep sea fishing. The: expotts have gone up from Rs. 597.85
crores during 1988-89 to Rs. 1,767 crores during 1992-93. The target figure for 1993-94
was Rs. 2105 crores. Thus, the marine products have been recogmsed as a major export 1tem

in our global earnings. i '

' Many welfare programmes have heen undertaken to improve the s0cio-gconomic status of
our fishermen who.form.the backbone of Indian fisheries. The research and development
activities undertaken by various fisheries institutes have made significant contribution in the

development of fisheries. -The overall progress in fisheries after independence is tremendous o

and there is a bnghl, future in coming years for the students of ﬁshenes

9.6. CHECK YOUR PROGRESS MODEL ANSWERS

1 Flsherles play an important role in the economy of India by supplymg nutritional food,
~ generating employment, ralsmg the socml status of fishermen and earmng valuable
forei gn exchange S : '

2. Manne fisheries are of great nnportance in 1ncredsmg food productlon and export,'

© trade. Tndia can explon_ its miarine fishery resources upto, 2.02 million sq.kms. zone.
It includes ‘the species .of sordines, macke'rals" -carangids, ribbon fishes, perches,
catfishes, elasmobranchs oceanic tuuds prdwns 1obsters and cephalopods '

3. Prawns, ]obsters and crabs constitute major potenﬁal sources in the coastal reglon In '

India we have about 1.2 million ha. of coastal arca suitable for shrimp cutture. Prawns. .

are'traditionally ¢uttured in the low laying areas adjoining the brackish waters and in
the. brackishwater ponds. Lobsters are cultured in the pen enclosures erected in the
~on shore waters. Crabs are cultured in the cages in the 1nshore flowing waters.

4. \' “Recirenlatory fish cultural closed cycle system can be employed for .mdoor,rearm__g _
- of fish or prawn seed : ' o S

9.7. MODEL EXAMINATION QUESTIONS

1. Answer the foll-o’wing questions in ahout 30 lines each
~ Write an essay on ‘brackishwater aquaculture
2. “Marine fisheries have a great role to pldy 111 1ncreas1ng food productlon - DISCI.ISS
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3. What is the 1mportance of 'seed production technology Describe the naturai source
of seed collection method?

4,  Write an essay on fish and prawn hatcherlcs

II.  Amswer the folloWing questions'in;:about 10 lines each.

Write a short note on Reverine (lotic) fisheries.

What is the design criteria of fish form?

Write briefly about Bio-technological apphcatlons in aquaculture
Discuss briefly about Qrnamental fish culture.

Describe the Integrated aquaculture methods.

N

Prof. Kaza V. Rama Rao

.....
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19.1. OBJECTIVES

After going through this unit, you will be able to:
* describe the importance of dam construction,
#  list our the benefits accurred due to irrigation,

+ describe the process of power generation and explain varipus terms associated with
power generation,

* describe environmental implications due to dam construction in general,
* explain, adverse effects due to dam construction and

* determine the impact assessment.

10.2. INTROCDUCTION

India is a tropical country with a vast density of climate, topography and vegetation.
- Rainfal varies considerably in its place of occurrence, as well as in its amount. Crops
cannot, therefore, be raised successfully, over the entire land, without ensuring. amnmal
irrigation of fields. Irrigation is the artificial supply to the fields.

More than seventy percent of our population directly depends on agriculture, and the

‘remaining depends indirectly on agriculture.  Out of tropical geographical area of about -

326.3 million hectares, about 160 million hectares is the cultivable area. In order to save
this area from (he complete wishes of nature, and to ensure full grc)wth of crops, it is
necessary that adequate artificial Jrrigauon facilities are ensured,

Dam may be defined as an ObStﬂlLthII or a bargier (,onstructed dACross a stream or a river,
thus raising the water level on the upstream to ensure the formation of a reservoir,
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10.3. IMPORTANCE OF DAMS .

The construction of a dam enables the formation of a reservoir. The water availabl¢ in the
reservoir can be used for different purposes like water supply for domestic and industrial,

1mgat10n for food production, flood mitigation to protect property and life, power generation
resulting in pollution free source of energy for domestic comfort and industry, silt retertion
for ensurmg improved quality of water, low cost transportation for movement of materials
and recreation and beautification for the general improvement of the overall standard of
living. The development of water resources, as a résult of constructing a dam cannot be
quantified as apart from providing the benefits mentioned above shall also provide employ-
ment to millions of people by enabling them-to involve in the various developmental

activities which result due to this development, The reservoirs are also recreational and
tourist centres of increasing importance. Some benefits caniiot be quanﬂﬁed and are
mtanglble ~especially the recreational benefits,

10.4. BENEFITS TO IRRIGATlON

Every irrigation project is designed, keepmu in view of its economics 1.e., the expenditure
likely to be incurred and the benefit likely to occur. There is a capital investment on the
project and the future maintenance charges. The project estimate is generally sanctioned
when the benefit gives at least about 6% interest on the capital outlay, Sometimes,
unproductive projects are also sanctioned in view of their general public benefits,

There is hardly any point in emphasizing the importance and advantages of irrigation during
the times of acute food qhortages and growing population of our country.

Even then some of the advantages of construcﬂng a dam for ensuring irri gatlon may be
summarised as follows

1, Increase in Food Production: Construction of a dam ensuring irrigation helps in
increasing crop yields, and hence, to attain self-sufficiency in food.

2. Optimum Benefits: Optinium utilisation of water is made possible by irrigation. By
optimum utilisation, we generzally mean, obtaining maximum crop y1eld with any
amount of water.

3. Elimination of Mixed Cropping:. In the areas, where Irrigation is not ensured,
- generally mixed cropping is adopted. By mixed cropping we mean, sowing together
of two or more crops in the same field. 'If the weather conditions are not favourable
‘to one of the crops, they may be better suitable for other; and thus the farmer gets
atleast some yield. Mixed cropping is thus found necessary and also economical when
irrigation facilities are lacking and especially during crash programmes in under
developed countries. But if the irrigation is. assured, mixed cropping can be -
climinated or reduced. Mixed cropping is generally not acceptable because different
orops require different types of field preparations and different types of watering and
manuring, etc., cannot be made to suit the special needs of either. More over during
- the time of harvesting, the crops get inter mixed with each other, réducing. the purity
of each other. But when regular and permanent water supply is assured, a single crop
can be sown, depending upon the conditions of the soil and thé needs of the country.

4, General Prosperity: Revenue returns, are sometimes quite high and helps in allround
development of the country and-prosperity of entire nation and community.
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Generation of Hydro-electric Power: Cheaper power generation can be obtained on
projects, primarily designed for irrigation alone. Canal. falls can be used for power
generation, Ganga and Sarda Canals, constructed for power and irrigation, are now
generating hydro-electric power as-a stde product up to about 80, 000 kilo-walts.

Domestic ‘Water Supply: Irrigation helps in augmenting the town waler suppl V.
where waler is available with a great dllhculty It also prowcleq water for swimming,
bathing, cattle drinking etc. :

Facilities of ‘Communications: Imrigation channels are generally provided with

~ embankments and inspection roads. These inspection paths provide a good roadway

to the villagers for walking, cycling or sometimes even for'motdriug'

Infand Navigation: Sometimes, larger 1mgauon c;malq can be used and dcvcioped
for navigation purposes.

Afforestation; Trees are generall y glown along the banks of chdnnf,lq which

incresse the timber wealth of the country and also help in rcducmg soil etosion.

Disadvantages and Il-effects of Irrigalitm_

1.

Irrigation may confribute in various ways to the problem of pollution. One of these
is the seepage into ground water of nitrates, (hat has been applicd to the. soil as
fertilizer. Sometimes, up to 50% of nitrates -applied to the soil, sinks into the
underground reservoir, The. underground water may thus get polluted, and it con-
sumed by pcople through wells ete., it is likely to cause diseases such as andemia, - It
will ultimately alfect the fishing, as the tides carry Lhe polluted water oul inio the

. ocearn, is still a matter of rwearch

Ifrigation may result in colder and dampcr chmate causmg nulbreak at diseases hke
mal ar1a :

Over-irrigation may lead to water-logging and may reduce crop yields.

Irrigation is complex and expensive in: itself, sometimes cheuper water is to be
provided at the cost of the government and revenue returns arc low. '

Check Your Progress - 1

How does "ﬂrrigation contribute 10 the problem of pollution?

Note: (a) Write the answer in the space pmwded below.

- {b) Compare your answer with the one glven at the end of this unit.

...................................................................................................................

....................................................................................................................

.....................................................................................................................
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10.5. POWER GENERATION

The construction of dam raises lhe water level on the upstream side, thus creati ng avery hi gh
head of water, for genc,raung high velocity flows, possessing enormous kinstic energy,

164




- which can be used for running the turbines. The electricity generated from the energy
developed due to the flowing water is called hydro-electric' power. The scheme is known
as hydel scheme and the power house is known as hydro electric power station. In this
schere certain quantity of water al a certain potential height is essentially made to flow
through the turbines. The head causing flow, runs the turbine blades; thus produe:ng
eleelncr[y from the generator coupled to the wrbme o ,

' 10.6. ADVERSE EFFECTS DUE TO DAM CONSTRUCTION

" Dams are extremely useful.  Anyone who lives in Punjab or at Asansol in West Bengal

“knows how valuable dams are. The farmers or Punjab and people getting elcctricity from
Bhakra sing praises for it. The people of areas benefiting by various dams and other
ancillary works on Damodar river are really thankful to those human bemgq who have -
miraculously harnessed the Damodar river for them. The prosperity and welfare ‘of miltions
of people depend directly on these towering handsome dams with which the: nation’ s Tivers
have been harnessed. S

But dams can cause problems too. Pams have drawbacks and disadvantages also, Let us
discuss some of the negative features of dams and let us see what can be done to overcome

- them. There. are four major prob]emb, in general, which are posed by such huge construc-
tions. They are:

Fish Problem
Submergence Problem

Failure Problem

:“'P’P‘.—‘

Bomb Problem

10.6.1. Fish Problem

On large rivers, in later summer season, fish move from downstream to upstream (o 1ay their
cggs. These eggs are fertilised by male fishes, The old fish may get exhausted and the new -
born fish again move downstream. They, aiter two to three years, return to their ancestral
‘;pawnmg place and may die after getting exhaunsted, wm]e the newborns move downstream.
The cycle goes on for years, :

_ The fish which move to their ancestral spawning place (upstream) are called anadromous
fish. Salmon is typical example for such a fish, These are commercially valuable fish, and
important industries are dependent on them.

When a dam barrier is constructed on a river, these ﬁqh can not move upstream to lay. their
eg@s; because it is impossible for these fish to overtop such a barrier. But surprisingly, even
‘when they find a barrier in their path of advancement towards their ancestral Spawning
ground, these fish do not return to their down stream dwelling place (i.e., sea). However, -
they go on fighting against the barrier, trying furiously to overtop it, il they get exhausted
and die down. This resulls in a serious large scale klllmg 0[ fish, causing great damage to
fish indusiry and economy of the nations. '

In the beginning much’ attention. was not paid to this problem; but a little later it was
~ realised, and serious atiempts were made to find out the sofution to the problem. Sometimes
fish were trapped on oné side of the dam and passed on to other- side by giant slecl and
plastic nets as external arrangements called Fish Ladder was also devised.
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Fish Ladder: Just as river-going vessels can bypass a dam by uqmg 2 navigation 1ock do
a series of ‘locks’ enable the fish to get over the dam: A separate channel is created,
consisting of a series of little dams that form a row of pools, rising up over the big dam to
reservoir level. The salmon, entering the lowest rung of the ladder at the base of the dam,

.could Ieap from pool to pool until they had crested the dam. Then they could continue

through the reservoir to the spawning grounds The new born fish called finger hngs could
Iater return to the sea (downstream) in the same faqhmn via the ladder.

In the.bcgmmng the fish- ladde_rs worked better in theory than in pr.actlce, "The fish seemed
to prefer to mill ground in splashing water under the spillway, instead of entering the ladder.
This difficulty was overcome by careful design that put the fish ladder in the place where

it was most likely to attract the fish: Another problem was the slow moj\fing waler was
- stranger to fish and they tended to collect in the lower pools without growing onwards.

Millions were spent in fish-ladder research. Improvement in design made the fish ladder
more -attractive. to the fish, more like the rapids they were accustommed to.

Fish ladders are not always practicable from engineering stand pomt In such cases other
steps have to be taken to protect the fish.

Meanwhﬂe, other experiments were going forward to see if ﬁsh can succeq%lully induced to

. spawn in waters other than their own ancestral spawmng grounds. In the long mun, it may

save millions of currency 1o construct fish hatcheries instead of fish ladders. ‘There are many
possible solutions to the problem of anadromous fish, and research is being undertaken in
dlfferent reglon‘; of the world 1o find out better solution to the problcm ‘

10.6.2. Submergence Problem.

Whenever a dam is constructed across a river to store water on the upstream side, a large
area gets submerged due to the rise of water levels. The entire area which gets submerged,
forniing a reservoir, has 10 be calculated and acquired before the dam is constructed. The
owners of the land have to be. persuaded, adequately compensated, and well settled
somewhere elsc, before the work can be taken up in hand. Hence it is pecessary to
investigate the' probable damage caused by this submergence. - '

10.6.3. Fallure Problem

We try our best to buill dams to last as long as possible. Every person Nhosoever has
worked on a dam hopes that the dam will live as long as the pyrami ids of Egypt But many
a times, the dams give way under the continued insistent pressure of the water penned up
behind them. This failure of the dam may be caused due to bad workmanship or duc to
faulty design or duc to occurrence of unanticipated floods. '

Luckily these disasters have been comparatively rare in this country. Dam used to give way
easily in olden times. But due to engineering advancement in modern times, their failure.

- has been considerably reduced.

These huge structures are now properly designed keeping in view the various forces which
are going to face. Proper and rational design, good supervision and constant vigil and watch |
during the miaintenance period ensures their safety and makes us fairly confident of it.

Bhakra Dam on Satlej River in India and Boulder Dam in Colorado River it USA cannot
_fail in one attempt how furiously these rivers may try to' move their foundations. We are
. fairly confident of this, but sometimes the confidence is rudely and Cruelly repaid with
tragedies. s ' '




Dams may sometimes fail due to excess and unanticipated earthquakes. The Koyna Dam
in India was on the verge of failure in 1968 earthquake, thanks to the efforts of the Indian
engineers who saved-the dam by toiling hard day and night. A very confident dam called
Vega de Tera Dam’in Spain failed in January 1959, The people were tucked in the town
of Rivaldelago. The disaster caused was tremendous. Rivaldeago was flattened. Telephone
poles were snapped like matchsticks. Within moments, 123 villages were drowned.. Several
hundred luckier ones were saved, but were rendered homeless. This was a case where a dam
had simply not been built strong enough té bear the full weight of its intended reservoir,
Heavy raing wrecked it. Faulty design and bad enginecring must be blamed.

Another important dam called the Malpasset Dam, a 200 feet high arch dam on the Reyran
River, was completed in 1954, This dam gave way in Deceiber 1956, causing 421 persons
lo dic in floods. Investigation revealed that the dam had failed because the foundation rock -

~ had shifted along a thin clay seam in the left abutment, makmg the dam unstable and
vulnerable 1o any serious stress.

Wwe leamt from our mistakes; and several dams.of the same type, then under constryetion

in Europe, were resurveyed (o find the possibility of such a geological formations.. This was

very small comfort to the relatives of those who died when Malpasset failed; but atleast, we*
should fearn from our mistakes and there should be no such repetitions. '

10.6.4. Bomb Problem_

The dams create dangers in wars, especially in modern atomic age. One single atom bomb
| will cause the failure of Hooever Dam (Boulder Dam) or Bhakra Dam. The resultant faiture
of such a dam will create havoc and disasters. Not only the flooding waters will cause
catastrophes but also it will get contaminated by radioactivity from Wthh there could be no
escape. : :

‘This is an important point generally stressed by opponents of big dams. But the only answer
to this argument is that it would not be advisable to deprive ourselves of the benefits of big
dams simply because they are hazards in war time. After all, an atom bomb dropped in
Calcutta, Dethi or New York would also cause tremendous damage and catastrophe, but this
does not mean that we should not develop big cities. . :

Atomic war is dangerous 10 every aspect of living and not onl'y to the construction of dams.
‘ ' We do not refuse riding in automobiles or aeroplanes because of the fear of accidents. -

Certain risk has to be accepted if there is to be progress.

So, without denying the very danger that could be caused by Atomic explosions at dams, we
must go on building dams, We need them-and we devote our energies to the cause of
. continued peace, so that bombs will never be able to fall. We may also take more
‘ ~ precautions and anticraft guns and radars can be established at and in the vicinity of such
important works. The use of atmm(, energy for peaceful purpose and a general fochng of
brotherhcod is the only posmble way to reduce threats.

Check Your Progress-2
What are the four majdr problems caused due to dams?
Note: (a) Write the answer in the space provided below.

(b) Compare your answer with the one given at the end of this unit,

...........................................................................................................................
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10.7. ENVIRONMENT IMPLICATIONS

- Engineers in all ages have endeavoured to build dams of aesthetic as well as wtilitarian value. )
_ Arjsing no doubt from pride in hie structure the engineer has spent money on its architectural
" treatment and in most instances in re-establishment of the area after construction. In general,

dams are not in aesthetic conflict with their surroundings - concrete structures harmonize

w1th rocky mountain gorges earﬂ1ﬁll dams with w1de valleys of the plains, '

What is happenmg today is not simply the injection of a new fa tor, the env1ronment into .~

planning. It.is not even the emergence of new sources of opposmon to or of new (criteria
for evaluating development. project proposals. It is rathcr the evolution of a new way of

looking at resources and their management, new concepts of- planning. Nobody, not. even

those most energetic in bringing it about, can define this new concept w1th any preusmn y
It is somethmg we must all work out together :

The engineers should be introduced to. at least some of the matters that warrant attennon 1t _
his dam is to be acceptable to the pubhe : .

Effects of Reservolr

" Land: Creation of the reservoir will inundate land frequently good fand - and it.- may cause
- people to be displaced. Both these factors lead to loss of productivily and personal hardship. . -
Land adjoining the lake may be affected by the permanent raising of the water table; whilst __
marginal land may also be affected during and following flodds; if madequately drained,
sueh Jand can quxckly become sour and mfertlle

When relatively flat areas are mundated the operatlon of the reservoir wxll often expose
un51ghtly mudflats.. : :

‘Dislodgement of People In Eastern Anatolia, the Keban dam on the Euphraises emtailed the
dislodgements of 30,000 people as well as relocation of 300 km of roads and 48 km of -
railway. Appropriation in this case cost more than the dam and power statlon but #
understood that the whole process acted as a stimulant to the economy. of the region. On
the other hand, in Ghana the Volia Rlver Project had been developed primarily for electri¢al
energy; it involved the reloading of 80,000 people and although' the first filling of the -
reservoir, it was not solved satisfactorily in the short term.- This was evident from the fact
that 40 per-cent of the farmers abandonod the new land alloedted to them by the Government,

Wildlife: The filling of a reservoir may drown 1 many animals as they become standard on- -
temporary islands; on the other hand it may become a sanctuary for water birds. It is a
: healthy sign, however, that people throughout the world were sufficiently interested to

finance the massive ‘Operation Noah’, a gigantic effort that reseued wildlife as the water -
rose to inundate-4400 kn¥® of land above Karlba Dam, Rhodesia.

That some. species of life -will be destroyed is almost 1nev1table but prioI studies should
resolve whether such species are unique to the reserv01r arca; only in rare cases would this
be so.
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~Archaeology: An obvious effect of a new reservoir would be the inundation of items of
archacological value. - World-wide reaction to such losses emerged prior to the ﬁllmg of
Lake Nasser (High.Aswan Dam); an international fund made possible the $50 million
removal to higher ground of the temple of Abu Simbel.

Anthropology: In many countries there is also. active opposition to the destruction of items
of anthropological interest, especially evidence of past cultures, such as the rock paintings
and artifacts of the Australian abongmal '

Beauty: Beauty is of course in the cye of the beholder, and rarely will two people agree
on its assessment. Lake Pedder, Tasmania, was a shallow morainlal lake surrounded by
barren moorland and mountains, accessible only to hardy bushwalkers or light aircraft but-
famous for its summer beach. It's inundation into a much larger lake, raised sharp protests.

The new lake has covered the bleak moorland country but the beach has been lost.

Operation of the new lake is restricted within a range of 1.5 m; it is accessible by a good
highway and is rapidly developing as a tourist area.

- Silt: % is, however, necessary to consider the effects in the valley below the dam of.
detention of silt in the reservoir. Normally the silt would enrich the lowlands in times of
flood. The complexity of this problem illustrated by reports on the effects of the High Aswan
Dam. These have revealed that silt-laden waterflows only during the tlood scason and more
than 88 per cent of the silt is carried into the sea. Thus storage in the reservoir would never
deprive land owners of more than 12 per cent -especially as fine suspended matter could still
be carried over the spillway. It is estimated that loss.to the farmers could be made good with - '
13,000 tonnes of calcium nitrate fertilizer each year. This can be manufactured with power
- generated at the dam for Rs. 18,000,000 to 24,000,000 per year which is only one-third of
the former costs of dredging and removing silt from canals, There is also concemn regarding
possible degradation of the tiver bed downstream from the Aswam dam effects of the N;le
"delta and the coastline and on the sardine indusiry by decrease in. nutrients. '

River Regime: When a river is dammed and the water is diverted to a power station or
“another valley, there will result a fength of dry river bed below the dam. This is aesthetically
displeasing. At the same fime a river may constitute a national frontier or a property
boundary. It has been relied upon as a barrier for animals. In some locations it is convenient
to build quite small weirs in the river, A small release from the dam will keep the stream
clean, improve the appearance of the river and retain the stock barrier.

Flood Warnings: Alieration of the natural flow in the river can be serious to inhabitants
as well as to animals and fishlife. Irregular discharges from a power station can introduce
a hazard 1o life and it is not unusual for a limit to be placed upon the rate at wm(.h the river
- level will be permitted fo vary.

Effects of Storage on Water Quality: When a river is dammed the water can be affected
in many ways. On the bencfit side the reservoir will reduce turbidity, reduce hardness by
assimilation of carbon dioxide and subsequent precipitation of calcium carbonate, reduce
colour and B.O.D. and average out concentrations of poflutants. However, there are adverse
affects such as less mixing and aeration, increase of algae problems and thermal stratifica-
tion. ' B :

Eutrophication: The Organisation for Economic and Cultural Development (OECD) has
defined Eutrophication as the enrichment in stagnant and partly stagnant water bodies of
materials which have plant nutrient properties. The result is an excessive growth of plantic
algae and rooted aquatic vegetation with consequent adverse effects on the quality of the
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water, This can be a matter of considerable concern especially wastes that accelerate the
process. Weed growth in reservoirs is very definite adverse ecological effect of damming, -

Water-Borne Diseases: These are serious in some countries, particularly in large rivers
subject to large seasonal floods. This is sufficient to disrupt the life cycle of the mosquito,
the larvae are stranded, their food supply. is disturbed and they are cxposed to predator.

Fish: The free migration of fish in rivers may be important commerically or for sport. If
provision must be made for the passage of fish upstream and downstream past the dam then
some form of ladder or 1ift will be required: if a power station is incorporated in the dam
then screens will be necessary both at the intake and the outlet from the turbine.

Climatological Change: Although not universally proven, there are claims that the creation
of large reservoirs will affect the climate of the district. This could be serious in proximity
to centres of population, i.e., if fogs were intensitied over an airport, it is a subject for study
by meteorologists and in special locations the possibility should not be overlooked.

Construction and the Environment: The whole process of building a dam must aifect the
environment from the first access track for investigation to the removal of the last equipment
from the site. Our objective is to minimize the adverse effects by careful planning. The.
advcrse effects are mentioned below:

1. Access. roads and tracks may be extensive. If not properly located and drained they
can lead to erosion and consequent turbidity in the river. The excavation of frenches,
pits and adits, as well as surface sluicing, should only be camed out with proper
specification for environmental protection.

2. River pollution will occur due to:
waste water from excavahons, The construction and removal of cofferdams, wash
water from concrete and aggregate plants; oil leakage and waste disposal; sewage
and stormwater; hot water effluents; soil ercsion during reservoir clearing.

3. Erosion can be limited by prohibiting construction aclivities gutside prescribed limits, -
by working along contours with proper drainage, by prohibiting héavy machinery
where light machinery could do the work, by protecting and revegetating disturbed
areas .and slopes as soon as possible. Slopes steeper than 1 or 2 should preferably be
treated by hydro-mulching, care being taken that the binder used is not toxic. - That
erosion is a natural phenomenon and should not be overlocked; a comparison should
be made hetween erosion likely to result from floods durmg construction and that
resulting from man’s activities.

-4, Aesthetic appearance should be preserved by a continuing programme of clean up and
protection of natural features. Storage and works arcas should be clearly delineated
and arrangements made for removal of spilled materials. '

5. Fire risks are always considerable around a construction area. Provision should
: therefore be made for adequate fire-fighting equipment and the training of personnel,
Public relations progranimes concerning the dangers of fire are essential.

6.  Air pollution can be lessened by control of engine emissions and the proper storage'
of volatile substances. Open bummg should be minimized and electric air power used
where practicable. .

7. Noise poltution can be both a nnisafce and a health hazard. Action is necessary to
decrease noise at its sowrce, to isolate the source, . to insulate and to protect the
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individuals. Maximum noise ¢xposure levels should be determined for various areas

and action taken with plant manufacturers to ensure that all equipments, including -

construction vehicles, emits less than 88 dBA at 15 mm distance. Since the noise
level of crushing and screening plants usually exceeds 100 such plant should, if

~ possible, be located behind some natural noise screen. If near dormitory areas, where -

noise level should not exceed 45 dBA, the times quarty blasting should be restricted.
. Visitor and recreation areas should be located at least 200 m from 80 km/h roads
which carry construction traffic.

It is now known that noise-damage to hearing can be cumulative in its effect; attention
should therefore be paid to symptoms that may appear amongst the workforce:
Abnormal behaviour; Digestive troubles; Imbalance in bodily organs, Heat
imbalance; Peripheral circulation. i '

3. Light spillage from construction areas should be minimized by correct design and
- location of light sources. Care should be taken on such secondary effects as reflection
from roofing, soils and water surfaces. All welding operations should be shielded.

9. Dust can be reduced by surfacing or grassing' and the requirem_é,nt that all bulk
handling shall be by closed systems, Haul roads should be regularly cleared of debris
. and watered as required.

' 10.8, ENVIRONMENTAL IMPACT STUDIES

In many countries it has now become mandatory for such studies to be prepared before
approval for a project will be given.” 'To encourage production and enjoing harmony
between Man and his environment, (o promote efforts which will prevent or eliminate
damage to the environment and the biosphere and stimulate the health and welfare of Man;

and to unleash the understanding of the ecology systems and natural resources important to

the Nation’. .

Implemcntéltion of such policies will necessitate, a study of alternatives, both for engineering -

feasibility and cost as. well as for impact on the environment. Undoubtedly man has
awakened to the importance of his environment, but the pendulum has swung so violently
- that most legislation has become both confusing and unduly restrictive. . An average multi-
purpose project will require at least two additional years of the accumulation and assessment
of environmental data - with the essential requirement that adequate funds are available
sufficiency far advance of approval of the project. Whilst being sympathetic to those who
wish to maintain the status quo it should not be overlooked that a changed ecosystem may
be just as satisfactory to. man. '

10.9. PUBLIC PARTICIPATION

The pﬂrpose of fostering public participation are to: Achieve a better plan; Increase the
probability of implementation; Increase the likelihood that potential beneficiaries will in fact

receive the proposed benefits;_ Ensure that what is-done is in the best inierests of the

community,

10.10. SUMMARY

The uneven distribution of rainfall in both space and time causes uncertainties in provision
of water for agriculture. The construction of dams provides irrigation facilities for increased
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food production, generation of hydroelectric power, flood control etc. ‘The construction of
a dam also causes some adverse effects like the fish problem, submergence of large areas
on the down stream, displacing people and causing damhage to property. Any failure of dam
due to any reason may cause extensive damage. Environmentaily- the adverse cficcts caused
by the construction like displacement of people, ﬂora and fauna, water loggm&, erosion of

forests eic., have been chqcussed

. 10.11. CHECK YOUR PROGRESS: MODEL ANSWERS

1.

~ The nifrate fertilisers applled to the 3011 seep into the ground water as mtmlcs duc to

frrigation and underground water thus gets polluted and if this water is consumed it
canses anaemia '

The tour major prohlems posed by the. constructlon of dams are ilsh problcm,
submergence problem f.ulure problem, and bomb problem.

11 2. "MODEL EXAMINATION QUESTIONS '

- Answer the following questions in a‘bbut 30 lines each.

Discuss the benefits of ifrigation. -
Discuss the adverse effects due to dam construction.”

Discuss briefly the environmental inlplicatioqs by dam construction.

Answer the following (juestions in about 10 lines each.
“What is.- the 1mp0rtance of (,onstruc'ung a dam? -

B How is- Hydm power generated‘? What are the terms associated w1th Hydlo power”

Deﬁne any three

Discuss in brief the m]pact asscssment stuules

B 'Profl' K Megh Raj
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UNIT 11: QUALITY OF AIR WE BREATHE
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11.1. OBJECTIVES

After going through this unit, you will be able to:

* explain the natﬁ.re of air we breathe,

* list out the types of air pollutants,

* list out sources of air pollutants along with emissions,

* dcscnbe different aspects of Air Pollutlon in India,

* describe the impact of pollutants on human beings, plants and animats,

* list out measures for the control of "Air Pollution.

11.2, INTRODUCTION

Air is a mixture of gases. The air we breathe constitutes Nitrogen (78%), Oxygen (21%),
Carbondioxide (0.03%), Hydrogen and other gases. ‘Oxygen is essential for all the living
things such as plants, animals, human beings and aerobic microbes, Air is a mobile medium
and serves the purposes of a transporting vehicle, in the dispersal of living and non-living
particles from one region to the other. It is estimated that an average adult male exchanges
about 15 kg of air every day. -

Dry air, compositidn at sea level is given in Table 11.1




“Table 11,1. Composition of air at sea level

‘Gas Concentration in ppm
Nitrogen ' o 780840
Oxygen : - 209460
Argon o 9340
CO, . 313
Neon o 18
Helium o 52
Methane . 1.0
Kryptan ' L1
Nitrous oxides o 05 -
Hydrogen ' : 0.5

Xenon ~ . 0.08.

Air that we breathe in urban areas is highly contaminated duc to non-availability of -
vegetation and rapid industrialization. The main causes of air pollution are combustion of

natural gas, petroleun, coal and wood in industries, antomobiles, air crafts, railways, thermal

plants, agricultural burnings, kitchens and professions like cotton processing, flour mills,
mining, welding stone and gem grinding, asbestos etc. Two natural sources of air pollution

are valconoes and solar {lares. Among many pollutants of air, dust and smoke constitute

10-15% of atmospheric pollution. . Dust and” smoke particles function as nuclei for -
condensation of water. C

Rapid industrialization without planning, selfish motives of human beings, excessive exploi-
tation of natural resources, destruction of forest wealth, indiscriminate use of fertilizers and
pesticides, lack of insight in perspective planning for health and hygiene and many other
rcasons have lead to the deterioration of air quality. Thus the air we breath has become
contaminated and polluted. ‘Vegetation may dic and landscape may become non-existent in
the years to come. Nevertheless it is necessary (0 understand that pollution means instability
and non-poliution means stability in an ecosystem. Prevention and Control of pollution
implies to bring stability in an unstable ecosystem. There must be legislation and strict
authority to implement that the 111dust1y and people follow the acts and do not cause
~ pollution. Projects like cleaning of the Ganges has brought awareness among common
people and fortunately we find a serious concern for environmental protection and control
of pollution among administrators, educated youth villagers, voluntary orgamzatlonq and
comthon reople.

11.3. DEFINITION

In ancient times the peoplc were few and their living style was simple, hence the fresh air
of nature has assimilated the polivtant generated out of community need% and was harmless
to all hvmg beings and the surrounding environment. :

The increased population, rapid urbanisation and industrialization after II World War have -
crca_led_ dangerous pockets of air, Air is essential for the survival of man and other living -
biotic communities. Plants and animals require oxygen that is present in the air. Air is also
essential for crop production, cooking food, power generation, driving cars and also in goods

~manufacturing processes. The used air is fully loaded with smoke, dust, oxides of sulphur,
nitrogen and carbon are let out through the chimney stacks into the atmosphere.
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Combustion like burning of coal, automobiles, and others need tops of air. In general there
are two types of air pollution. contamination of Indoor air and deals with the health of
inmates of industries such as workers. The second type of air pollution deals with the
" contamination of outdoor air used by the community. A number of scientists defined air
pollution as “the presence of outdoor atmosphere of one or more pollutants like dust in
quantities of such characteristics and-duration as to be injurious to plant, animal of human
populations or to property of which unreasonably interfere with the comfortable enjoyment
- of life and property”. Thus air pollution is the combined effect of solids, gases and liquids
that get dispersed and diluted rapidly in the presence of favourable environmental conditions.
The pollutants ‘get concentrated in one or othier localities and some emissions- become
concentrated or react with other contaminants and many become harmful pollutants. -Air
pollutants are health hazard to man. For example inhalation of carbonmonoxide, vapour of
toxic metals, oxides of sulphur nitrogen and carbon cause damage to plams animals and
human beings.

11.4. TYPES OF AIR POLLUTANTS

- Air pollutants are grouped by their physical state into solid or liquid . form and ga‘;eous :

nature, Clean air contain minor amounts of compounds considered as pollutants The -
“increased concentration of carbon monoxide, oxrdeq of sulphur and uitrogen, 0zZone and
other gases cause pollution.

Partrculane pollutants are composed of solid or liquid particles. Dust consists of solid-
- particles formed due to mechanical disintegration of matter while smokes are dispersions of
fine particles formed during combustion, chemical reaction or condensation processes.
~ Fumes, dust, fog and smog are some of the air pollutants. Suspended particulates range from
10-60 pg/m® in villages, 60-200 ug/m® in towns and over 200 pg/m® in industrial belts.
- Antimony, arsenic, asbestos, berryllium, cadmium, lead oxides, mercury, silica and sulphuric
acid are some of the hazardous materials 395001ated with particulate matter.

Gaseous_ compounds have a tendency to remain suspended in the air and will not setleout
easily and are ciassified according to" physiological behaviour or chemical composition.”

| Sulphur Compounds: Oxides of qulphur (50,, 80, and H,S), resu]t from the ‘combustion

of coal and oil, industrial, transport, chemical processrng etc. All fossil, fuels contain
. sulphur,  Sulphur di-oxide changes 1o sulphur trioxide and sulphuric acid mist under foggy
situations. :

Nitrogen Oxides. (NO,): Atmospheric nitrogen combines with oxygen to form nitrogén
oxides during combustion at high temperature. Furnace efftuent and engine exhausts also
possess oxides of nitrogen. Nitric acids and nitrogen dioxides are important from air
pollution standpoint. These oxides of mtrogen combine with olcf nic hydrocarbons to
produce peroxynifrates and 0zone. '

Photochemical Oxidants: These t.ompou_nds"are produced’in urban areas due 0 chenu‘cal
combination of reactive hydrocarbons, with nitrogen oxides in the présence of sunlight to -
form peroxy acetyl nitrate (PAN), aldehydes and others. Hydrocarbons mainly come from
gasolinc and motor vehicle exhaust, while nitrogen oxides are emitted not-only from motor
vehicles but also from the stationary combustion sources, -

' When nitrogen dioxide absorbs energy from the sun and splits‘ into nitric oxide and atomic
oxygen atom atiaches itself to an oxygen molecule in the air to form ozone.” Ozone formed
by electrical discharges in the atmosphere does not reach pollutant level unless NO, reacts -
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:11111;1a11y with sun hght and then with 0 and hydrogarbons when O, gcts stablllzed as a
secondary pollutant.

Carbon ‘monoxide (CO) : Carbon monoxide, isually .a'produ;:t of incomeplete carbon,
combustion; is a poisonous gas. Air pollution produced by motor vehicles can achievé
significant proportion in the areas of heavy traffic, Incomplcte oxidation during burnmg of -
+ fuel may also result i in Cco productlon '

H.S: Hydrogen sulphjde is a toxic and odourous gas used in a number of industrial
processes . viz., petroleum refining, paper and pulp manufacture and sulpbur dye industry.

Chlorine; Chlor-Alkali indusiry is the major source of chlorine pollutant, Accidents mainty
connected with the transportatlon of liquid chlorine resulis in the exposure of communities
to ¢hlorine gas. .

_ Peroxyacetyl Nitrate( PAN) This is a photochemj'cal or secondary pollutant. In the
presence of strong sunlight and poor ventilation, series of reactions between nitrogen oxides
and hydrocarbons leads to PAN formation. :

“Aldehydes:  Aldehydes ae fqrmed due to incomplete cmﬁbu_étioﬁ or as a result of

interaction of nitrogen dioxide and hydfocarbons under the influence of sunlight. The

acrolein and formaldehyde have been detected as pollutants that may be to*uc

Hydrocarbons. The aromatic ‘napthenes, paraffins, olifines and others constltute thﬂ '
hydrocarbons that originate from numerous sources. ‘The most prominent source bemg
unburnt or partially buriit gasoline or petrol . These react with other chcmlcals especially

* - halogen like chlorine, bromine etc resulting in the production of noxious end products.

Inorganic Acids: The most common is sulphurous acid-(H,SO,) which is prodticed by the -
combination of sulphurdlomde and water. It is also produced in small amounts during -
combushon of coal and petroleum. Oxides by combining with water form acids.

_ Orgamc Acids: " ‘These are the resultant products of mcomplete comhuqmm proc,ess'
Appreciable quantities are also contnbuted by mdustrles These orgamc acids mclude acetic, -
fumaric and tannic acid. ~ :

: Radwactlve Dust and Gases: Radio 'activc, fallout -is rclcased high iato the atm(_jsphere by

nuclear explosions. Nuclear power plants rclease gaseous and particulaté radio-active

* substances. Krypton, Xcnon, Iodine, Cobalt, Manganose and Caesivm are released in the -
form of partieles through the chimney. ' - :

‘ ‘Check Your Progress -1,2&3 -

1. Give two examples of oxidés of sulphur.

2. When is carbon monoxide produced?

3. What is PAN? When is it. pmduced"

Note: (d) Write The dnswers in the space. prov1ded below.

(b) Compare your apswers with those’ given at the end of this unit.




11.5. SOURCES OF POLLUTION AND NATURE OF EMISSIONS

There are many varied sources of pollutants.

Combustion operdtmns. The proper buming of fuels release carbon-dioxide and water
- vapour. Due to improper combustion of fuels, pollutants like smoke, fly-ash, carbon
manoxide, hydrocarbon and organic acids are produced. 80% of air pollution is the outcome
of fuel burning m domestic, industrial and transportation activities.

Industrial process operations; Durmg the transformation of different raw materials into
finished goods, the specific industries release different types of pollutants. Qil refineries,
fertiliser plants, steel mills, paper mills, chemical plants and smelters produce a few common
pollutants 11ke particulates, hydrocarbons and gases.

Smelting of ores is done to get metallic elements. Smoke and sulphur gases from coke
ovens, dust from blast furnaces and fumes from open heart furnaces are of major importance,
The fuming of metallic oxides result in the emission of sioke, dust, carbon monoxide, ash
and other gases. :

Thermal power plants are also known to emit large amounts of pollutants. Hydrocarbons, .
oxides of nitrogen, sulphur and carbon get released into atmosphere during petrolewm
refining. Mining operations for ‘coal, ores etc may result in emitting dust pollutants like
H,S, mercaptans and particulates are emitted while making paper from wood, straw and
other celtulosjc materials in pulp and paper mills. Fabiication and machinery manufacture,
‘chemicdl industries, pain manufacture, odour producing industries emit foul odours and
chemicals. Table 11.2 shows air pollution sources and nature of emissions

Pr1nc1pal sources of air pollution are transportation fuel combustion, processing solid waste
disposal and others which release million tons of carbon monoxide, sulphur oxides, nitrogen,
oxides, hydrocarbons and particulates. :

Table 11.2. Principal sources of air pollutlon (in Million Tons/year)

Source o Carban -~ Sulphur  Nitrogen  Hydro- Particulates  Total
monoxide coxides * oxides  carbons

Transportation . : .
Automabites o 67.3 0.3 7.0 12.7 0.7 88.0

Othars _ 3.9 61 1.0 1.1 0.5 6.6
Total 71.2 04 8.0 138 12 94.5
Fuel Combustion -
Pawer Pianis _ 0.1 14.0 3.5 neg. 2.3 199
" Industry 03 55 3.1 0.1 30 12.0
Residential 13 18 0.5 06 04 . 486
Others 0.2 0.7 04 neg. 03 - 18
Total - 19 22.0 7.5 07 6.0 388
Processing ‘ 7872 0.2 35 5.9 246
Solid waste disposal 45 0.1 0.7 14 1.2 7.9
Miscellaneous’ 12 303 - 166 238 146 1728
Total 86.6 303 16.6 23.6 14.6 172.8

Source: Public Health Service United States
(Table taken from Chemical Week, June 17, 1970)
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11 6. ROLE OF BIOLOGICAL COMPONENTS IN AIR POLLUTION

All‘ also contam minute and MiCrascopic orgamsms like bacteria, vm]ses fungi, protozoan
‘cysts, pollen grains and insect parts. The abundance and increase in their load leads to health -

hazardous situation, - Hey fever, eye irritation, sore throat, farmers lung efc., are some of the

 resultant products due to biological components of air pollutants. Allergy is the common -
disease produced by the biological components. Some of the microbes are also known to
detoxify the chemicals and other pollutants also by their potent and innatc capacities of
degraddtlon : :

11.7. AIR POLLUTION IN INDIA

Explosio'n of population and increased industrialization have greater impact on air pollution, -

_ For example USA is dumping 135 million tons of pollutants per year into the air. India is
letting out one fifth of that lead by using 500 million tons of fossil fuel per year. Motor
vehicles in India gencrate 3-4 times as much pollution as they do in USA due to poor
maintenance of vehicles, roads; traffic regulations and adulteration of fuels. It is assumed -
~ that by 2000 A.D. there will be 3 million automobiles, 2.5 million buses and.lorries and 12
million motoroycles scooters and auto-rickshaws that cause more, dangerous situation by
emitting air pollutants. -

There are methodical studies on Air Pollution in India. - Available data is based on
population dens.lues and it indicates that 1.5 million tons of CO 2.0 million tons of SO, and
0.8 miilion tons of NO, are discharged annually into the atmosphere In due course of tlme
' 'Some more mdustnes may add load of dangerous pollutants. For example Indian walls -

- contain less than 1% sulphur but more than 30% ash and cause serious health hazards, The '

burning of cow dung, fire wood and coal cause special problems in villages leading to high -
incidence of eye problems, lung diseases and diseases of respiratory tract. Major cities like
Calcutta, Bombay, Delhi, Kanpur, Ahmedabad, Madras and Vlsakhapatlmm are hlghly
polluted .

: 11._8. AIR POLLUTION AND HEALTH HAZARDS

11.8.1. Impact on Human Bemgs '

Alr polluuon is known {0 aggravate and contnbute to resplral,ory aﬂmenl'; like asfhma.,
bronchitis, pulmonary edema and lung cancer. Respiratory effects are mostly due to
interactions of pollutants with the tissues of lung passages, the effects being smulajr to those
caused. by exposures in mdustry : .

Ammoma HCI, sulphunc acid, acetic acid, SO, chlorme ozone mtrogen -di- omde are
injurious to air passages and ]ung,s : :

Chemical asphyxiants name‘ly Cdrbon monoxide, cyanogen, methane, hydrogen, 'Iiilr'ogen_ '
“oxides and others react with tissues or blood and prevent oXygen form reaching the tissues. -
Such chemicals produce intoxication and anaesthesia of nervous system and somie gases
cause organic injury, Chemicals like vapour mercury, hydrogen sulphide, tetra ethyl lead
and others exert a wide variety of toxic actions after absorption in the body. Pollutants also
cause injury to eyes, throat and other paris of the body.. Gases and gerosols cause
- objectionable cdours. In pamcular aerosols of biological origin cause higher qensmwty
response like asthma, skm rashes etc.



Particulates like antimony from metals and oxides caﬁ‘;e irreversible damage to the heart and
also to the kidneys. Aresenic causes intestinal problems while asbestos cause asbestosis of
the Tung besides lung cancer,

Ben'ylhum oxides dust causes berry1051s of the lungs and cancer of the lips and mouth are

reporied to be due to berryllium oxide contact. Cadmium causes food poisoning and lung

damage resulting in breathlessness. Lead oxides are known to cause nervous disorder,

burning sensation of the feet; anaemia and bleeding., Elemental mercary may also cause rash

and swellings on the skin and blindness. Silicosis in the lungs is due to forma‘uon of silicic
. acid in the body.

Gaseous pollutants like carbon monoxide remove oxygen from blood resulting in headache,

brain damage and death. Fluorides cause mottled teeth, bones and weight loss. Hydrocar-
~ bons like anthracenes produce cancers, phenols poison eentral nervous system and prolonged
exposure to such chemicals may result in skin diseases. Protoplasmic poisoning is evident
due to hydrogen cyanic acid and cyanides. Prolonged exposure to hydrogen sulphide may
result in eye irritation, conjunctivitis and visual 'impaiﬂpent, Nitrogen oxides irritate nose,-
eves and lungs, Oxidant ozonc bring out premature aging, increase calcification of bones,
reduces body fat and affects vision. Peroxy acetyl nirates (PAN) affect eyes and respiratory
system. . _ .

Sulphur dioxide causes more damage to the infants, increases heart rate and damages the
central nervous systen. -

Radioactive substances convert water in the body to hydrogen peroxide that oxidises the
cells and sometimes death. Tobacco smoke has CO, CO,, fly ash, mincral dust, NO,,
Nicotine, formaldehyds and others, Tobacco smoke affects central nervous system, broncm—
tis, irritation of the lungs and cancer.

11 8 2. Effect on Plants

Ajr pollutants damage plants and sensitive plants serve as indicators for the degree of the
pollutions emitted from industrial sources that discharge chemicals like ozone, oxides of
sulphur and nitrogen, fluorides, peroxyacetylnitrates, chlorine, ammonia, smoke, dusts from
" iron, copper zinc, lead etc cause adverse effects on plant part. (Table 11.3).

Table 11.3. Effects of Pollutants on Plants.

Gas _ o Effect on Plants -
1. Ozone (0} Plant leaf jis subject to- bleaching, spotting,
' pigmentation, dwarfing and early abscission
2. - Peroxy acetyl nifrate (PAN) . Lower surfaces of leaves are subjected to glaz-
. "~ ing, silvering or bronzing . .
3. Nitrogen-di-oxide (NO,) “Lesions occur qﬁ intercostal tissue and at leaf
. margins '
-4, Sulphur-di-oxide (SO.,) - Leaf is subjected to bleachmg, ch10r0s1s dwarif-
o - - ing, early abscission and reduced growth
5. Hydrogen fluoride (HF) - In addition to tip and margin burn, same effects
' caused as SO, .
6. ~ Chlorine (Cl) . Bleaching, tip and margin burn and leaf abscis-
sion -
7. Ethylene (CH)) . Besides abnormalities in leaf, flowers are af-
: fected.
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11 8 3. Impact on Animals

Acute injuries to animals are reported around mdusmal plants and mines, Some detzuls are
shown in Table 11.4. The cattle that graze over lands around smelters get poisoned along -
with inflammation of the respiratory and intestinal tract kldney d‘lmage and destruction of
red blood celis. -

Check Your Progress -4
- What are the industrial discharges that cause adverse effects to plants?
Note: (2) Write the answer in the space provided below.
(b) Compare your answer with the one given at the end of thls unit.

............................................................................................................................

..........................................................................................................................
...............................................................................................................................
..........................................................................................................................

............................................................................................................................

Table 114.  Effects of Pollutants on Animals

Poliutants ~ ~ Sources _ - Effects

1. Arsenic Smelters, Coal-burning  Cattle, horses and sheep that graze over polluted
g ' - “fands poisoned; inflammation of respiratory and

gastro-intestinal tract, damage to kidney, red

blood cells and nervous system-eventual death.

2. Cadmium  Smelters, Pesticide and : -Animalé that graze around’ contaminated soils
fertiliser plants _ . endangered - decline in milk yield.

3. Chlorine Ac_ci'dehtal spills, industrial uses,  Animals are subject fo hazards
leaks during storage : .
- and transport

4. .Fluorine © Almjnium and ' " Catfle and sheep subjected to fluorasis, lame-
' * fertilizer plants - _ness, muscular weakness and eventual death
5 tead _Combustionl of fuels, smelters Cattle and other animais. that graze over polluted

lands get nervous with effects on kidney, Ilver -

lungs and pancreas

6. Mercury  Mining and- refining, industrial | l_ethal to animals as it is a prdtoplasmit: poison.
: uses, pesticides - 0.3 micro-gm/m? is harmful-damage to brain.

7. MOlybdenurn.Steel and ofher industries ~  Catlle grazing over vegetation around industries
- ~are adversely affected
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8. Selenium  Combustion of fuels ~ Animals that eat plants or foods cbnléining sele-
: - refinery waste gases - nium are affected
9. Zinc Smelters o _ Anlmals that breathe air contamlnated by Pb, Zn get_
- “swollen limbs
10, Radio-activity Nuclear 'industries Animals that eat plants with Sr-90, 1-131 and Ce-

137 concentrate them in mitk and- flesh. Cancer, -
lettkernia and mutation_effects. ‘

11.9. CASE STUDIES

Progress and economic viability are essential for any nation. Development of industries is
- mecessary for raising the living standards of people in countries like India. However the
~ location of the industry must be balanced by ecological factors and environmental variables.
- Urbanisation through industrialisation must not lead to health hazards and on the other side

must ensure safety, health and hygiene. Planners, administrators, scientists and industrialists
~have to realise this fact. ' -

Air pollution due to smoke, dust, SO, particilate matter, CO, production due to increasing
burning of fossil and other organic fuels without a c,orrespondmg increase in plant popu]a—
tion, formation of carbon monoxide by incomplete combustion of carbon fuels, emission of
gaseous fluorides, nitrogen oxides, ozone production by highly energy solar radiations,
- “ release of hydrocarbons to the atmosphere, peroxy-actyl nitrates leads to increased rates of
o diseases such as asthma, bronchitis, lung canger, skin infection, health disorders, changes in .
skin colour and others. Such diseases are not uncommon in cities like New York, Bombay,
Calcutta, Delhi and other places. There are number of episodes recorded which eventually
claborates the effects of air pollation poisonous fumes from metallurgical industries like
copper, lead, zinc and arsenic were also recognized as harmful pollutants. Smoke and fog
deaths were reported in 1905 and 1911 in U.K. Since 1943 Los Angeles -has been facing.
the problem for considerable periods whén the visibility is reduced by a light bluc haze and

many people suffered from sore throat, headache, running nose and eyes.

Belgium has experienced heavy fog in December, 1930 due to anticyclonic weather§ At the'
same time the industries located around muse valley have emitted oxides of nitregen-and .
elc., people become sick with respiratory complaints and few have dled and thousands
became ill.

In the year 1948 anti-cyclonic weather and atmospheric inversion with no air movement
enveloped the north east part of USA and Donora city had cmissions from steel and zinc
industrial complexes. Thus bad weather and harmful efnissions result in the death of elderly
people due to cardio-respiratory problems. The pollutants identificd are sulphur dioxide
including the oxidation products and particulates. :

London has expcrlenced air pollutlon in 1952 due to which 4000 deaths occurred Smoke
~ level rose by 5 times while SO, has increased six tinies over normal.

Shwap Rao (1988) has reported that a specific instance that descrves bettcr public dttention .
is the pollution threat (o the Taj Mahal.. The Taj Mahal got affected heavily by’ﬁéﬂle il
planned 6 million tonne oil refinery at Mathura from the corrosive air pollutants like-oxides
of sulphur, nitrogen, carbon, chlorides and organic acids. . The impact of air pollution of Taj '
Mahal has been named as stone cancer.
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A qpemﬂc instance of one such toxic chermcal industry that caused the worst air pollutlon'
. disaster in the world is the pesticide plant at Bhopal in December 1984.

' The factory was produung Methyl Iso- cydnate CH NCO (MIC), an extremely hazardous
- chemical that is used to manufacture SEVIN (carbaryl) a widely used pestimde Carbon .
monoxide, a toxic gas is reacted with chlorine to form another poisonous -gas phosgene,

which in turn is made to react with methyl amine, an inorganic chemical, to produce methy} .
iso-cyanate, MIC. Itis toxic and highly mﬂammable due to which many have become bhnd __
~ and suffered with defOrrmtles S

- There are mnumcrablc cases that have been ,causmg alarmmg sn:uatmn and the culprlt bemg |
air pollution.

11.10. AIR QUALITY STANDARDS

The measurement of air pollutant is done at the discharge outlet point of a chimney stack
of a factory. It can also be measured in the surrounding air that people inhale for their living.

These measurements are essential for the establishment of “Emission Standards”. Animals, .

‘human beings and plants are exposed to different concentrations of pollutants for a specified

“ duration of time and the damaging effects are studied.. Many countries have established Air
quality standards to protect public health and welfare. Air quality standards are mostly based
on the meteorological and geographical features. Therefore the air quality criteria are
descriptive i.e., they describe the adverse effects on living beings and properties whenever
the ambient concentration of pollutant exceeds a specific value for a specific period of
exposure. Air quality standard also includes the prescription of pollutant concentration that -
can not Jegally be exceeded during a specified time period in a given region. In [ndld the
land use pattern and other factors are taken into consideration. :

T@ble _11.5. Ambient air quality .Ist__andards' .

“Area o . Conpentrﬁtion of poilutaht_s (in pg/m?)
. SPM so, . - €O, - NO.
Industrial and mixed area 500 120, 5000 120
Residential and rural area 200 _ 80 2000 50

Sensitive area | 100 30 100 30

2 Sensitive areas cover health resorts, parks, toarist areas, hiStéﬂca] monuments and others.

Gi(_)ba] effects are also evidenced ds pollutants can get 'dispersed from omne continent to the'. ’
other, “Pollution from Europe viz., U.K. to Scandinavia has resulted in acid rains and
_ destruction of forests in Sweden. Industrial pollution of Canada seems to have ruined the
lakes in USA. The use of chemical, biological and nuclear bombs in one country causes thc -
pollutmn in nearby and far off counmes : :

Increased combustion of fossil fuels and removal of forests have resulted in the increase of
carbondioxide. This has greater impact on earth’s temperature, - Inci‘eased Industrialization
is causing high levels of particulate pollution of the atmosphere resulting in increased
frequency of fogs and low cloud layers. Indiscriminate use of fertilizers, fuels, chlorofiuo-
‘rocarbons etc may reduce the ozone layer by about 25% causing serious: damages to plant
_ ammal and human beings. ; :



11.11. REMEDIAL MEASURES

Control of air pollutlon can be (a) at source (b) in dlspersal
Control at source '

The problem of controlling air pollution at source is complex, but can be controlled by using
appropriate raw material for industry, site locations for industrial plants and using the most
modern technology for efficient reduction of emissions. The injurious emissions can be
reduced by absorption, adsorpiion and condensation. Sulphur dioxide emissions can be
controlled by chemical reactlon with copper oxide or lime stone.

(a) Absorptmn: There is a mass transfer between nine soluble gas oomponent and a
solvent liquid. HCI, HF and others are removed by dissolving it in acidic water. Sulphur
dioxide and Chlorine can be absorbed more readily in atkaline water.

(b) Adsorption: The atractive forces between atoms, molecules and ions which hold a
solid iogether are unsatisfied at the surface of a solid thus available for holding other
-magerial such as gases and liquids. With increase in the porosity of a solid its absorptive
~ capacity also increases. -Activated carbon, silica gels and diatomaceous earth are some of

the important adsorbents. The adsorbents placed in suitable container capture gas or liquid
molecules passed through it. :

(c) Condensation: - Gaseous vapours are usually controlled by condensations and is a
suitable measure to combat the emissions of hydrocarbons and organic compounds having
reasonably low vapour pressure, :

'(d) Chemical reaction: Gascous pollutants are controtled by chemical reaction process.
For example SO, emission can be controlled by chemical reaction with copper oxide or lime
stone, thus SO, reacts with them producing either copper sulphate or caicium sulphate.

Setfling chambers are known to collect the heavier parﬂcles from a gas steam. The parl:lcles
settleout under gravity action.

Electrical precipitators contmmng charged plates placed in the air or gas stream settleout
particles because of their opposite charge.

Fuel change - using of natural gas instead of coal will avoid sulphur oxide and fly ash
emission from power plants. Liquid petroleum gas can be fried instead of petrol for
automobiles,

The most important method of controlling pollution is to reduce the actual emission of
pollutangs.

Control in Dispersal: Air pollution control is possible by control in dispersal. Widening
of roads, establishment of green belts in urban and industrial zones will reduce congestion
and poltution. It is possible to declare pollution free zones by eliminating polluting vehicular
*raffic, imposing restrictions on movement of trucks and shifting the hazardous industrial
unitsaway from the urban centres, Air monitoring stations must be operated which will give
a w*t if contamination of the atmosphere increase to dangerous levels. First alert
is du wable concentration of pollutants, second alert is given at a level where heaith
menace exists and preliminary stage. Third alert being given at air contamination is at the
poini at which a dangerous health measure exists.

11.12. SUMMARY

Air pollution is the infroduction of any substance or combination of substances inio the
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atmosphere that cause damage to-plants, animals, human beings and material. There are
different types of sources and are grouped into solid or liquid form and gaseous nature.
These pollutants emanate from industries, refuse and domestic burming, fuel consumptxon
and automobile exhausts. Many of the air pollutants can be controlled by using many
devices and techniques. Further selection of site for an industry must be based on not only
the production and transport costs but also social cost and ecological factors that influence
the. pollution potential. The air pollution must be controlled in the best interest of public
health, conservation of natural resources and healthy industrial growth. - 1t is essential to
provide non-contaminated and non polluted air in the years to come for the growth, progress
and sustenance of futurc generations. Let us not poison our environment, lives and
germplasm by the indiscriminate use of chemicals or by emitting large amounts of toxic
gases and chemicals in the name of industrialization and by dumping unwanted materials etc
into the environment. Proper care must be taken to reduce the population growth as the air
we breath is becormning more and more contaminated through air pollution. There are number
of episodes and case studies to substantiate the impact of air pollution which sufficiently
indicate that air pellution will be a greater threat to human existence until and unless the
remedial measures are taken up and 1mplemented in rigid manner,

11.13. CHECK YOUR PROGRESS: MODEL ANSWERS
1. The examples for oxides of sulphur are SO, and SO,.

2.-  Incomplete oxidation during the burning of any fuel leads to the production of carbon
monoxide.

3. The short form of peroxy aéetyl nitrate is PAN. When there is strong sunlight and
poor ventilation, series of reactions take place between nitrogen oxides and hydrocar—
bons leading to the formation of PAN.

4. The industrial discharges that cause adverse effects to plants are ozone, oxides of
sulphur and nitrogen, fluorides, peroxy acetyl nitrates, chlorme ammoniz, srnoke,
dusts from iron, ~copper, zinc, lead efc.

11.14. MODEL EXAMINATION QUESTIONS

~ Answer the following questions in about 30 lines each.

- Define air pollution and mention types of air pollutants.

I
1
2. What are the important health hazards on human beings and plants by air pollutants.
3 Give an account of remedial measures of air pollution. " o
4

Discuss case studies pertaining to air pollution.

IL Answer the following questions in about 10 lines each..
Define air pollution and add a note on its importance. : T
What are the sources and emission of air pollution? #
What is the role of biological components in air pollution? | ’H: o
. o | - Ty
Discuss the air quality standards. - ‘
Give an account of air pollution in India.

LA

Prof. C. Manoharachary
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UNIT-12: AUTOMOBILE POLLUTION
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12.1. OGBJECTIVES

After going through this unit, you will be able to:

* explain the issues concerning transportation, types of automobiles, automobile exhausts
and automobile -situation of ITyderabad and some important cities,

* describe the measurement methodology of automobile exhaust,

* list out the hazards of automobile pollution and de%cnbe the safety standards and
government measures through legislation,

* name the alternative engines and power sources, and

explain the community action against automobile pollution.

R ODUCTION

v be termed as the presence of one or more pollutants in such quantity and
" vhich may prove to be injurious to human, plant or animal life or property.
. aust, is contributing as one of the factors to the air poliution and is termed
‘pollution. This pollution is posing a serious problem because they are the
~oxtdes and reductants of C, S and N. Mobile combustion sources include
>:5 of various types which is now and for the foreseeable fature will continue to
mmant source of air pollutanis. .




The problem. will intensify when mcreasmg population puts more motor vehlcles mto;_._
operation. = Until knowledge become available, it is- suggestcd that efforts’ to Immlmse".
pollution from automobiles should be made through abatement mcasures to safeguard thc

~ ambient air quality in urban atmosphcrc S

~ In large cities, exhaust gases. from automobiles !edd to inconvenience to the people on the'
street and thereby cause an air pollution problem. Moreover, automobiles emit gases as well .
as particulates consisting of both inorganic and organic compounds of high molecular weight
which can dxrect]y be inhaled and effect the people an the streets and nedrby

In USA out of the 142 nnlhon tonnes of pollutants gwcn oif to the air every year motor
vehicles account for 86 million tonnés. The automobiles contubutecl 63% of the total carhon -
n10nox1de emissions, 52% of the hydrocarbons dnd 39% of the oxides .of nitrogen,

Check your progress - 1

What is meant by air pollution? :

Note: (a) Write the answer in the space pr0v1ded below

(b) - Compare your answer w1th the one glven at the end of this umt

12.3. TRANSPORTATION‘ISSUES

“The three main types of aulomotlvc Vehjcles bemg used in our coumry are: {a) passenger
cars powered by four stroke gasoline engmes (b) motor cycles scooters and autorickshaws
powered mostly by small two stroke gasoline engines, and (c) large buses and trucks

- powered mostly by four stroke diesel engines, ' Emissions from gasoline powered vehicles
-are ‘generaily classified as; (4) FExhaust emissions, (b) Cranck-case emissions and, (cy.
Evaporative emissions. The amount of pollutants that an automobile emits deperids on a
nmumber of factors, including the design and operation (idle, acceleration, etc.), Of the
‘hydrocarbons emitted by a car with no conirols, the exhaust gases account for roughly 65%, _
evapordnon from the fuel tank and catburettor for roughly 15% and blowby or cranck- -case
emission (gases that escape around the piston rings) for about 20%. Carbor ide
nitrogen 0x1des and lcad compounds are emitted almost excluswely in the ex

Diesel powered vehicles create relatively minor pollution prob]ems compare _
powered ones. The diesel engine exhausts are only about a tenth of the amount
monoxide exhausted by a gasoline engine, although its hydrocarbon €missions may appr
those of the gasoline engine. Blowby is negligible in the diesel, since the cylinders contain _
only air on the compression stroke. Evaporative emissions are also low because the diesel

- engine uses a closed injection fuel system and because the fuel is less volatile than gasoline,
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The major problems of diesel engines are smoke and odour.

- 12.3.1. Emissions and Efficiencies of Automobiles

(a) Exhaust Emissions: The important exhaust emissions from a gasoline engine are,
carbon monoxide, unbumt hydrocarbons, nitrogen oxides and particulates containing
lead compounds. These emissions vary with the au‘-ruel ration, spark timings and the
engine operating conditions.

Devices and methods to control hydrocarbon emissions fall into three classes (a)
devices that modify engine operating conditions such as intake manifold vacuum
breakers, carburation mixture improvers, throttle retarders, etc., (b) devices that ‘treat’
exhaust gases such as after burncr‘; catalytic converters absorbers and filters, and (c)
use of modified or alternate fuels.

(b Crank-Case Emission: Crank-case emissions-consist of engine blowbly which leaks
past the piston mainly during the compression stroke, and of oil vapours generated
into the crank-case. The quality of blowby depends on engine design and operating
conditions. Worn out piston rings and cylinder liner may greatly increase blowby.,
These gases mainly contain hydrocarbons and account nearly for 25% of the total

~ hydrocarbon emissions from a passenger car.

Emissions of hydrocarbons from the crank-case of automobiles can be largely
climinated by the positive crank-case ventilation (PCV) system. These Systems
recycle crank-case ventilation air and blowby gases to the engine intake instead of

- : venting them to the atmosphere.

{¢}  Evaporative Emissions: An average Tndian passenger car would emit about 20 Kg
of hydrocarbons through evaporation, annually, For controlling evaporation of fuel
vapours in the crank-case or.in a charcoal canister, absorbs hydrocarbons for recycling
to the engine.

The exhaust gas polintant comprise of hydrocarbons, carbon monoxide, nitrogen oxides and
lead compounds. - Evaporative emissions essentially constitute the fuel evaporation from the

fuel tank and carburettor and consist of hydrocarbons alone. The chief constituents of crank-

case emissions are also hydrocarbons. Thus exhaust emissions contribute 100% to CO,
(NO), and led compounds. Regarding hydrocarbons, the typical break up is exhaust 55%,
-evaporative emissions 20% and crank-case emission 25%. The exhaust and crank-case
emissions also depend upon engine load conditions.

12.3.2. Automobile Exhausts

Studies conducted by National Environmental Engineering Research Institute (NEERI) have
rovealed that the level of pollution due to automobile exhaust in Indian cities is reaching
es qulte comparable with other major cities of the world. This is so even though, the
pechiicies plying even in the Indian metropolitun cities, which have the highest
s in this country, is still insignificant as compared to the number in USA,
Bul the inferior maintenance of vehicles in combination with lower
v js making the vehicular exhausts a menace to the city dwellers.
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Tabie 12 1. Constltutents of Automohlle Exhaust

‘ - R S.No. Name of the Pollutant

1. Carbon monoxide
2. - Unburnt hydrocarbons
3. - Oxides of nitrogen
4, Oxides of sulphur
5. Partially burnt products like aldehydcs formaldehydes
- acrolein, acetaldehyde -
6. Lead compounds
7. Soot or smoke
8 Complex products from addmves and lubncatmg 011
9. Carbon dioxide . :
10, Oxygen - '
11. . Nitrogen
12.  Hydrogen
' 13 Water vapours

Tahle 12.2. Poliutants emitted by petrol and diesel veh:cles in India and the World
(Prakash et al 1980) | _ :
 Poitotant . ~ TIndia T World
' Metric tons/yr - Million Metric toas/yr

Carbon monoxide . 755 . 65
Sulphur dioxide - 1016 | 23
Nitrogen dioxide o K 8
. Hydrocarbons : : 238 : 15
Hydrogen sulphide ' S —
Ammonia ‘ ' : 116 - - -
Hydrogen chloride _ - 2.6 L=
Particulate o — 12
Other gases and vapour - | - 2

The concentration of dl[fercnt pollutdnts varies with the mode of- operann ot vehjcle '
whether petrol or diesel driven. ‘

Table 12.3. Concentration of poliutants from petrol driven, vehicles.

Mode of operation " Carbon Hydrocarbon  Nitric Oxide,_ | Formz
Monoxide (%) - (%) .. (NO) (ppm)

Idling 313 0.1:1.0 1545

Accelerating - 2-15 0.02-0.0 600-200
Normal running 0.5-0 0.02-0

Deaccelerating 256 0.05-2.6




12.3.3. Automobile Pollution in Important Cities of India

Hyderabad Scenario: The obnoxious emission from the tailpipes of automobiles has
become a serious threat to environment, Air pollution in major urban areas is increasing

~ although urban growth rate nationwide has declined from 1971-80 and 1981-91. One of the

main causes of the increase in air pollution is the increase in the number of automobiles.
Another reason is the chaotic transport system.

About 5 lakh vehicles are present in Hyderabad.

Two wheelers . 4,00,000
Three wheelers o o _ 30,000
Cars _ : : ' 45,000
Taxis ' o 2,000
Jeeps : \ 12,000
APSRTC Buses | 2,500
Private Buses ' ' 1,500
Floating Vehicles/Trucks 8,000

In Hyderabad air pollution is on the increase, at a high rate and the main pollutants which
are carbon monoxide, hydrocarbons and other gases emitted by vehicles is about 58,000
tonnes every year. It is feared that it may rise upto 82,000 tonnes by 2000 A.D. The
vebicular emissions released into the atmosphere by about 5,00,000 vehicles in Hyderabad
every day due to incomplete burning of fuel are as follows: '

3021 tonnes of carbon monoxide
1728 tonnes of hydrocarbons
82 tonnes of nitrous oxide
17 tonnes of sulphur dioxide
2 tonnes of particulate matter
1 tonne of lead

So the day is not very far off when Hyderabad city will have a black sky,

The pressure of industrialisation, urbanisation and economic growth has induced a phenom-
enal growth in the road transport sector. Due to the increase in the rapid vehicle fleet the
effects damaging the environment are aggravated,

Bombay Situatioﬁ; “Automobile pollution is pesing a serious problem, especially in
metropolitan areas. Tt is the major form of pollution in Bombay. Other big citics in India,

-though they may not be as poiluted as Bombay, are not very different. This is because about

25% < the vehicles registered in the country are in Maharashtra and about a third of these
are either registered or ply in Bombay only, Though the volume of vehicular traffic in our
cities is so high compared to western cities, high concentration of pollution is created due
to old age, poor performance and maintenance of most of our vehicles. Narrow roads, poor
geometric, frequent traffic jams and congestion aggravate the siteation (Shah and Ramprasad,
1979).

Delhi Sitnation: Automobiles vitiate the atmosphere in Delhi to an alarming extent. In
many parts of Delhi, the concentration of poisonous gases like carbon monoxide, sulphur
dicxide and nitrogen oxide are three times above (he safety limits. An average vehicle emits
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2.5 kg of pollutants per day and all the vehicles put together emit a whoppmg 170 tonnes
of hydrocarbons, 80 tonnes of nitrogen oxide and 2 tonnes of sulphur dioxide, not to speak
of carbon monoxide and suspended particulate matter. The total number of vehicles
registrated in Delhi are 1.075 million.

Surat Situation: Shah Ramprasad (1979) estimated carbon monokidc emission from
automobiles in Surat. They have shown that the levels of carbon monoxide in the walled

city are comparable to those of other major cities in India. It was observed that maximum

carbon dioxide concentratlon was 350 ppm. The average level of carbon monoxnde was
.about 25 ppm.

Table 12.4. Concentration of Carbon Monoxlde and Traﬂ‘ic volume at Surat (between
11.15 to 12.15)

Station _ Scooter - Car Auto Bus &Tmck_ CO Content (ppm)

Chowk 290 88 - 630 1022 . . 20
' Bhagal ™ 954 246 2428 . 178 - 25
Dehligste . 962 252 1946 306 S 20
Laldarwaja 2 50 s06 0 .12 .20
Railway bridge - - - 30
Guest house - - o - a 35

~ World Scenario (CO Levels): Carbon monoxide concentration in ambient 'anndsphere is

_ estimated in selected urban areas of the world. ' The concentration of carbon monoxide in’ '

Calcutta was no less in comparison to that of other cities of the world.

Tabel 12.5. Amblent Carbon Monoxide Concentratmn in selecled Urban areas of the
world (Comparative report NEERI) .

- City : o  Maximum time one hdur (ppm)
Londom . s
Chicagb _ S L : 46
Los Angeles - o - o 43
Washington : : 41
New York " | B
Calcutta - N 38

12.4. PHOTOCHEMICAL SMOG

Photochermcai smog was first noted in Los Angeles during world war II, but its nature and
origin were not understood until the early 1950s. Nitrogen Oxides play an impoitant role
in the formation of photochemical smog. Nitrogen dioxide (N,0) is an efficient absorber of

the ultraviolet portions of the solar spectrum which cause the NO, molecule to photélyze into
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' Nitric oxide (NO) and atomic oxygen (0). The atomic oxygen can react with O, to form
ozone. The ozone in turn can react with NO to form NO, and O, again, completing the
- atmospheric nitrogen dioxide phytolytic cycle. : ' '

NO, + UV light > NO + O
O+0,+M — O, + M (M = collisional molecule) |
0, + NO - NO, + O,

The ozone can react with hydrocarbons and other compounds to produce new highly reactive
compounds, one of the best known is peroxy acetyl nitrate (PAN), Like ozone, these
compounds are highly oxidizing compounds and their major effects are injurious to plants,
especially leafy plants and eye irritation to humans. | : '

Table 12.6. Comparison of two types of smog

Characteristics - Los Angles = = | London

Principal Ozdne, organic matter,' nitrogen  Sulphur compounds, particulate
SR ~ Components Oxides, Carbon monoxide matter, C_arbon, monoxide

Type of reactions = Photochemical plus thermal Thermal '

Effect on Oxidation : Reducﬁon

chemical reagents _ _

Time of . Midday Early morning .

maximum occurrence | '

Principal Temporary cye Bronchial irritation, coughing

- effects © °  imitaion ' someties increased deaths among

those with respiratory. diseases

Check Your Progress - 2 & 3. _ _
2. What are the major pollutants of automobile exhaust?
3, What is PAN? :
Note: (a) Write the answers in the space provided below
~ (b) Compare your answers with those given at the end of this unit.

............................................................................................................................

...........................................................................................................................

...........................................................................................................................

12.5. HAZARDS OF AUTOMOBILE POLLUTION

Particulates emitted by a variety of sources pose a hazard to the health of animals and plants
and also to the longevity of structures and property. Among the gascous components, oxides
_ of nitrogen are considered to be more hazardous. Even very small quantities of these
- chemicals cause lachrymation, burning of eyes, nose and other delicate membranes of the
body, destroy plant tissue and even attack such resistant materials as rubber nylon and
plastics. Nitrated compounds enhance creation of photochemical -smog. For this reasons
oxides of nitrogen are considered the most dreaded air pollutanis in USA.
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Carbon monoxide is also hazardous to humans and animals. Tt reacts and neutralises a part
of the haemoglobin in the blood thus. reducing respiratory capacny At a conceniration of
100 ppm or more it can cause death w:th relatlvely short exposures.

12.6. AUTOMOBILE AIR POLLUTION MEASUREMENTS

12.6.1. Sampling of Auto Mobile Exhaust Emissions

For purpose of analytical chemistry there are two basic principles of sampling air and gases:
(1) to obtain a definite vol. of air within a gas collector with a known pressure or
temperature. This sanple is then taken to laboratory or analysed in the field. (2) to pass
a solution or equivalent means where a definite volume of gas is required or desired as the
sample to be analysed. There are two possible types of samples that may be taken. These
are known as instantaneous (also grab or spot) samples and continuous samples. Instanta-
neous samples are those taken at a particular time and place within an interval of few
seconds toa minute or two and they represent the composition of air or gas at that time and
location.  These are most often taken in evacuated botilés or gas collectors, although they
may be taken with liquid displacement devices. Since the concéntration of gases in the
exhaust is -on the higher magnitude, bag samples or grab samples collecticn has an
advantage. The samples brought to the laboratory may be analysed by Orsat Gas Analyser .
for CO,, CO, O, CH, etc :

- In case of contingous samples, the pollutants are absorbed in selective absorbing media and
same procedure and methods are to be followed as used for ambient air quality study when
the concentrations. are low. But for higher concentration analytical methods of stack
sampling are to be used. For very low concentration of CO, Carbon monoxide deteciing
tubes are used. Besides this, gas chromatography, 1nfra—red spectrophotometm methdds are
also available. :

12.6.2. Diesel Smoke Sampling and Evaluation

For this purpose,. smoke meter is used. It is a portable, accurate and reliable testing
instrument to measure the exhaust smoke of diesel engine. The readings from the evaluating
instrument can be easily Ieproduced Black diesel smoke results from incomplete oxidation
of fuel oil molecules during the combustion process caused by localised lack of air or a
~ localised excess of fuel in the combustion chamber The- engine, fuel or fuel injection
_ system may be to biame for this. : ' B

The smoke meter serves as a testing device for exhaust gases to keep diesel smoke within
reasonable limit, as far as possible, the least reduction in engine output under all operating
conditions. Tests can be made cither on a test bench or while the vehicle is in motion on
the road.

Description: A sampling pump draw off a certain amount of exhaust gas from the exhaust
pipe of the respective engine and then sucks it through a filter dis¢. The filter paper disc,
in turn, darkens during this process and thus gives the measure of the soot contained in the-
exhaust gases. The evaluating instrument is then used to take a reading of the darkened disc
photoc]e(,tncally :

12.7. MECHANISM OF AUTOMOBILE POLLUTION FORMATIONS

When the engine is stopped after a run, it is hot and this acts on the petrol in the float
chareber. The petrol gets vaporised and passes out through the veni in the float chamber or
through the air cleaner.

Fuel evaporating from the tank and carburettor through over flow and venting channels
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"accounts for 20% of the total hydrocarbon emission from the automiobiles.  This is lngher
in summer, :

During compressmn and phases of engme operation, the pressure of the gases inside the
cylmder is very high and therefore.they leak past the piston-rings into the crank case which
is known as ‘blowby’: About 85% of this blowby gas is fresh air fucl mixture and the rest
comprises of- combustion products. When the engine is started from cold, even some of the "

_petrol may leak past the piston in liquid form due to insufficient vaporisation. To reduce

the deterioration of lubricant properties and comosion of metal parts, these blowby are
vemted into the atmosphere. This crankcase blowby is responsible for approximately 20%
of the total hydrocarbons and 25% of the total particulates emitted by the automobile.
Particulates in blowby gases consist almost entirely of lubricating oil.

The major components of auwtomobile exhaust are complete oxidation preducts-carbon
dioxides, water and nitrogen that accompanied oxygen in the air supplied. Minor compo-
nents in the exhaust, but important ones are carbon monoxide, nitrogen oxide, hydrocarbon,
particulate and sulpbur oxide. Particulates discharged from exhaust consist of carbon
particies and lead compounds, | | _

It has been revealed that the fuel pump and sﬂencer are 1mportant sources of noise,

Diesel emissions are as important as petrol emissions. Carbon monoxlde is the most
important pollutant from petrol. However, diesel exhanst contain much higher nitrogen
oxide emission which is primarily responsible for photochemical smog. Particulate emission
from diesel exhaust is more harmful compared to petrel, largely because of much higher
amount of smoke in the former. These particulates contain many toxic and cancer causing
compounds and are responsible for many respiratory diseases in polluted areas, Carbon
monoxide resulis from incomplete combustion.

Nitrogen oxides are formed in the engine cylinder whether combustlon is complete or not.
As the nitrogen and oxygen in the air combine to form nitric oxide, the rate of nitric acid .
formation increases with temperature and oxygen availability.

Soot emissions in the exhaust result from decomposition of hydrocarbon fuel nucleation of
carbon parucles in the flame, growth of soot nuclei, agglomeratlon of partlclcs and finally
scot oxidation. :

- 12.8. INDIAN LEGISLATION FOR AUTOMOBILE POLLUTION CONTROL

The major strategy is the enactment of the Air Act (Preverition and Control of Air Poliution),

1981. This Act lays down in section 16 (1) (h) that the main functions of the central Board

shall be to improve the quahty of air and to prevent, control or abate air poﬂutmn in the
- country. : :

Section 17 (1) (g) of this Act lays down that the functions of the State Board shall be to lay _
down, in consultation with the Central Board and having regards to the standards of the
quality of air laid down by the Central Board, standards for emission of air pollutants into
the atmosphete from mdustrial plant and automobiles.

Section 20 of the Act empowers the State Governmcnt in consultation with the State Board
to give mstmctlons to Transport Authormes

Under -the Motor Vehicles Act, 1939, section 70 gives to the State Government, the power
to make rules, inter alia regarding the emissions of smoke, visible vapour, sparks, ashes, grit
or oil, : A
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‘Recommendations and Suggestions: It should be madc bblig-ator'y for all Motor vehicle

manufacturers only such vehicles which do not pollute the atmosphere beyond permissible
limits. o

Scientists and technologists should device a cheap gadget for fixing on the existing vehicles
so that there is no pollution by these vehicles beyond permissible levels.

When thls is done Lhercaﬁer the prowsmns of the law should be strictly :,nforced

12 9. SAFETY STANDARDS

~ Motor vehlcle emissions may be reduced in sf:veral possible ways:

Instituting controls on the gasoline internal combustion engine: This measure has thus far
been taken in United States. This method is referred to as positive -crankcase ventilation
(PCV). In PCV, the gases escaping from the crankcase are recycled back to the engine
intake instead of being vented into the atmosphere. In order to reduce CO-and hydrocarbon
emissions from the exhaust, General Motors, Ford and American Motors originally used as
air injection systems in which air was injected into the exhaust near exhaust valves to
complete the oXidations 1nto CO, and H,0 without the extractions of usable power.

Developing new and clemcr fuels to use with the 1nternal combustion engine like propane,
natural gas and alcohol have all been considered.

Develop.mg_ new types of engines using gasolme or other fuels for-example, steam or other
pankine cycle engines, stratified charge engines, gas turbines, wankel engines. :

~ . Instituting transportation controls to reduce motor vehicle use through educational programs,

development of better mass transit systems for mtﬁrcrcy and mtracﬂ;y travel, or govemment
control such as gasoline rationing. : : :
Check Your Progress - 4
What is positive crankcase ven’alahon (PCV) method?
Note: (2} Write the answer in the space provided below.

(b) Compare your answer with.the one given at the end of this vnit.

-12.10. ALTERNATIVE. ENGINE AND POWER SOURCES AND

ALTERNATIVE MODES OF TRANSPORT

'Ihe various p0331ble power sources for motor vetncles currently inuse or under investigation
are listed below. The standard internal combustion engine, the dicsel engine finds some use,
especially on trucks. The other heat engines are very uncommon.

12.10.1. Heat Engines

L Intermittent combustion, internal combustion engin'es
1. Motorcycle with gasoline fuel
a. Standard internal combustion engine.
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b.  NSU - wankel internal combustion engine.
C. Miscellaneous internal combustion engines (stra’uﬂed charged).
2. Diesel cycle with diesel fuel : diesel engine,

I Continuous combustion engines
1. ‘Brayton cycle with various possible fuels: gas turbine engine.
~ 2. Rankine cycle with various fuels: extemal combustlon engines using steam freon or
~ other working substances. : :
3. Stirling cycle with diesel fuel: stirling external combustion_ engine with air as the
working substance. ' ‘ '

12.10.2. Electrochemical Devices |

1.  Batteries: Ledcl—a(:ld ‘nickel-cadmium, nickel-zinc, silver-zinc, zmc—alr, sodium-
- sulphur, lithivm-chlorine and so forth.

2. Fuel Cells: Hydrogen-oxygen, hydrogen—alr hydrazmc melhanol and so. forth.

12.10.3. Hybrids _ :
Heat engine - battery hybrid engmes gae turbme—battmy,
striling-electric hybtid and so forth.
Battery-battery hybrid engines.
Fuel cell-battery hybrid engines.

The wankel engine is simple, oper'ates sinoomly, and the lightness of the engine made -
possible to include pollution control equipment in the engine much more easily than in
ordinary engines. But they are not economical from the standpoint of fuel -consumpiion,

Stratified-charge engines are exceptionally promising, These engines have two carburettors,
one producing fuel rich mixture and one a fuel lean mixture which are drawn into the main.
" combustion chamber in appropriate fashion. It has low bare engine emissions whlch makes
.pollu‘uon control easier, and better fuel economy than ordinary engines.

The diesel engme is durable and is economical from the stand-point of fuel consumption. It
is suitable for trucks but it accelerates slowly compared to ordinary engines.

Gas turbines produce less pollution than the standard internal combustion engines but they -
are expensive; stirling engines have high thermal efﬁmen(;les emit few pollutants but they
are heavy, bulk and expensive.

Battery systems are generally capable of supplying sufficient power but are energy linlitgd
and cannot provide sufficient range. Hybrid power sources characterized by high specific
power with one characterized by a. high specific energy to obtain an epergy source
characterized by satisfactory intermediate values. At present hybrids are too expensive to
be considered for actual automotive use.’ '

12.11. COMMUNITY ACTION

It is desirable to create public awareness and educate the society with the problems
coninected with the automobile pollution and by inspiring and motivating for regulating
traffic, preserving greenary and proper residential designs as detailed in action plan, )




Who is blamed?

1. Society _

.. 2. Road antenance A,genmes
3. . Traffic V1olators :

_- Commumty acuon depends upon understandmg the ab' assocxated wim.automo— K :
‘biles, _ B

‘Road Malntennnce Ageneies (1) Laymg the roads
be repalredflald €) Neghgence on part of these agenmesfdeparnnents,

(4)_ Aﬂot:ation of
funds. '

Traflic Vioiatars Heavy veincles buses,: lomes, autea (yeliow peﬂls)_.,_. A0 dnvers-... .
neglect traffic rules. They cross speed limits, overtake from the left side and enter or come-
out of small lanes and by-lanes. suddenly taking traffic on the main road by- surprlse

" Light vehicles : Cars, Cabs and Taxis \ L
Cars - Internal music facility - distracts the drwer o
Sound horms - produce unnerving sounds |

- Two wheelers Scooters, mopeds and cycie nckshaws - rash dnvmg, dnvmg in areas -
- mafked for heavy vehicles. _ : o

Bullock Carts: Move at a snail’s pace bnngmg the trafﬁc almost toa standstﬂl
Bad roads can be further classified as follows |

a)  Badly laid
b)  Neglected
c)  Badly mamtamed

This can be done by avoiding stop and go traffic, part’:cularly neat re51dent1a1 and shoppmg'- :
areas. Highways and main streets  should have intersections free entrances and exits, over
and under passes, which keeps traffic moving. All heavﬂy travelled roads have elevated

ramps or vented underground walkaways : _ - '

Traffic needs o be regulated by community mvolvement to ensure smooﬁl ﬂow by widening
. roads, restricting certain roads for light vehicles,- proper maintenance of roads, appropriate
location of signals, synchronisation of signals in close proxmnty, proper planning of traffic
islands etc. A vehicle emits maximum carbon monomde when-it idles and a smooth traffic
flow minimises pollutant emissions. In fact;, by ensuring smooth traffic flow pellution can
be lowered more than by merely controlling carbon monoxide enussmns Bes1des there is
greater depression and dilution’ of pollutants when traffic moves fast. .

The preservation of green areas with the help of voluntary _orgamsations_ is one lnajor'
. planning measure by which city planners can influence  the climate and air hygiene
conditions of urbanised arcas. Green areas can filter dust and fIy ash from the atmosphere

Proper residential design should avoid major thorugh roads. No outlet can be planned with
natural barriers against over crowding pollution and noise. Automobile patking is clearly -
the greatest source of pollution and should be separated from residential areas. A parking
lot covered with trees would preserve the atmospheric cleanliness and also prevent cars from
heating and fuel loss which can be achieved in community involvement.
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12.12. SUMMARY

Motor vehxc]es are responsxble for approx1mate]y two thirds of the carbon monoxide, one
half of the hydrocarbons, .and one third of the nitrogen oxide emissions. These emissions
- are especially noted for their production of photochemical smog in populated urban areas.

- Photochemical smog was first noted in Los Angeles. In a series of reactions involving solar
~ ultraviolet radiation, the nitrogen oxides from motor vehicles react with atmospheric oxygen
to produce ozone. The ozone can react with hydrocarbons to produce new highly reactive
compounds, one of the best known being PAN (peroxy acetyl nitrate). These compounds
are highly oxidising compounds and cause ¢ye irritation in humans.

The emissions from vncontrolled vehicles organized from the exhaust, crankcase blow-by,
fuel tank and carburettor, hydrocarbons were emitted from ail these sources. The exhaust
also contains’ carbon monoxide, nitrogen oxides and other pollutants such -as suphur
compounds etc.

Poliution control devices were. required for safety standards. Crankcase blow-by has been
eliminated by positive crankcase ventilation systems. Gasoline vapors from the carburettor
and fuel tank are collected and returned to the engine. Exhaust emissions have been
controlled by a variety of methods, including engine modifications and catalytic converters.

Several alternatives to the standard four-stroke, spark ignited, reciprocating-piston, internal .
combustion engine have been studied for possible future use. These include other internal
combustion engines (such as the wanke! rotary engine, the stratified-charge engine and the
diesel engine), external combustion engines (such as Rankine or Stirling cycle engines) and
engines using batteries or fuel cells. Each has its advantages and disadvantages. In
particular, batteries can provide good power ‘but only short range, whereas fuel cells can
provide a long range but little power. The stratified charge engine which combines low
pollutant emissions, good fuel economy, and other advmltages looks espemaliy promising for
the near future :

12.13. CHECK YOUR PROGRESS: MODEL ANSWERS

L. Air pollufion may be termed as the presence of one or more pollutants or combinations
of these pollutants in such quaniity and for such duration which may prove to be
injurious to human, plant or animal life O property. :

2. The major pollutants of automabile exhaust are carbon monoxide, hydrocarbons and
mtrogen oxides. :

3. The short form of Peroxy Acctyl Nitrates is called PAN and these compounds are .
highly oxidizing compounds and cause eye irritation in humans. '

4, In PCV method the gases escaping from the crankcase are recycled back to the engine
instead of being vented into the atmosphere.

12.14. MODEL EXAMINATION QUESTIONS

‘L. Answer the following questions in about 30 lines each.
1.  What is air pollution? Mention the Sources, composition and hazards of automobile
pollution. '
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Give an aceount ol saféty standards and alternative engines and power sources of

automobile pollution. Add a note on community action against automobile pollution.

Answer the following questions in about 10 lines each.

- Write brleﬂy about photochemical smog.

What are the sources and. composmon of. automobﬂa exhaust.

What are the saiety standards for automobile pollution.

. What are the recommendations and suggcsnons for automobile pollutlon ccmtrol"

What are the alternative engines and power sources of automobile pollution. .

Prof. S.H. Raza
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_UNIT-13: METEOROLOGY

Contents

13.1. Objectives
13.2. Introduction
- 13.3. Meteorological Parameters in Relation to A1r Pollution
' 13.3.1.  Primary Parameters
- 13.3.2, Secondary Parameters
13:4. Acid Rain
13.5. Remedial Measures
13,6, Location of Indusiries and Precautions
13.7. City Planning
13.8. Summary
13.9. Check Your Progress : Model Answers
13.10.Model Examination Quesﬂonq

13.1. OBJ ECTIVES

After going through this unit you will be able t0:
* define meteorology, .

* describe the meteorological parameters in relation to air pollution,

* describe the consequences of acid rain and suggest the remedial measures,
* suggest the place for the location of industrial plant. |

13.2. INTRODUCTION ' Y. 3 ~

The branch of Science dealing with the study of earth’s atmosphere is meteorology.
Atmospheric conditions determine the behaviour of pollutants after they leave the SOurce ot
sources until they reach receptors, such as people, animals or plants. Let us analyse these
questions namely:

What will be the concentration of the pollutants at any distance from the source under certain

‘meteorological conditions and where does the pollution originate? Effect of the pollution on
receptor depends on atmospheric conditions. Therefore, knowledge of metecrological and
topographical characteristics of a study area.is of utmost importance. Transport and diffusion
of the pollutants to atmosphere is governed by macro- and micro-meteorological factors.
These deal with minute variations in atmospheric conditions, not only confined to an area
of a few square kilometers and upto an elevation of 500 to 1000 meters in the atmosphere.
They govern the transmission and diffusion of air pollutants.

Even though the total discharge of contaminants into the atmosphere in a given area remains
constant from day to day, the degree of air pollution may vary widely because of difference
in meteorological conditions. In a specified place the emission of pollutants may be the
-same but it is the wcather that can trigger an a1r pollunon ep1<;0de :

13.3. METEOROLOGICAL PARAMETERS IN RELATION TO AIR.
- POLLUTION '

.The impbrtant meteoroiogical parameters that influence air pollution are classified into two
groups, viz., the primary and the secondary parameters. The primary parameters are wind
speed, wind direction and atmosphereic stability. The secondary factors include ambient
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temf)cramre, humidity, precipitation, solar radiation, pressure and visibility. The primary

factors are responsible for the dispersion and dilution, whereas secondary factors affect the -

- primary paramctcrs -thus altering trapsmission of air poliutants,

- Wind speed, wind direction and atmospheric stability are called prim'ary or basic meteoro-

logical parameters as the dispersion and dilution of the pollutants depends mainty. on these
parametets. Ambient temperature, Humidity, Precipitation, Solar radiation, Pressure, and
Visibility are called secondary metéorological parameters as they control the dispersion of

- the poliutants not directly but through their effect on primary paraméters. These parameters:

may vary as a function of latitude, season and topography. Weather and air pollution have
become compliementary to one another in such away that weather affects air poilution and
this affects weather in several ways. For example following parameters may be impaired
namely v1s1b111ty fog and in-coming solar radiation and mudenc:,s of smog
Check Your Progress - 1 & 2
- 1. What are the primary or basic meteorological paramelers?
2. Name the secondary meteorological parameters.
Note: (a) Write the answers in the space prd‘vided below. i

(b) Compare your answers with those given at the end of this unit.

13.3.1. Primary Parameters
“Wind bpeed This directly determines the rate of dilution and transport of air poliutants
Wind speed effects air pollution through travel time and dilution.

The travel time determines the amount of tune the pollution is exposed to the meteorolo gical
factors until contact with the rceeptors.

"~ The wind speed diluies the pollutants by throWi'ng them in the downwind direction. For .

example if a continuous source is emitting a certain pollutant at a rate of 5 units/second, and
the wind speed is 1 meter/second, then in a meter segment of the downwind plume there will
be 5 units of pollutant, since 1 meter of air moves past the source cach second,

The dilution of air pollutanis released from a source is dlrectly proporttonal to wind speed. |

The downwmd concentration of air pollutants is mversely proportional to wind speed..

Wind Dlref:twn. This directly determines the direction of transport of air pollutants, The.

direction of travel of the poilutants is determined by wind direction: from which the wind is
blowing indicating that a north wind will transport poltutants to the south of the source.

Atmosphere Stability & Turbulence: Stability in meteorology, refers (o a state of
equilibrium and if disturbed, return o its undisturbed state, or changes the equilibrivm,

In most simple terms the weather which is not stable maiy be said t© be turbulent.
Turbulence may be of two types namely non-thermal and thermal turbulence,

Non-thermal Turbulence: This mainly controls the dispers'ion and dilution of pollutants in
a horizontal plane. This is created by movement of air over earth’s surface, and is the
induced eddy structure of the atmosphere due to the roughness of the surface over which the
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air is passing. Therefore the existence of trees shrubs, buﬂdmgs and terrain features will
cause mechanical turbulence. The mechanical turbulence increases as wind speed increases.
. These random motions are responsible for the movement and diffusion of pollution path. If
the scale of turbulent motion (the sizeé of the ‘eddy) is larger than the size of the pollutant

plume in its vicinity, the ‘eddy will move that portion of the plume, if the eddy is smaller '

than the plume, its effect is to diffuse or ‘spread out the plume

Convective or Thermal Turbulence: The temperature of thc atmosphere varies with
height. This controls the dispersion and dilution of pollutants in vertical direction. Thermal
turbulence is induced by the stability of the atmosphere. When the earth’s surface is heated
Dby the sun’s radiation, the lower layer of the atmosphere is heated and’ the atmosphere
becomes unstable. Thermal turbulence becomes greater especially under conditions of light
wind. On clear nights with light winds, heat is radiated from the earth’s surface resulting
in cooling of the ground and air adjacent to it. This results in extreme stability of the
atmosphere near the earth’s surface. Under these condltmns turbulence is at a mlmmum o

In meteorological terms, the thermal atmospheric unstability or turbulence is defined in
terms of difference between the environmental temperature lapse rate and the dry adiabatic
temperature lapse rate (1°C per 100m). The stability of the atmosphere affects plume shape
and the capability of the atmosphere for dispersing contaminants. As such it serves as an
index of atmospheric turbulence.

Dry Adlabatlc Lapse Rate & Envnronmental Lapse Rate: The rate of decrease of
temperature with increase in height dt/dz under such ideal conditions (assuming air as ideal
gas and assuming adiabatic expansion) is called Dry Adiabatic Lapse Rate and is equal to
1°C per 100 meters {(or 5 A'F per thousand feet). ~Such process never 0Ccurs in the
atmosphere since, the turbulence tends to destroy the theoretically isolated volume.,

The actual variation of temperature in the vertical is called ‘Environmental Lapse Rate’ (L)

and it seldom approximates the adiabatic. lapse rate L, in the lowest 100 meters. The

effective lapse rate (L) is equal to the adiabatic lapse rate L, minus the env1r0mnental lapse
- rate L. . -

L=L,-L,
The atmosphenc unsiability (turbulence) denpnde upon the value of the effective lapse rate.
z 1 VdV - Increase in Volume (Expansmn) :
. p.- dP - Decrease in
! ) Pressure
. ' i T - dT - Decrease in
2402 Fe-en-mo- -——,al--'-- 1--- Temperature
daT
Dry Adiabatic Lapse Rate = — = The rate of
_ dz ~ dacreasa of
temp. with ht.
under idoal
adiabatic
Y b ' -~ expansion -
A 1o netol
- __,-“_-_T = 19CH00 meters
» ¥

_ Fig.13.1. Adiabatic lapse rate.
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(i}  Superadiabatic: On days when there’is strong solar heating or when cold air is
~ transported over warmer surface, the rate of decrcase of temperature with height L., usually
exceeds 1°C/100 meters - the L,. This is called supcradiabatic condition under strong
unstable situation.  The pollutants released upwards always meet cooler conditions and
continue to rise. This is confined to Iower 200 meters of the atmosphere,

(ii) Neutral: The envirommental lapse rate {s nearty equal to the dry adiabatic lapse rate
implying no tendency for the released pollutants io gain or losc buoyancy.

(iii) Subadiabatic: When the environmental lapse tate is negative but less than the -
1°C/100m - the adiabatic lapse rate, it is called sub-adiabatic condition, e.g.. over-cast
skies, moderate or strong winds. The pollutants released upwards will become cooler than
the surrounding and come down to its original position. '

(tv) Isothermal: When the environmental Iépse rate is zero, i_.é;, temperature variation
‘with height is absent, is called isothermal and is slightly stablc as in subadiabatic condition.

(v) Inversion: When the temperature increases with height, i.e., when the environmental
lapse rate is positive.it is called inversion and corresponds to the most stable condition. With
very limited dispersion. The inversion gives rise to the ground level pollutants concentration
to build up to the hazardous level contributing to air polfution. -

Temperature Profile - Variability with Time and Space

‘The main cause for variation of atmospheric temperature with height is the vast difference
between the rates of heating (or cooling) of earth surface and air.

The diurnal variation 'ofl the iapse rate is given' in Fig. 13.2

i

Trversion

LHows _
IE LGDSE’ |
rdte

Fig. 13.2. Typical diurnal variation of lapse r_ate;
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Under the normat conditions, in the open country, after, the sunrise, the carth’s surface starts
getting heated because of sun radiations, but the air takes much longer time for heating.
Hence, during the day.time the temperature of air, closer to earth’s surface is warmer than

the top air layers, thus there is a decrease in temperature with height, i.c., the lapse rate is
observed creating unstable air and good poflutant dispersion. After the sunset, the earth’s
surface loses heat very rapidly-through long wave heat radiations, but the coaling rate of air
is very slow, keeping it hot for very long time. Thus, during the night, temperature increases
with height, corresponding to stable inversion condition and persists till the sunrise in the
next day morning and the whole cycle is repeated. This is seasonal and topography
dependent. During the winter when the nights are longer and the sun rays are reaching the
carth with low intensity during the day time inversion conditions are more predominantly

1
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Temperatu_re. difference
Fig. 13.3. Various Forms of Temperature Profiles.

formed and remain for much longer time than-the lapse rate. Similarly, in the valleys,
frequent inversions are formed and persist for a very long time.

Mixing Heighté‘:- -The mean maximum mixing height is the height above the earth surface
throughout where relatively vigorous vertical mixing occurs and measured indirectly through -
temperature profile data and studied in morning and afternoon hours,

‘The maximum mixing height shows variations during the day, season and topographical
features. ] : ' - C

Plume Characteristics and Pollutan{ Concentrations under different Vertical Tempera-
ture variations ) :

The manner is which stack effluents diffuse is primarily a function of the stability of the -
atmosphere. a .

(1)  Looping: Looping occurs with a superadiabaﬁc'lapsé rale. Larger thermal eddies are.
developed in the unstable air and high concentrations may be brought to the ground for short
time intervals. Diffusion is good. : '

(2} Coning: "With vertical temperature gradient between dry adiabatic and isothermal,
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slight instability occurs with horizontal and vertical mixing forming a cone shaped pl"ume '
e.g., study of wind nights. ’ ' '

(3) Fanning: [f the temperature increase upward, the air is stable and vertical turbulence
is suppressed with a little borizontal mixing. Plume concentrations are high but little effluent
from clevated sources reaches the ground in this situation e.g., clear skies with light winds
during the night. o : '

(4) Lofting: Lofting occurs when there is a superadiabatic layer above a surface
inversion with rapid upward diffusion and downward diffusion does not peneirate the
inversion and so is dumped out. With these conditions gases will not reach the surface but
particles with appreciable settling velocities will drop through the inversiorn, e.g., Near
sunset on a clear evening in open country. o

(5) Fumigation: As solar heating increases, the lower layers are heated and a
superadiabatic fapse rate occurs through a deeper layer. Thermal tusbulence will bring high
concentrations to the ground along the full length of the plume. c.g., clear skies and light .
winds in summer duc to increased heating. S : -

(®) Trapping; When an inversion occurs alofi such as a frontal or subsidence inversion
a plume released beneath the inversion will be trapped beneath it. Even if the diffusion is

good beneath the inversion such as a coning plume, the limit to. ypward diffusion _w_ill'
increase concentration in the plume and at ground level. g

"N { L W L i Looping
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\ | saranwE T i;'f{'}"—" g i""C‘-':«--s"" -
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. \< ﬂ:l"_*. :;;',1;_._..:_-.. e Fumigation'
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Fig. 13.4. Plume characteristics.
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| 13.3. 2 Secondary Parameters

: _Temperature The ambrent temperature has several effects on air pollutron

Temperature is related through the calculation of .‘degree -days’ to the amount of fuel’
consumed for heating purpose. Ambient temperature at the pollutant source affects plume
rise. Chemical reaction rates in the atmosphere are influenced by ambient temperature,

Precrprtatlon Precipitation is one of the natural cleanmg agents of atmosphere Precipi-
tatlon removes pollutants from the atmosphere through () Washout and (2) Rainout -
processes,

Solar Radratlon, Humidity & Pressure: Solar radiation and hum1d1ty have effect-on the
type and rate of chemical reactions that occur in the atmosphere.

Pressure: Low and high pressure systems have predietable_ effects on air pollution potential
. due to the accompanying atmosphere stability associated with these systems. :

- Cyclones are characterized by: (1) Uplifﬁng of air, (2) Generally stormy weather, (3) Fast
moving system - moderate to high winds. :

“These factors are conducrve fo good dispersion and natural remdval of contaminants released
into the atmosphere

.- Anticyclones are characterized by: (1) subsidence of air (subsidence inversion), (2) generally
fair weather, (3) slow moving system - light to clam sarface winds.

' _DisperSion Phenomenon: The diSpersion of the poliutants is due to the turbulent flow of
wind, and is dependent on the atmospheric stability ustiness etc. The turbulent diffusion
models for atmospheric pollutants are based on Fick’s law of molecular diffusion.

Most of the formulas are derived for simpler cases of constant velocity, steady state and
constant diffusion coefficients, though the variation of wind and diffusion coefficient with
height is a fact. Al point sources models fail, if there is a weak and variable wind. The
models are also inadequate for inversion layers. :

On the other hand the concentratron of pollutants may be determined solving Fick’s law
numerically considering the wind profile, lapse rate, gustiness, topography, varratron of
diffusion coefﬁcrent or other relevent factors.

Dispersion Models

Mathematical approaches have been made to the drspersron of pollutants in the atmosphere
and atmospherlc dispérsion models have been developed based on Fick’s molecular cllffusmn
equation and on statistical theory. :

_For instantaneous point source, models arc based on Frck’s molecular diffusion equatlon and
on Gutton statistical concepts. '

For -continuous point source, the. dispersion models are based on, plume behavivor, eddy
diffusion, wind speed, and amount of dilution etc., as continuous emission of pollutants
result in a plume which is carried by the wind speed and spreads by the intensity  of
turbulence -eddy. - : :

The other three well ‘known models are: (l) Pasqtnll Model, (2) Amencan Socrety of
Mechanical Engineers Model and (3) Mc Elroy Model in the field of atmosphenc diffusion.

All of these factors are conductive to good d1spers1on and natural removal of Contarmnants
released mto the atmosphere. o




Anticyclones are characterized by:

1.. subsidence of air (subsidence inversion)
2. generally fair weather ; s
3. slow moving system - hght to claim surlace\ wmds

13.4. ACID RAIN.

Rain has tradmonally been regarded as the harbmger of growth, produetmty and prosperity.
‘Mankind has always acknowledged the useful trouble of rain. The 110,000 cu. km. of rain
that fall each year have kept much of the earth’s hfe support system alive. It is the most
important source of free fresh water. This source. of joy prowdes a new lease on life by
greening the landscape (Varshney, 1983). o

However rain has taken a new threatemng -:,omple)uty Descrlbmg the alarming phenom- -
enon in its State of Environment report, the United Nations Environment Programme -
(UNSP) notes the way in which rain-reacts with sulphur and nitrogen oxides that poliute the
air to produce ‘acid rain’. It is new climatical phenomenon of lower atmosphere dumpq
brought to the land through rain and wind.

“The term acid rain is not new. It was first eomed in Manchester, England over a eentury
ago. What is new is that it is perhaps the most pernicious global problem. Subtle but lethal,

it has become a crucial ecological 1ssue, pdrtlcmarlyI in Europe It is a modern post mdustnal o

form of rumatlon :
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Fig. 13.5. Possible che_rnicai transformation lje_acﬁohs in fofmation of ‘acid rain..
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Soil is affccted as acidification due to acid deposition and certain biological processes erodes
the fertility. It is suspected to spirit away mineral nutrients within the soil upon which forests
depend. It has been scen to damage various kinds of vegetation including croplands and
forests. It assaults historic buildings, bridges, dams, industrial equipment, water supply
network, power and telecommunication cables and cultural treasures by accelerating erosion.
It is known to contaminate drinking water (Malkania and Malkania, 1987). {n addition it -
~ is known to pose a substantial threat to health by causing skin burns and making holes in
cotton clothing. : o

Acid rain is the term which includes various pollution processes, It is used to describe all
precipitation - rain, snow, fog, dew - which is more acidic than normal. Tt refers to any
precipitation which has a pH less than 5.6. The pH of acid rain can be compared with that
of common acid and alkaline substances. ' '

Because that pH scale is logarthmic, there is ten-fold increase between numbers. Thus water
of pii4 is ten times more acidic than water at pH5 and 100 motre at pH6. Acid precipitation
oenerally ranks between 5.6 and 3.5 and in some €ascs cven lower. Because acid rain
includes snow, sleet, hail, dew, frost and dry fall, it may be appropriate to call it acid
. deposition, acid precipitation or _‘atmospheric deposition’ collectively. The real acid
deposition, often turns up days later and hundreds of kilometers away from the source of
emission.

The sulphuric acid and nitric acid thus formed remains as vapour under the prevalent high
temperatures and begin to condensc slowly as the temperatare falls. The resulting conden-
sate take the form of aerosol droplets which owing to the presence of unburni carbon
_particles, is black, acidic and carbonaceous. This matter is called ‘acid-smut’ (Agarwal,
1980). ' : : '

It is helieved that oxidation of sulphur dioxide is much slower than that of nitrogen OXidCS,
50 that sulphur dioxide may remain airborne for 3 to 4 days, compared with nitrogen oxides
which may persist for only half a day. The consequence of this phenomenon is that acid
rain dérived from sulphur dioxide is transported much farther than nitrogen oxides. -

In Europe, the cause of acid rain is largely sulphur oxides followed by nitrogen oxides.
Sequeira (1987) recorded trace to slight weighted average free acid levels (pH 5.8 to 4.7)
south of 47°N, except in northern Italy. Moderate or high acid contents (pH 4.5 to 4.2) were
recorded north of this Jatitude. o

Consequences of Acid Rain: A major consequence of air pollution is acid rain. The

pollutants cmitted come back along with rain, there by affecting soil, crops, plants etc. Acid

precipitation is formed in the atmospherc through conversion of nitrogen oxides and sulphur

dioxide. These are transformed into sulphuric and nitric acids through oxidation. Acid rain
has a number of hazardous effects on tetrestrial ecosyslems as: '

a) Acidification of soils, altered nutrient supply, incrcased mobilization of aluminium
and other shifts from acid sensitive to acid tolerant species of microbial and soit fauna in the
soil, attered rates of decomposition of organics and N, fixation.

by  Foliar damage to crops and forests, leaching of nutricnts and other substances from
leaves, increased or decreased seed germination depending on sensitivity to acidity.

¢)  Polential indirect effects on forests include acidification of forest soils and- alterations
in soil chemistry as well as reduced forest productivity, and forest dieback.
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...............................................................

3 The term acid rain was. first coined m ........ e iraeerererarianan over a century ago.
4. What is the pH of acid rain water. '

Note (a) Write the answers in the space prowded above and below.

i
Check Your Progress - 3 & 4 F
.I
%

(b) Compare your answers with those glven at the end oi this unit.

.......................................................

......................................................................................................................

13.5. REMEDIAL MEASURES

(a) Meteorological elements, thlough have beej1 damaged due t0 pollﬁtion, still they are

~ . the natural means of changing aerial environment. Precipitation and the wind speed and

wind direction play a significant role i in r_hlutmg, transportlng and dispersing physmally the
pollutants that accumulate in a given space and! time emphasmng the approprlate role of
nature in protectmg the enwronment ' : ;

{b)  Air pollution is directly Imked to dmpemon of pol]utants and- meteorologlcal COIldl—

tions. Unless these conditions are considered at fthe time of selection of sites, the problem

~ cannot be mitigated by only handling the polluhon at the source. Siting cntena for mdusmal
location has 1o be made rigorous and no exempuon should be perraitted. -

13.6. LOCATION OF INDUSTRIES AND PRECAUTIONS

Till now the factors considered for locating a new industrial plant were the avallabﬂlty of
raw materials, power, water supply, transporting facﬂlues labour and the market. Now ong -
more critical factor has to be considered by the plant management, ie., the factor of air
‘pollution control. In fact, the neglect of this aspect of air pellution control in past by many
large industries hag proved to be a costly error,l for today they are facing heavy damage
claims, litigation and the necessity of takmg con'trol measures after several years of
operation. B '

Factors to he considered for industrial- plant ucatmn Wlule selecting a site trom the o
point of air pollution control, the following should be taken into consideration to aveid costly
control measures, improve public relations, and prevent lmgatlon '

Existing levels of air contaminants-
Potential effects on the surrounding area |
Meteorological factors and climate 7
Topographical features

Clean air available

e

‘Planning and zoning

" Existing Levels of Air Contammants If the new plant is to be located in an area wluch '
is already industrialised, it is a good practice to unhdertake a pre-operational survey to know
the existing levels of contaminants, under prevailing meteorological conditions. - This type
of survey gives an idea regarding the nature of po]lutlon due to existing industries, i.e.,
whether the existing level of pollution is high, medwm or low. The results of such a survey, '
with respect (o known operational data on the magmtude of contemplated emissions from the
new sources, would provide information on the 'extent to which waste products could be
qately discharged into the atmosphere without reﬁu]lmg in too much contamination,
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Potential Effects on the Surrounding Area: - Another important factor from the point of
site selection is to have a knowledge of the specific effects of the major pollutants likely to
be discharged into the atmosphere in relation fo ‘the. population and land use of the area
surrounding the site. For example, whether the poliutants will have any effect on the health
of the farm animals in that area, is to be considered. A rural and predommamly agricultural
area is more affected by fluorides and sulphur dioxide than an urban population. “This is
because cértain pollutants are morc toxic and harmful to vegetation but is obnoxious and
even dangerous to human life in comparatively low concentrations. '

Meteorological Factors and Climate: -The prime factors which have to be considered in
order to minimise air pollution problems by site selection are the climate and meteorology
of the location under consideration, It is important to know the prevailing wind direction,
wind speed, and factors favourable for stable atmosphere, i.e., inversion conditions. The
dispersive ability of air at each possible site has to be determined. '

_ The ideal site for location of an industry is a level terrain in a region where the average wind
speed is of the order of 16 kimv/h or more and where temperature inversions rarely occur.
Also, it is always better, if a populated town or agricultural land is not on the downwind of
the proposed site. ' :

Arcas where prolonged subsidence inversions occur frequently should be avoided' for
location of industries if alternate sites are available. Individual valleys where prolonged
conditions of stable atmosphere are frequent should be critically exannned Industrialization
of these areas must be minimised.

Topographical Features: Air movement is greatly influenced by the topography in the
neighbourhood of the site under consideration, like valleys, mountains, etc. In fact, we have
to give more attention to air pollution control in valley sites than in level terrain, gspecially
when the average wind velocity is less than 16 kilometers per hour.

Clean Air Available: For example, industries requiting clean air for manufacture are the
ones dealing with the manufacture of transistors, electronics, refineries, antibiotics, and

“vaccines. Also, clean air is required for cooling the reactors of atomic energy plants, since,
if polluted air were used, the impurities present would become radioactive and their escape
into the atmosphere would create a hazard. In these cases, location of industries in areas of
heavy air pollution will add materially t0 the cost of cleaning the air,

Planning and Zomng Proper planning and zoning of 1ndusmal areas and residential areas
can play an important role in the control of air pollution. Residential ateas and certain heavy
industries should not be located too close io each other. It is always better to have a green -
belt between industrial areas and residential areas. The concerned municipal authorities
should encourage the creation of green belt. If there are any mummpal laws and regulations
regarding this aspect, they should be strictly, enforced

Recently, scientists have identiﬁed a dozen species of trees which have a capacity to absorb
industrial pollu-tauts from the air. Many of these trees grow in our country. For example,
. it has been reported that tamarind and margosa trees are capable of absorbing dust and gas
from the atmosphere polluted by cement factories, chemical industries and quarries. This
fact has been cstablished by laboratory studies carried out at Ecology Laboratory of Botany
Department of Osmania University and jointly by the Toxicological Research Centre and the .
Naiional Institute of Botanical Research, Lucknow. Therefore, growmg ‘suitable trees is an

important way of solving the problem of air pollutlon




13.7. CITY PLANNING

Today, we are seeing many cities developing in a very haphazard manner. They are now

paying the price for the failure to plan for future systematic and homogeneous development. -
Smoke, dust, fumes, odours and poor zoning practices have spoiled fine residential areas in

- the heart of the citics have degenerated into shums.

Onc -of the basic principles of country planning is, it must be flexible, continuous and
adopted to the focal requirements. Residential; commercial and industrial areas must be
properly planned. Prime importance must be given for locating sufticient number of public
parks and gardens, for they act as lung spaces, especially in the industrial cities. Also, there
must be sufficient provision for traffic lanes and parking facilities.

For the proper growth and development of a city, a zoning taw is reqmrcd And of course,
the regulations must be strictly 1mplemenlcd

Every city or town requires its own zoning ordinance according to the local conditions. As
land usage changes, the zoning regulations must bhe moditied to meet new conditions.
~ Satellite towns bordering a city must also be subjected to zoning 1o provide for orderly
growth. '

Following are some of the measures that can be taken for air poliution control by pl anﬁing
and zoning:

1. - Decentralisation of industry

2. . Creation of a green belt between industry and receptor areas

3. Regulations over automobile exhausts

4. Traffic control ' _

5. Credtion of smokeless zones in ‘selected areas by limiting industries .md rcsldences in

those zones to the use of certain specific smokeless fuels.

o

Prohibiting use of volatile fuels.

7. Meteorological means of self purification through ‘dilution, dispersion’.

- 13.8. SUMMARY

Meteorology is the branch of science which deals with the study of earth’s atmosphere. Wind
speed. wind direction and atmospheric stability are known as primary parameters and
ambient temperature, humidity, precipitation, solar radiation, pressure and vigibility are
secondary parameters which influence the air poilution. Acid rain plays a major role in air

pollution. ‘ '

Rain reacts with sulphur and nitrogen oxides and pollutes the air producing ‘Acid Rain'.
The pH of the acid rain water will be less than 5.6 and generally between 5.6 and 3.5. It
may even be less in some cases. There are a number of hazardous effects on ecosystem by
acid rain. '

- Wind speed, wind direction and precipitation play a significant role in protecting the
environment. Selecting a site for industries is also an important factor in environment
proteciion. Following are the important factors (o be taken into consideration while selecting
a site from the point of air pollution control: (1) Existing levels of air contaminants, @)
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Potential effects on the surr_ounding area, (3) Metcor'olog-ical factors and climate, (4)

Topographical features, (5) Clean air available and (6) Planning and zoning,

13.9. CHECK YOUR PROGRESS: MODEL ANSWERS

1.

“The primary or basic mcteorologlcal parametem are wmd speed wind dxrectlon and

atmospheric stability. .

Ambient temperature, humjdlty, preupntaﬂon solar rachdtlon pressure, and visibility -
are called secondary meteorologmal paramelers

Manchester En gl and.

 The pH of acid rain water is less than 5.6, -

13.10. MODEL EXAMINATION QUESTIONS

W e

L .

Answer the following quesﬁnns in about 30 lines each.
List out and describe the meteorologlcal factors influencing air pollution.
Write in brief about amd rain.

Write briefly about the factors that are to be cons:dered for locatmg the industries.

Answer the following questions in ahout 10 lines each.

Explain briefly the meteorologmal factors. mﬂuenc,mg air pollution,
Describe briefly the adiabatic lapse rate and env1r0nmcnta1 Iapse rate.
Discuss briefly the plume charactensucs '

What is dispersion? Explain briefly.

Prof. S.H. Raza







_ BLOCK -5
~ INDUSTRY IN INDIA

2156







UNIT-14: INDIAN ECONOMY _
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14.10. Model Examination Questions

14.1. OBJECTIVES

After gomg through this unit, you will be able to:
* indicate the importance of agrlculture in the economy,
L 1dent1fy the problems faced by agucultural sector,
* explam the industrial pollcy resolutions,
* analyse the issues of employment,
* describe the migrant labour and

* explain the meaning of .development.

' 14.2. INTRODUCTION

India has an area of 1.2 million square miles which accounts for 2.4% of the total land area
of the world. According to the 1991 cénsus, the populatlon of India is 844 million and this
. is 16% of the world population.: The average density of population including desert and arid
' ~ areas, Lilly and otherwise unpopul'a_ted areas is already 689 per square mile. The population.
' ' “of India has been growing at an annual rate of around 2,11 percent per annum between 1981
and 1991 censuses. The growth of the population cfeates its own demand for diverse social
R - service facilities. Partly as a result of this factor, the average literacy rate was 52.1 percent.
Economic development is generally associated with the growth of urbanisation. According
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to 1991 census, urban population accounts for 25.1 percent of total populatlon The
occupational pattern of the population can be derlved from the census ‘count’ of the main
workers. As per the 1991 census, the work force: engaged in the pnmary sector was 66.8%
and the secondary and tertiory sectors account for 33%. '

This unit introduces the contribution of Agrxcultural and Industrial sectors to the GNP,
percentage of labour force engaged in these two sectors, progress made by these sectors .
since independence, governments policies and inter linkage between these two sectors.

14.3. AGRICULTURAL SECTOR |

14, 3.1. Largest Employment Providing Sector
Labour being a primary factor of preduction, the 'size of labour force is of great importarice

for the level of economic activity in a country. The occupational structure of India reflects . . -

_clearly the backwardness of the Indian economy. Over the last 80 years, the proportion of
working population engaged in the primary sector (agriculture and allied actwmes) has been
steady and not fallen below 67 percent. This is: really significant since a large percentage
of population dependent en the primary sector is a clear indication of the prevalence of large
scale disguised unemployment in agriculture and consequently low per capita labour
productivity and prevalence of widespread poverty. In USA and UK ~only 3 to 4% of
working population is engaged in the agncultural sector.

14.32. Share of Primary Sector in GDP

In 1950-51 the share of primary sector which! lincludes agrlculture mining forestry and
_ fishery was.55.3 percent. This was on account of practically non-existence of industrial
development and infrastructure. However, after the initiation of planning in India, the share
of agriculture has persistently declined on account of the development of the secondary and
tertiary sectors. From 55.3 percent in Gross Domestic Product (GDP) in 1950-51 the share’
of primary sector in GDP declined steadily to 44 5% in 1970-71 and further to. 31 6% in

1990-91.

‘However, the mere fact that agriculture ‘still contnbutes more than 30% of natlonal income
shows how important it is for the Indian economy.

The share of primary sector in GDP is often taken as an indicator of economic development
' 'Normally developed economies are less dependent on agricnlture as compared to developing
*countries. For example, only 3% of national income is derived from agriculture in USA and
UK. Thus it seems that as the country progresses, the dependence on agriculture declines.

In the developed countries like USA and UK 3 to 4% of the working population is engaged
in the agricultural sector and 3 to 4% of natiopal income is derived from the agricultural
sector in those countries. Whereas in India 67 percent of working population engaged in the
pnmary sector contrlbutes 31.6 percent of gmss domestic product.

1
Check Your Progress -1
Comment on the share of primary sector in the GDP
Notes (a) Write the answer in the space provided below,

(b) Compare your answer with the one given at the end of this unit.
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14.3.3. Importance of Agricul.tural Sector for Industrial Development -

In our country, agriculturat sector plays an important role in the industrial development, The
main source of the raw material supply to the industrial sector is from the agricultural sector.
For example, cofton textiles, jute, sugar, vanaspathi, tea, coffee, rubber, coconut etc. come '
from the agricultural sector and all the above items are of basic importance to our economy. .
In the recent years, the importance of food processing industries is increasingly recognised
both in the generation of income and employment. - Many of our small scale industries like
mice hosking, oil crushing, handloom weaving etc dépend wpon the agricultural sector for
their raw materials. These days a lot of agro procc:SSmg industries are coming up and they
get their raw materials from this sector.

All workers engaged in the secondary and fertiary sectors depend for their essential
consumption requirements on agnculture Agricultural sector also prowdes a market for
industrial products

14.3.4. Role of Agricultural Sector in International Trade

Importance of Indian agriculture arises from the role it plays in India’s trade with other
countries. For example, agricultural products like tea, coffee, sugar, oil seed, tobacco,
spices, cotton textiles, jute etc mainly constitute items of export from India. Tn recent times
fruits and vegetables, prawns, eggs are being exported to the middle east countries. This has
great significance for economic development. The increasing exports help the country to
pay for the increasing imports of machinery, peiroleum, crude, chemicals and other raw
materials which are needed for the development of the economy. :

14.3.5. Role of Agricultural Sector in Economic Planning

Importance of agriculture in the national economy is indicated by many factors. For
example, agriculture is the main support for the transport system in India since railways and
roadways secure bulk of their business from the movement of agricultural goods. Interna-
tional trade is mostly confined to agriculturat products. Further, good crops imply large
purchasing power with the rural masses and that leads to greater demand for the industrial
products. There is an universe relationship between agricultural growth and rural poverty.
In other words, in those years, when the monsoon js timely and sufficient and crops are
good, employment opportunities are abundant, the incidence of poverty is less. Many a time,
it is the failure of the agricultural sector that has led to failure of economic planning.

14.3.6. Causes for Low Productivity

Agricultural productivity coverage per hectare is among the lowest in the world. - In the-
recent past, therc has been some improvement. It will be useful to analyse the factors
responsible for the backwardness of agriculture. It is convenient to group the factors under
three headings (i) general factors (ii) institutional factors and (iii) technological factors.

A, General Factors

(i) Over crowding in Agriculture; There are too many people who depend on the agricul--
‘tural sector for their livelihood. Over crowding and the consequent pressure of population -
on land are responsible for sub-division and fragmentation of holdings, declme in the per
capita area of land, and disguised unemployment,

(it} Discoumging Rural Atmosphere: In India, the farmers still follow primitive system of
cultivation with outdated techniques of production. Only a small percentage of farmers
adopt modern techniques of production like hybrid variety of seeds, irrigation, chemical
fertilisers ctc. : :
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(iii) Inadequate Credit Fac:lmes Credit is one of the most important aspects in- the

agricultural sector. The farming comInunity depend to a great extent on money lenders for

their input reqmrements These money lenders charge very high rates of interest. In the
recent times, commercial banks and co-operative banks are catering to the credit requ1re—
‘ments of L‘ne farming commumty

B. Institutional Factors

{i) Size of Holdiﬁg.s_: The average size of holdings in India is less than 5 acres. The-

agricultural holdings are not only small but also fragmented. Since the average agricultural
holdings are very small, it is not possible to go for scientific cultivation with improved
‘implements seeds etc. There are many disadvantages of small sized holdings like waste of

time, labour and cattle power, difficulty in proper utilization of irrigation facilities, wastage-

of crops in the absence of fencing ctc. One of the reasens for poor agricultural yield is
prevalence of small holdings.’ ' '

(it) Pattern of Land Tenure: T“nc position of tenants is not satisfacté_ry despite the abolition

of the zamindari system. There is no security for the cultivator because he has to pay higher

‘re_:nts for the land he cultivates and he may be turned out of his land at any time the land
~lord desires. 1t is difficult to increase agricultural prrjductivity under these circumstances.

C. Technological Factors

(i) Poor Techniques. of Production: The old and inefficient methods and techniques of
production have been used by the farming community. Only a small percentage of farmers
have started adopting improved implements. To. increase the fertility and 1o utilise fallow
hands, the use of farm yard manure and chemical fertilisers is very important. In addition,
farmers should use Iugh yleldmg and discase’ resistant varieties of seeds.

(ii) Limited Irrigation Facilities: Majonty of the farmers through out the couniry have to

depend upon rainfall since irrigation facilities are inadequate. Only a small percentage of '

farmers have and avail the irrigation facility. In the recent years, irrigation facilities are
being increasingly made available. Because of irrigation facilities, double cropping, better
rotation of crops, fighting plant diseases and pests are looked mto Conccquently, land and
labour productivity in agriculture is steadily gmng up. :

Check Your Progress - 2
~ What is meant by inadequate credit Facility?
Noté (a) “Write the answer in the spacce providéd below.
(b) Compare your answer with the one given at the end of this unit.

......................................................................................................
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14.3.7. Agricultural Policy _

Before the mid nineteen sixties, the activities of the government in the food grain economy
were limited in scope to the import of grain and its distribution mainly. in the urban areas
undér various forms of motioning. However, with the adoption and promotion of the new
- agricuitural strategy based on the cultivation of high yielding varicties of secds with the use
of modern inputs i.e., fertilisers, pesticides in areas of assured water supply, the government
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' began to play.an important role in the transformation of the agricultural sector. This led to
the involvement of the government in various activities such as the development of .
infrastructural facilities, provision of subsidies of different Kinds, supply of inputs and credit
and promotion of agronomic resources for the adaptation of crop varieties to Indlan
conditions. The agricultural price policy was evolved subsequently It can be seen as an
essential part of a larger package of policies designed to promote rap:.d agncultural growth
and to encourage private investment.

14.4. INDIAN INDUSTRY

In 1950, the industrial base of the economy was very small and the industries- were beset
with many problems such as sho:tage of raw materials, deficiency of capital underdeveloped
infrastructural facilities, bad industrial relatinns, stagnant economy, transport bottlenecks etc.
During the first five year plan the industrial development was confined largely to the
consumer goods sector, the important industries being cotton textiles, sugar, salt, soap,
leather goods and paper. Industries manufacturing intermediate products like coal, cement

steel, power, nonferrous metals, chemicals efc were also established but their production was
- small as produc‘uve capacny was con51derably below the requirements. '

The first plan was not important from the point of view of industrial development. Since
paramount importance was given to the agricultural sector, resources available for industrial -
development -were insufficient. The second plan accoerded top priority to programmes of
industrialisation. Based on Mahala nobins model, the second plan set out the task of
‘establishing basic and capital goods industries on a large scale so that a strong base for the
industrial development could be built in the future.” Three steel plants of one million ton
ingot capacity each were set up in the public sector at Bhilai, Rourkela and Durgapur besides
the expansion and modernisation programmes undertaken in the private sector. -

The overall objectlve of the industrial plan dunng the thlrd plan was to lay the foundation
for further rapid industrialization over the next 15 years. It was considered essential to press
forward with the establishment of basic capital and producer goods industries with special
emphasis on machine building programmes. This was done so that the growth of the
“economy in the subsequent plan could become self sustaining. The expansion of the
industries was to be done according to the Industrial Policy Resolution of April 1956,
Targets of production were fully- realised by 1965-66 in the case of following industries
namely aluminium, automobiles, electric transformers, cotton ‘textile machinery, machine
tools, sugar, jutc tcxtiles, power driven pumps, diesel engines and petroleum products.
There were substantial short falls in a number of crucial industries (like steel and fertilisers).-
On the whole, the performance pf’ the Third Five Year Plan cannot be considered satisfactory.

. The Fourth Five Year Plan was postponed for full three years because India was in the grip
of inflation and depression. A number of factors were responsible for the sluggish growth
in the industrial sector during the Fourth Plan period, the more important being (i)
sluggishness of demand (ii) shortage of basic raw materials (iii) labour troubles (iv) traffic
bottlenecks (v) shortage of coal and powcr and (vi) low level of capacity utilisation in a
number of 111dustr1es

The industrial programmes in the Fifth plan were conceived in such a way as to realise the
twin objectives of self reliance and growth with social justice. The following pattern of
“investment and production was envisaged. (i)-Rapid growth of the core sector industries,
(ii) rapid diversification and growth of export producing industries, (iii) substantial expansion,
of production of essential consumer goods like cloth, edible oils and vanaspathi, sugar, drugs -
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and bicycles etc and (iv) restraint on the prodijction of inessential goods.

. The target growth rate of industrial production during the Sixth plan was 8 pereent, and actual
growth rate was 5.9 percent. The correspbnd;ling figures'for the Seventh plan were 8.7
percent and 8.5 percent. '

(v) Limmng and controlling foreign mvestments in domesnc mdustry

(vi) Pursuing self-reliance through import substltution oriented pollcles of' industrial

development . . . !

(vii) Carvmg out a central _rt)le for the public ;sector in the process of deveiopment.

14.4.1. Industnal Policy _ _
Industrial policy derived from the import substltutmg strategy was’ almed at over wmmg the

resource constraint. This was done through government control of the allocation of scarce
resources into priority areas of investment. This control was exercised in two ways. Firstly, -

~trucial aréas of investment, namely the basic, and capital goods sector largely involved
public sector investment.. Secondly investment in the private sector was regulated by a
- system of licensing, permits and controls. Beésides the major aim' of allocating scarce

resources into predesignated areas of prierity, mdustnal pollcy mcorporated ‘objectives wluch
were in keeping with the socmllst Spirit. :

14.4.2. GJccupatmnal Structure in Industnal Sector

- The process of industrialisation introduced in tlre middie of the 29th century was limited to
plantation and textiles. Heavy investment in manufacturing has made no impact as regards
the pattern of occupdtional distribution sinece 195k Considering the overall secondary

~ sector, it looks as if nothing has happened in this sector in terms of employment of -
- workforce. In 1991, 12.7% of the working popu'latlon was employed in this sector as against -

10.7% in 1951. Compared to the position in 1901 when 12.6% work force was engaged
_in the secondary sector, situation in 1971, 1981, 1991 was 11.2%, 13.5% and 12 7%
respectively and they could not be deemed satlsfactory

On the mdustrnal front, the planners made a number of efforts to mdustnahse the economy
specially in the capital goods sector with 1mp0rted machinery and technical know how. The
development of small scale and cottage mclustnes was not given sufficient emphasis/

importance. The plans concentrated on large scale producer goods sector with very little

employment generation effects, In addition, there was rapid expansion of luxury durable
consumer goods industries, using capital mtenswe methods, with imported machinery. . The

highly capital intensive investment structure had very little employment multiplier and thus,

produced’ v1rtually no effect on the occupatlonal stmcture

14.4.3. Sharz of Secondary Sector in GDP

The secondary sector comprises mining, quarrymg, manufacturing industries (factory and :

non-factory), electricity, gas and water supply and construction. The share of the secondary
sector has shown a steady increase irom 16.1 percent of GDP in 1950-51 to 28.7 percent in
1896- 91. It is pettinent’ to mention that thls sector of Indian economy has grown
continuously thtough out the post mdependulee period. Manufacturing industries and

- construction are the two major components!of the secondary sector. The share of -

- manufacturing in GDP increased from 11.4 percent in 1950-51 to 20.6 percent in 1990-91.

Similarly, the share of construction improved from 3.3 percent in 1950-51 to 4.1 percent in -

1990-91. o I
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- In 1990-91, 12.7 percent of the work force engaged in the secondary sector has a"share of
28.7 percent in GDP, where as 67 percent of work force ‘engaged in the primary sector
contributes 31.6 pcrcent of GDP

Check Your Progress - 3 & 4 '
3. What does the secondary sector comprise?
4, - What is the share of the secondary sector in GDP?
‘Note (a) Write the answers in the space provided below.
(b) Compare your answers with those given at the end of this unit.
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14.5. ISSUES OF EMPLOYMENT

All the Indian five-ycar plans have stressed a2 substaniial expansion of employment
opportunities as a major goal of planning. Operationally, it has been hoped that if
employment grows faster than the labour force, all the new entrants into the labour force will
be absorbed in gainful employment. Moreover, the backlog of unemployment at the end of
the loan period would be smaller than at its start. It is widely believed that these goals have
not been achieved.

14.5.1. Crude Worker Pﬁp_ulation Ratios

The crude worker population ratios are estimated by the four quinquential surveys ®f the
National Sample Survey Organisation (NSSO) i.e., 1972-73; 1977-78; 1983 and 1987-88.
The corresponding data from the population censuses are conducted during 1961-91
separately by sex and rural urban residence. The data suggest a reasonable stability since

the early 1970’s in worker population ratios for rural males was around 54 percent and for
‘rural females between 32-34 percent, for urban males between 49-51 percent and for urban
females between 13-15 percent. The worker population ratios for the total populatmn of
the country have been stable around 41-41.

223




14.5.2. Unempluyment Rates

‘Unemployment is measured as percent of the labour force, Underlymg ratlonale is to fdcus‘
attention on the extent of available labour that is not utiliscd. :

Since early .'19708 the NSS has" begun 10 measure unerployment according to three

alternative definitions or concepts. The first called the usual status approach, was intended .

to focus attention on chronic unemployment or the problem of those who remain unemployed
for an extended period of time (originally throughout the year but qmcc the late 1970’s for
major part of the year preceding the date of survey). It is not certain that those classified
as ‘usually unemployed’ really represent the chronically unemployed. In'fact, at least in
~ urban areas and among the ‘educated’ or the matriculates and the higher educated both in
rural and urban areas there seems to be a substantial overtap between the usually unemployed
and those classified as currently employed or unemployed during the reference week
preceding the date of survey. - n

The latter concept of current unemployment is used internationally and facilitates comparisons .
‘across countries, 'The measurement of unemployment in terms of person days, takes account
of unemployment within the reference week. '

Estimates of the rate of unemployment according to the weekly status data show the rural
unemployment rates to be stable around 4 percent since the early 1960s. The rates of urban
unemployment during the 1970's and 1980’s have been clearly higher than in 1961-62. But
since 1972-73 one observes a certain stability in the ratcs for males around 6-7 percent and
in the rates for remales around 9-11 percent, :

14.5.3. Employment Problem of Educated

Educational attainment influences the willingness of people. to work. 'In the initial stages
school attendance contributes to a withdrawal of the young children from the work force.
Those who complete high school or go to college want to participale in economic activities

" of a particular type mainly as white collar workers and as regular salaried employees. The

- education related differences are particularly marked in the, case of women.

Since independence, the number of matriculates or secondary school certificate holders and
of the higher educated was grown substantially both in rural and urban areas. By January
1, 1988 India has nearly 65 million matriculated or higher educated. Over 24 percent or
nearly 16 million were college graduates or higher educated. In urban areas, 7 percent of
all men and about 4 percent of all women were graduates.. While the rapid growth of high
school and college ‘education certainly reflects an achievement, it has alsp become a major
challenge because the work’ opportumhcs of thc type that they scek have cerfainly not '
E:Xpdllded at the same pace. - : :

14. 5 4. Registration of Work Seekers with Employment Exchanges

The NSS data indicate that between 60 to 80 percent of the unemployed matriculates and

gradifates in both rural and urban areas tend to bé on the line register of employment

exchanges. Thc—i proportion has tended 1o risc over the years, Along with population growth

and a sharp increase in the proportion of matriculates, graduates and higher educated in the

population another factor contributing to the rise in the number of persons on the line

_ regislers of employment cxchanges bas been their greater tendency to register. The

" employment exchange authorities have also relaxed the carlier rule about the penodluty of
“rengwal’ required 10 keep a person’s name on the live rcgistcr
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Check Your Progress - :

Analyse the estimates of the rate of unemployment
Note (a) _Wnte the answer in the space provided below. 5
(b) Compare your answer with the one given at the ‘end of this unit,

14.6. MIGRANT LABOUR

Workers move about systematically seeking and engaging in seasonal temporary employment
without becoming residents of the areas in which they work are called migrant labourers.
“The phenomenon of migrant labotr is the result of seasonal and picce rate work that has
emerged as a result of a certain type of production technology and the associated organisation
of production, Migrant labour is essentially a piece rate wage earner. When he is hired for
a certain amount of work, it is the guantum of work which is important and not the hours
of work.

Migrant Iabour is also seasonal labour. Such seasonal work is a feature of the unorganised
sector. The operations in certain enterprises like mines, brick links, construction, salt pans,
commercial agriculture etc are seasonal. Work in such enterprises starts after the monsoon
season and ends prior to the first rain. '

There are various patterns that migration can take in terms of time span. Migrant can be
permanent, a once for all outward movement. it can be seasonal when the workers move
into work for certain short but recurrent periods. It could be circulational when the worker
moves with definite periodicity between places.

The strategy of employing migrant labour appears to have been adopted more usually asa
strategy to secure better control over the labour process rather than to make up for an
absolute shortage of local labour. The hopes that the geographical relocation of the labour
from slow growing region through migration would allow permanent and productive
employment in the informal sector. :

By using the information on the rural and urban character of the birth place and the place
of enumeration of the migrants, four migration. streams can be identified (i) rurat to rural (2)
rural to urban (3) urban to urban and (4) urban to rural. The dominant stream of migration
was from rural to urban areas in all the four censuses i.e., 1961, 1971, 1981 and 1991. Males
clearly out numbered females among rural urban migrants in India as a whole.

Reasons for Migration: The census has extended the scope of migration data by secking
to record reasons for migration. Keeping operational constraints in view, fine broad rcasons
for migration have heen distinguished: (i) employment (fi) education (iii) marriage {iv)
family movements and (v) other rcasons. The reasons for migration have been elicited only
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with reference to movement from the place of last residence to the place of enumeration. The
census data confirm that employment was the main reason for migration among males wh.lle _
marriage was the main reason for Imgra‘uon among temales

About 48 percent of rural urban“m_ale migrants had moved for employment considerations.
About 31 percent of rural-urban females igrants had moved because of marriage. The next
important reason for migration among females was that the ‘family moved’. About 29
percent of rural urban female migrants had meoved for this reason. '

Check Your Progress - 6
‘What are the reasons for migration?

Note (a) Write the answer in the space provided below,
(n Compafe your answer with the one given at the end of this unit,

.- 14.7. DEVELOPMENT AND ITS MEANING

. Development consists 0f much more than an increase in per capita income. It is desired: for
many and complex reasons of which the increase in per capita income is merely one.
Economic development implies both more output and changes in the technical and institutional =
arrangements by which it is produced. Development is concerned with the attitudes and
abilities of people as influenced by education, access t6 infrastructure and the nature of
institutions. In other words development is concerned with educational stocks and flows,
fertility and mortality rates, availability of physical and social infrastructure etc. The
. concept of development is the pervasiveness of modern economic behaviour and the ability.
of people to absorb modern technology where education deals with the human aspect,
infrastructure deals with the physical aspect and institutions deal with the working of
economic institutions especially goods and factor markets.

It is not enough to say that economic development is determined by the supply of resources,
available techniques, the organisation of markets, the institutional frame work of econoimic
life and the psychology of the people. - The above variables are prominent determinants of
development. There are other factors underlying them. The process of development nust
bring out these underlying factors too. Full interpretation of economic development must
consider non-economic factors also. Political sociological and psycholog1ca1 factors have a
great deal of relevance in the matter of economic development. The nature of the
government, the type of the fegal system, the standard of education and health, the attitudes
and out Jook of the people, the role of the family etc have all an intimate bearing on the
process of economic development, Another essential element in econemic development 1s
that it has {o be stcady and sustained.

228




14.8, SUMMARY

The unit tries t¢ explain the importance of agriculture in terms of providing emp]_o'ymént o
the growing labour force and its sharc in the gross national product. The role of agricultural
_sector in international trade and industrial development are discussed. The causes for low
productivity like over crowding in agnculture, inadequate credit facilities, sizc of holdmgs
pattern of land tenure and some technological factors are discussed.

This unit also analyses thc industrial policy re«‘.olutmns right from 1948, The occupatlonal
structure -and the share of secondary sector m_GDP are presented. :

“The important issues of employment like participation rates and unemployment rates,
problems of the educated unemployed are cxplamed The types and problems of migrant
labour are analysed. ' . :

In the last pm of the unit, the meaning of development and featur:'es of development are dealt
with. ' ' ' ' :

149. CHECK YOUR PROGRESS : MODEL ANSWERS'

1. The share of the primary sector in GDP was 55.3 percent in 1950-51. Gradually, after
the initiation of planning in India, it has declined to 44.5 percent in 1970-71 and
further to 31.6 percent.in 1990-91. In the primary sector, about 67 percent of the
labour force is engaged but their contribution to GDP is less than half. . o

2. In the Indian agriculture, credit is one of the important inputs. The farming
community requires credit to buy the inputs like seeds, fertilisers, pesticides, services
of labour, water, electricity etc. The commercial and co-operative banks do not cater
to the credit requirements of the farmers in time. They have lot of formalities to be
completed and they are-time consuming, Farmers depend upon money lenders.
Hence, credit facilities are inadequate. | o

3. The secondary sector comprises mining, quarrying, maﬂufacturiﬁg industries (factory.
and non-factory), electricity, gas and water supply and construction.

4. . The share- of the secondary sector in GDP was 16.1 percent in 1950- 51 and it has .

increased to 28.7 percent in 1990-91. There are two components of the secondary
sector namely manufacturing and construction whose GDFP has icreased. The share
of manufacturing in GDP increased from 11.4 percent in 1950-51 to 20:6 percent in
1990-91. Similarly the share of construction improved from 3.3 per(,ent in 1950-51
to 4.1 percent in 1990-91.

5.  According to the weckly status concept, the rural unemployment raies were around
4 percent since the early 1960s.. The rates of urban unemployment for males were
around 6-7 percent and for females were around 9-11 percent. Since 1972-73, there ..
was stability in the unemployment rates of males and females in the urban areas.

6. The reasons for nugratlon have been ehuted with reference to movemcnt from the

place of last residence to the place of renumeration. There are five reasons for
migration. They are (i) employment (ii) education (iii) mamage {(iv) ia'mly movcmenrs
and (v) ‘other reasons.




14 10 MODEL EXAMINATION QUESTIONS

l
1
2.
3.
4
5

o S T

- Answer the following questions in about 30 lines each.

Expl,am the importance of the agricultural sector to the Indian £COonony.
What are the causes for low productivity of the agricultural sector?
What are the objectlves of the industrial pohc1eq9

Analyse the 1mp0rtanc.e of the industrial sector to the Indiar economy

- What are the various issues.of employment'? Analyse them.

Answer the following questiens in about 10 lines each.

_ Comlnent on the share of the pmndry Sector in the GDP.

What is the contribution of the a grlcullural sector in the industrial development of the _

. country‘?

Explam the agricultural policy of India.
Describe the occuanDnal structure of the ldbour force in the mdustrlal qector
What do you mean by migrant 1ab0ur‘7 Descnbe them, '

Analyse different dimensions of the meaning, of development. '

Dr. S. Sudhakar Reddy
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UNIT-15 : TECHNOLOGIES _____

Contents
i5.1. Objectives
152, Introduction .
15.3. Mcaning and Definition of Technological Self-rehance
154. Technology Policy Statement
15.5. Technology Missions
15:6. Pollution
15.7. Technology Transfer
15.7.1. Methods of Technology Transfer
15.7.2. Constraints of Technology Transfer
15.8. Summary
159, Check Your Progress : Model Answers
15.10. Model Examination Questions

15.1. OBJECTIVES

By the end of the unit, you will be able to:
' *  explain the meaning of technology,
*  describe the technology policies,
* analyse different types of pollution and
*  explain technology transfer, its methods and constraints

15.2. INTRODUCTION

Technology can be regarded as a factor input or resource. It underlies the process of
producing new things with. existing resources or using the existing resources in new ways.
Technology represents a combination of a given set of factors defined in relation to certain
outputs. Technology is regarded as a set of pieces of knowledge, both directly ‘practical and
theoretical’ know how, methods, procedures, experiences of success and failures and also
physical devices and equipment. ' :

Technical progress is that technical change which results in an increased output per unit of
labour. . Technical change in the context of economic ‘development must result in more
“output for the same resources or the same amount of output for less resources.

The rate of technical progress depends upon a number of factors like educational structure,
scientific activity, managerial skills, attitudes to change trade union activity and the rate of
investment. Of all the variables, the rate of investment appears to be the most important
determinant of the rate of technical progress.

The development strategy starting with the second five year plan and. until recently has
emphasised import substitution led industrialisation based on capital goods industries with.
the aim of achicving technological development for self-reliance. The need for special
treatment of Science and technology (S&T} is recognised quite carly and refiected in the
science policy Resolution of 1958. The important aspects of the Indian strategy have been .
priority investment in capital goods, science. and Technology infrastructure, and- skill
formation for strengthening national technological capability.
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Development plans apart, policy mstruments (import controls, industrial licensing, regula-
tions on foreign exchange, foreign investments, foreign control and foreign technical
collaborations) in principle aim to strengthen the India’s technologlcal capacity and to
'_reduce its technological dependence.

15.3. MEANING AND DEFINITION OF TECHNOLOGICAL SELF RE LIAN CL :

Technologlcal self-reliance in the Indian content may be defined as a process of increasing
through R & D efforts the nations capacity to acqmre and adapt imported techmologies.  And
also to innovate further on that basis so as to ineréase its internal technological capacity and.
to reduce its external technological dependence. By-and large, the country can said to bie
more self-reliant in technology if over time its expenditurc on technology impoit reduces
relative to its expenditure on R & D and vice versa. The relatively. reduced expenditure on
technology import implies reduced dependence, and increased expenditure on R & D an
improvement in the technological capaclty

- We are not presummg here that the pursuit of seII—rehance should confine 1tse]lf {0 local
adaptation of imported {echnologies and innovations of incremental improvements. Tech-
-nology import and local adaptation constitute only one input to the firm’s capacity to move
on the path of self-reliance. There may be areas where technological requirements cannot -
be met by imports and therefore need to be developed through exclusive indigenous.process
in an innovative environment. It can be stimulated by import of technology and its logal |
adaptation by domestic R & D. Technical change is very much the ouicome of domestic
R & D efforts. The knowledge and expericnce gained from the initial import is used to raise
the importing firm’s capacity to generate its own subsequent path to technical change,
. Therefore, the need is 1o plan collaborations agreements in ways that would ensure effective
transfer of basic knowledge dnd know how fer subscquent absorption, adaptation and
improvement,

15.4. TECHNOLOGY POLICY STATEMENT

"The need to back up the scientific policy Resolution and the attempts at science and
technology planmng, with a technology policy, has been increasingly felt in recent years.
The Government of Tndia brought out a ‘Technology Pohcy Statement’ in January, 1983,
The main objec’uves presented in this poh(,y are:

) - to attain technologlcal competence and self-reliance -

(ii)  to reduce vulnerability particularly in strategic and critical areas, mdkmg the
maximuni use of indigenous resources :

(i) touse tradl_tlonal skills and capabilities making them comtercially corpetitive

(iv) to develop technologies which are internationally competltlve and have expoit
) potential

") to reducc demands on cnergy, especially from non-renewable sources
vy to ensure harmony with the eavironment

Thc tec,hnoio gical policy Statement reiterated self- reham,e as the basic aim and the development
- of indigencus techniology and cfficient absorption and adaptation of imported technology as
_the strategy. In the pohcy statement and administrative guidetines in India, technological
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self-reliance is seen consistent with the use of a mix of imported and indigenous technolo gies.

“The statement also indicated that a mix in which proportion of imported technologies is
sought to be reduced over time. The goal of technological self-reliance is sought to be
achieved by an ‘import-adapt’ strategy, This seeks selective import of forelgn technotogy
and its subsequent absorptlon adaptation and upgradation to suit to dOI‘[leSth resources and
conditions by 1ncreasmg efforts to domcstlc R & D actlwtles :

The technology 1nlp0rt policy that has evolved over the year has the- followmg featiires.

Firstly, it is selective and seeks to provide protection fo local technology whierever available

local sources in respect of all individual components of technology viz., consultancy.know
how, skills, capital goods, receive protection from their foreign counterparts. Secondly, it
seeks to reduce the direct and indirect costs of technology imports by regulating the royalty

- rates, other payments, the duration and restrictive clauses. Thirdly, it discourages packaged

imparts of technology. For instance, technology import through foreign direct investments
(foreign financial collaboration) are restricted only to a selected relatively complex technology
industrics. The imports of designs/drawings/capital goods aré relatively easier, Finally,
there is emphasm on rapid absorpnon indigenisation and updating of the acquired technology..

Check Your Progress - 1

1. What are the features of technology import policy?

Note: (a) Write the answer in the space provided below. .
(b) . Compare your answer with the one- given at the end of this unit.

.....................................................................................................

15.5. TECHNOLOGY MISSIONS

Modeérn science and technology are rather young. The large scale growth of science and
technology have taken place only in the post independence era. New challenges were taken
up. A mission-oriented approach was followed in the case of atomic energy and space, and

in agriculture especially in irrigated areas; with the results that the country is proud of. For
example, India could continue with its atomic energy programme in spite of the embargoes

on various kinds of materials, components and equipments following the peaceful nuclear
experiment. It could withstand the U.S. pressures with regard to fullscape safeguards.

The importance of defining Missions - technological- and'societal - end of de]jneziting the

strategy and the tasks against a long term perspective and assigning the responsibility, the .

necessary resources and powers and the accountability to well selected individuals and terms

has been well-exemplified by our atomic energy and space programmes and by the green

revolution and the eradication of small pox.
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Five missions have been established in 1986, They were (i) drinking water (ii) oil seeds (iii)
vaccination of children (iv) eradication of illiteracy and (v) telecommunications. .

15: 6 POLLUTION

The hlstory of industrial growth has also been the hlstory of envnonmental degradatlon It'
implies in-effect the passing down of the cost of development to su:.ceedmg generations. In
recent times, the relentless pressure of population has led to environmental degradation.
Man has ‘been changing his environment ever since he shifted from the ‘hunting and
collecting’ mode of life to settled agricullure. The very process of cultivation involved the
" clearing of forests and the systcmatic tilling of the soil, the construction of buildings and

later the process of ungatmn by diverting water from ex1st1ng channels to the cultivated
farms. :

We should try to understand the three ‘areas’ of environmental degradation. The degraclation
.. 0s e environment occurs through the pollution of the air (that we breathe) and of water (on

which -all life depends), as well as through: changes on the earth which may have other
harmful effects. '

PolIu‘uon of the atmosphere is easy to see. Factories belching chemicals and smoke, car -
“exhaust fumes which cannot be seen but which nevertheless pollute the very air we breathe
‘are ¢lear examples of atmospheric pollution. In recent times, diverse sprays (like aerosols)

which have become a part of modern urban life may be said to be causing even greater harm
than the large factories. Aerosols have the effect of destroying the ozone in the atmosphcre
surroundlng the earth

Poliution of water is also equally v151blc from the dlscharge of efﬂuents from large factories
in which cheinical process plants are the worst offenders. Leather, paper, heavy chemicals,
fertilisers, drugs and pharmacenticals and a number of other industries have traditionally
been discharging their effluents and waste products into nearby rivers,” These effluents and
waste products kill all fish and other marine life and render the water of these rivers unﬁt
for consumption. Since, the five lakh odd villages in India do not have a piped supply of
treated and purified water, they have to depend largely on water drawn from rivers. Because
of this, both the human and the cattle population are exposed to the hazard of drinking
polluted water. Even where water is drawn_ for drinking purposes from wells, the seepage
of polluted water can make well water unsafe for drinking. This polluted water causes
numerous water-borne diseases. The pollution of water in the process of industrialisation is
therefore a major problem. The costs are passed on by industry to the entire pepulation,

Both the above forms of ehvironmental degradation have drawn the attention -of social
reformers and of governments. Many laws have been enacted in different countries to
prevent or at least minimize the adverse effects of such environmental pellution,

Apart from the pollution of the air and water, there is a third aspect from the long term point
of view, which is increasingly hazardous form of environmental degradation by way of
changing the face of the earth. This takes two major forms, though there are other ways of
inviting such envirommental degradation. These two arise from unplanned mining and
(uarrying activity; and the feiling of trees. .

15.7. TECHNOLOGY TRANSFER

- One of the important tasks is to raise technological horizon so as to meet the requirements
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of development programmes. The gap between the technological requitements implicit in
the development programame and the domestic stock of technology is wide to be bridged
entirely through indigenous technoloéical growth. Transfer of technology from the developed-
countries will help to fill this gap more easily and in less time. :

The role of transter of technology is two fold. Firstly, it goes to supplement the domeetlcally X
-available technology. In this way, it thus helps to fill up or atleast narrow down the gap.
Secondly, it supplements the domestic capacity to generate new technology. While the first

is more important in the short run, the latter is more significant in the long run. '

15.7.1. Methods of Technology Transférs

The transfer of technology from one country to another can take place in a number of ways.
Some of the most important ways are :

i)  through the exchange of joumals, books and other published information
ii)  through the exchange of technical personnel

iii}  through foreign mveslment and the associated transfer of equment and know
how

iv)  through technical collaboration programmes - both official and private
V) through import of machinery and equipment
vi)  through licensing, patent and know-how agreements,

In actual practice, (ransfer of technology cannot be effected freely. There are secrecy and
property rights in process and product know how. Actually, transfer of technology takes
place only if the organisations possessing lechnical know how are prepared to make a
specific effort directed 1o the recipient. So the profit making organisations are not willing
to allow their technology to be made use of clsewhere unless they are compensated
financially. Of late, there has grown an international market in licensing and know-how
agreements. ' ' Lo

15.7.2. Constraints of Technology Transfer

There are several problems associated with-the assimilation and adapiation of l;échnology of
the developed countries, The more nmportdnt of these are the following.

i) Constraints of foreign exchange and managerial skills: The constraints 1mposed by
the scarcity of foreign exchange and the managerial skills are big hurdles in the technological
_transformation. India needs to have those technologies which can cconomise on such
scarcities. 'This in turn would require those technologies to be adopted which can be
installed with the available. Supply of human and physical resources and are commensusate
with the emerging levels of productive capacity. '

11) Lack of adequate human resources and social organisations: " In view of capital
shortage, the developing countries opt for labour intcnsive techniques. But the dilution of
the capital intensive technologies of the developed countries io the requircd Jabour intensive -
level calls for suitable technological adjustments: This in turn pecessitates a certain
minimum level of human resources and social organisation. And it is precisely in these
things that India lacks. The indigenous engineering and design capabilitiés are far 100
inadequate. | - :

it) Investment costs and technological conversion costs: Quite apart from the problem
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of choice of a suitable technology, India is faced with the problems of fitting that technology
" to its environment. In this regard, there are two courses open. It can either duplicate the
- .product designs and production systems with minor adjustments o allow for the differences
in the scale of production and relative factor su_ppliaé. Alternatively, it may make major
adjustments in the product designs and production. systems to allow for the difference in the
stage of development. In either case, some costs of fitting the imported technology to the
‘native environment are involved. In the first choice, there are investment costs to develop -
_ the human resources and production environments. The second alternative involxies_ '
technological conversion costs to adapt product designs and the production system.

iv) Difficulties of Conversions and Adaptability, of Inappropriate Technology:
- The technological transformation faces another serious dilemma. A technology appropriate
to India’s factor endowmeits calls -for economising on its scarce r-f:sou'rcé (capital) and
- making more intensive use of its abundant factor (labour). On the other hand, the
technological sheII of the advanced countries offers tebhnologles Whu,h are the other way .
round. :

Several factors Limit the capability to adapt or convert technologles to the exxsnng factor
‘endowmenis. Firstly, tcchnologlcal conversions so as t0 make effectlve use of ﬁva.lldble" :
resources calls for a high level of human organisation in which India is deficient. Secondly, -
India lacks essential industrial ‘capabilities and skill to organise, manage, and control
production, ‘Thirdly, the réquirements in terms of quality and precision impose absolute .
limits to the technical feasibility of converting a capital intensive technology info a Jabour -
intensive one. There are limits to which human skills substitute the machine capabilities.
" Finally, lack of competition or 1nefﬁ01ent “planmng also restricts adoption of op‘umal
technology. : : : :

(v)' Protectionist Policies: India is under strong economic and political pressure to
establish industries in order to create emplrjyinent, utilise local resources and.save foreign
exchange. But the protectionist policies hamper technological transformation, in a number
of ways. For instance, under protective umbrella, there is a tendency to start a wide range
- of indystries - right from steel and cement {0’ heavy ¢lectrical equipment. This necessarily

results in spreading thin the scarce resources like capital and crltlc,al technical and rnanagenal

skills over a wide range of processing and manufacturing industiies. Consequently, the
“modern technologles cannot be handled and the technologlcal absorptive capacny is all the

more straxned
LA

The protectlomst policies are a hurdle to techndlog‘ical transformation in another way also. =
- "Protection, as is well known, fosters a seller's market. And a seller's market tends to -
adversely affect the technical standards throughout the economy. It is a’ breeding place for
a built in obsolecene of the technologies. Consequently, the technologlcal lag behind the
devc]oped countries tends progressively. to increase.

There exists a positive_relationship between the rate of investmént and the rate of technjcal_

_progress.  Ahigh rate of investment is conductive to the profiiability of ‘inventing and "

“developing superior technology. . Firstly, it is from the- cost side. Tt is nothing but the
expenditure incurred on research and development to invent and develop superior methods -
of production. Secondly, it is from the benefit side which is- nothing but the reductions in . -
the cost of production that are made posmble by 1he vse of new equlpmem mcorporatmg

. improved technology

Techmca] progxess calls for heavy investment in ed_ucation and training, in research and
development (R and D) and in plants and equipment that embody the results of R and D.
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Additions in the stock of knowledge do not contribule to economic growth. It.is only when
the new knowledge or the invention is effectively,assimilated in the production sysiem that
it would contribute to the growth of the economy. In terms of a market economy, it would
imply that the commercial exploitation of technical knowledge. With a view lo create new
markets or to protect the existing ones against competition by effecting reduction in the costs
of production of the already existing goods or the lntroducuon of new or more efficient
products.

The stock of technological knowledge form the basis of innovations which can be enhanced
throngh R & D efforts. The R and D does not constitute the total innovational process. It
~ is only a part of it. The R and D is just the first stage in the total innovation process. For
the technical progress to contribute to economic growth, we need a continuous innovative
chain that links scientific research, marketing research, invention, development deugn,
tooling and marketing of the new produel

Innovation and investment are 1nL1mately inter-linked. While a potentiafly profitable innovation
stimulates investment, a high level of investment in twin promotes innovation to take
advantage of the technological advances. .

Whatever be the nature of this relationship, market provides the major impetus to successful
innovation. It is basically the pressures from the marketing function due to the need for
effecting reduction in costs or evolving improved processes or products necessitate R & D.
As such the R and D effort is not a spontaneous operalmn but has to be a well pianned and

directed exercise. -

Check Your Progress - 2 & 3
2. What is the role of technology transfer?

- 3. ' What is the type of relanonshlp between threat of investment and the rate of techmcal
. progress?

‘Note: (a) Write the answers in the ‘;pacc provided below.
- (b) Compare your answers with those glven at the end of this unit.
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. SUMMARY

This unit explains the meaning of techndlogy, technical progress and. techno]oglcal self-
reliance. Technology policy statements are discussed. ‘The medmng of polluhon types of |
- pollution are elaborated, :

The meaning of. tec,hnology transfer methods of technology transfer and constraints of _
technology transfer are chscussed in detail. :

15.9,

CHECK YOUR PROGRESS : MODEL ANSWERS

1.

~ Firstly, it is selective and seeks to provide protection to local tcchn’olbgy wheréver :
available. Secondly, it seeks to reduce the direct and indirect costs of technology -

imports by regulating the royalty rates, other payments, the duration and restnctwc.
clauses. Thirdly, it discourages packaged imports of technology. Finally, there is

~emphasis on rapld ab QUI‘pthIl 1nd1gemsat10n dnd updating of the acquued technology

Firstly, it goes to supplement the domestlcally available technology. In this way, it
helps to fill up or atleast narrow down the gap. -Secondly, it supplements the domestic
capacity to-generate new technology, While the former is more 1mportant in the short -
run, the latfer is more significant in the fong run. '

‘There exists a positive relationship bei:ween the rate of investment and the rate of

technical progress. A high rate of investment is conducive to the profitability of
investing and developing superior technology. Firstly, it is from the cost side. - It is
nothing but the expenditure incurred on research and development to invent “and
develop superior methods of procluctlon Secondly, it is from the benefit side whlch

- is nolhmg but the reductions in the cost of productmn

15.10. MODEL EXAM-INATION QUESTIONS

B W D =

U

Answer the followmg questmns in about 10 lines each

tht are the objectives of technology pohcy statcments?

Describe the types of pollution that are prevalent in India.

_In how many ways technology transfers take place?" Whal; are they’?

What are the constraints of technology transfer?

Answer the following questlons in about 10 lmes

What do you mean by tf:chmcal progress?

_Descrlbe the features of the 1mpnrt pohcy

Explam the technology missions.
Is forelgn exchange a constraint for technology transfer?

Analyse the problems in converting and 'adapti-ng tﬁchnc:'logy.

- Dr. S, Sudhakar Reddy .
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UNIT - 16: INDUSTRIALISATION

Contents _

16.1.  Objectives
16.2. Introduction
16.3. Small Scale Industries
- 16,3.1. Role of Small Scale Industries
16.3.2. Employment Generation
16.3.3. Equitable Distribution of Income
~ 16.3.4. Mobilisation of Capital and Enirepreneurial Skills
16 3.5. Regional Dispersal of Industries
16.3.6. Problems of Small Scale Industnes
16.4. Large Scale Industries
: 16.4.1. Building up of Infrastrocture
16.4.2. Import Substitution . _
16.4.3. Contribution to Export Earnings
16.4.4. Production of Consumer Goods
-16.4.5. Generation of Economic Surplus
16.4.6. Problems of Large Scale Industries
16.4.7. Small Scale Versus Large Scale Industnes
16.5. Iron and Steel Industry
16.5.1. The Role of Iron and Steel Industry
: 16.5.2. Problems of Iron and Steel Industry
16.6. Cement Industry -
16.77.. Fertiliser Industry :
16.7.1, Imports of Fertilisers
16.7.2. Consumption of Fertilisers
16.8. Chemical Industry '
16.8.1. Important Features
16.8:2. Export Performance and Possibilities
'16.8.3. Production of Chemicais -
16.9. Summary
16.10. Check Your Progress : Model Answers
16.11. Model Examination Questions

16.1. OBJECTIVES

_ After going through this unit, you will be able to:
"% analyse the meaning of small scale industries,
* describe the role and problems of small scale industries,
*  explain the role of large scale indus’;ri_es,
*  identify the problems of large scale industries,
*  distinguish the small scale industries from large scale industrics,
© *  describe the role of the iron and steel industry and =~
*  describe the importance of cemenf, chemicel and fertiliser industries,
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16.2. INTRODUCTION

I

- At the tlme of 1ndependence Inc‘ha mhcntcd a weak mduqtrlal basu, underdeveloped
infrastructural facilities and a stagnant economy, In addition to this industrial activity had
suffered a steep fall due to difficulties in procuring raw materials, transport bottlenecks, '
backlog of equipment replacement and labour unrest.: Hence, the process of industrialisation -
. was accorded top priority right from the First Five Year Plan.  In the Second Five Year Plan, -
' the strategy for industrialisation was spelt out clearly. For rapid industsialisation the country _

must aim at developing basic mdustneq and industries which make machines 1o make the

machines needed for further devc]opment This calls for substantial expansion in won ore,
steel, non-ferrous metals, coal, cement, heavy - -industries and other maustnes of basw'
.- importance. -

Right from the time of independence, the'industrial policies were saneunced from time to -
“time through industrial rolling resolution viz., Industrial Policy (1948), Indusirial Policy
Resolution (1956), Industrial‘ Policy Statemeht (1977) and industrial Policy of 1980 and
1990.. In the backdrcup of these industrial policies, this unit on industrialisation is based,

'16.3. SMALL SCALE INDUSTRIES

One of the 1mportant features of the Ind1.m economy since 1ndcpendcnce is the rapid growth
of the smail scale industry. The small scale industrial sector plays a pivotal role in terms
- of employment and growth. During the last decade alone,. the small scale sector has
. progressed from the produc‘uon of simple consumer goods to the manufacture of many
~ sophisticated and precision products like electronics control sysicms, micro-wave components '
' electro—medlcal eqmpment T.V. sels elc. : :

Small scale enterprises were defined as undertakings with a fixed capital investment limit of -
Rs. 60 lakhs with effect from May, 1990. Those units which will export 30% of their output
by the third year of their starting production wilt have an 1ncent1 ve that thelr mvestment limit
is further raised to Rs. 75 lakhs. - '

16.3.1. Role of Small Scale Industnes o
The second plan empha51sed the role of sma]l scale. mdustrlcq on the followmg four grounds "

R6)) Generation of employment opportumtles (2) An equitable distribution of income (3) .

‘Mobilisation -of capital and entrepreneurial skills and (4) Regional dispersal of industries. -
- Let us now: discuss ths:se arguments in favour of small seale industries: in ‘detail.
16.3. 2 Employment Generation |

The advantage of small scale mdustrles is that they are gcnemlly Jabour intensive and create

more employment per unit of capital employed. - Since capital is source and -labour: is '
“abundant in India, the employment argument is the strongest argument that can be put

forward for the support of small scale industries in India. P.C. Mahalanobis had this to say

‘on the employnient potential of small scale industries. “In view of the meagreness of capital

resources, there is no possibility in the short ran, for creating much employment through the -

factory industries, Now consider the household or cottage industries. They require very
little capital. With any given investment, employment possibilities would be ten or fifteen
~ or twenty times greater in comparison with corresponding factory industries.
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16.3.3. Equitable Distribution of Income

The income generated in a large number of small enterprises is dispersed more widely in the .
communitv. In other words, the income benefit of small enterprises is derived by large
population. Moreover, small enterprises are cither proprietary or partnership concerns.
Because of these factors, the relations betw: een the workers and the employers are more '.
cordial,

_ Accordmg to Dhar and Lydall, this argument is wrong bccauqe workers in small enterprises
are unorganised and cannot fight for their rights. Since trade unions do not exist in smafl

- enferprises, employers exploit the workers by paying low wages by denying social sec;unty
schemes etc, -

But on the con_trarjr, it is also true that the workers have a choice between a low paid jobs
in small scale enterprises or no jobs at all. Since employment opportunities are limited,
workers have no choice except (o accept a jow paid job in small enterprises.

16.3.4. Mobilisation of Capital Entreprenenrial Skills
The small scale enterprises are at a distinet advantage as far as the mobilisation of capital
is concerned. - They are able to mobilise the savings of people like hoarded wealth,

" entrepreneurability etc. The small enterprises encourage the growth of a class of small .
entrepreneurs. which introduces a dynamic element in the  economy. These enterprises
provide congenial atmosphere and environmeni which encourage a growing net work of
feeder and complementary relations among plants and firnis. It is this environment which
leads to localised innovations and cost saving measures. Given the basic infrastructural-
facilities and conditions such as supply of power, credit facilities etc., the hidden tatents of
entrepreneurship can be topped by the growth of small cnierprises,

16.3.5. Regional Dispersal of Industries

To ‘benefit from modern industrialisation, the small towns and rural areas attract a large
~ number of rural small enterprises. It may not be feasible to start small enterprises in energy
 town and village, but it is quite possible to select a group of villages and start small

enterpriscs to cater to the needs of the small area from the local centre.

The regional (hspersal of small enterprises helps to top local resources such as raw materials, -
idle savings, local talents. This process leads to improvement in the standard of living of
people in the backward areas. And also dispersal of industries helps to solve the problems
of congeonn in few industrial towns by cnlargmg the area of employment,

16.13.6. Problems of Small Scale Industries

The small scale industries face a number of problems such as (i) lack of finance and credit
* (i) raw material availability (iii} low techmcal skill and managenal ability (iv) problems of

‘marketing and (v) industrial estates. It is necessary to develop an overall approach to

remove these disadvantages so as to strengthen their competitive position. - Let us discuss

them in some detail. ' ‘

Finance and- Credit: The scarcity of finance and credit is the main obstacle in the
~ devclopment of small scate enterpriscs. Their internal resources are so small that they have
“no surplus to live on during the period of business strain. This leads to instability of their
profits, As a result of this, banks do not come forward to give loans/credit. In many cases,
such credit is obtained on very"high rate of interest and is thus exploitative in character.
There is a need for a positive change in the out look and approach of our financial
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institutions towards small scale enterprises. - Their credit worthiness should not be judged in
terms of the value of assets but in terms of the ability of an enterprise to do the job and earn
profit. This requires the evolution of a system of integrated credit whereby long term and
short term credit is provrded adequately at a reasonable rate of interest.

During the recent past i.e., in the 90's the steady increase is seen in the flour of institutional
credit to small scale enterprises. Inspite of the vast increase in the credit facilities for small
scale industries, most artisans and crafts men particularly belonging to the poorer sections
and working in small tours and villages are unable to obtain their credit requirements,

Raw Material Availability: The majority of the small scale industries depend on the local
resources for their raw material requirements. However, ever since the modern small scale
industries have appeared on the industrial horizon, manufacturing a lot of sophisticated new

products, the new material constraint have emerged as a significant constraint on their -

production efforts, Many small scale industries use 1mporled raw material. -‘Whenever there
- was a difficulty in obtaining this raw material either on account of the foreign exchange
crisis or some other reasons, these small scale enterprises had to suffer a severe set back. In

other words, small scale industries get more or less a residuary’ freatment in raw materral_ '

' - distribution and allocation, oo o S

* Low Technical Skill and Managerial Ability: The development of small scale industries

is affected by the present low level of technology and shertage of trained and skilled
personnel. If technical service is provided, it will stimulate increased productive efficiency

and encourage new product lines in reqponse to the change in attitudes and fashions of the

. people.

- There are at present two facilities for providing technical advice and assistance to small
enterprises. Firstly, central small scale industries organisation provides the assistance of its
‘technicalty qualified staffs services {0 give advice to small entrepreneurs on the technical
problems they are facing. Secandly, technical asqrstance is given by the common facility
workshops in undertaking difficult production opera’oons on behalf of small scale industries.
They collect their costs and do not charge interest and depreciation on the machinery
cmployed. - ‘ - - _ '

.Problems of marketing: One of Ihe main problems faced by the small qca[e industries is
in the field of marketing. These industries often do not possess any markeung organisation
and consequently face difficulties in selling of their produce. Seeondary, the products of
small scale industries are often unstandardised and of variable quahty Often the quality of

~ their products compares unfavourably with the quality of the products of the large scale

~industries. Therefore, they suffer from a competitive disadvantage vis- a-vis large scale units,

. There is-a clear case for governmenl infervention to climinate these imperfections by
improving information, and bringing producers .and dealers into close contact with one
another, |

Industrial Estates: It is an attenipt {o provide on rental basis, accommodation and other

basic common facilities to groups of small entrepreneurs who would otherwise find it’

difficult to secure these facililies at a reasonable price. Important factors accounting for less
output and low employment performance of many cstates include wrong location, unsuitability
of sheds and space to the needy, low use of capacrry in Iunctromng ﬁlms and occupation of
faction sheds by government agencies. :
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Check Your Progress - 1,2 & 3
1. 'What are the advantages of regional dispersal of small enterprises?
. What are the problems in procuring materials for small scale indusﬁies?
3.  What are the problems faced by the small scale industries with fcgard to marketing their
outpat. : .

Note: (a) Write the answers in the space provided below.
(b) Compare your answers with those given at the end of this umnit. ' }
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16.4. LARGE SCALE INDUSTRIES

Industrialisation is emphasized because of the close positive link betwecn industrialisation,
modernization and economic development. The output of large scale industries can be
broadly divided into the following three categories.

(i)  Capital goods and equipment like machines, plants ctc (ii} Intermediate goods (that
are used by other industries as raw material in the production process) and (i) consumer
goods. Most of the capilal goods are produced in the large scale sector and these
goods provide the backbone of any industrial programmes in a nation, In addition the large
scale industries also produce a substantial quantity of intermediate products and consumer
goods. -
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16.4.1. Building up of Infrastructure

In basic economic infrastructure, generally transport, communications, energy sources and
basic and capital goods industries are included. The basic heavy industries are iron and steel,
heavy engineering, light machinery goods, transport equipment, electrical equipment,
chemicals, oil refining and mining. - Without their establishment and adequate progress, the
“conditions for sound economic development cannot be created. On accoun: of this reason,
under the Mahalanobis model accepied in the sccond plan, it was decided to emphasize the
development of basic heavy industries for the manufactire of producer goods to strengthen
.the foundations of cconomic independence. It was decided to develop the basic heavy
industries so that the country becomes self sufficient in the production of steel and other
capital goods within a short period of time. - '

Because of the establishment of large scale industries in the engineering goods sector during
the planning period, the country has made rapid studies towards self-sufficiency in the
industrial sector. At present, the country produces a large range of electrical, non-clectrical
. machinery, heavy machinery and plant, chemiéals and fertilisers, locomotives and railway
wagons, electronic goods, machine tools etc. :

It is obvious that the production of iron and steel can be done in an efficient way only when
it is undertaken on a large scale. For this purpose, some plants were set up in the second
plant under the public sector, The setting up of the iron and steel industry increases the
demand for various raw materials like coal, pig iron, manganese etc., which are used by this
industry.  Accordingly, the industries producing them also receive about, In addition,
increase in the availability of iron and steel in the market promotes the development of
industries like machine tools, heavy engineering, transport, defence industries etc., which use
iron and steel as raw material in production

Goods of basic importance like chemicals, cement, fertilisers etc., are also produced under
the large scale sector in India, The chemicals and fertiliser industries have been developed
mostly in the planning period. '

16.4.2. Import Substitution

In India large scale industries have helped in reducing the demand for a number of imports.

The strategy has been to produce heavy engineering goods, machine tools, iron and steel,

~ chemicals and drugs, fertilisers etc., in the country itself on the one hand, and to set up a

large number of consumer goods industrics on the other hand. In the initial stages of

. planning, the imports of consumer goods were restricted to enable the economy to import

the basic capital goods essential for carrying out the programmes of industrialisation. At
present the country has developed the capacity to produce most of these goods at home.

Despite technological handicaps, these industries have succeeded remarkably in adjusting
their output according to the requirements of domestic demand. This has helped the couhtry

in fulfilling its objectives of import substitutions, ' '

16.4.3. Cont_ri_bution to E_xporf Earnings

Although a substantial part of India’s exports s still composed of primary goods and raw
materials, yet they have considerably diversified over the years. The products of large scale
industries now occupy a significant place in our country’s export earnings. At present, many
industries like electrical plant and machi nery, heavy engineering goods, transport equipment, '

_iron and steel efc., export a part of their production to a nuraber of countries. Engineering
goods have merged as the most important export item. The results of large scale
industrialisation are also expressed through the increasing volume of exports of chemicals -
and allied products. :
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16.4.4. Production of Consumer Goods

A variety of consumer goods are produced by industrial units established in the large scale
sector. Because of division of labour, better techniques of production and upto date
technology, these industries are in 3 position to produoce consumer goods on a mass scale at
_prices which common man can afford. The goods produced by the large scale sector are
qualitatively superior and more durable.

16.4.5. Gengeration of Economic Surplus

In India, large scale industries have a significant role from the view of economic development.
For regular and steady progress, it is necessary to provide for accumulation of capital or.
generation of economic surplus on a wide scale, The large scale industries employ capital
intensive techmques which generate substantial economic surplus.

16.4.6.. Problems of Large Scale I‘ndustries

The large scale industries have different problems with regard to their managerial operation,
efficient running, labour availability, raw material supply etc. It'is not possible to go into
these problems separately. However, we highlight-below only those problems that are
related to the large scale of operations of- lhcse industries and which are prevalent in all large
scale mdustnes

Capital Requirements: A large amount of fixed capital is required to set up large scale
industries. To obtain necessary capital, the companies are led to float shares and debentures,
invite public deposits and take loans from various financial institutions. Since the capital
market in India is not developed well, it is frequently not possible for all companies to
arrange the huge amount of capital required. It is generally the companies belonging to the
large business houses that are in a position to undertake the job. This leads to concentration
of economic power and wealth. Arrangement of capital is a problem that public sector
industries also have to face. It is because of this fact that there are delays in settmg up of
new plants and remotivating and modernising old. plants

Choice of Techniques: In farge scale industries, the problem of choice of techniques is not
_as easy as it appears on the surface. Theoretically speaking, large scale industries should
opt for the latest techniques of production and “atest technology. Therc are a number of
difficulties in carrying out this suggestion in actual practice. The nature and the level of
techniques available depends on their availability from abroad and their latest techniques of
production. Until the country makes substantial improvement in the field of research and
development, our industries will have to remain content with inferior techniques of production,

There is another problem which is faced by the large scale industries. A number of
industries, which were set up long ago, have grown old and their machinery became
obsolescent, These industries require substantial replacement of machinery. In this respect,
they face at least two important problems. Firstly, they are not able (o arrange the required
capital. Secondly, even if they succecd in arranging capital for rationalisation and
modernisation, tliey face stiff resistance from trade unions which fear retrenchment and
unemployment. This has led to a situation where a number of old industries have been
declared sick and their utility has declined,

Idle Capacity: Large number of large scale industries suffer from under-utilization of
capacity, Since capital goods industries provide the base of industrial development,
substantial underutilization of capacity has created problems for many other industrics
dependent on them. The causes of under-utilization of capacity range from _wrong
governmental policies to shortage of raw materials and power, managerial incompetence and
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industrial unrest etc.

Limited Employment: The large scale industrics use capital intensive techniques which
have a low employment potential. As a result, employmcnt opportumtles fail to increase to -
a significant extent.

Concentration of Economic Power and Monopolies; In India, the development of large
scale industries has led to growth of monopolics and increase in the concentration of
economic power. In a capitalist economy, large business houses control substantial
economic wealth and power and continuously try to increase their share. Th1s leads to ever
mcreasmg concentratlon of economic power in thelr hands.

16.4.7. Small Versus Large Scale Industrles

Small Scale Industries o Large Scale Industries

1. Sm@ll scale industries are labour using 1. Large scale mdustrles- are -capital
-and-capital saving. They create more intensive and labour saving
employment per unit of cap1ta1 :
employed.

2. Units are widely scattered . . 2. Heavy concentration in big cities.

3. The small scale industries are cither 3. Workers in the large scale industries are
proprietary or partnership concerns. . - a privileged class organized in militant
Because of these factors, the relations trade unions. They resist any change
between the workers and the employers -~ that affects their vested interests.

are more- harmonious. There are no
trade unions because the workers are

‘unorganised.
4. Workers are paid low wages and they 4. Workers are paid very high wages and
_are denied social security schemes.  they avail all benefits and social securlty
' schemes
5. The income benefit of small scale 5, The large’ scale indugmes encourage '
industries is derived by a large more concentration of economic power.
population ' ' '

\

For understanding the technical, financial and economic characteristics, we present below
the principal notions on the charactcrlstlcs of small and large industry in a relatwe
terminology.. These are: ’ '

: 1 Small scale industries have a hlgher average cost of production per unit of output than
"~ large scale industries. . :

Small scale mdustrles require less capltal per worker than large scale mdustnes
Small scale industries generate lower output per worker than large scale industries.

Small scale mdusmes have a lower wage per worker than large scale induistries.

o W

_ Sma]l scale mdusmes have a lower surplus per worker than large scale 1ndustr1es
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6.  Small scale 1ndustnes generate higher output per umt of capital than large scale
industries.

7. - Small scale 1ndustrles generate lower surplus per unit of capltal than large scale
industries. : o

The above characteristics can be put briefly and alternatively as follows: Small scale
industries have a higher unit cost, less capital intensity, lower output, lower wage and lower
. surplus per worker, and higher output-capital (i.e, lower capital output) and lower surplus
capital ratios than large scale industries.

Check Your Progress - _4 &5
4. What are the characteristics of small scale industries?
5. What are the characnenstms of large scale industries?

Note: (a} Write the answers in the space provided below
(b) Compare your answers with those given at the end of tlns unit,
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16.5. IRON AND STEEL INDUSTRY

Steel is used as a basic material in the manufacture of metat products, electrical machinery,
transport equipment, textile and other machinery. There are many advantages in the
production of steel in India. There are very rich iron ore mines with the highest iron content
in India. Moreover, coal and iron are found closeby to each other. By 1990-91, fron and
steel industry had integrated plants with an instalted capacity of 10 million tonnes of steel .
ingots. The iron and steel industry accounts for a total investment of Rs. 4,000.crores. The
public sector undertakings have a major share in this investment. The iron and steel industry
provides direct employment to 2.5 lakh workers. To employ one worker, Rs. 1,20,000 are
required. This indicates that, this industry is highly capital intensive industry. Inspite of the
above investment, and output, our country imports over Rs. 2000 crores worth of iron and
steel every year. :
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Three steel plants were set up at Rourkela, Bhilai and Durgapur with financial and technical
assistance from Germany, USSR and Britain respectively with a capacity of one million
tonnes of ingot per year. The Steel Authority of India Limited (SAIL) was created in 1974
and was made responsible for the developnient of the steel industry and also for major inputs
for the industry e.g., cooking coal and iron ore. SAIL coordinates and synchronises
development of all major units brought under its control and Hindustan Steel Limited (HSL),
Bokaro Steel Limited (BSL}); Salem Steel Limited (SSL); Hindustan Steel Works Construction
Limited (HSWCL); Bharat Cooking Coal Limited (BCCL); and Nationai Mineral Development
Corporaﬂon Limited (NMDCL).

16.5.1. The Role of Iron and Steel Industry

The iron and steel industry has made considerable progress from 1.5 mﬂhon tonnes of crude
steel in 1950-51 to over 15 million tonnes in 1992-93, :

1. The imporiant featore of the iron and steel indastry is the growth of research, design
-and development within India. Our country is self-reliant and is in a position to set ‘
up new steel plants without depending on foreign couniries.

2. The public sector is gradually becoming Iilore significant in the production of steel..
For instance, in 1950-51, all steel production was in the pnvate sector. By 1992-93,
public sector accounted for 85% of the total output.

3. Licences were given to set up mini steel plants. which account for 30% of steel

production in the country. These mini steel plants produce mild steel as well as alloy

- steel.  In our country, there are 179 mini steel plants with a total capacﬂ;y of 5 6
million tonnes.

4, India has poteritial to become a good expofter of steel. Our country has become a

leading exporter of iron ores. At present our country exports iron ore worth Rs. 1,000
to Rs. 1,200/- crores per annum,

16 5.2. Problems of Iron and Steel Industry

1. ~ Under utilisation of capa(:itv This industry has been working helow full capacity.
The under utilisation of capacity is leadmg 1o high cost of production and losses. The
following factors are responsible for under utilisation of capacity viz., inadequate
supply of coal and power and transport bottlenecks, lack of proper maintenance, poor

« - management, specially frequent changes in the top management of public sector steel
plants and extensive labour troubles.

2. Sickness of mini-steel plants: The mini-steel plants faced the following problems

viz., short supply of inputs and a sharp increase in prices of inputs, madequate power
supply, constraint of working capital and poor management, -

3. The problem of admmlstered prices: The Indian Government had been following

a system of administered prices and controlied distribution of steel among consumers.
Since there is heavy demand for various items of steel, price control and distribution
of steel led to heavy black marketing and acute shortage of steel. Because of this
situation, the gainers were private distributors, The main producers were denied the
advantage of higher prices and lost heavily, - '

4. Inefficiency of public sector units: The public sector units have been using
continuousily and heavily due to heavy investment on social overheads, poor labour
relations, poor and inefficient top management, underutilisation of capacity etc.
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5.  Problem of metallurgfcal coal: India’s supply of 'high grade coal for making the
smelting of iron is quite low. With the expansmn of this industry, the demand for
cookmg coal has increased. :

16.6. CEMENT INDUSTRY

There are 20 large cement units and 140 mini cement plants with a total installed capacity
of 68 million tonnes. More than two lakh persons are employed in the industry. The cement
industry is well diversified over all the states of India. It requires weight losing materials
like limestone or chalk, clay and gypsum. In many parts of the country, limestone is
available abundantly. ‘ :

The problems of cement industry are:

1. Inadequate production: The fol]owmg factors are respon51ble for the shortfall in
production. They are (1) acute power cuts ranging from 20 to 75% in various cement
producing states (ii) shortage of coat (iii) inadequate availability of railway wagons
(iv) limited availability of furnace oil resulting in partla] or complete closure of many
units.

i , 2. Cost escalation and rigid prices: There has been a rise in the cost of production of
' cement and this rise was due to government policies like price and freight on coal,
power, and wages covered by wage awards. The shortage of railway wagons for the
movement of cement has always been a serious problem. The cement industry has
been facing acute power problems. In order to solve this problem the cement 1ndustry _
e has been setting up diesel generating sets.

3. Soaring investment costs and declining profits: Investment costs in the cement
industry are growing very rapidly and more than doubled from Rs. 650 to Rs. 680
during the sixth plan to Rs. 1300 to Rs. 1500 per tonne during the seventh plan period.

Check Your Progress - 6 _
- What are the factors responsible for the shortfall in production of cement industry. '

Note: (a) Write the answer in the space provided below.
(b) Compare your answer with the one given at the end of this unit.
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16.7. FERTILISER INDUSTRY

- The fertilisers have an important role in boosting agricultural output. The soil in India is
varied and rich but deficient in nitrogen and phesphorus. These two plant nutrients along.
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with -organib manure influence crop return.  The use of larger doses of chemical fertilisers
is the only way to increase our food grain production, -

' 'I'he feftiliser_- industry made rapid, progress during the past decade. The prodﬁdion of
- fertilisers rose from the mere 39,000 tonnes in 1951-52 to 10 million tonnes in 1993-94. The
~ domiestic production of fertilisers has been considerable over the years. -However, the

* production of fertilisers is not able to keep pace with the gr(}wth-in consumption,
+

: There has’ aiways been much delay in establishing fertiliser plants I, sometimes, takes 8
to 9 years t0 complete a project from the time the letter of intent is issued. ‘This clelay causes.
unnecessary increase in the cost of the project. Secondly, there is the problem of capital for
the fertiliser projects. It was estimated that between Rs. 1000 crores and Rs:. 1500 crores
- would be required of Wthh dbout Rs. 350 crores or more would. be foreign chhange

component :

. 16.7.1. Import of Fertlllsers

Since the production within the country lias been short of wntmuously 1n01easmg demand :
- the government had to depend upon imports. In 1951-52, the percentage of imports 1o the

~ domestic production of fertilisers was 133 per cent and it was 90 per cent in' 1980-81.
~ Between 1951-52 and 1993 -94, imports of fertilisers had increased from 52,000 tonnes to
2.9 million tonnes, :

The fertiliser was becoming scarce in the international market, its price was shooting up
particularly after the middle of 1973 due to the oil crisis. Heavy pressure of dernand, the
high cost of feestock of fertiliser factories, high rates of ocean freight have reduced the
intérnational supplies of fertilisers to India. India has been spending around . Rs. 2,800
Crores per. annum on import of fertilisess. ’ '

16.7.2. Consumptlon of Fertilisers

‘The Government has been promoting the conqumptlon of fertilisers Lhrough hcavy subsidies. -
Firstly, the consumption of fertilisers in India per hectare was 72 kgs in 1993-94. The
Corresponding figures for some developed countries were such as South Korea (4_('}5 kgs),
Neétherlands (315 kgs), Japan (380 kgs) etc. Secondly, there has been a steep rise in fertiliser
~ subsidies from Rs. 600 crores in 1979-80 to Rs. 5800 crores in 1992-93. This is & huge drain
" on resources and most of the time, the bulk of these subsidies goes to the large farmers.
" Thirdly, the sharp increase in international fcrtlhser pnccs has compclled the government to -

~divert to gréater use of organic manures. '

16.8 CHEMICAL INDUSTRY- |

~ Chemicals permeate every sector of- industry of houschold through their producrs. They
have a major role to play in conserving and supplemenﬂug natural resources. Chemicals -
- have a potential in important areas like agriculture, clothing, building and constructlon
transportation etc, '

16.8.1. Important Features _

Firstly, chemicals present the highest value addition and resource generation, Secbndly,
chemicals have the highest resource generation in terms of investment. - Thirdly, they have
a lot of influence on the developmenl .of chémical enginecring, organic polymers etc.

Fourthly, chemicals by themsclves are capital mtenswe Fifthly, chemical industry gives a
big boost to the small scale sector. -
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16.8.2. Export Performance and Possibilities

The present value of annual production of plastic products is between Rs. 1200 to 1400
crores. Even if 10 per cent of annual production is exported, exports of plastics and related
commodities should have been Rs. 120 crores a year. But the actual exports amount to
Rs. 80 crores. The basic reason for this year performance is the high' cost of production, .

16.8.3. _Productioh of Chemicals

The demand for chemicals has touched 1,75 million tonnes by 1989-90; by the end.of this
century, the demand would exceed 4.23 million tonnes. As was the case with all other major
industries, neither the government nor our planners have made adequate preparations {0 meet
this demand, It would:be the difficult task 10 bridge the huge gap between production and
demand. C

16.9. SUMMARY

In a developing country like India, small scale industries play a very important role. They
are labour using and capital saving. They create more employment per unit of capital
employed. The units are widely scattered. The workers engaged in small scale industries
are paid low wages and denied social security schemes. :

The large scale industries are. capital intensive and labour saving. These industrics are
heavily concentrated in big cities and encourage concentration of economic power. The
workers engaged in large scale industries are paid very high wages and they enjoy all types
of benefits prevailing under social security.

Some Iarge scale industries like the iron and steel industry, cement industry, chemical and
fertiliser industry and their performance and problems are discussed.

16.10. CHECK YOUR PROGRESS: MODEL ANSWERS

1. The regional dispersal of small enterprises helps to tap local Tesources such as raw
materials, idle savings and local talents. This process leads to improvement in the
standard of living of people in the back_Ward areas. This process also helps to solve
the problems of congetion in few industrial towns by entarging the area of employment.

Many small scale industries use imporied raw material whenever there was a difficulty
in getting this raw material either on account of the foreign exchange crisis, or some
other reason, these small scale industries suffer a lot. The small scale industrics get -
more or less a ‘residuary’ treatment in raw material distribution and allocation.

2

3. Firstly, these industries often do mot possess any marketing organisation and

"~ consequently face difficulties in selling of their produce. Secondly, the products of
small scale industries are often not standardised. Hence they are of variable quality.
Often the quality of their products compares unfavourably with the guality of the
products of large scale industries. ' ' :

4, The characteristics of small scale industries are: {a) They generate higher output per
unit of capital. (b) They generate lower output per worker. (¢) They have a lower
wage per worker. (d) They have a lower sutplus per worker, (¢) They require less

" capital per worker.

- S The characteristics of _' large scale industries are; (a) higher wage per worker.
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) re@ulre more capital per worker. (c) generate more output per worker. (d) generate'
more. qurplus per “worker, (e) generate less output per umt ot Lapltal

The . lactors respons1ble for the shortfall in productlon of ccment mdu::try ate;

. (a) Acute power cuts ranging from 20 to 75 per cent in various cement producing

states. (b) Sh@rtage of coal. m(c) Inadequate avallablhty of rallway w&gonq (d) _
Limited avculablhty of furnace oil. - . 5
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16.11, MODEL EXAMIN_ATION QUESTIONS

‘Answer the following guestions in about 30 lines each. = -

‘Explam the importance of small scale mdu%tnes -

Describe the role of large QC&]E‘, industries. ‘ -
Compare the fcatures and the (,harac,tensncs of small scale 1ndustr1e,s and large scale _
mdustnes S : S
Answer the following questions in about 10 lines éach.

Analyse the problems of small scale industries.

Describe the problems of large scale mdusmes

What are: the printipal IlOtl()]lS on the chardctensues of small scale and la[ge scale

industries? .

Analyse the pr_oblems of iron and steel industry. '
Analyse the problems of cement industry. |
Describe the role of fertiliser indixsfry’.

What is the importance of chémical industry?

 Dr. S. Sudhaker Reddy
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17.1. OBJECTIVES

After going through this unit you will be able to:
*  explain the basic principles of electricity generations,
*  describe domestic and industrial applications and

*  recognise the necessity of conservation of electrical energy and appreciate the need -
to encourage the renewable sources of energy.

17.2. INTRODUCTION

For the industrial growth of any country adequate attention has to be given by the planners
to generation of electricity. Electrical energy is a clean and refined form of energy which
can be generated in bulk by the confusion of conventional fuels and can be transmitted
economically over long distances. Further it can be adopted easily and efficiently to
domestic and industrial applications. ' '

The increase in per capita energy consumption coupled with rising population has put the
limited non-replenishable energy resources such as coal, oil and natural gas to great strain.
A coordinated world wide action plan is necessary to conserve these fuels to ensure.
continued energy supply to humanity for a long time. *

17.3. METHODS OF ELECTRICITY GENERATION

Thermal (coal, oil and nuclear) and hydro generations are the main conventional sources of
electrical energy. Fossil fuels used for thermal generation are fast depleting and this has
forced scientists and technologists across the world to look for non conventional and
replenishable sources of energy. Some of these are solar wind and tidal sources. The
principales involved in the generation of electricty using the above are presented in this
section. '
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17.3.1. Thermal Power Sections

Law of conservation of energy states that energy can neltehr be created nor destroyed It
can only be transformed from one form to another. To convert the given energy to electrical
" form it usually mvolvcs the wages of a primemover. This. primemover provides the

necessary mechanical energy to the a.c. generator catled the alternation Wthh converts it
into electrical energy. :

Chemical energy is stored in fossil fuels like coal, oil and natural gas. The combusion of
these releases heat which in turn produces steam in a boiler at high pressure and temperature.,
The steam when passed through a steam turbline gives off its internal énergy as mechanical
energy by driving the turbline which acts as primemover for the alternation. There are a
large number of coal fired thermal stations in the country. The major thermal power plants
in AP. are located at Kothagudem, Ramagundam and Vijayawada. There are ‘dlso many
medium and large scale oil fired and diesel power stations in industrial plants as captive
generaling units to supplement the eleectricity supplied by the state electricity boards.

* Nuclear power plantq make use of uranium which when bombarded with neutrons causes
fission reaction and energy is released in the form of heat The stcam generated is used in
a convennonal manner to produce electricity.

1_7.3.2. Hydro-Electric Power Generation _
. The oldest and cheapest method of power generation is that utilising the potential energy of

known as pcnstcck which drives a water turbine. Different types of turbines such as pelton,
Francis and Kaplan are used; The energy obtained is almost free of running cost. ‘It is also

. completely poflution free unlike thermal power.. Hewever capital cost is high and: requires
a long gestation period compared 10 steam plants. The important hydro power plants are
located at Srisailam, Nagarjunasagar and upper sileru.

- 17.3.3. Wind Power Stations :
Winds are created by sclar heating of atmospherc and earth. . These winds possess high
kinetic energy, the power being proportional to (velocity)®. These can genel ate mechanical
energy by turning the blades mounted on a shaft. When coupled to a generator electrical
energy is developed. Wind as a power source is plentiful, inexhaustible and non-polluting
with negligible running cost. Unfortunately it is non-study and undependable. The potential
for wind energy in the country is estimated as 20,000 MW. There are many wind farms
existing in the states of Gujarat and Tamilnadu generahng power upto 180 MW. A wind
form is coming up at Ramagiri in AP.

17.3.4. Solar Power Plants

Solar energy is free cost, non-exhaustible and pollution free Two technologies are
developed for conversion of solar energy to the electrical form. In the first one conventional
stearn is- developed by usuage of reflectors and is called the selar thermal sysiem.
Experimental power plants are situated in USA and France. The other technology is to.
convert solar energy to the electrical form directly using solar cells. The efficiency of
conversion of sunlight to electricity is however very low of the order of 12%. Also the cost
of solar cells is very high. The present cost is $5 per watt. Expenmental power plants are
in operation through out the world including Saudi Arabia.

17.3.5. Geothermal Power Plants

The heat deep inside the earth acts as a source of power. Ata depth of 3 to 4 km, heat is

sufficient to cause water to boil At a depth of about 15 kms, teniperature in the range of

1000°C to 1200°C can be obtained. Surface water when it penetrates the earth’s crust tums
into steamand comes out of earth throngh weak spots of crust in the form of hot springs.
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The steam produced may be. utilised in the conventional way to generate electrical ener.g‘y-.- .
Power stations based on geothermal energy are operating in USA, Italy and Phillipines. -

17.3.6. Wave/Tldal Power Generation

Wave power can be converted to mechanical power through turbines. Alternauvely the sea
water in channels etc during high tides can be blocked and released during low tides: The
potential energy is utilised to drive turbogenerators. Ocean temperature gradient may also
be used for power generation such plants are known as OTEC (Ocean Temperature Energy
~ Conversional) plants. Tidal power plants are operfating in France. Construction of such
- plants is also progressing in the states. of Gujarat and Kerala,

17.4. PRINCIPLES OF DISTRIBUTION

Au clectric power system consists of three major components: (i) generation, (i) transmission
and (iii) distribution. If long distances separate the generating system with the consumers,
then the transmission system is imperative, The generating voltages are stepped upto
voltages as high as 220 KV, 400 KV and energy is transmitted through transmission system.
At the receiving end they' are stepped down to lower levels for the distribution system.,

A distribution system has two components (i) Feeder and (ii) Distributor. A feeder in a
* distribution network is a circuit carrying power from a main station to a secondary substation
such that the current loading is the same all along its length. A typical distribution system
is shown in Fig. 17.1.

Secondary
Substation

Feeder Main Feeder .

Station

Secondary
Substation

distributors

‘gervice
Connections

. F1g 17.1 . A typical distribution systermn.

A distribution has valuable loadmg along its length due to service connection tapped off at
intervals by the individual consumers.

Depending upon the type supply, distribution system can be cIaSSLﬁcd as (1) AC Smgrt: phase
(ii) 3 phase-3wire and (iii) 3 phase-4 wire. First one is for single phase loads like domestic
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'supplry The ‘second type. is to provide supply for 3 phase loads like induction motor load
. in a workshop. The third type system can provide supply to both single and three phase .
o loads _

Another classification is based on the type of connections (i) Radial system and (ii) Ring
main sybtem A typlcal radial dlstnbutor is drawn in Fig. 17.2.

. Consumers

_ Rachal > < :II: I :[l::]l:
L o L—%% Feeder_ 33 EWEE.
s ' __}iR_adlal 2 ¢ v 4 v
¢ 1 Feeder- § { vy ¥ 4 ¥
| )

Radial Di stribution' :

Fig. 172. A typical radial distribution.

Radlal system is simpler and has low cost. The major dis- advantage is. the lack of security
of supply. When a fault occurs on any section of the feeder, a number of consumers will
be without supply. : : -

The nng main system is h‘equently used to supply bulk loads where continuity of supply is
of considerable 1mportance A typical ring main- feedﬂr and d1str1but10n system is shown in

Fig. 17.3

~ pistribution

Feeder

l IIStMati'n
2Latlion

‘ _ Fig. 17.3. A Typical ring main f_esdef and distribution system.
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Check Your Progress - 1, 2, 3, 4.
1. What is the objective of this unit with regard to electrical ‘energy?
2. State the law of conservation, of energy.
3. How is mechanical energy generated by sea waves?
4. What is the disadvantage with a radial system? .
Note: (a) Write the answers in the space given below.
(b) Compare your answers with those given at the end of this unit.

R Ly R L LR R

17.5. APPLICATIONS

An electrical motor is a better primemover for driving a mechanical load than hydraulic,
steam or diesel engine. This is because an electric motor-is easier to control to suit to the
requirements of the mechanical Joad. There are various types of motors working on DC or
AC. Among the DC motors, shunt motor and serics motor have larger number of applications.
Shunt motor runs practicalty at constant speed for all loads. These arc used in pumps, lathes,
drills etc. Series motors have decreasing speed charateristic for increasing loads. The motor
is snited for loads requiring high starting torque like tramcars, cranes, trally buses etc.

Induction motors constitute the:bulk of AC motors. "There are two types namely squirrel
cage and slip ring motors. Induction motors are more robust and reliable than DC motors
and are extensively used in small scale industries, pumpsets and other industrial applications.
Slip ring motors are useful in lifts, hoists etc. Single phase induction motors find household
.applications in the refrigerators, washing machines, air conditioners etc. :

Synchronous motors arc constant speed motors used in rolling mills, electronic clocks etc.

Electrical energy is also used for industrial and domestic heating.- Electrical heating has
advantages over the other systems of heating. The main advantage is the cleanliness,
absoner of the gases and easy control.

Another application of electrical energy is in wording. This involves joining of metals by
fusion process. Electrical welding finds many industrial applications from ship building to
bicycle manufacture. An jmportant usage of electricity is in the field of domestic and
inddstrial lighting. Light sources are divided into two classes : incandescent and luminescent
sources.  An incandescent source is one which emits light because of heating of a tungston
filament. In luminescnet source light is emitted due to ionization and excitation of certain
elements in a sealed- glass tube. Examples are the domestic fluorescent lamps and the
industrial mercury vapour lamps. Street lighting is usually provided with fluorescent and
sodium vapour lamps,

_ Flectric traction is progressively replacing diesel electric traction because of increasing cost |
" of'diesel oil. The electric traction uses either AC single phase systems or three phase

257




© System. Among the various advantages of electric traction in which elecmc motors are. uﬂed
are the increased accelerahon/deeeleraﬂon sharing of brakmg energy etc. '

- Usage of electricity for transportation has many advantages over other types ¢f 'IIansp'ortaﬁen;
. The chief among them are the absence of pollution-and bigher efficiency. Electric cars are

developed with efficient eleciric drive systems utilizing modern power electronics and high
energy. batteries. Trolley buses use two overhead conductors and works on 600V DC. For
mass transport in urban areas tram ways are staging a come back in European couniries. )

17.6. GROWTH OF POWER SYSTEMS IN INDIA

India is fairly #ich in natlital resources like coal and lignite. Some oil and gas reserves have
been discovered in Krishna, Godavari basin, but intense exploration is required especially

in the off shore locations. India also has immense water power resources of which only a -
small percenfage has been utilized so far. As regards nuclear fuel, ‘India is deficient in
uramum but has rich deposists of thorium, :

At the time of independence the installed capacity was as low as 1900 MW. During the first
five year plan (1951-56) total installed capacity rose to 2300 MW. In the second plan (1956-
61) the emphasis was on development of basic and heavy industries and power géncration
has gone up to 5700 MW. During the third plan (1961-66) the installed ‘capacity has
increased to 10170 MW. A significant development during this penod was the emergence
of an interstate grid system. The country was d1v1ded mto 5 reglons w1th the installed

capacity in 1989 as show in Tdble 171, : . '

Table 17.1. installed capaelty in 1989 in 5 regions, -

Region - ' : : - Capacity
Northern Region ' : o 20 116 MW
Western Region o  21.665 MW -
Southern Regioh ) I o 18 493 MW
Eastern Region ‘ S 11112MW

. North Eastern Region : E 2325 MW -

In the fourth five year plan, ﬂle'couﬁtry has started producing electricity from nuclear pewer
These plants are located at Tarapur, Kota Kalpakkam and Narora The growth of generahng
capacity is given in Table 17.2. :

Table 17.2. Growth of generating capacity. |

Year . Hydro Nuclear Th_em';al: Diesel ‘-_‘Total
1970-71 6383 40 7503 398 14704
"1978-79 11,378 - 890 . - 16372 . . - 28,640
198384 . 20000 - . 1900 31,500 - 53,400
199091 33000 8620 50,700 . - 92,330

200000 60000 25000 77000 . - 162000
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The energy demand has also been increasing. In 1976-77 it was 90 X 10° KWH and the ,
estimated energy requnrcment in 1995 96 is 500 x 109 KWH

17.7. FUTURE STRATEGIES

Assuming a very modest annual growth of 5%, Indias electrical energy requirement in the
- year 2000 will be enormously high. A difficult and challenging task of planning and
constructing new power stations is imminent to meet this situatio_ﬁ. Super power stations
have been built in UP,MP, AP, TN and WB. With liberalisation and economic reforms taken
up by the Government of India, private entreprencurs are encouraged to set up power plants ' |
in the country based on coal and natural gas. In addition many wind forms are also coming
up in several states to harness the wind enéfgy. The power generation hy photovoltaic
systems using solar energy is likely to catch up in India also. Many pilot plants are already
in operation in US, Europe, Saudi Arabia and Japan. With the falling price of silicon solar
cells, this method of power generation is likely to play a major role in the 21st century.
However the ever increasing gap between demand and energy generation cannot be bridged : |
by adding extra generating stations alone. The country can learn from the expcnencee of '
developed countries like UK and USA in 1mplementmg energy. conservation measures.
-Studies have shown that substantial electrical energy could be saved by switching over to
energy efficient 1.1mps energy efficient motors and reducing the energy Tosses in transmission
and distribution systems.

Check your progress 5,6 &7 :
5. Mention two domestic applications of induction motors.
6. State the different regions in power grid.
7. What kind of power plant (non-conventional) is operating in Saudi Arabia?
Note: (a) Write the answers in the space provided below. ’
(b) Compare your answers with those given at the end of thls unit.,

R e L R T N e T T T T T T YT
D I e . L I I T R L L R R R R I I A I I SN

............................................................................................................

17.8. SUMMARY

The energy requirement of develt)ping countries like India are ever increasing. Electricity
- can be generated by burning coal or oil or natural gas in thermal stations. Nuclear power
plants are also thermal stations where heat is generated due to tission of wranium. The
potential energy of water stored in dams is converted to electrical energy in hydro power
~ stations. The above methods are classilied as conventional methods. Energy in solar
radiation, wind and sca waves can also be converted into electrical energy which are given
the name non-conventional sources. The applicatjons of electricity are vast and praciically
there is no field where eleetrical energy is not used. The generalised electrical energy
reaches the consumer through transmission and distribution network. The growth of power
systems in the country is unable to match the load demand. Hence there is an urgent need
to conserve electrical energy and simultaneously encourage the usage of non conventional
energy Sources. ' '
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17.9. CHECK YOUR PROGRESS : MODEL ANSWERS

1. The ob]ecmfes of this unit are to recogmze the need for elecmcal energy conserva‘uon o
and usage of non-conventional energy sources. - '

2. Energy can neither be created por destroyed. B

3. Sea waves turn turbmes lhereby generatlng the mechdmcal energy

4. "When a fault occurs in any section of the Ieeder large number. of consumers would
be depnved of power supply. :

5. The domestlc applications of induction motors are (1) Water pumps (ii) Washmg .
: machmes

6. leferent regmns in the power gnd are Norihern Western Southem Eabtern and
* North eastern ‘ S S

7. Pholovoltaic Power Plant is"operating in Saudi Arabia,

' 17.10. MODEL EXAMINATION QUESTIONS

I Answer the following questions in about. 30 lines each,
1 Non-rencwable power plants. i

2 Industrial application of clectrical energy

II Answer the following questions in about 10 lines each.
Power Stations in AP
Radial distribution system

T

Usuage of induction motors

Advantages of electrical drive systems

o

Power system growth in the TI five year plan

| Prof P. Rajasekharam
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UNIT - 18 : PETROL, NATURAL GAS AND KEROSINE

Contents

18.1.  Objectives

18.2. Introduction

18.3. Crude 0Oil

18.4. Pollution Problems Associated with Crude Oil Producnon

18.5. Natural Gas

18.6. Kerosine _

18.7. Safety and Pollution Aspects Assoaated w1th Natural Gas
18.7.1.. Safety Measures
18.7.2. Pollution :

18.8.  Pollution Problems Associated with use of Fossx] Fucls

18.9. Summa:y -

18.10. Check Your Progress : Model Answers

18.11. Model Examination Questions

18.1. OBJECTIVES

After going through this unit, you will be able 10
* recognise the importance of fossil fuels as energy sources and

* describe the limitations relating to the use of these fucls as energy sources.

18.2. INTRODUCTION

About 95% of the energy used, the world over is biological in origin. Coal, oil and naturat
gas are the main sources amongst the conventional natural sources of energy. These are the
fossil remains of prehistoric organisms that settied to the bottom of ancient seas and became
modified By bacterial action, pressure and temperature cifects into oil and gas. Commercial
primary energy accounts for 60% of the primary energy supply in India.. Among the
commercial fuels 0il occupies an important position. The share of oil/gas in commercial
energy consumption in coal replacement units is going up year by year. Nataral gas is
emerging as the most atiractive substitute for oil. India is on the threshold of major gas
development programme. A national gas, grid has been concenptualised for effective
utilization. The oil and natural gas commission (ONGC) in India is entitled for all the praise
for the diligent manner in which it has been tapping whatever oil and gas it has found.
However the biggest challenge before the ONGC relates to the. producnon of offshore 011
since it calls for greater organizational sKills.

18.3. CRUDE OIL

Crude oil or petroleum is made up of mostly hydrocarbon compounds and small quantities
- of other compounds. Typically deposits ef crude oil and natural gas are trapped together
deep underground, beneath a cap rock, abuve a sedimentary rock (shale) and beneath the sea
floor. The crude oil exploration starfed in India in an cxtensive and systematic way after
the setting up of Oil and Natural Gas Commission (ONGC) in 1956. Qil India L.imited
(OIL) has become the second public sector undertaking engaged in the oil exploration and
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 production in the country. Oil had been discovered in many parts of India such as'Rajasthan,
Andamans, Gujarat, Andbra Pradesh and Assam. Off shore explorations have been found
very successful in many places. Oil has many advantages that account for its widespread -

. use. Itis relatively cheap and can be easily transported. ' It can also be turned to proper
- vehicles and it has high net useful energy yield. Oil has also some disadvantages. - Supplies
may deplete within 50 to 100 years. Its burning may release large quantitics of carbondioxide
into the atmosphere which may lead to the greenhouse effect. Water pollution from oil spills
and contamination of underground water by the brine solution injector into- oil wells, The
refining operations too have to be sfreamlined with our updating of technology for

- maximizing the yield of light and middle fractions in'the refining process. The oil
discoveries in Andbra Pradesh in the Krishna-Godavari basin during the last few years
underline the importance of the Southerh Region as a potential oil producer. The offshore

discovery located at 25 ki southeast of Amalapuram town (A.P.) had given hopes: for
ONGC to produce 5000 barrels a day which could be easily raised fo 40,000 barrels,
cquivalent to two million tonnes a year. This field is known as ‘Ravva’ offshore field. The
refining operations have to be streamlined with an updating of technology. The formulation
of expansion programmes has to be on a perspective basis. It is advantageous to process the
tmported crude and the indigenous crude with expanded facilities. Thus the challenges
before the ONGC are to discover more oil and develop them. There are now about 40 Indian
companies both public and private sector offering a variety of offshore equipment and

© services, ' L 4 : '

Check Your Progress -1, 2 & 3
1. What is crude oil? _

2. What are the Agencies exploring the oil in India?
3. Where is crude oil obtained in Andhra Pradesh?

Note: (a) Write the answers in the space provided below. _
(b) Compare your answers with those given at the end of this unit.

R I N I T T

-18.4. POLLUTION PROBLEMS ASSOCIATED WITH CRUDE OIL
PRODUCTION , ' ' -

The ‘components of crude oil are mostly hydrocarbons and many are non-biodegradable.
Many environmental problems due to oil spills are caused because of the physicat properties
of eil. Tt is hydrophobic (water repelling) and is impermeable to oxygen. Therefore the
maririe organisms die due to asphyxiation (lack of oxygen) in oil spills in oceans. Since oil
is a stable chemical, the environmental damage due o oil spills occur-even long after the
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“input to the environment has stopped. The harmful affects of oil on living organisms are
- physical as well as chemical. The physical effects are caused by oil coatings. Water birds
coated with oil lose flight capacity, some marine organisms die of asphyxiation, photosynthetic -
primary production under water coated with oil is reduced chemical effects are related to the
propertles of hydrocarbons in it. Many lower dmmals suffer from anesthesia in oil polluted
‘waters, Aromatic hydrocarbons present in oils, accumulate in tissues of organisms and are
concentrated as they move up in the food chain. Benzeng inhibits blood cell formation in
bone marrow. Polycyclic aromatic hydrocarbons are more dangerous than simple aromatic
hydrocarbons. Most oil spills have occurred in the past, within 15 km of the shore and 35
km from the ngarest post. But now it is different. Emission of enormous amounts of
sulphur dloxlde into the atmosphere is a serious problem associated- with oil refinery. In.
. addition, the liquid effluent treatment js the most important factor connected with ofl
reiining. The threat to the Taj Mahal through sulphur emissions from oil refinery located
in its vicinity has been highlighted by the environmentalists. The adverse effects of the
oxides of sulphur on vegetation are noticeable even at very low concentrations. Of particelar
concern is the acid rain formed from the oxides. of sulphur. Apart from oxides of sulphur
hydrogen sulphide released in oil refining acts as a dangerous pollutant.

18.5. NATURAL GAS

‘Natural gas consists of 50% to 90% ethane gas and smaller amounts ot other gascous
hydrocarbon compounds such as propane and butane. Most natural gas made available for
use is the one that lies above the deposits of crude oil. But natural gas also occurs by itself .
in many underground deposits. The propane and butane obtained along with methane in
natural gas are generally remioved as liquified petroleum gas (IPG). The remaining as,
methane, is dried cleaned and pumped into pressurised pipelines for distribution. LPG is
stored in pressurised tanks for areas not covered by natural gas pipelines. Natural gas burns
hotter and cleaner than any other fossit fuel. It is relatively cheap and can be transported
‘easily over land. Natural gas can displace kerosine, naptha and other petroleum products to
a very large extent, Therefore a continuous search is going on for new sources of natural
gas. Tt is estimated that Andhra Pradesh alone will be able to produce three million cubic
meters daily. ‘In view of the rich resources for the gas, adequate arrangements are being
made for processing the gas and creating a network for transporting raw gas to various
centres. Such a network is being available in' western India HBJ (Hazira-Bijaipur-
Jagdishpur) grid is the first major attempt in this direction Facilities are being created by
laying a 72 km from Narsapur to Kovvur for supply of gas to industries fiom a common
point. It is also very essential to examine methods to convert natural gas into petroleum -
products such as diesel oil apart from LPG. This will help in the production of petroleum
products directly from natural gas. The new role of gas as a substitute for petroleum
products has to be recognised and appropriate measures have to be adopted for establishing

" new reserves of free gas. The constrains arising in setting up LPG extraction plants and the
inadequate facilities available for bottling of the gas are mainly responsible for not able 1o
utilise the natural gas to its full capacity as cooking gas. Gas is now being used vastly as.
an energy source for fertilizer plants. Some of them are National Fertilizers Limited at
Bijaipur (M.P.), Indian Farniers' Fertilizer Corporation at Aonla (U.P.) and Indo-Gulf
Fertilizers at Jagadishpur (U.P.). Gas is also supplied to gas based power stations for
example Kawas in Gujarat, Auraiya in UP and Anta in Rajasthan are receiving “the gas for
this purpose. More power stations are also earmarked for the supply of the gas. The twenty
year conceptual plan given by ONGC in }‘985 made the followmg prcuectlon of the. annual
rates of natural gas production.
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ONGC Projections of gas production

Years Mitlion c.u.m, /day
1985-86 13.69
199091 . 46.57
1995-96 7671
2000-2001 : 101.36

- 2004-2005 . 123.29

Check Your Progress - 4 &5
4. What are the components of Natural Gas?
5. Name one network available for the. transportallon of natural gas.
Note: (a) Write the answers in the space provided below.
® Compare your answers with those given at the end of this unit.

L TR K T IR

18.6. KEROSINE

This is the common man’s fuel even till to-day especially in villages, 'This is obtained from

_crude oil distillation. The fraction collected between 200-300°C is known as kerosene. This

is also a mixture of hydrocarbon containing carbon atoms ranging {rom 12 to 16. This
fraction- also contains some sulphur compounds. Kerosene on burning lets off lots of
carbondioxide and oxides of sulphur into the atmosphere. Thus among petroleum products,
the maximum consumption is that of middle distillates. So any oil refining expansion
programme must take into account this fuel of maximization of middle distillates production
to mect the kerosene demands of the Nation, In the last one and half decades. secondary
processing facilities in the form of fluidized catalytic cracking units have been added along
with angmeritation of refining capacity. About ¢ million tonnes of oil are suhjected per year
to this catalytic cracking process to maximise the production of middle distillates. 'The
refincries at Karnal, Mamgalore and Koyali are using hydro cracker units to maximise the
production of kerosene and diesel. This hydrocarbon technology was used 1Or the first time
in India at these refineries. However the large scale production and use of kerosene cuts into
the use of middle distillates for petrochemical productions, Thus encouraging use of

" kerosene as a common fuel not only adds to the pollution prohlems such as green house.

effect, acid rain etc., but will also affects adversely the petrochemical industry. Hence the
Kerosene must be replaced by natural gas or by LPG. Plenty of resources of these two are
available in the country but supply system requires to be strengthened and streamlined. _
When gas is associated with oil 4s in Assam, Cauvery basin and in some parts of Andhra -
Pradesh, considerable advance planning is required for avoiding waste of gas as fossil fuel.

-~ For example manufacturing capacity of LPG cylinders is very much less than the requirement

of the oil industry. Hence it has to be geared up.
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18.7. SAFETY AND POLLUTION ASPECTS ASSOCIATED WITH

NATURAL GAS

18.7.1. Safety Measures:

. Fire and exploblon risks are given top priority in petroleum refineries and in LPG Botting

‘plants. More care must be exercised in LPG bottling plants to ensurc that all electrical
~ equipment are kept in good condition and all fixtures must be explosion or flame proof. Hot

work is to be normally avoided and is carried out only when the plant is shut down and made -

gas free. Sparks from the nearly passing vehicles can cause a big fire in case of hydrocarbon
gas leaks. Therefore spark arrestors are-provided in exhaust of vehicles. In LPG Bottling
plants no trucks are allowed without spark arrestors. Hydrocarbon gases mix with air in all

proportions but if the proportion is between 1.5 to 95% the mixture becomes highly -

inflammable. So efforts are made to make sure that these proportions are not reacted. Fire
fighting facilities are to be provided adequately for any unexpected outbreak of fire. In the

~case of LPG Bottling units, effective detection alarm systems for gas Ieaks are to be pr0v1ded

to ensure that explosive range of gas is not reached at any time.

18.7.2. Pollution

Environmental pollution. by the refineries can be due to. 1. Waste water, 2. Solid waste, 3.
Air pollutants. All refineries employ usually crude oil distillation, cooking catalytic or
thermal cracking, and desulphurization. Therefore it is possible to predict the poliutants in
wasie water. Very often oil is also present in free or emulsified form in waste water. The
air pollutanis from oil refineries are hydrocarbons, CO, S0O,, SO, and NO_. The general
emission in LPG bottling plants are mercaptams (Organic sulphur compounds) and hydren
carbons. "The bottling area will have generally sprinkler which acts as water curtain’in case
of disastrous leak. All the filled cylmders afe passed through water baths for detectmg leaks.

The effluents produced m different pmccsscs in oil reﬁnerles can be listed as follows:

Process : \ Pollution
i Crude oil distillation | H,S, NH,, Phenols
(i) Diesel Oil hydrotreating . NH,SH, Phenols
to remove sulphur
(iii) ~ Calatytic cracking or Phenols, Thiophenols, H,S
' thermal cracking to NH,, NH,SH etc.

produce kerosine

(iv) Hydro-cracking H,S, NH,. NH,SH

18.8. POLLUTION PROBLEMS ASSOCIATED WITH USE OF FOSSIL
FUELS _ _ : |

011 burning releases Carbondioxide gas in large guantities into the atmosphere. This causes |
green house effect and consequential global warming. The other gaseous products namely -

sulphur oxides, and nitregen oxides cause acid rains and photochemical smog.
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* Natural gas too releases earbond10x1de into atmosphere even though in lesser quantmes than

oil. But transport of natural gas by tankers and on land poses many pollution as well as
safety problems :

Most coals and fuel oils contain substantial quanntles of sulphur. When these are burned

_ sulphur is released as sulphurdioxide. This is easily oxidised to suiphur trioxides. These

oxides can damage material and property. Building materials (limestone, marble etc) and
sculptures are decolourised and physically disfigured. . The threat to Taj Mahal through these
emissions from oil refineries in the vicinity has been emphasised by environmentalists. The
vegetation nearly too is damaged very much by. oxides of sulphur The acid rain formed -
from the oxides of sulphur kills the trees by releasing aluminium and potassium, which are -
toxic to the root systems. Hydrocarbons released into the atmosphere. together with the
oxides of nitrogen are the precuisors of photochemical smog (Smoke-fog) Classical smog
is umquely the result of the inefficient combustion of high sulphur fuels. - High levels of
sulphur dioxide and particulates in the air, with water droplets in the fog leads to smog
formation. Chemical smog is most dangerous during prolonged periods of low temperature
and low Clouds. The .great killer London Smog of December 1952 lasted for 19 days.

- About 4000 deaths occurred durmg this penod

189. SUMMARY ,

1. - Crude oil or petroleumn is naturaily obtained rock oil which contajns many hydrocarbons.

2. Crude oil is now being found extenswely n Indla mcludmg Andhra Pradesh (Near

.Amalapuram and Narsapur)

3. Crude 011 is always associated with natural gas contammg largely methane and small

quantities: of propane and ‘butane.

- 4, The middle distillates of crude oil contains kerosene a fossil fuel used by comrnon

marn.

. 5. 'The propane and butane components of natural gas are removed in the liquid form and _

bottled as fuel gas. ThlS is ealled LPG '

6. Diesel, Kerosene and natural gas are.the main products used zs fuels.

7. Oil and National' Gas Commission (ONGC) and Oil India Limited {OIL) are the two
: national agenctes 1nvolved in the exploratlon digging and reﬁmng of crude orl

8.  Production and bottlmg of LPG is given top prlonty since it is the wable alternatwe'
" to replace kerosene use as fuel :

9. Oil drilling, oil refining and transport cause lot of pollutlon problems Hence large
scale safely and pollution eontrol measutes are bemg followed.

10."  Fossil fuels, use pollute atmosphere to a large extent. The most dangerous pollutants
being CO, and 0x1des of Sulphur :

18.10. CHECK YOUR PROGRESS : MO-DEL ANS.WERS‘

1. Crude oil is nothmg but large quantities of hydrocarbon compounds and small_'
' quantmes of other compounds. : . .




Gil and Natural Gas Commission {ONGC) and Oil India Limited (OIL) are engaged
in exploring the oil in India. ' :

The crude oil is discovered in Andhra Pradesh at Amalapuram town,

The. natural gas consists of 50-90% methane gas and smaller quantities of other
gaseous hydrocarbons such as propane and butane.

HBJ (Harira-Bijapur-Jagdishpur) in Wesférn India is the network available for
transportation of natural gas. '

18.11. MODEL EXAMINATION QUESTIONS

I
1.
2.

Answer the following questions in about 30 lines each.

Give a detailed account of formation, drilling and refining of crude oil.

" What are the hazards associated with the production and usc of diesel, natural gas and -

LPG? | :

What are the pollution effects caused by the use of diesel, kerosene and naturai gas
as fuels.

What are the safety measures and pollution conl_mi methods needed in the production
and use of fossil fuels? ' : :
Answer the following questions in about 10 lines each.

What is crude oil and how is it obtained? -

What are the chief components of narturhl gas?

Name the hydfocarbons present in LPG and Kerosene.

What are the difficulties encountered in the transportation of Kerosene and natural
gas. - ‘

Use of Kerosene is to be discovered as fuel gas - why?

Prof. S. Brahmaji Rao
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" UNIT-19 : NUCLEAR POWER IN INDIA

Contents .
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19.9. Summary ' '
19.10. Check Your Progress Model .Answers
19.11: -Model-Examinations Questions '

. 19.1. OBJECTIVES _

After completing this unit, you will be able to:

* exphiin the importance of atemic'pow\er in India, and

* describe the safety measures to be. fol]ewed in atomic power p]ants

192, INTRODUCTION

Energy is one of the fundamental quant1t1es needed for hfe to exist on this planet just as food
and water. Energy exists in different interconvertible forms such as thermal energy; -
chemical energy, electrical energy and material energy. Energy is required in all walks of
life, namely in industry, households and transport in the form of oil, gas, coal and electricity.

- About 95% of the energy used world over is bro]ogrcal m origin. These energy sources of
natural origin although present in large quantities, it i estimated that they may not last long
to meet human requirernents. Therefore a search had been gomg on since long for alternate
sources of energy, especially the renewable sources of energy. Nuclear energy is one of such’
forms of energy with enormous potentlahtles This is also referred to as atomic energy and
it is the energy released in nuclear fission or fusion reactions. But the atomic energy or the
nuclear energy is not a direct source of energy for consumer use. ‘It is only a mmeans of
producing electricity. If one looks at the energy situation on a total basis, in a long term
honzen it is evident that atomic power has to be. developed in a big way. The electric power
generatlon is expected to go up to 2,00,000 MWe by the year 2605.- Even then the per =

_ capital consumption of electm:lty would be only 60% of the mlmmum reqmrement of about
1000 KWh. :

19.3. NUCLEAR'POWER PLANTS

Nuclear energy has been used for constructive and welfare purposes througheut the world
only since 1950. But it has expanded very rapidly achieving an impressive rate of
development since then. At present about 17% of the world’s electricity is generated
through nuclear sources. - There is no fundamental difference in the principle underlying a
conventional power station and nuclear power station. In both cases energy is used to heat
water to produce steam to drive generators of power by means of the turbines. In the case
of nuclear power plants, this energy is derived from nuclear or atomdc fission (essentrally
of uramum) in a device called nuclear reactor or atomic reactor.
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19.4. TYPES OF POWER REACTORS

Nuclear reactors are classified on the basis of the fuel (the fissionable material), the coolant -
and the moderator used in the reactor, The coolant and the moderator are required to control
‘the heat generated and the vigour of the fission process respectively. Theré are basically five
types of reactors, ' ' ' '

" These are . '
Pressurised Water Reactor (PWR) -
Boiling Water Reactors (BWR)
Pressurised Heavy Water Reactors (PHWR)
Gas Cooled Reactors (GCR) '

Y

Liquid metal Cooled Breeder Reactors (LMBR)

The first two types arc widely in use amongst the five types. In the pressurised water
- reactor, the pressure is maintained very high so that water does not boil cven at a tetperature
sufficiently above the normal boiling point. This high temperature water under high pressure
leaves the reactor vessel and cnters the heat exchanger. The heat exchanger contains a
secondary water system. Low pressure is maintained in this circuit and therefore the high
temperature water begins to boil and produces steam. This steam moves the turbines to
© generate electricity. In the boiling water reactor the heat from the fuel rods causes the water
to boil producing steam at the top of the reactor vessel, This steani is fed to tarbines which
generate power. ' '

The two types are schematically shown in the figures 19.1 and 19.2 -

|
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Fig. 19.1. Pressurised Water Reactor.

i

STEam circo
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Fig. 192. Boiling Water Reactor.
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Construction of Atomic Reactor: The ﬁssidnablf; substance ge:1erall§r'ura1ﬁun1 dioxide in the
form of tablets is filed up in the fuel rods. Such rods in large numbers hang in the core of
the reactor. The nuclear fission takes placc inside the fuel rods and the thermal energy is

released. The energy is absorbed by water in the primary circuit and the same is (ransferred
- to a secondary circuit through heat exchanger and steam is generated. The steam from the

secondary circuit diives the turbines and produces the electric powet. The atomic fission
reaction is a cha. reaction propagated by the ncutrons released in the fission process.
Therefore control row aré instilled in the core besides fuel rods to absorb the neutrons and
control the chain reaction. Due to small leakages that take place in the fuel rod, the water -

in the primary cooling circuit is subjected to mild radioactivity. A safety tank is therefore

provided to-prevent the spread of this activily. Further to prevent the entry of the radioactive
air into the environment, vacuum is created in the safety tank. The contaminated air is

. removed by suction and fed into filter systems. The radioactive waste water resulting from

the decontamination process of the primary cooling water is retained for some time and
dec -ntaminated. The components in the reactor-may become radioactive in. the coutse of
time. The power plants therefore are expected to last for 20 to 40 years, - '

19.5. NUCLEAR POWER PLANTS IN INDIA

Nuclear power generation in India started in 1969 with the commissioning of the Tarapui

- Atomic Power Station (TAPS 1&2). It contains two boiliug water Reactors of 160 MWe

capacity each. During 1972-80, tvo more Pressurised Heavy Water Reactors (_PHW_R—I&Z)
were constructed at Rawatbhata in Rajasthan, All these reactors were constructed with
foreign collaboration (US & Canada). The next reactor based on totally indigenous effort
became operational in 1983, This was the 235 MWe capacity PHWR at Kalpakkam near -
Madras (MAPS-1). An identical unit (MAPS-2) at the same location began generating
power in 1985. ' . - - '

Table 19.4. Projected Nuclear Power Generation by 1995-2000 in some countries '

Country Reactors number - Expected Capacity (MWe) ‘Share in 'Tdtal %

Canada . 13389 S V)

France B T <7 R 75
 Germany 26 T 25

UK. T R L S 20

us. 1 om0 20

Russia | | 124 o612 S 20

India -~ - 2 10090 10

Check _Your Progress 1, 2 & 3

1. What would be-the epr_cted power generator capacity in India by 2005 AD?T

- 2. How many typés of power reactors are there? What are they'?

3. Name two nuclear power plants of India. -
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Note: (a) Write the answers in the space provided below.

(b) Compare your ariswers with-those given at the end of this unit.

19.6. SAFETY OF NUCLEAR POWER PLANTS

The safety of a nuclear power plant has to be evaluated taking into consideration the entire
cycle of operations and processes involved rather than simply the plant itself. ‘Generally in
any reactor the fuel rods become deficient in U-235 with a flux of time and hence they have
. to be partially removed and replaced by new ones. Thus each year about one third of the
- . spent fuel elements in a reactor are removed and stored in large concrete lined pools of water
o at the plant site for several years. After they have cooled, these are transported to the
permanent nuclear waste repository or dump: in sealed heavily shielded cash proof casks. .
During the running of the plants, fission converts some fuel and the metal rods and parts are -
converted into radioactive materials by neutron bombardment. Large heat, which does not
stop even after the reactor is shut down, is produced. So water has to be circulated
continuously to cool down the rods and prevent their melting, If the melting is not
prevented, large quantities of highly radio active materials will be released into the
enviromnent. Therefore a number of safety precautions are necessary and generally these
are taken in any commercial reactor plant. :

Safety Precautions
1. Thick walls and concrete and steel shields surround the reactor vessel.

2. A steel-reinforced concrete containment building to prevent escape of radioactive
materials into the environment in case of any unforescen accidents, i

3. Large filter systems and chemical treatment facilities are provided in this containment
building to remove radio active duqt from the air.

4. Steam released from damaged reactor vessel is condensed to reduce the pressure bulld
up beyond the capacity of containment building walls.

5. An emergency core~coohng system is installed to flood the core automaticaily with -
- tong of water within one minule to prevent melting of reactor core.

6. X-ray mspection units are set up to detect flours in the construction periodically.

7. Automatic backup systeins to replace safely systems in the event of their failure.
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8.  Management of radxo active wastes is done followmg the three general pnn01ples
namely .

(a) Dilute and DiSpers_e
(b) Delay and decay
(c) Concentrate and contain

' - Thus' the main aspects about whleh the safety measures are mlportant are

1) Management and control of large heat generated '
2) Ma.ndgement and dlsposal ot radioactive materials fbrmed. _'

The first principle namely dilute and disperse is apphcable'for gaseous and low-level liquid
effluents. -Dilute is done by air or water respectively. - The second principle “delay and
decay” applies to the wastes which contain short lived nuclides.  The third p[ll'LClplc :
“Concentrate and contain” is generally applicable to medium and high level wastes both
. sohd and hqu1d The wastes aré proeessed treated and condlttoned before connunment

Check Your Progress 4 & 5 ' _ -

4. What safety measures are reqmred to cool the system after the reactor is sheet down?
5. How do you manage the radioactive wastes? | |

Note: (1) Write the answers in the space provided below.

(b) Compare your answers'With_those. given at the end. of this unit.

----------------------

anshaten by vy asvi serevenearay '

197, NUCLEAR ACCIDENTS : SOME CASE STUDIES

- A nuclear power plant operating at full power releases neghgtble amounts of radioactive
material into the environment. The amount released from normal plant operations would
result in radiation exposures that are far less than those people who receive from medical
X-rays-and from natural background sources such as cosmié rays and radioactive nuclides

" on the earth. Thus the real safety of nuclear power arises from adoptlng a policy that

recogmses th.lt “Aee:dent preven‘uon IS the key to Safety

There are two nuclear accidents that demand a mention in the context of safety of nuclear -
power generatlon ' S A

iy Three Mile Island (TMD Dlsaster This occurred on March 28, 1979 in USA near

‘Harrisburg, Pennsylvania. The accident occurred because of a series-of mechanical failures -

and human operator errors not foreseen in safety studies. The installations suffered a
damage but there was no radiation hazard posed by this accident elﬂll ot to personnel working
at the plant or to people hvmg in the surround.mgs S '
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The reactors core became partially uncovered underwent a partial core meltdown. It was
realised that unknown amounts of ionizing radiation escaped into the atmosphere. Even
though visibly no one is known to have been affected or died as a result of the accident, a
debate is going on on the long term health effects on workers and nearby residents.

2 Chernobyl Disaster: The accident occurred at the Chernolyl Power Station No.4
in the then USSR on April 26, 1986. One of the four graphite moderated water cooled
reactors flew the roof off the reactor building and set the graphite core on fire. The
explosion and the resulting firc spewed radioactive materials into the atmosphere. These
were carried by winds over parts of former USSR and Eastern and Western Europe as far .
as 2000 Kilometers from the plant site. 1t took 10 days for the firefighters to get the intensity
of hot graphite fire under control. About 1,35,000 people living within 30 kilometers of the
plant were evacuated. These will not be allowed 1o return to their homes for atleast some
years. Five months after some deaths were reported. Many were reported to be suffering -
from acute radiation sickness. A land area of 2590 square kilometers around the plant was
contaminated with radioactive fallout. All the nearby forests had to be cut down and the
topsoil removed and boiled. Many people in USSR (former) and Europe may be met with
premature deaths in the next 70 years. But one need not be alarmed,

There are major differcnces between the chernobyl reactor and the Indian pressurised water
reactors. The chernobyl reactor was graphite moderated and water cooled, Hot graphite and
water make a dangerous combination. Large amounts of hydrogen come out if these two
come into contact with each other. No graphite is used in Indian reactors. The Chernobyl
plant was boused in an industrial type of building. The sitnation in India is different since
it makes use of the double containment principle. Moreover graduate engineers with
adequate training are in charge of the stations at all times in India unlike in Chernobyl. At
each nuoctear power statton there is an environmental survey laboratory (ESL). This
establishes the base-line for radioactivity of the natural background and recommends
discharge limits for release of effluents for each station. Finally no activity especially
industrial power production activity is without some measure of risk, Therefore lessons
should be learnt and suitable actions taken to minimise the probability of such accidents and
in the unlikely-event of something happening, the impact should be contained.

19.8. AGENDA FOR FUTURE ACTIONS

1. "Quality Assurance’ has to be given priority in all the activities such as planning,
* managing and construction.

2. The industry must strengthen this area with regard to quality system, quality engineer-
ing and quatity control. '

3. Augmentation of the automated systems that ensure reactor safety even under highly
improbable abnormal conditions has to be taken up in nuclear installations.

4. Greater reliance has to be placed on operator training, (iualiflcalion and requalification
through use of simulators and review of operating procedures by independent experts..

5. The construction industry has to equip itself with automatic equipment and to- adopt
modern techniques to reduce the time taken for civil constructions and mechanical
creations, '

6.  People must be informed of the risks and the benefits associated with the use of all
' ENEergy Sources. '




o

Efficient functioning of 'powér reactors that are in opefation must be ensured.

Adherence to schedules and costs of nuclear power generaton must be enSurcd
‘The requisite R & D bd(‘k up must be mdmtmned

10.  Much greater importance shall be given for man-machine interface.

19.9.. SUMMARY '

1. -Power demands are mcreamng day by day and hence noclear. power optmn must: be
taken up with open mind. _ : .

2, No fundamental difference in the pl‘lIlClplC underlymg a conventmnal power isolation
and nuclear power station. : S o ]
There are five fiuclear power reactors. Namely (a) Pres*;urlsed Water Reactor (PWR),
{(b) Boiling Water Reactors (BWR) (c) Pressurised Heavy Water Reactors (PHWR),
(d) Gas cooked Reactors (GCR), and (e) Liquid Metdl cooled Breeder Rcactors '
(LMBR) The ﬁrst two are ‘widely used. :

4. The nuclear power generatlon in India began in 1969. _ \

5.  Safety measures include, construction of concrete containment building and provision

' of large filter systems, emergency core cooling.systems, X-ray inspection units,
automatic backup systems, modern methods of management of radioactive wastes.
The major nuclear accidents are Three Mﬂe Island disaster in US and Chernobyl
disaster in- former USSR, ! -

1. Quality assurance and training and relmmmg ‘are essennal for lhose engmeers _
involved in the production Processes.. :

People must be informed properly of thc l’lSkS and the benefifs dqsomated with atomic
power gcncratlon :

19.16. CHECK YOUR PROGRESS : MODEL ANSWERS

...
2.

India is expected o produce 2,00,000 MWe by the year 2005 A D

There are fivé types of power reactors, ‘They are (1) Presqurlsed water reactor,

@) Boﬂmg water reactor; (3) Pressurised heavy water reaclor {4) Gas coolcd reactor,
and (5) quu1d metal cooled breeder reactor.

Tarapur Atomic Power ‘Station and Madras atonsic power station at Kalpakam near

. Madras. -

- Water has to be circulated contmuously to cool down: the system.

The radioactive waters can be managed . by followmg three general pnnuples viz,,
dilute and disperse, delay and decay and concentrate and contain.

19.11. MODEL EXAMINATION QUESTIONS

L
1.

Answer the following questmns in about 30 lmes each.

Describe with diagrams, the atomic power generation by Pres@ured Water Reactor or
Boﬂmg Water Reactor. : :




2. Write a detailed account on the safety measutes to be adopted in atomic power
generation. : '

3. Mention with-details the two disasters that took place in the past,

I Answer the following questions in about 10 lines each.
What is the principle underlying the nuclear power generation?
What is a power reactor? |

What types of reactors are followed in India.

B oW =

How much atomic power is .generated.every year and what is the expected target by
2005. '

What are the possible hazards associated with atomic power generations?
Name two important safety measures adopted.

What are the main disasters that took place in the past?

0 o

What is the agenda for future safety action.

Pfof. S. Brahmaji Rao
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UNIT-20: NONCONVENTIONAL ENERGY SOURCES

Contehts

20.1.  Objectives

20.2.  Introduction

20.3. Indian Situation & Role of Research Orgamsatlons
204. Solar Power :

- 20.5. Biogas

20,6, Summary -

20.7. Check Your Progrcss Model Answers -

20.8. Model Examination Questions '

20.1. OBJECTIVES :

After gomg through this unit you will be able to
* describe the Non-conventional energy sources like solar energy,' biogas ete.;
- " list out the components of biogas and describe its importance and -

* . recognise the: impﬂrtance' of energy conservation in futyre.

20.2. INTRODUCTION

For a country to prosper, there is definitely a need of abundant energy. This inturn raises
the standard of living and the consumption of energy. Energy resources may categorized as
renewable and non-renewable. Renewable energy resources comprise photosynthetic products
such as fuelwood and agricultural waste, direct solar conversion, water and wind power and
geothermal energy rational utﬂmallon of these resources can prov1de energy indcfinitely.
But if they are exploited too‘rapldly some of them may get depleted eventually leading to
“exhaustion. Non-renewable energy resources include fossil fuels such as coal, oil, natural
gas, as well as Nuclear fuels. Energy resources may. also be categorised as commercial and
non-commercial resources. The former type include fossil fuels, nuclear fuel, geothermal
energy, wind and water power. 'The non-commercial energy resources come from fuel
- wood, crop residues and animal waste when consumed directly as fuel.  The renewable
energy is energy obtained from the continuous or repetitive currents of energy oceurring in
the natural environment. Non-renewable energy i§ the energy obtained from static stores of
energy that remain bound unless released by human interaction.

The Non-conventional Energy Sources cannot replace conventional Energy Sources but can
only supplement it. The non-conventional scurces of Energy include wind, solar, tidal,

geothermal, biogas, wood etc., where as conventional sources are fossil fuels (coal,
~ petroleum etc.) and nuclear. The fossil fuels are costly and non-renewable type of Encrgy
sources. Judicious use of Energy source is more important than harnessing energy sources. -

Renewable Energy systems dependmg on biomass, solar power, wind power, tldal power
etc., by their very nature are suited for low 1mcns1ty, decentrahsed generation and consumption.

20.3. INDIAN SITUATION AND ROLE OF RESEARCH ORGANISATIONS.

As per the: survey condicted in the year 198 8—8'9 by the central electricity authority of India,
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the energy consumption for different sectors is as given under:

Domestic Sector — . 20%
Commercial Sector — 7.3%
Agricalture Sector — 25%
H.T. Industries . — 36% -
L.T. Industries - — 8%

- Miscellaneous — IBT%

The present data may vary slightly now. The per head energy consumption in India is
1/8 of the global average. The Indian Fnergy scene is characterized by a low per capita
resource endowment of fossil fuels. The energy consumption in house holds shows that the
share of non-commercial energy is over 80% in rural areas compared to 51% in urban areas,

The energy crisis in our country may be desc_nbed as a dilemma between the need and
- availability. It also comprises the increased quantities of energy for development, the need
to reduce expenditure on coal, oil and electricity.

India does not have abundant energy resources and is still heavily dependent on traditional

sources of energy: Of course, the industrialisation of the country is resulting in changes in

the use of traditional energy sources. The availability of coal is diminishing and the coal
that is available is generally of poor quality. with very heavy ash content. With the
- establishment of steel plants, the demand for coal went up while produ'ction lagged behind.
Oil and natural gas reserves in India are still in the process of exploration,

Electricity oonsurnpﬁon has been growing at an alarming anniral rate of 12%. The efﬁeieney
of generation and transmission of Electricity in India is extremely poor.

It is extremely difficult to make an accurate estimate of the domestic consumption of energy,
since this involves undreds of millions of people. Rural energy is onc of the predominant
energy consumption patterns of India. The Energy crisis in India can be reduced to some
extent by the decentralised rural energy systems. Thus rural cnergy development is a
relatlvely new subject which has gained attention, concentration and momenfum recently,

There are various research organisation and institutions in India, which are contributing their
mite to solve the energy crisis. The Central Fuel Research Institute (CFRI) is doing research
which is aimed at turning coal into petroleum and other synthetic products, Oil and Natural
Gas Commission (ONGC) and Oil India Limited {OIL} are engaged in oil exploration. Some
of the research organisations in India where an active research in. ﬁeld of Energy and its
related topics are being carried out are listed below : - I

* Department of Non- conventlonal Energy Sources Inmlstry of Energy, New De1h1
(DNES) | o -

*  Solar Energy Society of Incha SESI o
* Non-conventlona] Energy Development Corporanon of Andhra Pradesh (NEDCAP)
o Dept of Management Studics, IISc Bangalore ' - |
* Indian Instrtute of Troprcal Mereorology Freld Reqearch Umt, Bangalore
* Centre for Energy Studres, IIT, Delhr
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* Energy Centre, Dept of Me(,h Engg {IT, Bombay.

* . School of Energy Studles Jadavapur University, Calcutta.
*  Devi A_hﬂya Vishwavidyalaya, Indore.

' *. School of Energy , JNT Unj‘;zerslity, Hydera;bad.

* Tata In'sﬁtute of Fundamental Research, TiFR, Bémbay.
- Tata Energy Rescarch Institute ._(TE'RI). '
T Naﬁon_al’ Physical Laboratory, New Delhi, |
- Eu_&gy Reséarch Centre, Punjab Um'.véféity, Chzindigarh.-
% . Deépak In_stitube of S_olar Energy Rescarch, Jabgﬂpur,. M.P.

* Central Arid Zone Research Institute, Jodhpur,

*  Sardar Patel Renewable Energy Research Insmune (SPRERI) Vallabh V1dyanagar o
' Gujarat.

* Gujarat Energy Development Agency, Vododdra

*  Cell for Renewable Energy Dissemination Activities, Kamataka State Counul of
Science Technology (KSCST) Bangalore : : '

In addition there are some more research orgamsatlons and umversrues in India Wthh are
actively involved in the research works in the tield of Non-conventional Energy Sources.

India is blessed with an abundant supply of renewable energy sources such as solar, wind,.
biomass etc., which are environmentally. being. Solar Energy is available throughout the
country for althost the entire year. India being a country with numerically dominant rural
. population, it ig, imperative that the development of the country as a whole is infimately
linked with rural development,

' 20.4. SOLAR POWER

The sun supplies 20,000 times as much energy as a man consumes from all sources. It is
estimated that in India, each square kilometer receives solar energy equal to 7.5 x 10° KWh '
per day. Solar radiation that is recewed on earth can be classified as Beam radiation and
Diffuse radlatmn Beam radiation is also called as direct radiation. Tt is the radiation -
intercepted by a surface with negligible direction change and scattering in the dtmosphere
- The radiation scattered by aerosols, dust and by the Rayleigh mechanism and not possessing .
‘unique direction is called diffuse radiation. The global or total radiation is the sum of beam
-and diffuse radiation. Solar conversion technology involves the conversion of the Sun’s
radiani energy to heat. This conversion is generally carried out by means of Flat Platé
collectors or Solar - concentrators. To determine- the useful energy delivery the system,
analysis is to be made. The system comprises the collector dnd storage. i is essential to _
evaluate the interaction of the solar system components in response (0 climate and energy
demand. This system analysis is based on well-established engineering knowledge. The Flat
plate collectors respond to both beam and diffuse radiation whereas concentrations work on
beam radiation only. To say in a simple way, the concentrators will not receive any solar
radiation when there.is no direct sun (that is on cloudy/rainy days).’
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Solar Energy, as an energy substitute, caﬁ be utilized in the 1bllowing_ways.
*  Solar heating - B

* | Solar drying

*  Photo-Voltaics -

* Sofar Stills

* Solar refrigeration

Solar heating involves solar water heating and use in solar cookers to conserve firewood
energy. Both require the utilization of Flat Plate Collcctors. This requires large areas facing
south to locate the collectors. These collectors are glass topped and require clear space
without any shade falling on it. They are also to be protected against any vandalism. Water
or aif is used as working fluid flowing through the tubes which play the role of conversion
medium. '

Solar cooker does not require fuels llke coal, wood, kerosene, cow-dung efc., to cook food.
Tt utilizes the sun’s rays to cook food most hygienically and safely, harmless and without any
smoke. For starting the cooking, one has to-wail till sun rises and comes up and the duration
of cooking is long. There are no moving parts and it is. more versatile than pressure cooker.
Frying is not possible in this method and cven the cooking is not passﬂ)lc 0N NONSooN days

" because of low heat gain. The cost is beyond the reach of average rural household of our
country.

Solar. water heating does not have any predominant usage in India. There is no necessity
of heating of buildings which minimizes the usage of hot water. Hot watcr at 80°C can be
easily obtained using Flat plate collectors. Higher temperatures can be attained by using
Parabolic solar concentrators with evacuated tubes-at the focal axis. Since these require -
mare of Engineering knowledge it ig not djscusqed further herc ' :

The qcclsomng of wood, drying of large quantities of food can be carned out using Solar
Dryers. These dryers also works on the same principle of solar energy collection, conversion
to thermal energy with or without storage facility.

Solar Photo- VOltdlC system consists of modules in which photo-volt.:uc cells are suitably
arranged. These cells may be made up of amorphous or crystalline silicon. The photovoltaic
generation of power is caused by radiation separating positive and negative charge carriers
in absorbing material. If an electric field is present these charges can produce current for
use in an external circuit.. Such fields exist permanently at junctions or in homogeneities in
‘materials. The junction devicesare usually named photovoltaic cells. The D.C. power
generated can be stored in batteries and may be suitably converted to AC. The P.V. devices
- are particularly useful for providing electricity for Highting in remote and rural areas but the
cost is very high. These devices can also be used to drive pumps to Iift water in remotc
areas. .

Basically PV cells convert light (Photo) into electricity (Voltaic). When such a cell is used
to convert sun light (Solar encrgy) into electricity, it is aptly called as Solar Cell.

. Brackishwater is one of the major problemq in Indian Vﬂlages Thls can be solved by solar
desalination which can be achieved by solar etﬂls .

. Solar refrigeration is one of the 1mportdnt applications of solar power Vapour compression,
vapnur absorp‘uon and steam jet refrigeration may be obtained using solar encrgy "The
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required refrigeration is attained by either producing vapour/stcam 1o run a turbine coupled
to compressor of vapour compression refrigerator or produce electricity by means of PV
cells to run the motor driven compressor of the system. In vapour absorption system, solar
energy supplies the required heat at the generator, The cost of tonne of refri geration
produced is exhorbitant. But this can be successfully used in remote areas Whl(.h are beyond
the reach of power transmission lines.. :

The line dldgrams regarding some of the apphcatlons of Solar Energy are JllBHtIOilF}d in
Figures 20.1, 20.2 & 20.3. Fig. 20.1 illustrates the use of a photo-voltaic module to generate

D.C. Power which in turn is converted to A.C. by Inverter and is converted to a molor which -
drives the compressor of Vapour Compression System of refrigeration,

Exp Valve
{(Ref.Unit)

Condenser

{::;:;:J Compressor

b 4
¥

.| ~Voltage

Inverter

Storage |
Battery

Fig. 20.1. Usc of photovoltai¢ module to generate DC power .
which in turn converted to AC by ‘inverter '

Hot Water
| storage

Fig. 20.2. Production of Hot Water




CON—I .

Refrigeration Unit’

condenserl.

punp T - turbine, Com - Compressor
o Cond- Condenser

FEv - Evaporator, E.V. - Fxpansion Valve:
s

Fig. 20.3. Vapour Compression Refrigeration System

This refrigeration system comprises ol a COmpressor, a condenser an expansion valve and-
an evaporator. Fig. 20.2 shows how a Flat Plate Collector (FPC) is used to produce hot water
which is stored in a hot water storage tank for future use. Fig. 20.3 depicts the working of
a vapour compression refrigeration systbm using FPC. A low boiling liquid is used in the
circuit which produces vapour due to the collected heat of FPC. This vapour drives the
turbine which is coupled to the compressor of vapour compression system. The condensate
is recycled through the FPC by means of a pump. As the temperature attained by FFPC is-
of the order of 70°C-80°C, water cannot be used as working fluid. Turbine needs steam 1o -
drive it. : R . :

.

20. 5. BIOGAS XS/ ]

The gas produced using Biomass as fuel is Biogas, Biomass is an inexhaustible storehouse
of solar energy, offers the most convenient nataral route to meet the growing energy needs,
especially, in rural sectors. All organic niatter, or biomass, can be used as fuel in one form
or other, The Biomass from which energy can be harvested or reclaimed is obtained from
different sources like crops, food, manufacturing raw materials, municipal and industrial
waste. Wood or dry litter are the forms of vegetable Biomass. Enpergy from biomass is
attractive since its primary source, sunlight, js tree. But the collectors that are used in this
conversion, namely plants, are inefficient as collectors of solar energy. The energy
quantities that are potentially available to p ants; vary between 2.5 to 8.0 GJ/m?/yr depending
on the latitudes and climates. The energy conversion is due fo the process of photosynthesis.
To Calculate the amount of energy that can be harvested in plants from a_given area, it is
essential to have a knowledge of the average cnergy content of the plant material. Figures
- 20.4, 20.5 and 20.6 illustrate some of the Biogas plants.’ :
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3. What are the essential constituents of solar power system.
- Note:(a) . Write the answers in the space provided below. '

(b) Compare your answers with those given at the end of this uhi_t.

........

20.6. SUMMARY

The energy crisis in our country may be described in s;mple terms as a dilemma between
the need, to make available/increased quantities of energy for development and the need to
" reduce expenditure on coal, oil and electricity. The only solution to this problem is
renewable energy sources which make use of the locatly available resources. The economic
feasibility of.any energy from solar or biomass scheme depends ultimately on the cost of
competitive conventional fuels. Hence’ Government of India has introduced many subsidy
schermnes to encourage the use of Non-conventional Energy Resources. Energy education is

- to be given top priority and people are to be well educated regardmg the energy crisis and

the use of non- conventlonal energy re%ources

20.7. CHECK YOUR PROGRESS : MODEL ANSWERS

1. Commercial fuels include fossil fuels, nuclear fuels, geothermal, solar, wind etc. -
" Noncommercial fuels include fuel wood, animal waste.
2. Photosynthesis is the main cause for energy conversion in plants to biomass.
-3, The Solar power system consists mainly of collector, storage and distribution system.

20.8. MODEL EXAMINATION QUESTIONS

L Answer the following questions in about 30 lines each,

1. Discuss the classification of Energy Resources.
2 How do you compare the biomass conversion of plants to that of solar collectors
3 Discuss the relatwe merits and demerits of the biomass energy programmes.

II.  Answer the following questions in about_ 10 lines each.
 Write briefly about solar energy.
Write briefly about biogas.

What are the advantages of biogas programme?

-

What are the disadvanta_ges of biofuels?

Prof. P. Venkataseshaiak
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Time : 3 Hours o ' Max. Markx : 100
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12,

13.
14.
15.
16.

17.

18.

SECTION - A
- 4X15 = 60
Answer any four of the following questions.
_Each quéstion carries 15 marks.
Answer the fbllowing questions in about 30 lines each.

Explain the reasons for food problems in developing countries.
Write briefly about food poisoning by microorganisms.
Briefly describe different types of soil erosion.

Write briefly about the rainfall distribution in India and the variation of the
same with monsoon. :

Write an essay on fish and prawn hatcheries.

Define air pollution and mention types of air poliu.tants.

List out and describe the mateorological factors influencing air pollu_tioxi.
Explain the importance of small scale industries. -

SECTION - B
| | 5X8 = 40
Answer any five of the following questlons '
Each. question carries elght marks.
Answer the following questions in about 10 lines each.

‘Write briefly about flucrosis. _
What is Narmada Bachao Andolan?
Write briefly about intercropping.

~ Distinguish between minor and medium projects. Discuss briefly about

them.

What is the importance of constructing a dam?

Write about the safety standards for automobile pollution?
‘What is meant l:;y migrant labour? Describe them. o
Explain briefly the technology machines.

What are the difficulties encountered in the transportatlon of kerosene and
natural gas?

What type of nuclear reactors are followed in Indla‘?
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~ ASSIGNMENT - 1

Time : 2 Hours

Note: _

1. Do not copy the answer directly from any of the books.

2. As fa"r as possible, try to answer the questioné independently in your ouwn
words. o

3. If it is necessary to quote from any source, give the correcl reference.

4, Use your own foolscap pages for wriling the assignnient.

5. Leqve sufficient margin for the comments of the evaluator.

f. Completion of this asszgnment normally should not take more than twe
hours time. :

I Answer the following Questiotis in about 30 lines each.

1. Explain the reasons for food problems in developing .countriesI
- 2. Write briefly about food poisoning by microorganisms.

3. Briefly describe different types of soil erosion.

II. Answer the following questions in about 10 lines each.
Il. Write briefly about fluorosis,
2. What is Narmada Bachao Andolan?
3. Write briefly about iﬁtercropping.
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Dr. B.R. AMBEDKAR OPEN UNIVERSITY |
~ FACULTY OF SCIENCE =~ =

P.G. DIPLOMA IN ENVIRONMENTAL STUDIES _ |
Course III : Contemporary Environmental Issues | |

ASSIGNMENT - 2

Time : 2 Hours
Note: . _
1, Do not copy the answer dirvectly from any of the books.

2. As far as possible, try to answer the questions mdependently in your own
words.

- If it is necessary to quote from any saurce, give the correct reference.
Use your own foolscap pages for writing the assignment.

Leave sufficient margin for the comments of the evaluator.

S oA

Campletwn of this assignment normally should not take more than two
hours time. :

1. Answer the following questions in about 30 lines each.

1. What are the problems arising due to urbamsatlon? Write briefly
about them.

2. Can the NGOs supplement or replace the welfare programmes of the '
Government and other Institutions? Elaborate. -

3. Write in detail about major chemical accidents and impact assess-
ment.

| )
‘P—I

Answer the following questiens in about 10 lines each.
1. Differentiate between fertility and fecundi_ty. ' '
2. What is Thanrao Struggle?

3. Write briefly about films and publicity.
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Dr B. R AMBEDKAR OPEN UNIVERSITY

FACULTY OF SCIENCE
P.G. DIPLOMA IN ENYIRONMENTAL STUDIES
Course 1IT : Contemporary Environmental Issues

ASSIGNMENT - 3

Time : 2 Hours
the:

1 Do not copy the answer directly from any qf the books.

2. As far as possible, try to answer the questions mdependently in your ouwn
words

If it is necessary to quote from any source, give the cm-rect reference.

Use your own foolscap pages Jor writing the assignment.

Leave suﬁ"icient'margin Jor the comments of the evaluator.

S

'Completwn of this assignment normally should not take more than twa
hours time.

1. What are the occupational hazards and diseases? Identify and

classify the agents responmble for hazards and diseases. Give suit-
able examples. '

2. Describe the aspects that are normally considered for locating an
industry. :

3. What are the different causes of famines and floods?

Il Answer the following questions in about 10 lines each.

1. Define earthquake predictions.

2. What are soical and psychological consequences of displacement?

3. How is nuclear waste disposed?
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L I Answer the following questions in about 30 lines each.
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