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PREFACE

This book deals with Contemporary Environmental Issues included in the
syllabus of PG Diplomé 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 comprises 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 specially 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, mode] answers for the questions
given under Check your Progress. 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 Q to food and nutrition, forests .-
and lands, fresh water supplies in Indié,—@lluﬁm, Industry in India and energy
needs of India. Special emphasis giverf for food production and preservation,
land management. and crop pa er&ncﬁa, ‘water resources, various pollutants
causing air pollutioh, industr@iﬂn in India, various energy resources eic.

The University h@uat 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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 UNIT - 1.: FOOD PRODUCTION

Contents

1.1.  Objectives
12,  Introduction
1.3.  Factors Affecting Food Production :
14.  Food Problems of the Developing Countries
14.1. 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
15.  Trends and Problems in Agriculture Food Production
16.  Programmes and Action of Government to Improve Pmductlon
1.7.  Alternative Food Sources
1.8.  Public Distribution System in India -
.1 9.  Policy for the Development of Agriculture
1.10. - Summary
1.11. Check Your Progress: Model Answers
1.12. Model Examination Questions

1.1. OBJECTIVES Q\’
After going through this unit you will hgabl

* recognise various factors respo ¢ for increase in food produchon

* understand trends and in increasing food production,

% explain the need angd availapility of alternative food sources,
* discuss about the ics of getting a healthy diet for a common man,
*  describe the future plin of action.

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 growth 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 policies have to be diversified, available

‘geographical area increased, public distribution system streamhned and last but not least the

production policy should be nutrition orlented

13. 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 variables.
Among weather variables rainfall and humidity at various stages of crop growth have a
significant impact.




The role of chemical fertilizers in increasing food productivity 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 responsibility.

1.4. FOOD PROBLEMS' OF THE DEVELOPING COUNTRIES

The food problems of the developmg countrles can be studied under 5 mfferent heads. They
are (1) population explosion (2) decline in death rate, (3) available geographical area, (4)
‘population and food supply and (5) food procluc‘uon demand versus supply

14.1 Populatlon 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 concern among
scientists for the very survival of the human species if population. continues to grow at the
present rate of increase. It is calculated that the earth carrying capacity is around 5600
million people. If this conclusion is acceptcd 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 in population by 1981 census is reported as 683.4 millions . -

 (Table-1.1) ) | - .
~© Table 1.1. Population of India and the Rate of @h from 1901 to 1971.

Year  Population in nﬁllionsﬁcade Rate of Growth -
© 1901 - 2384 - 1801-11 - 5795
1941 3187 ?’ 194151 - 1331
1951 3 ' 195161 . 2151
1961 ) 43N ‘1961-71. . 24.57

1911 74 197181 2464
11981 D I 1)

._Source Census of India 1971; 1981 Census Repom Reg:sfmr General of India, Seues I

14, 2 -Decline in Death Rate

Three factors affect the population balance i.e., birth, death and migration, There is-a
decline indeath rate from 1941-22.4/1000 to 14:8/1000 in 1981, It was this fall in death
ratc which was the cause for the tremendous growth in the population of India, It is
estimated.- that 14 million are added every year to our populatmn L

" Table 1.2. Birth and death rates in Indla

- Decade . . Birth rate per Death rate per
1000 population 1000 population
1901-11 49.2 42.6
1941-51 S 399 - 4
195161 . 417 . 228
196171 - . 4L1 189
197181 - - o360 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 with the one given at the end of this unit.

P L L L L L

1.4.3. Available Geographical Area

Only 42 per cent or above 140 millign hectares are under culﬂvatmn 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 0 pdgcent area but its share in total
output in terms of value is only 70 per cent. However t pi-food grain crops occupy only

10 per cent and contributes 30 per cent in out is high pressure of grain crops 1s
interpreted to be due to the food habits of India t unit for more detalls)

1.4.4.. Population and Food Supply Y _

Almost half of the population (cons%c‘f per cent of the population below 14 years ~
and 6 per cent beyond the age of 60 Wars) are largely non-productive. According to 1971
census only about 126 million icutiure workers making only 22,8 per cent of the total
population who give us our fc@ccording to population trends it is revealed that only
1/3 of the population is working dnd 2/3 are dependenis for obtaining 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 incredible 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 extent 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, gradually awakened the people of most communities to thc unportancc of
the relationship among food, agrlculture and population.

During the years 1965-66 the Natlonal Food Production declined 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 food production and the total output in 1980-81 was 1517 million
fonnes, : '




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 hon-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 temnes
~of food grains during a year of wide spread dronght and unless the base 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 because of the
. protein and vitamin deficiency which is not found im an exclusive cereal diets. However
because of the protein and vitamin deficiency which is not found in an exclusive diet of
-cereals, malnufrition ex1sts even in those arcas which are self sufﬁcaent in fﬂﬁd grain
production. - :

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 level?

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

-y sy rar ko a s
DRI PR R L R T I T Py
. L N R Ty R R Y

; ]

_ Table 1.3. Foo%in roduction and population ' C
i ulati Food grain Per capita Per capita

Period

S %lions production  food grain  per day
: (mﬂhon tonnes) production availability

(Kgs) (gms)

1937:46 3102 614 198

1947-51 . 35201 . 583 166

1952-57 383.9 : 66.0 7

1957-61 4243 75.5 178

1962-65 4672 83.3 178

1965-66 4932 . T24 147

1970-71 5500 . 1084 196

1980-81 6840 - 1300 190

1985-86 7500 1504 196 o

1992-93 8400 - . 1765 1935 23

The above table gives an encouragmg 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 kg/capita). In terms of per capita per day availability is
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323 gfcapitafday which is less than the requirement of 460 g to 500 g per day per capita
(ECMR). Thus it is not a happy sitoation in the rate of 2.15 per cent/annum of increase of
food grains while the rate of increase of popnlanon is about 2.4 per cent per annum,

The pmductlon and supply of ether foods (protectwe foods) the sitaation 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 to percapita income.

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

1.5. TRENDS AND PROBLEMS IN AGRICULTURE FOOD PRODUCTION

One of the objectives of agriculture planning in India is to aftain self sufficiency especially
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 continze to be problem areas of our
agriculture. Thanks to the green revolution which increased the production of food grams :
more than twice since the launch of the programme n@s and 70's.

Agriculture production rose gradually since 1950-i d a severe jolt during 1965-66

and 1966-67, because of the severe drought ove areas of the country. The upward
trend was renewed in 1967-68 between 1969-70 ahd #H83-84 production of food grains had
increased by 60 per cent while production o od grains increased by 47 per cent. Thus
the increase in agricultural production é not §een smooth but highly fluctuating (Table.1.4).

Table 1.4. Targets gn@chl ment§ in FOOd-grains'_(in million tons)
~ Plan period | - Target -+ Achievement
First Plan - 626 . 669
(1951-56)  (1955-56) (1955-56)
Second Plan 818 . 82.00
(1961-66) (1960-61) - (1960-61)
Third Plan . 1016 72.3
(1961-66) (1965-66) (1965-66)
Annual Plans - |
1966-67 97.0 ] 74.2
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) . (1978479




Sixth Plan = 1536 | 1500 -

(1980-85) | (1984-85) (1984-85)
Seventh Plan 178183 . 1762
©(1985-90) (1989-90) (1988-89)
Eighth Plan : 176192 NA.

(1991-92) - (1996-97) -

1.6. PROGRAMMES AND ACTION OF GOVERNMENT TO IMPROVE :
PRODUCTION

. There are four ways in Wthh the foocl supply of the world could be 1ncredsed 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 preduce 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 already in wse, Thirdly it is possible to produce
nutrients .... sources of Foods of Synthetic which could pe used as foods on large scale by
the methods of chemical engineering, A major develu@has been the production of new
high yielding seeds.. e '

~ Secondly, construction of new dams and use _omgatmn techniques llkC that of drip
irrigation to make cultivation possible evenin de ands, water shed mandgement and the -
like to improve productivity. '

"[-‘hjrdly,_improi/ement in farming iques by rotation in cropping pattern, proper and'
“timely use of fertilizers (chemicals, O%ganics, microbial, worm (earth worm.culturing) and -
" pesticides and use of mOdc(weeders, tbrashers, winnoers).

Fourthly, the food problem is ‘aggravated by losses of food grains - before and after .
‘harvesting. Estimates of losses vary from 15 to 40-per cent. There is an urgent need to
~ensure proper storage aud handling of food-grains, so that they are not susceptable to loss

and spoﬂage because of rodents, insects  and weather conditions.

Check Your Prog_ress-_4 .

4. Name the four ways of _in_creasirig food supply. o
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 T T L T T O

Attempts have been made and are contmuously smvmg at the Central Food Technologlcal o
Research Institute (CFTRI), Mysore to develop techmques for the prevention of food losses.
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They include fumigation of the storage rooms or godowns (Duro fume-process) pest
proofing of gunny bags used for storing grains and the use of non-foxic 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 colonics. :

'Methods have also been developed for better preservatics of fruits, vegetables, milk, eggs

efc. There is a need to develop and evaluate household methods for the storage of these
commodities. ' :

Fifihly, education and training programmes like kisan forums, organisation of pericdical
melas etc. in the newer skills to the farmers. Encouraging farmers and ;iving incentives/
gifts for those who produce more, use newer farming technologies and the like are some of.
the programmes to improve production. . . : '

1.7. ALTERNATIVE FOOD SOURCES

Miscellaneous Foods: Insects, marine invertebrates and fungi have been made use of as
food. Odd and exotoxic foods add variety and pleasure 10 the necessity of eating. In some
~ comnunities and certain countries some uncommon foods add pleasure as well as nutrients.
For the buntu child for instance reared on little else buigmaize, grasshoppers (in season) may
supply much needed amino acids. The small boy rai ed Oy taro raised on a Pacific atoll may
improve his calcium intake by catching anfl eating - mall fish that abound in pools of
the coral reef. Similarly in West Afiica wifo d8pend on Cassava will derive nutsitional
benefit from catching and eating monkey. - pnists who carried diet surveys in under-
developed -areas must always make nof uch sources of nutrients.

New Sources of Foods: Man i@ger limited in his choice of conventional foods and
man can not depend only og.convaptional foods with the growing population. The vast
improvements, in food m@ provides the possibility of preparing foods from unusual
{non-conventional) sources ods. : '

aj Plankton: The surface water of the sea are inhabited by enormous number of
minute microscopic animals - mainly crustacea and. coelenterates. Plankion
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 -out of the simple elements of
carbondioxide, water and inorganic nitrogen. Essential nutrients .could be
extracted from Chlorella grown under scientifically controlled conditions, per-
haps using atomic energy to promote 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 most efficient means of
making sun light to produce maximum 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)

b

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 quallty
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 Petroleum: French scientists have shown that it is possible to

grow yeast using petroleum ols 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 cultivation 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 cultivated mushrooms -are Agaricus bisporus
(button mush:oom) Pleurotus sp. (oyster rnushroom) Volvariella (paddy straw

mushroom) ete.

Synthesis of Nutrients: Some of the nuﬁient@as vitamins, amino acids are

synthesized commercially for quick nse to relgve hutritional deficiencies using

: micro-organisms such as fungi, bacm_@,
Check Your i’rogress-s' _ ' '

5. What are the new sources of food?

Note: (a) Answer the question in-th@s;p‘rovided below.

{b) Compare your answer éith one given- is unit,

ne given -at the end of this unit

L L I R T R R T T T T

L L I T T T

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 reco gnised the PDS
as a permanent feature of the economy for supply and distribution of essential commodities
. atreasonable prices to the people, particularly the weaker sections of the somety 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 tendencies of certain unscrupulous sections to induige in preﬁt,
during times of shortage and :

'c) to ensure equity at reasonable prices throughout the COUniry.

The existing PDS operates through a nationwide network of retai) 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 the:e c=cently are belng maintained by
Mahila mandals also.

The procurement task of paddy wheat and other commodities is done by the Central -
Department of Food, the Food Corporation of India, the State Government and the Co-
operauves -

1.9. POLICY FOR DEVELOPMENT OF AGRICULTURE PRODUCTION

In January 1946 government issued a statement on Agriculture and Food Policy in India.
The main goal of this was enunciated as: to move the country "away from the menace of
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 integrated into 5 year plans. Community Development and
National Extension Service Programme was star to which Agricultural improvements
the

and social development of village life were : ajor objectives. Under the new .
strategy of agricultural developments, in the y 6-67 on a field scale modernization of

nd associated improved pragtices were

agriculture through adoptlon of scientific inpu
included. : ‘v
Similar strategies were adopted i ere of animal husbandry (live stock). Initially key
village schemes were started and wc¥g followed. In the later years under the intensive cattle
development projects, caitl ffaloes, cross bread cattle and improved indigenous cattle
and buffaloes were multipli ugh 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 through which total catch 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 to the
counftry'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 to be planned.

2. Secure demand and supply: The problem of Indian ecoromy is not the fack 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 aclueve
supply demand balance.




\__E-")

-as also to create surplus for export and eli

Secure Sbcml Justice: Widest possible participation of the weaker sections and
backward areas in the very process of growth is to be ensured as to reduce chsparltxes
in levels of income and consumption. '

To Generate Maximum Employment. Creation of empioyment opporfunities and
rising the efficiency of productions are of crucial importance for the dcvelopment of

- agriculture.

Diversified Agriculture Activities: Efforts should be made 1o achieve on integrated
development of crop production, Livestock and poultry, fishery and forestry to
accclerate the rural economic development. In addition to a diversified base of rural

_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 should 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 to the landless and margmal

farmers. _
A Faster growth rate in 'food productioﬁ to meet the nd fo_r food and raw matcrial
ffiattpn of imports be taken care of. The
agion of agriculture in which adoption

production policy should be based on mode

“of technology is the most crucial input continuous expansion in production is also

necessary for creating surplus for expdf in raw or processed form of agricultural
produ(.ts : ' :

to eradicate poverty and without proper-distribution policy. Food distribution
policy should be dirccted W help the weaker sections through promotional and
protective programmes. The present day fair prlce shops and ration card system are

Eradication of Poverty an@s[;ﬂb ion Policy: It is not enough to produce more only

the policies in this direction.

Production Policy should be Nuirition 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 neceds 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 1o restrict diversion of primary foods to
industries for conversion into. processed and sophisticated foods which are consumed
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 1ts nﬂllions-of people. Poptﬂation'
growth in India is ala_rmingly high and has become an anxiety to the agricultural scientists,

12 .




.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. : : . .

CHECK YOUR PROGRESS : MODEL ANSWERS

1.11.
1.  The earth can*ying capacity of people is around 5600 million.
2 The national food production declined during the years 1965-66 due to severe drought. .
'3, The total output of food in 1980-81 at global level is 1517 million tonnes.
4, Tncreasing the C}_ﬂ-ﬁvélble area, construction of dams, improvement in farming tech-
niques and proper storage and handling of food grains are the four ways of increasing
the food supply. S
5. Plankton,'Chlorella, green leaves/leaf protein concentrates, proteins from petroleum,'
mushrpoms etc., are the new sources of food.. '
1.12. MODEL EXAMINATION -QUESTIONSQ
L Answer the following questions in abo@lines each,
1.  Explain the reasons for food problegs in oping countries.
2..  Discuss about the alternative food s%. : ' _ _
3. Explain the policies and icctives of Government for the development of
'  agricultural production. _ ' -
II.  Answer the t‘ollowing&ons in about 10 lines each.
1. Write briefly 'abbnt populaﬁon explosion.
2. What are the trends and problems in agriculture food production.
3. Explain briefly the miscellaneous foods.
4, -Write briefly about Chlorelfa as a new source of food.
5.

‘What aré the objectives of public distribution system.

Prof. D. Peramma
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" UNIT - 2: NUTRITION
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2.8.2, Over Nutrition, Diseases and Remedial Measures
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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. to;

* define food, nutrition and health,

* listout different functions in the body,

*  explain the daily requitememg of different foods to maintain heaith,
*  describe the eﬁects@ habits on- health, :

* describe the effects of nutrition on the health status of man,

* suggest the remedial measures and the role of Government..

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. Malnutrition is wide spread in India, based on
the studies undertaken by the National Nutrition Monitoring Bureau (NNMB). The major
nuiritional deficiency diseases identified in India are protein energy malnntrition (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 deficiencies are not the only problems confronting the growing population, food
y 'habits, some traditional beliefs, fads and fallacies in the use of foods contribute to
malnutrition. : _ - : ' :

~ 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 malnutrition lowers one's resistance to disease resuiting
in higher morbidity, apathy, lethargy and reduction in work Capacity.
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2.3. FOOD, NUTRITION, HEALTH, AND CLASSIFICATION OF FOODS

Food is defined és,' substances that are edible and digested by humans without causing any
toxicity/or poisonous to the physiclogical 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 repair, and ¢) protect from disease. -

Good health is defined as that state of well being which 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 nutntmnal status may also be used to describe the bodily conditions
or state. One way fo judge good nutritional status of an individual is by judging the outword
signs listed below:

Body - : L Well 'developed, correct weight for height and age.
Muscles . i Well developed and firm.
Skin : Smooth, clear and slightly moist,
Hair . ¢ Smooth and glossy. '
Eyes . Moist, clear and withgut dazk circles under them.
- Facial expression : Alert but without strain’ _
Good Posture ¢ Head erect, che§ shoulders flat, abdomen in.
Attitude : Good natuged, fuleef life, buoyant
Sleep :  Sound % .
Digestion and Elimination : Go .
- Appetite : Gb% _
Appearance : eneral well being

To attain these goals of good nutrition one should 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 (to provide energy)
2. Body building foods (to help in body growth and repair) and
3. Protective foods (to protect from disease) '

23.1. Ener_ngielding 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 roots and tubers are largely
composed of starch, a complex carbohydrate. Food ingredients like simple sugars namely
cane sugar and ghicose 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 (calories) in the body. Carbohydrates derived from cereals form chief
source of energy in Indlan diets. Starches when enter in a cooked form aré completely
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digested in the gastrointestinal tract and the released ghucose is absorbed and metabolised in
the body to yield energy. :

b) Pure Fats: Fat is an iniportant component of diet and serves a number of functions in
the body. Fat is a concentrated source of energy and it supplies per unit wmght more than
tw1ce the energy furnished by elther protein or carbohydrate.

- 2.3.2. Body Building Foods

Food rich in proteins are called body bulldmg foods Growth and rcpalr are the functions
which differentiate the living from thc non-living. For body growth and repair 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 flnids 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 vitarnins and minerals only e.g. green%vegetables and {Tuits.

2.4. CHEMICAL COMPOUNDS IN Foqﬁ?\

Human body is made up of chemical comp nd foods we eat are composed of chemical
compounds which are known as nutri x classes of nutrients are supplied from foods

- 1) Carbohydrates (starches), 2) P 3 Fats, 4) Vitamins, 5) Minera! elements, and
6) Water (though not exactly a nut '

Nutntlonal Classification 0* "Nine Food Group Plan': A food guide is useful for
promoting good nutrition and bett€r health. The 'Daily Food Guide’ 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 Wthh are smllar 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 o 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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1 ' ' 2

Group - 3 o

Sago, sugar and jaggery ~ Rich sources of carbohydrates

Group -4 _ o :

Oils and fats Essential Fatly acids, vitamin E and vitamin A

11. Body Bulldmg Foods :

Group - 5. o :

Milk and milk products, Proteins of moderate nutritive value,
flesh foods : vitamins and minerals

Group - 6 . :

Pulses, nuts and oil seeds Proteins of moderate

nutritive value, Bl, B, and F,
III, Protective Foods:

Group - 7 . ' -
Milk ' Proteins, calciym, Vit.A, B, and B,,
Liver - ) _ Proteins, Vit. A, B,, folic acid, B, and Fe
Eggs Proteins,SA, B,, B, and Fe
Group - 8 o . '
Green leafy vegetables P@_ Vit. A, Ca, Fe, Folic acid, Vit. B, Vit.
Group - 9 : Y
Fruits and vegetables ?&%r to good source of Vit C.-
2.5. BALANCED DIE 2 |
Balanced diet is a judiciousMhix of all essential nutrients - proteins, carbohydrates, fats,

minerals, vitamins and water as required by our body. A healthful diet should first of all
nutrition related dlseases qecondly, it should minimise the sk of diseases associated with
our consumption. -

An ideal diet cannot be defined. The concept of healthful diet dlffers from person to person
Infants, young children and adolescents need nutritionally rich diet to meet the demands of
their growing bodies and elderly require foods to maintain and tissue repair.

- 2.6. RECOMMENDED DAILY ALLOWANCES (RDA)

‘The 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, lactation, 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 sumimarized in
the tables, : '
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I. 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
Oil and fat : 40 mb
Sugar and jaggery 30 g

Check Your Progress — 1,2 & 3
1. Define the terms food & nufrition, _
2. What are the functions of food in the body?
‘3. Give the different nutrients required by the body. -

Note: a) Writ_é the answers in the space provided below.
b) Compare your answers with those- given_at 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
concermned 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 concern.. 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 in the tropical countries where rain fall is high and water
is available for irrigation, while millets are cultivated in arcas of low rain fall. Wheat is
mainly cul’uvated in temperate regions.

Religious Beliefs: The various religions of the world had some influence on the 100d 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 its 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 samne meal will lead to the development of leprosy and lencoderma.

Hot and Cold Foods: Foods are classified as 'hot' and 'cold' by differcnt cultures in many
countries. '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 legd to the development of cold,
sore throat etc. Fruits, vegetables and milk are suppose@ cold foods,

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

Food Fads and Cults: Exaggerated claims fo% foods: Hypocrites wrote of the health
value of certain foods. Food fads of varjpms kin§s have persisted ever since. 1) According
to Indian Ayurvedic system of medi(_';'inQMood‘s are reputed to have curative properties
of some diseases. For e.g. bittér gglyd cube diabetes, 2) Yogurt, wheat germ, brevers yeast
and honey have been widely pn@by some food faddists as possessing extraordinary
nutritional and medicinal qualities. ruits and vegetables cultivated 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,
7) Cucumbers without salt are poisonous, 8) Fruit- juices do not conmbute calories to the
diet. Most of the above behefs have no smentlﬂc, basis.

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

Changing Food Habits: The difference between a food fact and a food fad or a fauacy is
that a fact has some scientific 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 mgramcd
. 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 malnutrition among preschool children, expectant and nursing mothers in
developing countries. These can be overcome only by education in nutrition.
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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. Malnutrition 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
malnutrition is due to poor food choices or to an inadequate food supply. When malnutrition
is the result of faulty body function, secondary malnutrition occurs. 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 undernutrition and
overnutrition. Under nutrition applies to an.individual who docs not ingest an adequate
supply of nuirients and overnutrition applies to the individual who eats more food than he
needs.

.2.8.1. Under Nutrition — Diseases and Remedial Measures

. Protein - Energy Malnutrition (PEM): PEM is probabli\gne ®f the most serious nutritional
‘problems in the world. Often infants and young children veloping nations suffer from
a lack of protein and/or- calories, PEM occurs chaf stically in children under five years.
When children are deprived of food and 'suffer'a_ entrgy deficit, they degrade their own
body protein for energy and thus indirectly protein deficiency as well as an energy
deficiency. The classic energy deﬁciez disgase is marasmus, and the protein deficiency

disease is kwashiorkor.

provides a child with sufficient p , but these children are generally weaned to a starchy,
protein poor. gruel. The gruel does ot supply enough ammoa(',lds even to maintain a child'
body, much less enough te enable it to grow.

a)  Kwashiorkor: The preﬁ ency follows soon after weaning, Breast milk

Kwashiorkor typically sets in around the age of two (i) by the ume 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 edema, (vi) fatty liver, (vii) diarrhoea and (vili) sickens -

~easily and is weak, fretful and apathetic. .

'b) Marasmus: The severe malnuiritional 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 low. All his muscies are wasted, including his heart
muscle, and his heart is weak, '

Characteristic Symptoms

() Growth failure and low body weight.

(i) Severe wasting of muscle and of subcutaneous fat and
(iil) Ory and atrophic skin. '
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Most of infants are severely hungfy but a few are anorexic.

Birth influences - | Breast feeding

\

Early abrupt weaning Late gradﬁal weaning

Y N

Diluie dairy formul Starchy for diet
Repeated infection | Acute infections

especially gastroentritis

Y

Starvation Therapy - | Kwashior
Nutritional Marasmus _ l\@c Kwashorkor

Fig. 2.1. Paths leading from carly weal%Qﬁonal marasmus and

protracted breast feeding witho plements to kwashiorkor

but when seriously sick, to to milk will be less and when such a thing happens
-skimmed milk or casein is to B¢ 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, ie., 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. ' -

Prevention and Treatment % _ _ _
Provide the child with sufﬂc@r foods and good sources of protein. Milk is excellent

No age is immune, but in older persons the disease is much less frequent and the clinicai
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—
intestinal and vrinogenital 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 diet 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 1935
considerable debate took place on the extent of vitamin A deficiency, massive doses
(2,00,000 TU) of vitamin A supplementation (6 months) on the morbidity and mortality in
children, '

‘Most of the children with corneal xerophthalmia also had other conditions such as severe
protein energy mainutrition, history of measles, #iarrhoea, respiratory illness and a variety
of other infections which could also independehay 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

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

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

sufficient reason for strengthening the ongoing vitamin A §ypplementation programme and
" in combination with other health care services, 3

Milder deficiency symptoms can be easily cured rious deficiency prevented by the
regular consumption of leafy vegetables and o otene rich vcgetables and fruits
(carrots, yellow pumpkin, papaya, mangoes and. animal rich sources for vitamin A -
milk, eggs, liver etc.). Children and p egn?women are the special groups for greater
ency

@2 V .
Vitamin B (Beri-Beri): Forme wid® spread disease in orient, caused by eating diets
with highly polished (milled) ri%: disease is frequently precipitated by infection, hard '
physical labour or pregnancy and¥lactation. The clinical features usually suggests the
presence of multiple nutritional dlsorder although lack of thiamine produces the predomi-
nant clinical changes.

attention and prevention of vitamin

Prolonged deficiency of thiamine or Vitamin B, in the diet is one of the main factors leading
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 muscl¢ leading to heart failure and (3) Infantile beri beri. Thiamine therapy produces
predominant clinical changes in the condition. With moderatc deficiency in the diets the
symptoms include loss of 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 infantile beri beri, poor food intake, edema/wasting,
excessive urination, puffiness in the face, abdominal pain are formed. Convulsions may also -
occur, :

A mgh prevalence of beri beri was found in Andhra Pradesh till the 1950 and the age group
highly effected are between birth t0 12 months (specmlly between 2- 5 months).




Prevention of using highly polished rice, cooking rice by absorption method ie., non-
straining of kanji from rice, using whole grain pulse are found to retain the thiamine content
in foods and prevents beri beri. ' ' -

Vitamin B, Deficiency: Some of the clinical symptoms attributed to inadequate intake of
this wtamm 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 between 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,

deficiency 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 products eges,
liver and green leafy vegetables

Pellagra: People living excluswely on maize diets were found to develop a disease called
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
dementia) and was particularly more prevalent in alcoholics, '

Indian studies have shown that in _the pathogenesis is of Pellagra in populations subsisting
* on the millet jowar (which unlike maize) is not deficientNg tryptophan, excess of amino acid
leucine and deficiency of pyndome may play a pal Bellagra is now fortunately on the

reductlon side. Q _
‘Whole cereals, pulses, nuts and meat are go urces of nicotinic acid. Groundnut is
-particularly rich in nicotinic acid. Althg r in nicotinic amd milk is also effective in
preventing pellagra because it is righyin tophan.

Scurvy: Scurvy is caused by a ¥gficiency of vitamin C (ascorbic acid). There is an
impairment of collagen fo and retards wound healing and from fractures. The blood
capillaries become fragile orrhages 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 js generally
associated with Vitamin C deficiency. '

Scunry can be prevented by mclusmn o1 resh fruits and vegetables in the diet. 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 efc.
Vitamin C is heat labile and mild acidification (llght tamarind water, lime juice) reduces
oxidation losses. -

Other Yitamin Deficiency Diséases

Rickets is a disease caused by Vitamin D deficiency. It is found in children characterised
by pigeon chest, rosary beads, deformities of the legs etc. The joinis become painful and
the child is extremely irritable. Severe rickets leads to tetany and death. In women of the .
child beanng age a deficiency of this vitamin results in a decrease in the mineral content of _
the bone and the failure of osteoid tissue to 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 severe
deficiencies.




Mineral Deficlency Diseases - Prevention

Anaemia: Anaemia refers to the clinical condmon in which there is disturbance (i) in the
formation of haemoglobin, eg., iron deficiency, (ii)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, ¢.g., effect of toxins or drugs or x-rays on the bone marrow, anaemia -
may be broadly divided into 3 groups -

i)  Anaemia due to nutritional deficiencies, i.e., deficier cies of iron, copper, fohc acid or
vitamin B, .

i}  Due to loss of blood (haemorrhage) or destructlon of RBC (Hae'mlysm)

iii)  Due to depression of the RBC forming tissues of red marrow due to «jxins or exposure
' to x-rays etc.

Anaemia due to iron deficiency is parﬂcularly common in reproductive age women
and young children. Haemoglobin surveys in different arcas 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 iron therapy. Consequences of iron deficiency anaemia - (1) during fetal
life: still birth, abortions, prematurity (2) maternal deaths.

iron deficiency is likely to be more wide spread an induced in ptacenta, brain etc.
are mostly irreversible. Thus the iron stores have to uilt up in pre—conception period
and the adolescent stages to prevent health ¢ ences of this nutrient deficiency.

The deleterious effects of iron deficiency are seen earligg than the anaemia stage. The latent
dﬁhéﬂ

Food sources for preventing iron deﬁci? ia are given below:

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

Cosily but rich sources: | icularly liver, egg yolk etc. -

‘Table 2.3. HaemoglobitMevels below which anaemia may-be said to exist:

Group Age _ “Hb g/dli

Children 6 months to 6 years 11
| 6 years to 14 years 12

Adults o Men _ 13
- Women : 12

Pregnant women ' 11

Goitre: The importance of the trace (micro) mineral iodine in relation 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 iodine
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 posmble If the fland enlarges
until it is visible, it is called a sxmpie goitre.

”
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Clinical Ei‘fects of Complacatmns* In great majority of cases of emlple gontre there are no
clinical manifestations due to hypo or hyper function.

Simple colloid goitre may require surgical treatment either for aesthetic reasons or because
of pressure effects on the adjacent structures, The followmg comphcatxons occur on the
. severity of the deﬁmency and in endemic regions.

1, Hypothyroidism: This condition occurs when the harmones are inadequately pro-
duced. This condition produces sluggishness, sleepmess, dry skin, cold intolerance
and sometimes constipation.

2. Cretinism: Cretins have severe irreversible mental retardation, Othier signs including
deaf-untism, short stature and retardation of musculoskeletal system

3. Reproduczw_e impairment. More Imscamages su]l bmhs low birth weight bables

4, Infant mortality: It also ._lead to high child mortality due to impaired defence against
infections. ' :

As against earlier observations the magnitude of this problem in India is as high as 150
million people with tbe risk for IDD (fodine Beficiency Disease) and this figure may reach
200 million by the year 2000 AD. It is. currently estimated that iodine deficiency causes
goitre in 40-50 million Indians. Severe mental reta.rda n in 2.2 million and wider
neurological deficiis in 6.6 million. Receni studies in I icate the presence of goitre
even in areas outside the sub-Himalayan belt. And@MR urvey in 14 districts indicate an
alariming prevalence of endemic cretinism. Studg # India revealed hitherto inspected
serious dimcns_.iﬂﬂs of the problem of neonatgh cheniftl hypothyroidism (NCH) and that as
high as 13 per cent of neonates in endemic g‘%aﬁ are functionally decompensated with

respect to thyroid function. In yet :@ dy searly 15 per cenmt of school children

investigated in endemic gotive area ha ce of neonatal under development. Out of the
200 million people in endemic rggigns of%he country more than 54 million have goitre and
one milkich show ditferent grat%ﬂemal and motar handicaps.

More and more pockets of cndemic goitre are bemg reporied: fr(}m different parts of India
which include the hilly iracts of Central India, Sub—Vindhya belt 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 Andhea Pradesh were also
reported to be endemic goitre areas. In the villages of Adilabad it is found that 50 per cent
~ of adults adolescents and school age children had varying degree of goitre.

Iodine is easily met by consuming sea food and vegetables grown in iodine rich soil. Iodine
administration is also in the form of iodized salt, iodized bread or iodized oil have all been
demonstrated 10 be effective. Because of the urgency and need Nation wide programune of
lodization 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 E"rogress -4, 5&6

‘4. What is smeant by marasmus?

s, What ae trhe characteristic Symptoms of marastmus?
6. “What is t.he disease of 3 D's?




Note: a) Write the answers in the space provided below,
by Compare your answers with those given 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 jntalgs of food than the physm]oglcal
needs. The food eating behaviour is controlled by es in the hypothalamus in the
brain. Very occasionally in man disturbance edings are shown to be due to disease
affecting the hypothalamus. However the regh &  mechanism may also be influenced by
a variety of other factors. '

Age and Sex: Obesity can occur aany gge and in either sex. In children, after puberty
it is more common in girls. It is e liable to occur after pregnancy and at menopausc
In men it is most cominon affer thd\age of 35 years,

Economic Status: Food is bol 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 appetlte after evening meal and eat
again in the night.

Physical Activity: Obesity is rarely found in those who lead achve 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 a fraction of that amount. Now with the coming of television into
homes all members in the house have diverted their active recreation {o scdentary 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
societies. 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 gencral 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 genetic
factors responsible. Also it is difficult to distinguish their influence from those of family
customns and eating habits,




Endocrine Factors: Failure of thyroid gland is sometimes blamed. A consistent excess
intake of as litfle 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 physmal work
when the daily calorie intake remains constant,

Treatment: Treatment 10 obesity is very difficult to suggest as well as to follow. Also the
treatment is slow, gradual and requires a whole hearted 111v01vement One day fasnng 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 weight 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 months ' 6 months.
20 kg 800 01600
10 ke 400 800
5 kg 200 400

To summarise the cause of obesxty is too l'?@f food intake, too littlc exercise or both.
| of Wiffe

Table 2.5. Approximate am rent foods providing 100 Cal.

Food Group \
Fats and oils %

-AS consumed

2 - 2 1/2 tea spoons

Sugar . i-6tsp
Tea and Coffee 1-11/4 cup
Milk with sugar, curd 3/4 -1 cup
Roasted groundnuts 11/2-21sp
. Cashewnuts, almonds 1-11/72 tsp
Biscuits 4-6
Rige 172 cup
Chapathi 1
Pdori 112-2
~ Liquid dhal . 1cup
sprouted legumes _ 12 cup
Vegetable: Low calorie 1-11/2 cup
_ High calogie " - 1/2't0 3/4 cup
Fried snacks" 122 serving (3040 gy
Halwas One small piece (20 25 g)
Vada  40-50 gm
Idii 1 ‘eup
Dosa/omelette 1
- Boiled egg 1-1172
Jam 2 tsp




Other Nutritional Deficiency Diseases

Lathyrism: Lathyrism is associated with the excessive consumption of the legume
kesaridhal 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 chlldrcn 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 walk In some cases thc onset may
be sudden.

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

With the National scarcity of pulses, Lathyrus seeds are now apparently in high demand

especially in Southern states where they are freely used as an adulterant with red gram dhat

thus reducing the disease condition in the home land. Hence one has to be careful while

-purchasing red gram dhal as Lathyrus resembles that of red gram dhal.

~ Fluorosis; Excessive amounts of fluorine ( 3 to 5 ppm) in the diet or drinking water are
toxic and may cause gastro—enterities, nephritis and liver Mamage. Endemic fluorosis was
identified as a disease entity over 50 to 55 years agoNCghsumption of moderately high
amounts for longer periods result in changes in tpe™egth and skeleton, With mild fluorosis
the teeth become mottled, enamel is lost and bhalky white. This may be followed

by brown pigmentation and mottling spegally " the incissors of the upper jaw. The
condition is generally found after the erup permanent teeth. '

If people live in endemic fluorosis %ﬁy may develcp even:skeletal abnormalities. In -
ap|

the early stages a tingling sensagign s allover the body followed by pain and stiffness
in the region of the spine. G the bone hecome stiff and the person loses his ability
to send or turn his head. There 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 5 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 efc.
and defluoridation plant for safe 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 ngen at the end of this unit.

.....................................................................................................................




. 29. 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. Healthy individuals lend a long and productlve life. .

2.10. CHECK YOUR PROGRESS : MODEL ANSWERS

1. Food is nothing but a substance which is edible and"digested by human beings without
causing any toxicity to the physiological system. Nutritiofl is defined as the food that
is digested, absorbed into the blood stream and perform all the functions. '

2.. ~ The functions of food in the body are: (a) energy yielding (b) body building and repair -
and (c) protection from diseases.

3.  Different nutrients required by the body are: (a) Carbohydratcs (b) proteins, (c) fats
' (d) vitamins, (e) mineral elements and (f) water

4.  The severe malnutritional state resulting fram starvation is known as marasmus.

5. 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.

6.  Pellegra is often calded as disease of3 D's (dermatitis, diarrhoea, dementia),

7. Exaggerated knee and ankle reflexes in children Oytward gait while running are-the
‘common symptoms of Lathyrism. o

2.11. MODEL EXAMINATION QUES'Q&&

I Answer the following questions_in 30 lines eachy’
1. How do you classify food? Degsgribetgach one of them. - .~
2. What are the aspects that go% food habits? Expléu'n’ each one of them.
3. What are the diseases caweed bywunder nutrition? . What are the remechal measures? .
4. Write briefty about vita ficiencies and their prevention.
5. Explain brietly the mineral¥deficiency diseases and their prevention.
6. 'What are the disease: :aused by over nulrition and suggest remedial measures.
H. Answer the 'follow'ing questions in about 10 lines each-.
1. Write briefly about carbohydrates. =~ = -
2. Wnte briefly about be-dy building foods and protecu\re foods.
'3, Write briefly about protein-energy malnutrition. '
4. Write briefly about Kwashiorkor.
5.~ What is marasmus? Write briefly abont it. .
6. What are the symptoms of vitamin-A deficiency? How do you prevent it.
7. Explain the deficiency symptoms of Vitamin-B and its conlro_l measures.
. 8. Write briefly about pellagra.
9. Discuss briefly about scurvy.
10. What is anaemia? Explain the three groups of anaemia.
11. Write briefly about Goitre.
12. Discuss briefly about Lathyrism.
13

. Write briefly about fluorosis,

' Prof. D. Peramma




UNIT - 3 : FOOD SPO]LAGE I‘REVENTION
AND PRESERVATION |
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. 3.4,13. Surface Active AgentsN{ .

3.4.14, Antioxidants - -
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3.1. CBJECTIVES

After going through this unit you will be able to:
*  describe the reasons for the spoilage of foods,

*

list out and describe the ways of spoilage,
define food standard and

*

Juscribe the methods ‘'of storage of both grains and perishable foods.

31




3.2. INTRODUCTION

Rising population 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 avzulab]e 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, wexture, .
taste and ﬂavour

There are three types of food poisoning - (D Chemlcal (2) Biological and. (3) Bacterial.
3.3.1. Chemical Pmsonmg

‘Chemicat food poisoning is caused by me_presence@xic chemicals in focd. These
substances may be agricultural chemicals whicheasg used intentionally in crop production.
The use of weed-killers and insecticides is esso ensure good yields. However some
of these substances may be dangerous if gged it®fScriminately since they may be toxic if
they are consumed in larger quantities. ?

Poisoning may alsc be caused by ‘,@ ulation of certain metals (lead, mercury, and
cadmium etc.) in the body. High le¥gls of mercury and cadmium have been found in fish
taken from waters polluted by trial wastes. Cases of lead poisoning have arisen as a
result of drinking water that sed through lead pipes.

Outbreaks of organic mercury poisoning have occurred in Iraq and Guatemala 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 chemicals amldentally added to food
during preparation and cookmg_ However cases of this nature are rare.

3.3.2. Biological Food Poisoning

Biological food poisoning is caused by eating plant foods contammg naturally occurring
substances which are harmful. Green potato contain a substance called solamine which
causes illness 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-Oxalyl-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 is_'co'nsum'ed as food.

3.3. 3 Mlcfoblal!Bactenal Food Pmsonmg and Hygiene

Our knowledge about foods and preservation or storage would be incomplete W1thout some., '
understanding of the role of microorganisms in the produchon and spollage of foods
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Microorganisms, invisible to the naked eye are the yeast, mould and Bacteria which
resemble 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-lving
matter. They multiply like living cells but can only do so 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 nutrients. ' L '

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 progduce citric acid, some produce a
particular vitamin where as others remove the same from the medium as they require it for
its growth. Most microorganisms require air, moisture and an optimum temperature for
survival and growth. A temperatute of 30 to 40°C is usuatiy favourable for their growth. At
high temperatures they die and at fow temperatures, 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: Férme;méd foods such as curd, bread, idli
contain micro—-organisms and they are detailed below. -

converting lactose in milk to lactic acid. This brings agou emical, textural and flavour
changes in foods. The chief change is the separation and™agi fication of casein from milk.
The sour taste of the curd is due to the produgliloNof lactic acid. The environmental
temperature is responsible for the too. sourish taskg oiAhe curd (optimal temperature is 35-
AQ°C for 5 hrs)). The difference in the flav * the curd is dueto the presence of formula
. yeast which imparts- the cheesy ﬂavog.%bacillusbu]garis is also used for the

Curd: Préparatiori of curd is a way of preserving milk.: McroorgaIﬁSms are capable of

preparation of curd or yogurt. . The fofming bacteria prevent the growth of other
organisms which spoil milk including Wose causing amoebic dysentery.

Bread: Leavened bread made mented dough are becoming increasingly popular. In
most breads fermentation is brough€ about by yeast. Yeast cells act on the sugar present in
the dough and produce alcohol and carbon dioxide. The CG, 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 Streptacoccus lactis are also used in makisg
certain varieties of breads. ' - '

Most plant foods such as cereals and legum_és contain micro-organisms. 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 undigesied material to

~ simpler substances and help in the formation of facces. They also play a role in digestion
and in the synthesis of several vitamins particularly B-Vitamin and Vitamin K, '
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Pathogenic Organisms in Food and Spoilage: Foods become uifit for consumption due
lo the action of enzymes present in the food itself which bring about undesirable physical
(taste, flavour, colour, and texture) 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, rodexnts or lizards which are present

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

Autolysis (Enzyme Spoilage): The word autolysis means self destruction 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

- infood 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 changes. Enzymes ‘-

_activity is primarily due to, one - exposure to air and two, a favourable temperature and pH.
This can be slowed down or arrested by controiling these conditions.

- Most of the enzymes are heat labile 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 bottling as in the case of fruits and vegetables. Keeping the food in opaque/
vacuura containers with air tight lids as in the case of fatsNgr by coating wax and by external
layer of oil as in the case of pickles prevent spoilage. @nes are also inactivated by cold

freezing and refrigeration to prevent enzyme sﬁ.

Microbial Spoilage - Preventien (Pathogenic obial and Parasitic Spoilage): Once

- the cellular structure of the food becomes anised the food is vulnerable to be attacked
by micro-organisms. Microbial contaminatidh is very difficult to prevent, since the patho-
genic organisms’are usually deriv food, water, air or through direct physical contact.
Hence it is necessary to prevent the $read of these harmful microorganisms through these
media. -

Factors and Prevention _ o
Personal Hygiene: Pathogenic organisms spread through any part of the person involved
with food preparation. o a '

Personal 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 Staphlococcus may be present on the
surface of the skin. (b) Between food-handling operations: This is necessary to prevent
cross-contamination of all types of food poisoning bacteria 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
handlers 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, _
(€) 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 transfer of harmful bacteria from person to person.
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Other personal aspects such as having cuts, boils and septic spots, long harbounng nails,

jewellary, ill health (eye, nose and throat 1nfectlons) typhoid and other Solmenella 1nfected
people can not be allowed into kitchens.

Pathogenic orgamsms may also spread from unclean utensils. Hence the utensils used for

eating, drinking must also be kept clean through sterilisation or through sundrymg of these
utensils.

Water: Dysentery and diairhoea are also caused 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 protecied water
source. Water can be from river, lake or even from a well (which has no platform around).
Under normal circumstances the river or lake waters can 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 poltuted 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 ¢harcoal so that clean protected water seaps into the lower pot. This is
- feasible in a family and more so can be easily provided %panohayats. Storage of water

in copper pots is believed to have an inhibitory effect 8g thg growth of micre-organisms.

In many families drinking water is taken care of b gooking water people become casual
while this is not harmful for foods that are boiled. Qgly’ drinking water or boiled and cooled

water should be used for preparing butter w?d chutneys and the like.
A

Soil Contaminants (Intestinal Paras% t from micro-organisms intestinal parasites
such as hook worm, tape worm and rd orm also cause great harm by interfering with
absorption of food. Vegetabl d friits are often contaminated with these parasiies
because of their presence in @'here modern sanitary facilities are not available.
Animals help to spread the infectioh. Hock worm egg can not hatch and grow outside the
animal body. It is important to realise that hook worm and other parasites spread throngh:
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 samtary dISposaI of
: faeces and reduced: by wearing shoes. : :

If foods Should be consumed free of these eggs and parasites, all vegetables and fiuii,should

be thoroughly scrubbed and washed with salt water and clean water before cutting. In areas
affected with epidemics such as choléta, it is desirable to soak them in weak solution of

potassium permanganate or sait. This ‘particularly is important with green chillies, ginger, '

_ conander salad vegetables and fruits whlch are consumed as such without cooking.

3.3.4. Food Contamination th_rough_ Pests and Control Methods

'Pests, mice, flies and cockroaches are the most common Kitchen pests. Rats and mice often
carry Salmonella and other pathogens in theéir intestine and therefore excrete these organisms
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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 bodies and excreta but since they are
nocturnal their infestation goes unnoticed. '

They should be controlled with msecllcldal sprays and the best way to avoid is to keep the
store and Kitchen clean and dry without food left open. -

33.5. Dairy Management and Hygiene

Milch animals can be carriers of diseases like tubercilosis. 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. Foftunately in our countrv the practice of
boiling milk is a universal want for preservation of milk. '

~ 3.3.6. Hotel Industry and Hyglene '

~ Hygiene and sanitation are very important in hotel and catering institutions as spread of
pathogenic organisms is fast through personnel connectéd 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 trainedqp observe rules of hygiene. They
should wash their hands with disinfectant, trim their %quenﬂy, use clean washed dress,
caps and aprons (cotton sweat absorbable), bathg regu twice a day and maintain good
personal hygiene, ' h :

cooking, Most important is that, they s be frequently checked and treated for any
intestinal parasites. However foo Id Be subjected to minimum handling after they are
cooked. They should be thoroughitrained to use spoons, laddles 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 microorganisis i the intestine?

Further they should be free from scré%@ sneezing, coughing and smoking during

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

.......................................................................................................
R R R R R e L L N L N e T I

...........................................................................................................
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........................................................................................................

3.4. FOOD AND PRODUCE PRESERVATION

Most types of preduce especially the food-stuffs are given some forms of treatment either
as part of the final processing before sale and use. In this it is really the initial processing
prior to storage that is of most concern.
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Produce spoilage or deterioration is wsually a combination of an oxidation process together
with the contamination by microorganisms and insects. The insects will eat 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 a 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 important form ef 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, blinching 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 collapseNgnd is easier to pack into cans.

Boiling: Boiling water or steam condensing jpeapresfire cooker has a high heat. transfer
capacity and the-surface temperature of the aches the temperature of the water or
steam very-quickly. The temperature at the cemwe’0f the food depends on its shape, size and
heat transfer characteristics. Occasionﬂ% are phase changes with in the food which
may affect heat transfer, but thesgsge thi ught to be small. The temperature of the food
never exceeds the boiling tempe@wf the water. Nutritional losses due to boiling are
- extremely variable dependingsinter Mia on volume of cooking water, cooking time, state of
dispersion of the food, pH%ailabiljty of oxygen. - Pressure cooking requires less time
and water hence losses are sipflificantly 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 oil bath, by contact frying or
in an oven. Characteristically the surface temperature of the food rises to well above the
boiling 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 temperature further chemical changes take place but there is also a greater reduction
-of water and reaction with the heatmg medium, .

Pasteurisation: Pasteurisation consists of rapld heating followed by a rapid cooling
process. - The object is to destroy micro-organisms,aithough not all are killed by the
treatment and microbial spores generally survive. The time and temperature of the treaiment
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
. spores Temain 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 product should not be allowed to freeze
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or moisture allowed to condense on the outside of the can.
Example' Bean
' { _
" Cleaning reel - . waste
J _
Inspection belt

!

Bean snipper

Cut beans
T |
Inspection belt
i
Grader
d .
Steam or hot water — Blanches - Freezer

1

Washed cans .~ Filler - = Packing machine

o : _
~Vacuom o Fro@duct
. :
Closing machine O :

Retort

Cooling water —  Cooling tanks ¥a —»  Water waste

Labeller
!

Canned product

_ Cheék Your Progress - 3

3. What is meant by pasturisation?

- Note: a) Write the answer in the space provided below.
‘b) Compare your answer with the one giyen'at.ﬂle end of this unit.

........................................................‘.....-.....‘,..'.......-..........................‘_...

3.4.2, Refrigeration

Refrigeration is the removal of heat from a nraterial resulting in either the removal of heat
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(cooling) or a change of state (freezing). Some foods are easily damaged by low temperature.
Examples are banafia, potato, tomato and some citrus fruits. Other foods are relatively
f unaffected even on relatively prolonged storage. These include some berries, cabbage and
spinach etc. Two methods of refrigeration are commonly employed, i.e., chilling at 0-4°C
and freezing between -18° and - 35°C. The conditions nsed depend on the length 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 deterforation 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 ar¢ stored in the frozen
state while the latter are sometimes chilled. Indeed, fruits and vegetables often require
processing such as blanching before they can be successfully frozen.

it stored too long or at incorrect temperatures or relative humidity the product may suffer.
In meat, oxidative rancidity may also occur during cold storage. Nutritionally refrigeration
is perhaps the mildest form of preservation. The nutrients which have received most
attention are those which are Water soluble and easily leached and the ones easily degraded
chemically. =

3.4.3. Dehydration

The simplest dehydration process and the one very common practice in developing countries

is sun drying. More controiled methods are hot airNdrying, contact drying, drying by
radiation and freeze drying, Concentration processcﬁnove water include evaporation,
freeze concentration and membrane processes as Yeverse osmosis and ultrafiltration.
Nutrient destruction on dehydration is vjrtual@ssible to quantify. it depends on the

- fond, the notrient and process. Oxygen, pH an e metals have a great effect on nutrient
destruction. There is little loss with'frcmg Oxidative rancidity can be a problem

with all concentration and dehydratieg progesses. Co
Before drying, food undergoes a varz of treatments. In the case of vegetables this includes

washing, grading and blanc destroy enzymes). Sodium sulphite is usually added to

the blanching water, this imp 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 dehydrating foeds. Some of the more usual
methods of drying 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 preservatlon At highef
concentrations it has a pronounced bacteriostatic action and is used to preserve mainly meat
- and fish.

3.4.5. Addition of Chemical ][nhlblfors

Many methods of preservation, including many of the tradmonal 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 _Substance 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.




Table 3.1. Examples of permitted pre_seriratives-and some of the foods they may be us_ed_in;

Preservative ' ' Foods

Sulphurdioxide - dried fruit, jam, dehydrated vegetables, sausages, beer, lime
Benzoic acid - soft drinks

Propicnic acid - flour confecticnery

Sodium Nitrate }

Sodium Nitrite - Jam, bacon, pickled meat

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

1

Some cured products are also smoked by exposing themito smoke from a wood fire. The
smoke contains anfimicrobial substances which reduce spoilage. It also gives the food a
‘characteristic taste.

3. 4 6. Preservmg with Sugar

Many fiuit products such as jams and crystallised flﬂl@l‘eserved with sugar. .Sugor :
reduces microbial activity due to its dehydraiing effechw” The same principle of salt
preservation also applies here. ' 6

3.4.7. Use of Oil and Spices ?\ -
Spices such as chillies, and pepper arg/fed i the preparation of pickles. They not only
improve flavour of foods but also are to create an environment unfavourable for the
growth of bacteria. '

Similarly when oil is used in s ‘a top layer of oil is formed which prevents the
microorganisms 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, tice etc w1th 01] is a common procedure in some states.

3.4.8. Milk Processing

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

1. Condensed and Evaporared 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 makes it into a useful

additive to other dried foods The process was already known as far back as the thirteenth

century.

3 Reconstituted and Synthetic Cream: Reconstituted cream may be prepared by emul-
- sifying unsalted butter with milk or recons»ﬂuted miik. Synrheuc cream xs prepared by using
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margarine or another fat instead of butter.

4. Whipped Cream: This is prepared by wmshng cream containing between 36 and 40
--per cent fat.

5. Butter: 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 resulting phase inversion butter and butter milk are produced. ‘

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

' 3.49. Food Additives

Food addmves are used as antimicrobial agents to reduce physical and chemical spoilage
and to aid processing, : :

The increased use of synthetic foodl additives also poses health problems but these must be
seen in proper perspective. Many conventional foods contain toxins. :

3.4.10. Flavommg Agents and Enhancers
Spices as well as natural and artificial sweetening agzts are important additives ot the

flavour enhancers, sodium chloride is the most co and the oldest. Other ﬂavour
potentiators include ethylmaltol, disodium inosiff‘ e a sodium guanylate.

3.4.11. Colouring Agents
Annatto, a yellow colour, is isolated fro ed'pulp of the annotto tree, Bixa orellana.
. Turmeric, a yellow dye from the ro C uma longa, is an East Indian herb, and related
. to ginger, Cochimeal, a red dye, i incd from a South American insect, Coccus cacr,z
Some other natural colours inglpde Chotene, chlorophyll and caracel.

3.4.12. Stabilisers and Th aeners
These are mainly gums and they are conveniently divided into exudate gums, seed guing,

starch and cellulose derivatives. 'The only gum used in the food industry which is st &
carbobydrate and hydrophobic is chicle, used in the manufacture of chewing gum.

3.4.13. Surface Active Agents

These substances include lacithin, some mono and diglycerideé of natural fats, sodium or
calcium steagoy 1-2-laciylate, propylene glycol monostearate, glycerol 1actopalrmtale and
polyoxyeﬁlylene sorbitan mono-oleate. .

3.4, 14 Antioxidants

Among the antioxidants used in the food mclustry are Vltamm E and Vltamm C. both of
which occur naturally, Among the synthetic antioxidants are butylated hydroxy amsole
butylated hydroxy toluene, propy] 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 sysiem '
_chelating metals is very important in nature. Mg is bound in chlorophy]l in this way, iron
in the haem of blood and copper in copper phalm.yamme
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3.4.16, Humefactants

"The most important ones added to food such as baked products are glycerol, mannitol,
sorbitol and propylene glycol. . _ ' o

- 3.4.17.. Enzymes

Barley malt is still used as a commercial source of amylase. Remnin is used for icurdling'
milk in cheese production. The most common proteolytic enzyme is papain tapping fiom
the unripe fruit of the papaya tree. Enzymes are used for many industrial processes including

meat tenderisation, milk fermentation, modification and degradation of starches, frnit joice

'clarific'at_ion, alcoholic fermentation etc.

3.4.18. Acids and Alkalies

“These are used as preservatives. Acetic, lactic and sorbic acids are widely employed.
Sodium bicarbonate is also used ih'food processing, \ :

3.4.19. Irradiation

Although it has been known for many years that {fariouS' types of radiation can_be used to

inhibit microbial growth, radiation as a method of preserving food is still’ very limited, The

the development of unpleasent flavours in some foodsa Ulth-viclet radiation may also be

maln factors limiting its commercial development are, @h cost of the equipment and
_used but its use is limited since it acts only on the futer ace of most foods.

' 3.4.20. Short-i:erm Preservation

Two methods used for. temporary or shortu%reservation are chilling and controlled

- atmosphere storage. These methods ¢ us§d when food is transported long distances.

L Chilfing: ' Temper'atures used for ing vary to a great extent. The temperatures used '_
depends on the nature of the f%cl e storage atmosphere. For example bananas are

stored best at 15°C, whereas m ored at 1°C to 2°C.

2 Contrblled' Ammspkere Si‘orage: This involves controlling of the humidity and

composition of the atmosphere and is normally used in conjunction with chilling. 'Tho high
a humidity encourages microbial growth while too low humidity results inloss of moisture.

3.5, FOOD STANDARDS

B

Foods of excellent nutritive value may' become unfit for human consumption during jstdrage
and bandling. Insect infested grains, 1ancid fats and contaminated milk and sweets are
~examples. : K S

In any country Food Industry is the major indunstry with a very large mmover. In our ¢ountry
‘except among the affiuent, 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 becruse
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 item _

of food. .
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3.6. FACTORS AFFECTING THE QUALITY OF FOOD

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

1. _ Addition of extra meal matter: Addition -ot"watér {0 milk to gain vdlume, addition of
extraneous matter, grains of sand or small white stones to gain weight are some
examples.

2. Mixing inferior quality interior; Mixing used tea leaves with fresh tca ledves, mixing
infested grains with better quality grains etc. o

3. Using prohibited colours, dyes and preservatives: This type of adulteration is found
Very _commonly in a varicty 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. R

The quality may also deteriorate by impropet storage conditions. For example, fals get
rancid when stored for a longer period specially. in tropical climates, and food grains are
subjected to insect infestation and rodents. ' '

consumers to get quality or standard foods from marchants and caterers. However

. Hence government has promulgated the prevention c%adulleraﬁon act (PFAA) to help
an:

adulterated foods continue to be sold. Housewisgg : ers concerncd with purchase of
food must be aware of the qualities ex'pectedferent foods.

1. Cereals and Pulses: (1) Loss in w%@d- volume with insect infestation. (2) Uric

acid increase with storage period gud ifect infestation. - (3) Decrease in acceptability.
(4) Increase in rancidity due to dei ation of fat in the grain. (5) Deterioration in quality
of gluten in wheat and its productsN(6) Water steeping and sprouting percentage test.

2. Fats and Oils: It is very\¢as) to mix and adulterate these oils. Mineral oil mixing has
also become common but is Mrmful and toxic. Til oil and coconut oil are mixed with
groundnut or cotton seed oil as they are cheap. . Hydrogenated oil is mixed with giee.
Mixing vegetabie oil with mineral oil dangercus to health. They result in dropsy ami
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 adultel?a.‘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 1atio, 4) protein and lactose ratio to know the standard of
milk samples. The home life can be detected by 5) taste 6) setting curds, 7) milk becomes
yellowish and frothy when mixed with other substances, 8) a simple method of 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 s also another indication. ‘

4. Sugar, Jaggery and Salt: Should be from insoluble material. Scmetimes these are
added to an extent of 4-10 per cent, -

5. Spices: Turmeric and chillies are colovred with lead and matamil yellow pigments to

enhance their colour to look bright and attractive. This may lead to serious liver damage on
tong term use of such foods. Metamil yellow, sold as kesari colour is commoenly used in
sweets and beverages though it is prohibited. The presence can be easily detected by its
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. Mmagenta colour when the food is dropped into hydrochloric acid, Hing (asafoetida) is
adulterated with foreign resins, - :

6.. Coffee, Tea/Cocoa: Raw coffee seeds can not be adulterated. Except for mixing low
quality seeds with superior quality sced, However when roasted they prove (0 be mixed with
various kinds. Most common being adding of chicory and roasted seed of dates and
tamarind. The ash content of pure coffee is less than 4-6 per cont and half of this is water
soluble. Chicory has.higher insoluble ash. Cocoa is adulterated with finely ground shell sago
tlour or starch coloured with redoxide or iron is also used. Tests include estimation of
moisture, seluble and insoluble .ash, alkalicity of asii fat, starch, sugar and niLrogcn._

7. Eggs: Shell of fresh eggs have glazed appearance. Fresh eggs 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 ensure a soft-meat: supply 1} the animal should be examined before
slaughter, 2) adoption of environmental condition to prevent contamination and spoitage, 3)
hygicnic handling,, transport and distribution under proper 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, mould infestation and
also spoilage. Vegetables should be thoroughly scrubbed and cleaned with fresh salt water
{0 prevent contaminants,

The practice of adulteration of foods has increased enorm from time to time and hence
checking and purchasing the foods of standard q e not only economical but helps to
keep all of us in good sound health. :

3.7. PUBLIC EDUCATION Q

Theoretically the law gives us the i the consumer) to get the samples analysed by the
public analyst, though the pro is cumbersome and delayed. For a large country like
ours there are about 64-70 food 'sis 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, nutritionists, municipal authorities should wake up to totally prevent and
punish such shop keepers. ‘Also the public be educated to play an important role in this
direction and scc that in cach town a ol should be set up to detect the adulteration and help
the consumer. :

3.8. SUMMARY.

For good health 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
quality or spoilt foods. This knowledge not only helps the consumer to spend economically -
but ensures a healthy life, o : :




3.9. CHECK YOUR PROGRESS: MODEL ANSWERS

The three 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 digestion and synthesis of

* vitamins particularly Vitamin-B and Vitamin-K.

To destroy the microorganisms rapid heating followed by rapid cooling is done. This . -
process is called pastenrisation. : '

3.10. MODEL EXAMINATION QUESTIONS

N s

|
]

A I I S T

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 industry and hygiene.

Write briefly about 'food and produce preservation,
Discuss brieﬂy about the factors af_fecting the quality of food.

. AnsWer_ the following questions in about 10 I ach.

Write briefly about chemical poisoning.
Discuss briefly about biological fo isoning.
What are the conditions requi for e growth of'nﬁcroorganisms?

Write briefly about dairy maftgement and science.

Briefly write about h@@suy and hygiene.
Discuss briefly about bl_l hmg

Write briefly dbout Irradiation. |
Briefly write about public education.

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

Contents

4.1.. Obijectives
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4.3, Importance of Forests :
4.4. " Fire Wood and Timber Wood Production
4.5. Deforestation '
4.5.1. Causes for Deforestation
4.5.2. Consequences of Deforestation
4.5.3. Deforestation of Himalayan, Eastern and Western Ghats
4.5.4. Forest Policy of India
4.6. People's Movements
4.6.1. Chipko Movement
4.6.2. Appiko Movement
4.6.3. Kerala Sastra Sahitya Parishad
4.6.4. Narmada Bachao Andolan
4.7. Eucaplytus Debate
4.8. Social Forestry - :
4.8.1. Need of Social Forestry :
4.8.2. Objectives of Social Forestry
- 4.8.3. Components of Social Forestry
4.8.4. Scope of Social Forestry

4.8.5. Selection of Species -
4.8.6. Management of Social Forem%—'

~ 4.8.7. Problems and Constrai
4.9. Action for Future
4.10. Summary ' '

" 4,11. Check Your Progress '@ Answers
4.12. Model Examination Questions

4.1. GBJECTIVES

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
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‘Sahitya Parishat ate ‘working to protect the environment from b_reaking 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% area under forest as against 33.3% enunciated in the Nationa! Forest Policy of 1988
to maintain the ecological balance. According to the National Remote Se :nsing Agency,
India had a forest area of 46.35 million hectares in 1981-82 which is far below the central
forestry commission estimation in the early 70's (about-75 m. ha). The latest assessment (85-
87) of Ministry of Agriculture reveals that the total area under forest in [ndia i is about 64-
mjlhon hectares with 37.8 million hectares under dense. forest (crown density above 40%)
and 25.7 million hectares under open forest (crown density 10 to 40%) and remaining area
under Mangroves and others. The Ministry of Agriculture recent computatlon reveals that
about 20 million hectares of forest lands are in bad shape '

*India haq 0.11 ha per caplla forest area as agamst the world averagc of 1.6 ha per mpnta The

annual productivity of Indian forest is also very low 0.5m¥%ha when compared to world

- average of 2m¥ha. This is due to over exploifation, over grazing and over maltreatment of _
forest areas in the past. In India most of the forests (95%) are owned and mdnaged by the
‘Government in contrast to the management of forests by private sector in the European ‘

~ countries. Although forests occupy about.20% of area, tQey are reported to contribute only . |

© one per cent towards nationat economy as against 35%fro gnculturc ‘Many reasons have

been attributed to the low revenue, removal of large it of forest produce by local ..

. reasons . Yet another problem faced by the Indi stry is the lack of proper investment
in reforestation and afforestation progra s (Never exceeded 0.75% of the total plan
outlay in the public sector). - v S : '

population in the form of rights and conce'ssim@ll as illicit removals being the main .

. 4.3. IMPORTANCE OF FORE

; The word forest is dem}ed “fro w01d ‘fons meamng outside the wllage boundry or -
. away from inhabited Iand Generally forests are those areas of unculu\fable land occupied
by dlfferent kinds of trees, shrubs, herbs and grasses. -

‘Ecologically forest is dofmed as a plant commumty predommanﬂy of trees and other woody_
vegetation usually with a closed canopy.

Technically forest is an area set. a‘:lde for the production of txmber and other forest produce
or maintained under woody vegetation for certain indirect benefits which it provides e.g.,
. climatic or protecitve (shelter to wild life, birds and other fauna). Legally forests are areas
which have been notified by the Goverfiment under forest law

" Forestry is defined as theory and practlce with regdrd to creatmn conservadon and scientific
management of forests and continwous wtilization of their products. It 1ncludes not only_'
‘management of existing forests but also creation of new forests

Functmns of Forest

Forests cover about 1/4 of the land mass on ‘the earth. However in India thcy cover only'
about 1/5 of the area. Forests are one of the most- predominant geographlc features of this -
" planet. They are world's air conditioners and earth's blankets. They moderate the” exiremes
of local climate, They mtcrcept the precmltatmn and reduces the impact of rain drops on
soil erosion, ‘They also reduce wind velocity .and thus reduce the soil Joss by wind and-
walter, 'I‘hey regulate stream flow in an area and improve the quality and quantity of water.
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Without forests, this world would be an Iinhospitablle place 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 ©) amehoratwe (d) recreational and (e}

developmental.

A. Productive Functions of Forests ‘

1. Wood is the major forest produce which is used for constructlon of houses, Agricul-
tural 1mplements bridges, sleepers etc. In India about 12.5 IIlllllOIl 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 miHion cubic meters of wood is used as fuel in this country.

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

4, . Alarge number of non-wood proclucte which are often called as minor forest products ‘

(m small quantities) are harvested from forests.

i.  Fibres and flosses:  Fibres are ob_tain'ed for making ropes from baste tissues
of certain woody plants, ‘Flosses are obtained from semal (Bombax ceiba) - and

kapok (Ceiba pentandra). - .
ii.  Grasses and bamboos: Many varieties o ses are found in the forests. -

About 20% of 419 million livesio ¢ in the forests. Among valuable
grasses, about 80,000 tonnes of sabaz, .Eiqpsis binata) is harvested annually.
About 5.5 million tonnes of ba is harvested from our forests annually for
paper and pulp (25%), rural an%ultural works (25%), housing (10%), and
packing and other uses @ : :

Indian forests d 80, which are utilised for making soaps, perfumes,
~ detergents and che s. Many species e.g., Eucalyptus spp, Bursera spz.
Cynbopogan spp and Samtalum albun etc., produce these oils.

iii,  Essential Oils: i@ma ely 1500 tonnes of essential oils are obtained from
al

iv.  Oil seeds: Many tree species e.g., Madhuca indica, Pongamia pinnata, Shorea
robusta, Azadivachta indica, Vateria indica eic., 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 mﬂhon tonnes
of oil every year from forest tree seeds. : N

v. Tans and dyes: The important vegetable tanning materials are the myrobolan
nuts and bark of wattles (Arac:a A. decurrens, A . nilotica and Cassia
auriculata etc) :

vi.  Gums and resms.' Guims and resins are exuded by irees as a result of wound

- of 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 roxburgku

vii.  Drugs, spices and msecuc;a’es Out of 2000 items of drugs mentioned in Indian
Materia and Medica, over 1800 are of vegetable origin. All plant paris e.g.,
foots, shoots, leaves, fmits, sceds, barks etc), are used for drugs.. lnporiant
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specres whlch are used as drugs are Rauvolfia serpentma Ephedm spp,-
" Hemidermus cus, Swertia chirata, Dioscorea spp, Podophyllus Spp, Atropa spp,
Datura innoxia etc. Spices like kalijira (seeds of Carum carvij. dalchini (bark
of Cinnamomum zeylanicum) Cardamom (dried capsules of Ellatteria,
- Cardommomum, tejpat (leaves of Cinnamomum tamala etc are obtamed from
forests. Pyrethram and neem are used as insecticides.

viit. 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 collected
annua.lly Leaves of trees such as- Bauhmza spp, Bulea spp etc are. used for
making plates, dona etc, :

ix.  Edible products: Fru1ts flowers, seeds tubers et of several forest spec1es are
eaten, -

x.  Lac and 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, Wthh are raised on Terminalia Glata and
- Morus alba plantations. Honey is also obtained from forests.

x-i.'  Fodder and grazing: Forests provide fodder leaves and grazing facility to‘ _
livestock. Approximately 20 per cent livestgek popuiation depends upon forest
grazing and leaf fodder supply. The tr%aes which yield goad quality

leaves as fodder are Ailanthus etcelsa, M. oleifera, Sesbania spp, Morus '

_ alba, Albizia lebback, Leucaena le hala, Pongamta pmnat‘a ete.

B. Protective and Ameliorative Fupctio Forests

" The important protective and ameliorative fgfCtons of forests are as follows.

i Porests play significant 1ol intaining - CO, balance in the atrnosphere by
absorbing for photosynthesis the absence of forests CO, released in the atmo-
sphere would result in g of world's temperature, meltmg of polar ice caps and

increasing sea levels. Th , ber cent in the atmosphere has aIready 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 increase in temperature which may result in .
un-imaginable miseries to the mankind. :

ii.  Forests increase local precnpltatmn 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, :

T Forests reduce temperature and evaporation losses and increase the humidity.
Temperature in the forests is 3 to 8°C less than adjoining open area.

v, Forests add large quantity of orgamc matter through fallen leaves and recycle the plait.
nutrients.

v. In thick forest with full foliage cover, rain first falls on the leaves of trees and slowly
drips and thus reduce the impact of rain drop in splashing the soil aggregates. The
run off losses are less due to greater in filtration rate and finally help in con31derable
reduction in soil loss through water and wmd o :

vi.  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 servc as store house for genetic diversity of plants, animals, birds etc.

ix.  Forests protect from physical, chemical and noise pollution. 'Thcy also protect us from
dust and gaseous pollutants. _

Xx.  Poresis and trees provide shelter belt and wind break effect which is beneficial to |
agricultural crops particularly in arid-and semi-arid region.

C. Recreation and Educational Functions of the Forest

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

ii.  Forests provide large varieties of trees for ecologicé] studies.

ifii.  Forests provide a natural heaiing effect for a number of diseases.

D. Developmental Fanctions of Forests
i. Forests provide employment directly as well as indirectly to large number of people.

il.  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. ' '

ili. Government earns a large sum of revenue thraggh ¥prests which can be diverted for
other developmental works. - '

Check Your Progress - 1 & 2 O

1. Define forest.

2. What is meant by forestry? %
| Note: a) Write the answers i _space given below.
b) Compare your ans ith those given at the end of this unit.
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44 FIRE WOOD AND TIMBER PRODUCTION

Silviculture: The term silviculture refers to art and science of cultivating forest crops (trees.
in community), The Silviculture occupies a position in the forestry similar to that of
Agronomy in agriculture. It includes the study of types and life of forest trees and crops,
their growth and development, tree and crop morphology, physiology, 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 improving their condition controlling the composition, -
restocking and understocked areas, improvement of site conditions and time to time
operations etc. : )

Obetives of Silvicul_ture: These include: _

1. Control of crop composition and production of species of more £CONoMic ?a]ue;
Control of stand density for maximum production,

Afforestation of blank and understocked area.

Production of quality timber. | _

Control on rotation period depending on the density of crop and size requfrement.
Facilitate manage_menf and use of forest,

Creation of man made forests and introduction of exotics,

® N M s W N

Protection of site and intangible returns.

Forests continye to be an important source of livelihood and means of survival. The human
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 millionis in 1985, '

. The forests and grass lands can support definite nuMier Br slightly more number of
livestock. It can meet fire wood and timber requipegent o certain population only. It is

~ therefore necessary to minimise the population@h on one hand and increase the

productivity of forests on another hand. '

The Government encourages the individgals t&plant and preserve the trees in open spaces
near the towns and villages and in w, ds. The persons planting fruit trees on open
lands in any village site or on governmBgt waste lands had been entitled to the produce of

“the trees but these concessions en observed to be 'misused in the form of land grab.
The government also prescribed 1 fine goat and sheep grazing to the areas where least -
harm would result to the forests. But this was. not properly aitended 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
collection 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 regeneration. They have rendered the vast areas of forests into barren
lands. Despite these facts, the politicians and governments are urged from year to year to.
yield their demands now from reserved forests for eamning the sympathy of local inhabitants.

The demand for timber and fire wood and fodder has rapidly out stripped the sustainable
yleld of forests. The threshoid of sustainable yield of forest produce has been crossed long
back for fulfiliing the needs of fast increasing population. According to estimation of 2
forest survey in 1987, the demand for fuel wood and ifidustrial timber is around 235 and
7 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 altemative _
arrangements for meeting their timber and fuel requirements, the existance of forests is not
going to jast long. ' '

The stow process of natural regeneration which depended on for natural restockin g of forests
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has proved unsuccessful due to intensive biotic influences. The aver explo:tation reckless
deforestation, shifting cultivation and carcless titlage operations have imbalanced the
environment. The Cyclones, erratic rainfall, floods and inundation of vast tracts have -

- ‘become regular routine features of adverse climatic conditions year after year. As a result

the soil loss amounting to about 1200 crore tonnes worth Rs. 6000 crores of fertile top soil
is lost every year. The forests have both receded and depleted fast as the villagers are
resorting to more and more use of cow dung for cooking. This inturn has deprived soil
nutrients and humans through cow dung leading to decline in soil fertility.

Timber and fire wood for which the forests have been cut are the products of the tree which_
is only 0.3% of the real cost of living tree. An Indian scientist Prt)f. T.M.Das's rescarch 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

- packed up by majority of agricultu

soil erosion, sheltering birds and animals and giving leaf protein worth Rs. 15 lakhs which .
is 100 per cent of its totat value. The forests are one of basic natural resources which
provide protective umbrella against natural disasters' : '

India's forests are shrinking by about 1.2 to 1.5 mﬂhon hectares per year because of their
low productivity. These wood lands can yield an annual harvest of not more than 39 million
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) 0@ with industrial wood consump-
tion of 1.86 cubic meters per person in USA_whi 40 times higher than India’s

consumption. Q _
The fuel energy crisis has led the govegaggent (0 open a separate organisation of social

. forestry to encourage tree planting on fie ds, vacant and marginal lands, community

lands, road sides, canal bank and sg Thc pread of activities can not be said to have becn
demanded by field bunds

However certain farmers in @t-paﬁs of India are resorting to plantation of Eucalypius,
Acacia and Casuaring in their ginal lands, as well as are making use of waste lands. In
certain areas hitherto the lands under cultivation of important cash crops are being replaced
by the tree species. I-hghﬁr 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 e Rs:
2000 to 3000 per hectare from plantation of Eucalyptus, Babul and Casuaring.

4.5. DEFORESTATION

According to 1993 World Development Report, deforestation is .defin.ed as the permanen{

_conversion of forest land to deserts, waste lands, postures, shifting cultivation, agriculture or

mh‘astructure 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 forcst in Asia. The annual defore%aﬂon

- rate in India is 2.7 per cent as against 0.4% in Brazil, Peru and Zaire countries.

4 5.1.Causes for Deforestation

Unless the causes are identified and corrected dppropnately, any progl amme on aﬂorestatlon

. or reforestation may not be froitful.
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-Some of the causes are:

) Encroachme;it of forest . Cattle grazing Growth of consumerism .

land to agriculture T : and extensive monoculture

Shifting cultivation | o ~ ] Commercial exploitation
Commerical energy -~ - || causes Development exploitation,
- ptoduction and non- 1 - for _ - |Industrial Mining, Hydro-
_cpmmercial energy . deforestation * electric projects, )
coh_smnp_tion ' A E— .| construction of highways
Man-made and - | ' o Conversion of forest
- natural factors like N land to other
frost, drought, fire, decline of ||  Short-sighted forest products
water table, cyclonic storms, Govt. policies T
wind, lightning, snow, insects, | and debt .
diseases efc. " '

Encroachment of forest land to agrzculmQapid population growth, inequitable
land distribution and the increase in of export oriented crops reduced the land
arga available for subsistence f; 'n%g many small farmers to clear forests to
grow food crops. ' '

Cartle grazing: Cattle gr in the forest land causes damage to both seed]ihgs and
older trees. The natiom ' million hectares of permanent pastures are vastly
inadequate to needs of 196 Million heads Gf cattle. : :

Growth of consumerism and extensive monoculture Any attempt to hasten the process
by planting monoculture may give higher and immediate yields but at great future -
cost. In Brazil 18 million hectares has been cleared to meet European and American
Coffee demand. :

Commercial explo;taaon and steady demand for timber: Tt is one of the most powerful
causes for deforestation. According to Smt. Maneka Gandhi the world's tropical
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 couniries 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 to 66 million cubic meters. '

Shift Cultivation: Shifting culuvatlon reduce the forest area but it is mmnly confmed

~ to North Eastern states of India.

Cl’ean'ng the forests for rehab:’mtion of the people: 'I'hé-People 'affecfed by submer-

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

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

N



envisages an irrigation component of 187 jakh hectares and 1430 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 clearing forest. ' o

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

8. Commercial energy production and non-commercial energy consumption: Generally
mining of coal is done in forest area by felling trees. 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.

world, Fire reduces forest area. Natural factors like frost, drought, decline in water
table, cyclonic storm, lightning, snow, insecls and diseases ctc cause forest destruc-
tion.

4.5.2. Consequences of Deforestation
" The consequences of deforestation are given below.

D

DEFORESTATION

9. Man made and natural factors: Man is the greatest destructor of the forest in the

‘ Eood I _ | Afectingsagglogical balance Increasing CO,
Loss of top soil ecreasing Ingreasing
and nutrients @ rainfall termiperatiire
3 Siiting of : ot conducive to Climatic change
| rEservoirs agriculture leading to desert
- formation.
’ Loss of fand Decline in agri-production : Drying of water
properties & loss of fodder _ resources and
lowering the water {able
Decrease In health Import not only Scarcity of
of flora and fauna but also fodder waler resources
Change in food-chains Worsening poverty | Increasing sacio-
and food webs . economic problems
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The wealth of life on 'e_:arth_f_-:is*-v.mjshjng at a faster rate due to deforestation which is a bigger

threat to the future of earth as well as man kind. Removal of natural forest cover by felling

trees results in accelerated erosion and fertile top soil is washed away during monsoon.

Large scale silting of reservoirs and canals, uncertainity and decrease in rainfall, increase in

temperature, affecting hydrology and breaking water recharge 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; Alter independence the deforestation has taken
place at a faster rate. This has led to ecological degradation on one hand and poverty and
unemployment on the other as agricultural land and agricultual activity are both directly
affected by absence of forest cover. Deforestation has adversely affccted the production in
sub-Saharan Africa. ' ' '

2. Floods and drought: The iwin 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 opinion that deforestation of major mountain
ranges of the Himalayas and Western ghats have been the cause of recurring 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, '

- tropical wood exporting countries from 33 to 10 ovempexiNlccade. Nigeria once a major
tropical log exporter, saw its timber shipments fall ically after many years of over
cutting forests and rapid expansion of slash and [tivation. In 1988 the couniry earned

$ 100 million on forest product imports.

3. Importing wood: The world Bank expects that theragwill be drop in the number of net
Y

4. Fuel wood scarcity and increasing ilk%?utting: The increase in the price of fugl
wood in urban areas induces some o ooter people to switch over to cow dung. Even
in rural areas the scarcity and higherNgfice would be beyond the reach of rural poor. This
will result in illegal collection 00d.” In Kurnool district of A.P. villages living within
50 km radius of Kurnool town @caﬂy smuggle fire woed illegally cut from forestry into
the town through shuttle trains that'run daily. The fuel wood -tommilljtee 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. Environmental Refugees: Depletion of forests in developing countries is a complex
problem. Unable to support their growing population, they push more and more people to
urban arcas. This resulted in bi £ slums, pollution and sanitation problemé, 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 inecologically sensitive areas. They start cultivating in steep hills which results
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 emmission world wide, When there are no trees for absorption of CO, automatically
CO, concentration in the air increases. Added to this felted trees emit more €O, as they burn
on decay. If respiration exceeds photosynthesis for long period, trées would stop gorwing
and ultimately 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’
specics per year are condemned to extinction by the destruction of their tropical rain forest.

4.5.3. Deforestation of Himalayan, Eastern and Western Ghats

The continuous onslaught on forest resources and comsequent massive environmental
degradation call for rational management of forests. The influence of Himalayan forest and
mountain regions of North 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 presenily most
hills, mountains and valleys are 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 hills
barren. The povertincss 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 deforesta-
tion. The Nilgiris and Kodaikanal, the two hill resorts gre no more healthy. Exlensive
denudation and fauly agricultwral practices have resu@frequent landslips and severe
soil erosion. The poliution of lakes in these places is Shgjpfts concern. The upper side of
" Periyar river in Kerala bad one time dense foresyfin Wge Western ghats. Now the sitnation

has changed with degradation of almost entire fo ﬁ‘ ring some pockets. The river which
had flow. of 227 km long being considercd@idg line of the Kerala state has lost much of its-
importance. GV '

4.5.4. Forest Policy of India

Although the forest managex olicy in India came 4into existence since 1864, the
condition of forests continue to jorate through over exploitation. The first forest policy
of 1894 mainly meant to collect revenue from the forests and liberal gramting of rights and
concessions to local people. There was no interaction o improve the forest managemest iy
general. After independence, the Government of India, Ministry of Agriculture enunciated
the second forest policy in the year 1952, It recommends that India should aim at
maintaining 1/3 of its 1and area under forests. This policy mainly aims at the copservalion
of forest and there is no emphasis on production of forests. It is therefore felt to make the
existing forests of low productivity to bhe converted into plantation forestry of high
productivity through enunciating 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 tmder
forest to save {ragile ecosysteins. :

2. The forest should not be looked upon as source of revenue. Forests provide COVEL 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 lands in
the country are 1o be promoted both op forest and non forests as a national imperative,
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4. The policy emphatically says that construction of dams, reservoirs, mining and
expansion of agriculture should be consistent with the needs for conservation of trees
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 modilied wherever necessary so as
1o facilitate or motivate individuals and Instifutes to undertake tree farming or grow
fodder trees grasses and iegumes on their own lands.

6. The policy favours the restriction on grazing,! browsing in forest areas by levying
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 also invites special care for the needs of wild life conservation.
Check Your Progress - 3 & 4 |
3. What is meant by silvicullure?
4, Define deforestaiicn.
Note: a) Write the answers in the space given below.
b) Compare your answers with those given at the end of this unit.

4.6, PEOPLE'S MOVEM:

Various peoples movements are ‘given below: _
4.6.1. Chipko Movement

In mid Himalayan fegion, the main tributory of Ganga, the Alaknanda and.its feeders such

as Rishi Ganga, the Patal Ganga, the Garudganga and Mandakini etc., had thick forest cover,
In the catchment area of these feeder rivers and Alaknanda, the large scale cutting of trees
and rolling them down hill loosened the upper soil which eroded during every-rainy season.
The deforestation activity over a decade period resulted in a devastating flood in the

Alaknanda In July 1970, which caused havec in the upper catchrient aréa. The silt choked
the upper Ganga canal from Haridwar to Pathari for 10 km apd affected irrigation in about.

3,80,000 hectares for six months besides affecting the functiening of 48 MW Pathari power
station, All these greatly affected the agricultural production in this region.

In this reglon of Uttarakhand, the Dasholi Gram Sargya Mandal (DGSM), Gopeshwar '

- which was engaged in social work stepped into carry out relief work during 1970 fioods.
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 a4 movement. Thus the
Chipko Movement was born, A plan of action was drawn by the people of non-violent
methods to oppose the cutting of trees by centractors and forest departmenit, It was on April
24, 1973, the people's movement began 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 thé; help of local people hugged the trees to save them, The
Chipko Movement thus successfully had been launched. '

Tn 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 contractors tricd to infiltrate
into area. But the Mahila Mandal Dal of Rini village challenged them and hugged the trees
to save them.

The movement atiracted the attention of Uttar Pradesh Government, which appointed a
committee headed by the botanist Dr. Virendra Kumar. The Chipke 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 supported tbe felling of
trees earlier became a part of the movement. . U .

After the Chipko Movement was organised and implemented in Gopeshwar, Bheundar (near
the valley of flowers), Joshimath and Chancharidhar, the forest officials cancelled the
programmes to fell trecs. The movement again gathere nomerntum in 1980 when Dungari
Paintoli, a dense oak forest was to be cut to accommgodaty an orchard.

In 1989, the villagers 6f Malai-Nauti (near Karpe*psgyag) in Charﬁo]_i district - checked the
forest departments’ move of plantation of pine & ong with 0ak trees. Pine leaves falling
on the ground-ncreased the acidity of the w adversely effect the growth of jungles.

The ncedle shaped leaves of pine trees do tain any rain water. The danger of fire is
more in pine forest. In contrast, th treds are beneficial to hill farmers. The forests are
the sources of fodder, fruits grass edicinal herbs. Forest officers at an ecp-camp
organised in DGSM at Nand accePted the arguments of villagers and removed.some of
the pine trees planted as a _g%

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, environmental 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 1o 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 hill without caring for
their own safety. This movement fook the lcad in introducing smokeless chullas and gobar
gas plants in the area. '

The DGSM has successfuily attracted the atiention of planners on the impact of big dams
and hydel project in the Mid-Himalayas. The Vishnu prayag, hydre-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 arca would be enviroh_méntally_fragilc
and the project was rejected- after a review though the work had begun on it. Similarly
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because of Chipko Movement, soft stone quarrying was stopped and the enfire Alaknanda
catchment area has been covered with forests. In the catchment area of Bhagirath in

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

cancellad.

Thus the Chipko Movement which began with stopping of faliing of {rees and savin g forests,
has successfully involved people in greater issues of ecology and cnvironment. '

4.62. Appiko Movement

The Uttara Karmataka 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 Iike black pepper and cardamom.
At the time of independence, 82 percent of the district was covered by forests. The forest

~based indusirics such as ply wood factory, paper unit were set up. The Governhment began

felling trees for revenue and the forest department converted the prime tropical forest into
monoculture (eak and Eucalyptus plantations. The development activities led to a drastic
drop in the area under forest cover 1o 20% in 1983-84.

The destruction of forests on such a large scale woke up the local people cspecially the
youth. They were motivated into direct action. A group of youth in Balegadde village
represented to the forest officials not to establish teak plantation by clearing the natural
forests. But this appeal was ignored. Then the villagegs decided to launch the Chipko
Movement popularised by environmentalist, Sunderlal %na in the Himalayas. He was
invited and people took an oath to protect the trees by acing them. This movement
came {0 be known as Appiko in Kannada. In $€ptber 1983, when axe-men came for
felling to the Kalase forests, people embraced tfatghs and thus Appiko Movement was

launched, ?l
The simple non violent action bec popwlar state wide and the people joined the
movement $pontaneously in many Qﬂ]aas of Western Ghats from Coorg to Goa,
dance was used effectively to cOy ¢ message of forest conservation. In Coorg district,
people stopped the felling of trees M the Cauvery catchment area for which the government
had given felling permits to ptywood units. The people camped in the forests for months
to save natural wealth. In Dakshina Kannada, the authorities of Subramanya temple resorted
to the Appiko Movement to save evergreen forests while in Shimoga 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.

‘Padayatras, slide shows and strs reated mass awareness. The Yakshagana, a folk

The vigorous launching of the movement fokced the government of Karnataka to change its
forest policy by stopping the felling of natural forests, the policy gi‘_r(aising monoculture

“plantation of teak was abandoned, allotment of timber to units was stopped and the

§

government itself stopped felling green trees for revenue.
The Appiko 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.

The Appiko movement also interacts with action groups in other reginns of Western ghats.
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- In Wynad, Kerala its activists-are in touch with local groups 10 evolve a strategy to save the
forests. In Tamilnadu the Appiko is working with the save Eastern Ghat Organjsation while
in Goa it is helping environmental groups. The impact of successfulness of Appiko
Movement has been felt in other countries (Malaysia, Indonesia, Vietnam and Ivory Coast)
as wood based units in India started 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 area.

The K.S.5.P. actually involved in the environmental issues in the later part of 197(0's. It was ~T
invited to study the ecological and other problems in the proposed hydro-electric project in

the silent valley in Kuttanand district. The debate on silent valley project was beconung

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 fagry at Mavoor which threatened

their lives by severe pollution of water and air. The KNS P. got involved in this and soon.

a team of experts smdied the problem and eveptt™lly brought into light an economically

feasible solution. Simultaneously KSSP str'engits nonformal education by introduc-

ing the famous Kala jaatha using folk arf medjum, €xhibitions, wayside meetings, slideshows

and demonstrations.

The campaign to save silent valley ut to be a public education programme in many
respects. All sorts of issues cameup afithe campaign grew with various small organisations
such as 'Save Silent Valley (ﬁ ' "Societies for Environmental Education”, "Societies
for Environmental Protection”, ture of Lovers" etc,

KSSP's awareness programmes were designed on multipronged approach. It 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.

wn

According to Mr. Darryl D'Montse;-the rallying force of the KSSP, the silent valley is a
unique environmental campaign in the entire Third World because it tock the issue out of
lecture rooms and columns of the préss to the people. Many people in Kerala arc aware of
meaning of ecology, due to silent valley movement. This movement is symbolised with the
slogan “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 Eucalyptus
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
clearing of forest is opposed it should be in a position to suggest suitable alternatives.

4, 6 4. Narmada Bachao Andolan. (NBA)

Undcr the lcadership of Baba Amte, the Narmada Bachao Andolan has put all 1ts efforts to
oppose the construction of the Rs. 9,000 crore multi purpose project on the Narmada river.
It began as a campaign for rehabilitation for over one lakh oustees of this project spread ' ‘




across Gujarat, Maharashtra and Madhya Pradesh has crystalised inte a movement against
large darms. Jt mainly opposed the government cfforts to move and relocate people in the
submergence area of particularly Maharashtra and Madhya Pradesh, The movement
ideologically questions on the direction of development policy which does not weigh
benefifs 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 the main financier of the project -

and resorted to dramatic action of wailing until flood water drowned them in the village of
Manibali in Maharastra. It’s do or die tactics were perceived as extrene 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 project particularly
its rehabilitation and relocation plans. The Narmada Bachao Andolan won the Right
Livelihood Award populdrly known as the allernative Noble Prize in the year 1991.

The second most prominent antidam campaign is dgamst Rs. 3465 crore Tehri hydro 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. Bangh Virodhi Samithi -

a group of local people lead by cnvironmentalist Sri Sunderlal Bahuguna is opposing the
implementation of this project.

Check Your Progress-5
What are the main objectives of Appiko Movement? N

Note: a) Write the answer in the space prov‘i_w. s
b) Compare your answer with the ivet’ at the end of this unit

ﬁlﬁ gi _ . _

4.7. EUCALYPTUS DEBATE

Eucalypius plantations of different species were being taken up on a large scale during 607s
and 70’s as a4 measure of recouping the existing forests as well as on social Forests
programme on waste lands, common lands, road sides, canal sides, farm bunds and also in
agricultural lands, Eucalyptus hybrid and E. tereticornis were widely planted 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 suitable

for high rainfall area (Kerala) while E. camaldulensis was preferred in low rainfall areas.

Similarly some other species were grown on specific microsites.
Chavacteristics of Eucalyptus sp.

1. These are quick growing and can be harvested within 7 to, 10 years.
2. 'They are easy o raise and manage.

3. The survival of trees is very good.
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4, Estahllshment is faster.
They are not grazed and browsed by llvestock

6. They have good regeneration Lapacuy and can be harvested 2-3 rotations with one time
plantation. : _

7. These plantations are economically 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 Eucalypius. Under these pressures Govern-
ment of India stopped plantation of these species on forest lands. The controversy whether
Eucalyptus have long term =cological effects has centered around the following aspects,

1. ~ Eucalyptus consumes water copiously and lower the water table.
2. Eucalyptus prevents undergrowth and do not check run off water and soil loss.

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

The research findings on the above issues are as follows.

L Eucalypfus and water consumption

i The transpiration rate of Eucalypius species vary | 0 to 40 litres/tree/day (FAO
' 1985). 'This is not very high and is equal soffitheg and other borad leaved species. In
Niigiris annual transpiration of Eucalypius ponds to 347 mm of rainfall. In
Isreal evapotranspiration from regenesigd E. camaldulensis is very small ie.; oniy
24% of pan evaporation compared wi% from bare plot and 31% from adjacent

(0.48) as compared to 0. Ibizia lebbeck 0.72 by Acacia auriculaformis, 0.77 by
Dalbergia sisso (ChaturvedW1983, Tiwari and Mathur 1983).  Eucalypius has the
capacity to adjust the water use by adjusiing {ranspiration rate. When waier ‘s

" available in plenty they go for Juxury consumption but when water is in shoit suppiy
they reduce water uptake considerably ( Sharma and Nagl 1924).

natural forest. Q~ o
The water consumed per % bemass produced (litre/g) was low in E. fereticornis

When water table is hlgh say within 2-3 metres of Slll'deE: most trees will tend to

lower water table to certain extent. Eucalyptus root system goes about 3.5 to 45m

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

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

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

ii.  Eucalyptus are accused for reducing the undergrowth which leads to more run-off and
soil loss. but research evidence indicates that E. camaldulensis and E. grandis
plantations supported more undergrowth than Shorea robusta. 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, Eucalypius planiation of different
species support as much as windergrowth as natural forest. © In dry areas these
plantaljon support a-thin undergrowth: There is no evideace {0 Aindicaie thai soii
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erosion is more in Eucalyptus plantation compared 1o other plantations or vegetalion.
Its plantation is more safe in reducing soil loss compared to agriculture.

iii,  Trees are important as some of them fix nitrogen and add nutrients threugh recycling.
Eucalyprus do not fix nitrogen from the atmosphere. Studies indicatc that certain
species of Eucalypius add substantial amounts of nutricnts through precipitation. The
litter production in Eucalypius bybrid plantation varics from 3377 to 6207 kg/ha
which is slightly less than teak and sal. Therc are no evidences (0 indicate {hat

 Eucalypius make the soil acidic.

It is clear that most of the criticisro of Eucalyptus is not bascd on scientific facis.
However, more investigations are required in different localities to clarify the position
on these aspects.

4.8. SOCIAL FORESTRY

According to Jawaharla) Nehru “A growing tree is a Hving symbol of a progressive nation”,

Social foresiry was first started in the year 1976 based on the recommendation of Nationa)
Commission on Agriculture, It is defined as 2 forestry having social content achieved
through the participation of people and intended tc meet timber, fuel and fodder grazing
requircment of Jocal people. It is agro-forestry taken ug by the community on waste lands,
comimmity lands, road sides canal sides etc., to meegtheMpeeds of timber, fuel and fodder.

invasion (327 BC). The destruction of forests grobably might have started since their main
occupation Wwas cattle rearing, By the tigge of ASoka the destruction of jorests was to a -
considerable extent. He therefore advoc:%e plantation along with roads and camping

grounds
The concept of social foresti was Wgunciated in a comprehensive manner by Mahatma

Historians have mentioned oceurrence of dense in'Northern India durieg Alexander’s

Gandhi, the Father of the N 1@ According to him an ideal village be so conditioned that
the villagers could procure al r needs and requirements of materials such as bamboos
for thatching, fucl wood, grazing, timber for implements and other domestic requirements
from with i a radius of 10 km. The credit for coining the term social forestry for the first

time goes 0 Mr. Westoby (1968), who defincd it as foresiry which aims at producing flow
~ of protection and recreation benefits for the community.

Smc,c 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 arc being carried. The central government is-also rewarding Vair
Pandit award at state level and Indira Priyadarshini, Vrikshamitra award at national level in
recognition of cxceptional contribution in the field of afforesiation and wasteland davelop-
ment every year to individuals and non-governmental ()rganjsatjons. The biggest botanical
garden in Asia is being set up on the National Highway No. 1 near Karnal in Haryana. The
environment and forest department has provided Rs. 30 crore to the state specially for this
purpose under the pro;ec,t of “Greening of Haryana”,

Inspite of all the cfforts made by Government of India only a little success has been achieved
in social forestry programmes. The major reason is the lack of active participation by tocat _
people as well as lack of fuli cooperation from persons concerned in these programmes.




4.8.1. Need of Social Forestry

The vast human and caitle population of country needs fuel, wood, fodder and smail timber.

" In India 95% of fuel consumption mainly consists of fuel wood, cow dung and agricuitural

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 he

diverted to increase the food production or “We are burning the food to cook the food”. The

extensive deforestation resulted in serious soil erosion. About 144 million hectares of Jand .
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 receeding forest cover is causing “Green House Effect” where

CO, content of atmosphere is being increased which results in increase in carth’s tempera-

ture 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 agricultural lands are available in the
country. Keeping in view, low per capita availability of land, the waste lands can be put
to proper use by effective land use planning. ) :
Therefore the immediate need of the day is creation of new man made forests near the
habitations, village waste Iands etc., to cater {0 the needs of rural masses besides conserving '
the eco-system and restoring the productive capacity of all waste lands. National Commis-
sion on Agricalture (1976) therefore recommended thatsgach state should reorganise the
forest department inlo two separate wings (1) To r@argc of traditional production
forestry (2) to develop social forestry aimed at the productiefi of fucl woaod, fodder and other
minor forest products for rural population. Sently the World Bank undertook &
review of foresiry prospects in India in 1978 and Wies {ied social forestry programme as an
ideal vehicle for economic development in areas. In the year 1985, late Primc Minister
Shri Rajiv Gandhi set up the NationghiVas Land Development Board fixing a target of
converting Sm. ha of wastc land i § 10 every year.

4.8.2. Objectives of Soci estry '
1. To develop tree conscioudgeSs and love for tree -cultivation among the masses.

2. To supply fite wood to the rural areas and *o replace use of cow dung.
3, To provide timber [or sustaining and creating village level cottage industrics based ot
- wood. _ '
4,  To sapply fodder for livestock,
To protect the agricultural fields again_st wind and soil erosion.

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

7. To raise green beits around industrial locations to contain atmospheric and aoise
pollution. '

8. 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 o urban forestry and designed for the veneiit
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of community. The National Commission on Agriculture outlined the scope of sociai
forestry as follows: ' '

L. Community Foresiry: Practice of forestry on community land in which planting,
management, harvesting and marketing of forest products are carried out by rural
community members by themselves with the proceeds going to benefit the community
rather than indivicuals.

2, Farm forestry: Practice of forcstry'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
lorestry, ' -

3. Extension forestry:  Practice of forestry outside farm lands and reserve forests. It
includcs raising of trees on canal banks, railway lines, road sides, fnresho_-re arcas 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 ameniiies. o

5. Rehabilitation forestry: Creation of forest Of raising of trees in degraded forests and

degraded lands.

6. Compensatory plantations: Supplementing 1he naturél regeneration to conserve the
natural forests with the benefits of gene conserva for supplies of medicines and
protection. '

7. Agro foremy.; A form of mixed croppin € trees are integrated with agricultural
crops on arable lands for sustainable ag e. ' ' .

8. Urban Forestry: Growing of trees in% arcas for beanty and climatic amelioration, -

4.8.4. Scope of Social Forestrl% S :
- In India about146 million hegiemes of Waste land is available which can be brought under

social forestry programme. remjses of schools, colleges, universities and other
institutions, periphery of commuMty ponds, grounds also provide enough area for plantation
of trees. Plantation of ornamental trees can be taken up on roadsides and canal barks. Agro-
forestry can be introduced in the individual farms for production of food 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 social forestry programmes, it is necessary to select sujtable
species and proper planting techniques. The species selected should possess the foliowing
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 it a shorter duration. _
3. Resistance to local hazards including pests, diseases, fires, grazing and browsing.
4

Ease of seed procurement, handling, storage etc., Easy iechniques of nursery and
regeneration. : . S

tn

~ Should not harbour the pests and diseases of field CIops.
Should not have adverse effects such as shade or competition with companion Crops.
Should possess proper root-system for soil and water conservation,
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A few common examples of such species are Eucalyptus, Acacia, Dalbergia, Azadirachta,

- Bambusa, Quercus ete. An admixture of 75% of quick growing firewood species, 20% of
small timber yielding species and 5% of fruit bearing trees is commonly recommended by
forest experts.

Social forestry must provide wage employment to certain families in the neighbourhood
arcas through raising of nursery, planting of trees and protection of trees/ nurseries efc.

4.8.6. Management of Social Forestry

Planning for social forestry activity should be done from the village Ievel so that it is Jocal,
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 governmerit. The
social forestry programme so far remained unattraciive for majority of the villagers, There
is a need to assess the requirements of villagers and to identity the local leadership right
from the initial stage of planning. The following steps should be taken for effective
involvement of peoplc in social forestry.

1, Wide spread education of people through various media for identifying the species 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 raiscd and extension supp ould be provided to individuals,
institutions, organisations etc.

4. The service of the existing volunigry orf#Sations. should be utilised for taking up
plantation activities, Involvement 1 people will reduce ihe cost of production.

Motivate the farmers to lak@&c arming in their holdings.
a

6. Procurcment of commopare social forestry plantations should be taken up by the
o government and othe@ics.

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 profits by the rural people.
“The ownership rights are not given to the people in most cases. The uncertainity about Jegat
status of land is a great constraint on taking up forestry development programmes in India, .
The other constraints are the differences in protection and mamtenance of trees, grazing and

browsing by cattle and profit sharing ctc.

The following suggestions are made for successfully implementing 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 interest in the protection and
maintenance of forests. The sharing of produce and profits should clearly be spelled
out. Forest farming for rural poor (FFRP) has been successtul in Orissa, Karnataka
and in many other states.

2. Provide financial assistance till the returns from the foresiry crops are obtained to
reduce financial burden of raral poor,

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

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

6. A number of non-governmental orgnaisations. (NGO's) are playing a crucial role
creating awareness for conserving forest resources and adopting new technologies as
alternative source of energy. The involvement of these organisations significantly
contribute to extension of social torestry to the surrounding villages. Fhese organisations
can take up planting and protection of trees in and around govermnment offices, sport

bodies, cultural centres, rail tracks, sides of irrigation and drainage canals, road sides

CctC. :

7. Villagers cooperation must be sought in the protection of pla'ntations'on government
waste lands and other community lands.

Crass cutting may be permitted 1o the villagers in social forests but not grazing.

[

. Should be executed t1aking into consideration the socio-cconomic needs of the peopie
and land capability of the area.

10. The areas and villages which are having serious shortage of fucl, fodder and small
timber should first be sclected for social forestry prdgrammes. -

11.  Tree plantations and revenue from farm foregfg sho ¢ exempted from wealth fax.

12, Prizes and awards for groups and individu

of outstanding work in social forcstr)%ammes.

4.9. ACTION FOR FUTURE

The FAO assessment reveal tropical forests are being cut much faster than
reforestation or afforestation of areas. In early 1980°s in the {ropical region about
11.3 million hectares of forests were being cleared annually while only 1.1 million hectares
plantation were being established. It is therefore necessary to regulate the felling of irees
in the forests restricting to only oid trees. The area that is (o be brought under forests under
various forestry programmes not only compensates the fetling of old trees but should account
for B-10% additional area under forests..

The regeneration of stocks of felied trees should propetly be protected from wampling and
arazing of caltle. They also need to be protected from tire 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 s¢ essential for providing required mitrients for growing trees
besides improving the physical condition of the soil. The forest trees are generally deciduous
in nature and shed foliage heavily. The shed [oliage is onc of the primary cause for frequent
fires in the forests, It is therefore necessary to make use of fallen leaves as a mulch to check
the cvaporation josses of soil moisturc so that newly germinated or regenerated secdiings get
sufficient moisture for longer period. These mulched leaves later get decomposed and serve
as a manure for nourishment of young seedlings.

in the existing forcsts wherever there are gaps and large swretched vacant patches and in
adjoining areas of forests, manual reseeding with quick growing tree species like Subabul,
Casuarina, and bamboo etc,, should be taken up. The former two trez species have profuse

folinge with heavy leaf shed. The decomposition of Ieaves of these species 18 also duite fast, -
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The protection of forests from grazing and fire not only result 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 enbancing the
natural regeneration of valuable species like teak efc.

The thick and green forests which were seen 30-40 years back in many places nearby
villages arc no more present. The large scale deforestation resulted into loss of fertile top
soil in {he forest areas. In all our present five year plans the major thrust is being given only
on reforestation and afforestation activities withcut 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 leaf mulching of falien leaves and
later incorporating near the trunk of trees. In all such slopy degraded forest areas, soil and
moisture conservation measures should invariably be taken up to_check the further loss of
soil and water so that regeneration and recouperation of forests take place properly.

It is being reported that some reserved forests such as Tiger teserve forest on Byderabad-
Srisailam road are being invaded by most undesirable species like Lanrana, which is bushy
in nature without yielding any worthwhile wood nelthcr 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 uscful tree species. The common species preferred for planting
are Neem, Sisso, Siras, Shivan, Holoptelea, Kachnar There are some other plants like
Sawar and Ailanthus which have great potential of@ formation. Subabul is also one
of such species besides being multipurpose ul d a place in various afforestry
Programimes. - ’

tion is fuel wood requirement. It is felt by ¥hvironmentalist and others concerned with future
prospectives, that a couniry of ou canfiot afford any more culting of trees from already
depleted forests. The gap between 8§mand and supply of fuel wood would be approximately
125 million tons annually AD. ' '

In the under-developed countries, as see?grcvious chapter, the main cause of deforesta-

The firet- energy requirement o¥ vast number of rural families has (o be tackled mamly by
two approaches

(i)  To find out alternative fuel rcsourbes which can be within the purchasing
- power of rural people.

(ify ~ To bring more area under forests utilising waste lands and poor soils through-
social forestry and other forestry programies. '

L To meet the acute fuel wood shortage, the followmg alternative measures are
suggested

1. Educating the rural masses about the jll etfects of deforestatlon on enviropment,
soil loss and other effects.

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

Dcvelopnient of gas plants utilising agricultural wastes.

tho oo

Development of suitable solar 'technology to make use of solar 'energy for
cooking

fxJ

. 6. Utilisation of logging wastes.

EA




All these measures partly will reduce the pressure on the demand of fuel wood.

. L The selection of tree specics 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 of dense structure gencrally takes long time to
burn and gives steady heal than porous wood. The wood confaining 8 (¢ 9%
moisture is just enough for domestic wood burning for cooking. '

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

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

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

4.10. SUMMARY

The protective and ameliorative role of forests on variolg s of environment such as
maintenance of CO, balance, cooling down tempergimsg, inCfease in precipitation, checking
soil erosion and ﬂondq providing organic malte’hmd@a supplying fire and timber
wood, fodder and various othéer forest producgy werd™fiphasised. The demand for fuel and
timber wood and cattle grazing by rural peopt ersion of forest land into agriculture and
other purposes such as rehabilitation, 1p#fng, Spmmereial exploitation, shift cultivation are
some of the canses of large scale dcfor%in our couniry. The ill effects of deforestalion
and is threat (o the futurc of mgpkind were pointed oui. The genesis of various people’s
movements such as Chipko ~Q@ , Appike Movement, Kerala Sastra Sahitya Parishad
Movement and Narmada Bachao Adolan in protecting the trecs against felling in forests
Cand their participation in alforestry programmes was discussed, - The mass educational
approach in environmenial issues by these movements was highlighted. The doubts
regarding Eucalypius plastation and their long term ecological effects were cleared. The
_need for sociat forestry and its various components angd their management was considered.
The various steps were suggested (o overcome the preblems and constraints in implemen-
tation and maintenance of social forestry. The action tor Tulure is suggested in finding
alternative fucl 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

1. Forest is defined as an area of uncultivable land cccupied by different trecs, shrubs,
herbs and grasscs,

e

The theory and practice regarding creation, conservation and scientific management of
forests and continuous utilisation of their products is called Iurcqtry

3. Art dnd scicnee of cultivating forest crops is called silviculinre.




The permanent conversion ‘of forest land to deserts, waste fands, postures, shifting
cultivation, agriculture or mfrastructure development is called deforestatnon

‘The three main ob_]ectwes of Appiko Movement are: (1) 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 ralsed in the nursery (3) to make people -
use forest resources ratlonally Lo

4.12. MODEL EXAMINATION QUESTIONS - _

L

Answer the following questions in about 30 lmes each.
How are forests important in marn’s actmty‘?

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

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
to check the deforestation in various parts of our country. '

What are controversial views with regard to plantatlon of Euca!yprus? Are these views
have any scientific basis? Why is Eucalyptus plantauon became popular? - :

What is social forestry? Why is social forestry nec sa or Indta‘? What are hm:tatlons_
and how do you overcome them'f’

_Answer the following questlons in aboutes each.

. What is the role of forests on ramfall?cmce‘? _ o .
How are forests useful in prot@h environment and maintaining the ecological

balance? - ,

“Why are forests degrad@greater extent in developing eountnes _eompared' to

developed countries?

Briefly describe the forest poliey of India.

What is Narmada Bactl'ao Andolan?

What are the disadvantages of plantation of pine trees?

What are the characteristic features one should look-into while selécting tree species for

~ plantation under social forestry programme?.

' What alternative fuel sources do y_ou.'sugges_t 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
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5.. OBJECTIVES

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

¥ clasmfy land use system and describe the change in land use pattern over the last
4 decades,

describe the scope and llmltatlon of extenswe and intensive cultlvatlon in relation
to food requirement, ' '

* 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 intoc waste lands, types of
wastclands, wasteland management of difterent types of wastelands,

* define infertile and fertile and productive soils,
* describe the method of maintaining soil fertility,

52. INTRODUCTION

Land is the basic input for man’'s existence. Out of total reporting area of
305 million hectares in cur 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 pastures and 3.7
miltion hectares under miscellancous trees. An arca 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 (130 m.ha). The fertility status
of Indian soils further points out that 95, 98 and 65 percent of the soils are low to medinm
in NPK status respectively.

The net culfivatcd area remained around 140 million hectares from last 25 years which
clearly indicates that there is practically no scope for eMyancing the food production by
extending the area under caltivation. The food grain regirghent of growing population has
. to be met mostly by bridging the gap hetween tp@™agcrage yields obtained at farmers field
and yields achieved at research farm. This is ]_30 ough better adaptation of intensive
cultivation practices under irrigated condifigns as well as adoption of suitable intcgrated
technology under watershed philosophy fo ed crops.

It is therefore of paramount impo al the present lands are protected from further
degradation and restore their fertilitySgtatus, Hence the immediate attention of planners,
rulers, administrators and sci is called for to halt the process of degradalion of cur
lands through adoption of effe measures in checking soil loss, stopping the process of
. deforestation, reclamation and management of saline and sodic soils etc. Multidisciplinary
and integrated system approach for increasing the yiclds of dry land = through better
moisture conservation practices and harvesting excess run off in farm poinis for rcuse under
aberrant rain fall condition as life saving irrigation is being contemplated under watcrshed
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.

Deveclopment of waste lands at a rate of 3.6 million hectares cvery year by converting ther
into forest lands by afforestation and social forestry programmes by National Waste Land
Development Board is laudable step in right direction to mitigate the problem of deforesta-
tion. The importance of foresls in maintaining ecotogical balance and in preventing land
degradation should be realised by present and future gencration. Integrated nufrient
management of organic and inorgapic fertilizers through effective use of organic wastes and
other resources are bheing advocated (o sustain the productivity of agricultural lands.

53, AGRICULTURAL LAND

The land is the basic requircment for man’s existence. It is reported that every person needs
0.4 ha cultvated land to meet his food needs and another 0.8 ha land Jor all other purposes.

pmamyy Arc Mol M- pob
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The planet earth provides us a total geographical area of 15.2 billion hectares which
- measures 3.00 ha per person as on 1989, However in countries like Australia, and Canada

the per capita availability of land is 50 ha, in South America and USSR 10 ha, in USA 4
~ ha, in France 1.2 ha, while it is only 0.41 ha in:India. The per capita availability in India
‘based on total geographical area was 0.91 ha in the year 1951. However with the increase
in the population, the per capita availability of land decreased to 0.39 ha as on 1991 and it
would be further brought down to 0.33 ha by 2000 AD, .

India has a geographlcal area of 329 million hectares, of which 24 million hectares are
" inaccessible, The records of land use pattern are available for onty 305 million hectares (total .
reporting area). The land in India is classified into 8 categories and reporting arca is taken
as a base value (total land area) for computing the percenlage 01 different categories of land.

5.3.1. The Changing Land Use Pattern

- The statistical data on land use pattern in India tor a period of four decades from 1950-51
to 1990-91 is presented in Table-1: It is seen from the table-1 that the Iand arca put to non- "
agricultural wse increased considerably over the four decades from 9.4 million hectares
during 1950-51 to 21.2 million hectares in 1990-91. Tt is also noticed that the area under
barren and uncultivable land decreased by 18.4 million hectarés from that of 38.1 million .
hectares (13.4%) in 1950-51 to0 19.7 million hectares (6.5%) in 1990-91. This is mainly due
to change in the attitude of the peoplc towards urbanisagion-where fertile land as well as
barren rocky lands are being used for the cons&ueﬂovﬁldings, roads, recreation parks

and play grounds etc. It is further ‘reported: that ai 3,00,000 hectares of prime
agricultural land in the world disappear every yﬁer buildings, roads, recreation parks,
play-grounds, aerodromes, helipads etc., of mo a (development‘) .

As per the table-5.1, it is inferred that there??drastlc change in land use during the first
decade after independence and it was ual there after. The area under miscellaneous trees
decreased to 4.4 million hectares (1. 960-61 from that of 19.8 million hectares (7%)
in 1950-51 and later the decre; as nominal, ‘There is a substantial increase in the area
“of forests from that of 40.5 ﬁ@\ectares (14. 2%) in 1950-51 to 68.00 million hectares
(22.3%) during 1990-91 showing Jn increase of 60% in the area under forest but 37 million
hectares of forest lands are reported to be subjected to suffering varying degrees of soil
degradation. - The area under thick forests w1th 40% crown densn:y is approximately
38 IIllIllOIl hectares, -

There is no much change in the area of total fallow land which was 28.1 .dllion hectare
(9.9%) in‘the year 1950-51 decreased to 23.4 million hectates (7.6%) in 1990-91. The area
under current fallow was on the increasing trend from 10. 7 million hectares to 18.% million
hectares from 1950-51 till 1987-88. However, about 4.5 million hectares of current fallow
land was brought under cultivation as on 1990-91. In recent years with the encouraging
trend of remunerative prices for commercial crops, ol seeds and pulses, the agricultural -
profession could attract the attention of unemployed youth for gainful employment. With
the increased irrigation potentials, it is expected that atleast more than 50% of current fatlow o
land of 13.8 m.ha as well as old fallow land of 9.6 mha may be put to use either for
cultlvanon of crops or afforestation. ;

The land available for agncu]tural purposes as on 1991 is about 181.2 million hectares. This
_includes 11.€ million ha. of permanent pasture .md other agricultural land (3.9%), 3.7 million
hectares (1.2%) under miscellaneous trees, 23.4 Im]llOIl hectares (7. 6%) of fallow land and
142.2 million hectares (46.6%) of net SOwWn area There is a net increase of 23 4 mllIlon
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hectares of cultivated area over 40 years perlod from that of- 118 8 mﬂhon hectares (41 8%)'-
in the year 1950- 51

_ Whatever increase in the net cultivated area which was v1suahsed during the ﬁrst two
decades of post—mdependence, 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-about 15 million hectares. Tt can be put to use through reclamation and in utilising old
and current fallow 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 30.2-
million hectares. This increase is mostly due to increase in the net irrigation area from 20.1

million hectares (17.1) in 1950-51 to 47.4 million hectares (33.3%) in 1990-91,

5.3.2. Land Degradation
The arid and semi-arid areas with erratic d1str1but1on of rain fall and area of steep slopes w1th
low content of organic matter arc more vulnerable to qpvironmental and soil degradation
conditions resulting in severe losses to rural communﬁnd degradation has been defined
“as “the process whereby land deteriorates through re n in soil depth or quality as a
* result of actions of water, wind, gravity and _tere which may be reflected ir reduced
productivity in current and future periods by pact on the quality and quantity of
vegetation which the land supports (W'OOYQS?O.

The releniless pressure of an incre: hmtan and cattle population, the diversion of lands
in fragile ccosystem for dams andfoads, the expansion of irrigation without adequate
concern for the treatment of ment or the dangers of water logging and salinity in the
command areas, improper z@u

wealth etc., all have caused a cohsiderable degradation where 185 million hectares of forest
land constituting nearly 2/3 of the productive area roqmres special treatment to restore such
land for productive and proﬁtable 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 m. 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). . )

The range lands are under heavy livestock pressure and are becoming largely degraded. The

ral practices on marginal Jands, destruction of forest =

livestock population increased from 292 miillions 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 plateau,

The femhty status of soils mdlcated that 95,98 and 65 per cent soils tall under low to
medium category in terms of NPK status, respectwely

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

( )" of the total reporting area.
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projects and flood prone areas are being in operation with technological back up by Instituies
of ICAR as well as the research projects sponsored by ICAR. The policy making bodies
such as waste land development boards, National and State Land Use Boards, Pollution
Control Board, Ministry of Environment are collectively engaged in gipantic task of
greening 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 limited resources of

manpower and capital. In this typc 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 lar ge holdings
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 £rains, oil
seeds and fibre crops is met by bringing more arca under cultivation. However presently
there is a limited scope of bringing more arca under cuitivation. The present cultivable
waste lands of 13.8 million hectares and fallow lands of ¥3.4 million hectares offer little
scope in bringing them ﬁnder cultivation. Most of thes\angs are degraded to great extent
and have to be reclaimed at great cost. The othersinfested with tall perennial grass with
long underground creeping root stock spread o’statcs like Madhya Pradesh, Bihar,
Rajasthan covering 10 million hectares. n thelc are alkaline and saline lands, water
logged and deserted fands. The details regar lamation of such lands are given in this
chapter in respective ot such heads Qﬂﬂ cils and waste land management,

During the first 15 years aflter independgnce, a portion of lands hitherto which were under
the natural protection of gras and forests arc turned into plough. Through [and
reclamation measures, fallow lan cre utilised in raising new crops, Bul 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.

Lands with low production potential includes arid, semi-arid areas with unrealiable rain fall,
steep slopes and poor soils. These lands are more vulnerable for environmental and land
degradation. These lands as well as present cultivable waste lands and fallow lands are often
better suiled for production of fuel and timber wood and fodder as an alternative land use
systen,

Out of total net cultivable land of 142 million hectares, about 42 million hectares {30%) is
rrigated and 100 million hectares is rainfed. The scope of increasing the area under
irrigation is limited. The cost of creating irrigation facilities have gone up to about Rs. one
lakh or more per hectare. About 70 per cent of rainfed area receives low (o nedium rainfall
ranging from 350 to 1150 mm and remaining 30 per cent area falls into category of high
rainfall region with more than 1150 mm of rainfall, Earlicr much attention was not paid to
diy land crops.

{(*) with an average soil loss of 6-10 wonnes/ha/vear.
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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, pearl millet, pulses, oil seeds,
cotton, mesta and jute comes from rainfed areas. However increase in the: production from
these dry land crops over last two decades during post-green revolution period is only
marginal even in spite of the fact of development of dry land technology by All India
coordinated Rice Research Pro_|ect and ICRISAT -and State Agricultural Universities. The -
" technology includes land treatment measures for- arresting run off and soil erosmn water
harvesting in farm ponds and recycling, selection of suitable crops, inter-cropping combina-
tions and sequence cropping, contingent cropping practices for aberrant weather condltions
and alternate land use system for shallow and margmal lands.

In recent years dry land agriculture is increasingly bein g.IOoke'd 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 charictérisation at,
microlevel and (o 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 agriculture 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 devglopment blocks having less than .
30% of arable area under irrigation. Requisite mtegra@rshed management plans of
about 2594 micro-watersheds identified of size rangin 500 to 5000 hectares area

which will be developed and executed through | partlmpatlon x

- 5.4.2. Intensive Cultivation

Itis a method of farmmg almed to. produce aximurn yield per unit-area per year where.
resources are generally not constrai he available land is put to maximum use with all
care and attention from time to time Without any limitation of other inputs. It basically
involves the higher inputs, ad f improved techinology to exploit the yield potentials
of improved varieties and hybri etter utilisation of human resources so that the land
which is limited is put to maximum use. It would provide better bupporl for oiiser

complementary onterpnses such as dalry, poultr‘ sericulture etc.

It is seen in the prev1ous chapter that our net cultlvated arca has remamed arouncl :
140 .m. ha over the past two decades and there appears to be limited scope . for further
expansion in the net area for cultivation. In fact the fertile lands are getting dwerted for. uses
other than agrlculture like urbamsatlon industrial houses, roads, bnck making etc. The per
caplta of net culuvated land Wthh is 0 33 ha in 1950-51 reduced to 0.2 ha i in 1980-81 and
further brought dowr to 0.17 ha in 1990-91 and is expected to come down to 0.14 ha by
2000 A.D. Therefore there is a need to produce more area through intensive cultwatlon to
meet the demand of ever growmg population. : -

Imgatlon 18 the major mput m mtenslve agnculture The use of other inputs: wch as growmg
.high yielding varieties, optimim fertilizer application, timely control of pests and diseases
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 enhancing the double and multiple cropped arca
* through better . management practices at field level, avoiding. conveyance . losses - “with ‘
mandatory regulations and better control in supply of irrigation. water, more area can be

- breught under imrigation with existing irrigation facilities. Further new areas can be bro f.*:ﬁ\?. '
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under double cropping by creating additional irrigation resources duly tapping surface flow
of rivers as well as underground water. Another approach of increasing the crop infensity
is through improved soil molsturﬁ, conservation practlces

Higher cropping intensity through multiple cropping results in full uullsduon of limited

resources of land and water. Multiple cropping requires a mgh level wse of plant nutrients.
' Higher cropping intcnsity signifies land augmentation vertically, In general, cropping
intensity is inversely rclated 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 Pradesh.

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 tennes, 100 million tonnes of vegetable oils, 30
million tonnes of sugar and 17 million bales of cofton. The developing countries like India
have to face the twin problems of land scarcity and population pressure which would require
to intensily the production on existing cultivated arca. In our 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 1o different
seasons. If can also improve the nuiritional standards hesides providing enough food for
people and fodder for cattle. It is one of the ways to improve living standards of 98 million
rural families. '

Even though the agrlcﬁll.ure which accounted for 5@ cent national gross product in
 1950-51 has come down to 29.4 per cent in'199 t is an important sector and will
continue to be so in the foreseable future, :

5.5. TRENDS IN AGRICULTURAL%LOPMENT
\

FAQ analysis of growth pattern in s 1n 93 developing countries shows that 63 per cent
of the growth in production’ me from. higher yields, 15 percent from higher cropping
intensities and 22 per cent {ro d resources. A comparison between annual growth rate
of population (2.3%) and total food grain production (3.6%) over 10 year period from 1981

.10 1991 of India suggests that food has kept pace with population growth. However in terms
of nutritional adequacy about 30 per cent of its population are still under nourished. The
intensive _agr__icultural practices are generally confined to high potential areas. 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 commonly high,
Existing agricultural technology is capable of raising populatlon carrving papacnty of such
lands (FAO 19843,

In Asia 82 per cent of cereals are grown on high potential naturally flooded or irrigated
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 contiguous
‘o ngatecl river basins,

Indian Agriculture made rapid strides in the production and producmlty of major crops
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
prodiiction of total food grains increased from-50.8 m.( 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
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90% of increase in total food grain production came from wheat and rice which was more
spectacular during post-green revoliition period due to use of high yielding varieties and
increased use of fertilizers, pesticides and innovative modetn technologies. These crops are
mostly grown under irrigated conditions. ' o

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-"91
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-

'91 as compared to 1.27 per cent per annum during Pre-Green Revolution period. o

- 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

_ rate 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%). . : _ - _

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
of inputs used. It is further emphasised that farmers all over the world can only accept
technological tuput levels as long as they are econom% cursory look into comparative

yield levels of different crops in India with that of w average yield (Tables 5.2, 5.3)
reveals that average yield levels of different crodia are relatively lower than the world

- averages and far below the potential yields of availabfe high yielding varieties in India. The

information further indicates that the prod iy of these crops can be doubled by making
available the high yielding varieties joythe fgrmers and their full yield potential is realised
through appropriate inputs and tec@. : o

- 5.6. RESOURCE CONS@TION FOR SUSTAINED AGRICULTURE

Land is the most vital resource for agricultural production. Whatever food grain targets
achieved so far is done without concern. of sustainability by over minizy: of our soil resource
withont adequate replenishments and faulty 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 erosion 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 land resource base can be maintained in sustainable
manmer,




Table 5 2. Lompamtwe yle]d Ievels in India and world and potential yields of Indla (kg/ha)

Crop -~ .  Indir’s  World average - Potentlal of h]g_,h P

yield cyield - - yielding Indian varieties -

Rice . . 269 3504 . 4001 - 5810
Wheat - . 22714 2591 6000 - 6800
‘Groundnwt 847 1148 2000 - 3000
CRapeseed 900 131500 - 2000
Soyabean - - . . 1180 . . 2088 . 1500 - 2500

e 1565 1629 2500 - 3000
Tobacco - - .. ... 1461 1612 . 2530 - 2865
Potato < - 16196 . 14890 - . . 23800 30900 .
' 5.7. SOIL EROSION

Sofl erosion is one '_of the gravest _human—ma(_le disastwu'et crisis not. widely i)ert:f'lved
but gradually unfolding as monstrous phenomenon various types of degradaﬁon
‘land, soil erosion poses a serious threat to the @00(1 and food securlty of puople o

Suil erosion can’ be defined as removal or lggs of MfTace soil by water and wind. 'These are
~ known as agents c.ﬂmng erosion. Depen(;?«d agents of erosion they are called as water
erosion or wind efosion. There are e stiges in erosion i.e., detachment, transport and
deposition (sedimentation). The t‘3%’511111;; rain drops as well as run-off water or wind
on a bare soil first detaches thgespil paMicics from soil aggregates. Then the detached soil
particles are transported by-ﬂater or wind, ‘The rate of erosion depends. on intensity
of rainfall, slope of the land, soil¥haracteristics, type of vegetation and mode of cultivation.

© 5.7.1. Water Erosion

Mechanism of erosion: The process of erosion can be conveniently divided into two. sub-
processes viz., detachment and transport. Detachment - needs energy which. is mainly
supplied by kinetic energy of falling rain drops which breas the soil ageregates and splashes
the soil particles. The soil aggregates are also broken down due to entry of water from ail
sides (engulfing). The:air inside the aggregates is compressed and pressure increases
resulting in bursting of aggregates. The rain water received subscquently mixes the soil
particles anci muddy water results. The finer particles (clay and silt) block the pores of the
soil. The kinetic energy of falling rain drops also 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 dlameter
- are suspended in water and are transported.

Forms of water erosion:' Recognised types of water erosion are sheet erosion, rill erosion,
gully erosion, ravmes and land slides. - :

i Sheet erosion: Tt is the removal of soil all along the field in thin films. [t is less
conspiceous but could be noticed with moving out of muddy colour run off water from
the field. It is the initial stage of soil erosion.
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2. RIH erosion; When sediment ladden surface flow increases; 1t starts formmg finger -
- size parallel channels and erosion is no longer uniform and er0s10n is more apparent
“than sheet erosion. Thrs is the second stage of ‘erosion. ' :

3. Gully erosion:” When £ill erosion is ot checked, the nll_s are further widened and
deepcned, 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. : e

4. Ravines: These are manifestation of a prolonged process of gully 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 stides: These occur in hill sides when slope exceeds 20 per cent, the soil from
_.top of hrll s1de shp down and some tlmes blocks the trafﬁc in ghat roads _

6. - Stream bank erosion; Small streams rlvulets, torrents (hill: streams) when in excess
' flow are subjected to stream bank erosion.; When streams dry up, vegetation spreads
- and obstruct flow. causing cutting of bank or.changing the flow’ direction. Torrents
with flashy flows can catry boulders and uprooted plants which are deposited down-
stream causing over flowing and extending stre bank erosion to the neighbouring.
field. Water erosion cannot bé predicted %cient accuracy to permit the

in potential. '

selection of management alternatives with B
Water erosion control: The main objeCtives' in x@ ]ing soil erosion Causec'l'by water are
i. to reduce dispersion of soil partif{S™ : . |
~ ii. to put mechanical obstructjeMyin tk way of flowing water
- iii. ‘to reduce surface unoff. NG _

The objecu\res can be achie

1. Bnngmg about nnprovement in physrcal condltlon of soil through proper
manuring and croppmg with a view to mcreasmg water mﬁltratlon and holding
capacity.

2. Ensuring good crop growth by adopting the recommended agronomrc practices
for each crop. :

3. Practlcmg othc.r conservation measures like contour bundrng, terracnng, contour
- trenching, contour cultivation, strip cropping, mulching, reclamatr_on_of_ gullies
ete. - : : = '

The problem of scul erosion can be tack]ed best on a catchment bams 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 etc., on land under cultivation.

2. Structural or vegetative gully stabilization. -

Structures like the use of spurs, revetments checkdams, retammg walls etc to stablise
stream banks,

4. Structures for any combined purpose like irrigation ant_l poWer to'con_tr'ol flood
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5. Distilling basins to hold back sediment,

0. Erosion control measures on non- agrlculturdl Iands including high-ways, raﬂway 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 crosion 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 mcans such as the
use of organic polymers or asphalt emulsion, :

Forms of wind erosion: Clods larger than 1mm in diameter are t0o large and have too much
mass to be readily detached. Aggregates between 0.5mm and 1 mm are too large fo he 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 svil 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 usually kept aloft by air turbulence and may be moved fong dmtance before
“being deposited.

Control of wind erosion: Principles of wind erosio@rol are:
© 1. Reduce wind velocity at ground level
2. Remove sediment from the wind%t
3. Reduce the erodibility of the

Practices of wind erosmn controd in

1. Establxshmg ridges of soil rro {o 100111 hlgh and at right angles to the drrecnon of
the prevailing wind at ¢ of maximum wind crosion,

2. Planting dense vegelau(m e eroding field at right angles to the most crosive winds

Establishing a wind break of vegetation 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 earth's vegetated surface.
Deforestation, overgrazing, agricuttural activities, over exploitation and industrialisation are
the main causes of soil degradation. According to World Resource Institate (1990) 29 per
cent soil degradation at the global level is. caused by deforestation, 35 per cent by over
grazing, 28 per cent by agricultural actlvmes 7 per cent by over exploitation and 1 pc,r cent
by 1ndustr1dhsat10n

The regions of the world that suffered most due to land dcgradatjon in descending order are
- Asia, Africa, South America, Occania, North Amecrica and Europe. The land degradation is -
accelerated in countries where population pressure of both human and cattle is high coupled
- with severe rural poverty, lack of knowledge, ill maiched resources and non-sustainable
tands. At global level about 20 million hectares of productive range lands, irrigated and
rainfed crop lands are rendered permanently useless. FAQ estimates that world wide
desertification irreversibly claims approximately 6 million hectares each year,
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It is seldom reahsed 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 calcium and
considerable amount of soil organic matter. Thc loss of nutrients is estimated to be equal
to be 50 tonpes 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 ercded 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 tonnesftha/year. Among the world's 16 worst eroding catchments, Indian river
catchments of Ganga, 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 atea is dccreasmg 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} m _
2025. The increasing urbanisation and competition from industry and civic uses etc.,
pushing the agriculture to more marginal and fragile enWigonment. The problem of future
generation is to produce more food from less land th f poor quality. The subsistent
farmer appears to be concerned more with hi Iment of present food needs than the
welfare of coming generation and threatening@stamabihty of agriculture. The best

strategy is to minimise the environmentalgiggpact and meet the present and future needs of
the country. Sustainability of land resourc%essary and for this the following measures -

are suggested: % _
; _'1. Conservatlon of areas o gh -diversity and fraglle environment through grcenmg
' -and use of soil and w servatlon technlques

2. Opurmsatlon of production from the areas of high potential usmg eco- -friendly and
~ high potential technology.

3, Restoration of productivity of the areas which have been degraded.

Check Your Prbgress-l & 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 umt.-




5.8. SOfL SALINITY
Salt is the sa,voi_;r of food but at the same time when in excess in soils it kills growing plants.

- Soluble salt contamination of soil has caused problems primarily in arid regions of the world
where inadcquate rainfall means liftle or no change for the excess salts to be leached from
- the soil.  The effects of salts are apparent in many areas and. are becoming increasingly
prevalent and serious as water supplies become more limited and are increasingly. polluted
with soluble salts,

58.1. Identification of Salt Affected Soils

There is-no much deviation in the critcria used in classification of salt affected soils. The
changes proposed are (1) the use of SAR of the soils satration extract instead of the ESP
(2) the proposcd lowering of the salt content for sahne soils and the (3) units for reporung
electrical conductmly ' :

The change to SAR (Sodlum Adsorptlon Ratlo) in place of ESP (Exchang'eabh, Sodlum '
Percentage) has been made partly because of the ease in the estimation of SAR in laboratory

compared to that of the ESP. The values of ESP are 15%- 30% more than lhe SAR

determination on the soils eaturaﬂon extract,

5.8.2, Extent of Salt Affected Soils . - - ' > I S
The salt affected soils are estimated to occupy an ha in differcnt parts of India

an area
as shown in the Table 1. - O

Table 5.3. Geographlcal d$£htm of sait affected soils.
S

Problem . States in which - ' ~ Approx. area '
_ Qs $0ils cocur _ ~ (m.ha) :

1. Goastal salt affected sofls: R o o :
a. Coashal salt affected soils gion ) Gujara: _ 0.714.

b Deltsic coastal salt affected soits  West Bengal, Orissa ~~ - L1394
of the humid regions Andhra Pradesh & Tamilnadu - S

2. Salt affected soils of the medium - ' Karnataka, Madhya Pradesh; - V1420

& desp biack soil region Andhra Pradesh, Iv‘aharashtra
) Rajasthan :

3. Salt affected soifs of the arid and ' Gujarat; Rajasthan, Punjab, 1000
semi-arid region ' Haryana, Uttar Pradesh : T

4. Salt affected soil of the Indo-gangetic plains ~ . Uttar Pradesh, Haryana, Rihar, - - 2.516

. e : - Rgjasthan, Madhya Pradesh . . .
Total: 7.044

8, 3 3. Camses for Salt Accumulatmn

A combination of factors which are mainly geological, climatic and hyd: ological in nature
ngnally involved in the formation of sa]me and alkali soiis.

" The sources of salts in'soil are from the soil itself, ground wates, irrigation water, cane! and
sea. The primary source of salts in soil is from weatber ing of rocks.. During the grocess of
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rock weathering and soil formation, soluble salts are formed. _Soluté 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 in-

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 evaporation. 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 summér 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 coastal saline soils. Poor drainage and use of poor gualiy of irrigation water also results
into saline soils. ' ' : L

584 Effect of Salt Affected Soil on Cr.oduction

1. Poor soil physical condition restrict crop production
2. Salinity impede the drainage resilfs in water logging during monsoon season.

3. High salt concentration result tic pressure affecting water and nutrient by the

crops - _ :

4. High water table condi!@ad to secondary salination affecting soil and health and
crop production E . : :

5. Sea water intrusion affects the soil and crop grth_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 saline and sodic soils, it is desirable that such soils 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 aggregation 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 nutrients and toxically
high in other constituents. The nature of organic matter and its content in the soil and
microbiological properiies of the soils are also important in determining the produciive

88




capacity of these soils. The aikaiine condition 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 drainage' The effecﬁv’e drainage system should aim at removal of
-excess water from the field and keep the ground water to perm.lssmle depths so that
~ salinity does not increase and.effect the crop growth. The Physm graphic location of
the field is important. In providing drainage in the field one may come across any one

of the following situations. :

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. There are certain other fields where dramage is 1mpractlcal or 1mposmble

2 Leaclhmg of soluble salts: The salt content of problematic 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 sach soils, the reclamation is not effective without
leaching, For leaching out salts use only good quality of Iow salt content xmgatlon
water.

The leaChjng requirement (LR) hao been | ed as that fré.ction of ‘water fhat must
be leached through the root zone fo con ity at a specified level. Simply this

is the ratio of equivalent depth of dgainag®ter to the depth of applied water and
may be expressed as per cent. ' -

3.  Replacement of excess exc le’ sodium: This process is necessary in saline-

sodic and sodic soils. Tt con of apphcatmns of amendment to supply soluble
calcium to neuntralise i, replace exchangeable sodlum in the soil and flocculate
the clay for improving bility. The amendments. include direct application of

soluble calcium compound like gypsum which is the-cheapest source or an acidifier
like sulphur, iron pynte to dissolve the e}usung reserves of native insoluble calcium
in the soil. O

Reclamation of Saline Soils

Saline soils are relatively easy to reclaim for crop production if adequate amount of good
quality or low salt content 1mga11011 water is available with. adequate surface and sub surface.
drainage facility.

I. Mechanical method: The mechanical methods are mma]]y employed to improve the
physical nature of the soils. It consists of (a) Scraping the surface 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 casy -
percolation of water. This process may have to be repeated several times and may become

© expensive sometimes. (¢) 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 surface.

II. Hydro technical mmethod: Leachifg and drainage are the main components of this
method.  The main 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. '
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The quality of water required to remove salt 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 ¢m 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 that required with pondmg

Generaily saline soils are fine textured and frequently have a high 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 necessary to remove excess salts.

III. Biological metheds: Addition of organic matter benefits the saline and alkali soils by
two ways (2) Improvement in Water infiltration and (b) release of COy 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 exchange
reaction to replace sodium in the soil exchange complex. '

When 1mga‘uon water is limited or fields which depend only on rainfall, application of
organic mulch on surface will reduce the salinity. ch is effective in reducing the
evaporation and thus reduce movement of dissolved the surface. .

Reclamation of Sodic and Saline-Sodic S
at

In sodic soils, the exchangeable sodium i$,80 gI¢ resulting dispersed soil is almost
impervious to water. The sodium must b?ﬁaced by another cation and then leached
downward beyond root zone and shoyléybe Moved out of the field through proper drainage.
Calcium is often used to replace sor@mocﬁc soils. Of all calcium compounds, calcium
sulphate (gypsum,; CaSOy4, 2 } oluble calcium replaces sodium lcavmg soluble
sodium sulphate in the water_%ls then leached out.

Tn calcareous saline-sodic soils, leaching with irrigation water of low salt content (SAR=(0.5,
pH 7.5) was effective in removing exchangeable sodium without a'Fton of gypsuin.
Without gypsum, about 50 per cent more water is. required {0 rei.rs sodium throwgh
leaching.- o

5.8.6. Management Practices for Salt Affected Soils

It is not always possible or practical to eliminate all salts from soil but managing of such
soil is necessary 1o 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 Management: 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 to
keep high moisture content particularly during salt sensitive germination and seedling stage,
plants are able to survive to the normally more tolerant mature stage of growth.

Limited leachmg done before sowing or hght jrrigation by sprinklers after sowing will move
salts below the seed and early rooting zone, However soils which develop hard crust should
not be irrigated immediately after sowing but irrigation with sprinklers should be given at




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. Inregions 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 accumulate 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 to avoid the damage of
germinating seeds from' salt conceniration. Most of salts move to the fop of ridge and
accumulate. Careful placement of seed in less salt content position instead of planting at top
or near the top ridge will ensure safe germination and growth of young seedlings.

i Chmce of crops: Culnvatxon 01" salt tolerant crop is other managcmcnt practice. Crops
can be classified into three_ groups based on their tolerance to salts. :

a. High salt tolerant crops: Rice,_sugarcanc, oats, berseem, lucernc, fenugreek,_baﬂey,
Indian clover. '

b. Medium salt tolerant crops; Castor, cotton, mustard wheat, sorghum, maize, pearl millet.
c. Low salt tolerant crops: Pulses, pea, sunhemp, bengal gram, linseed and sesamum,
Varieties of a crop may aiso differ in their salt tolerance.

: \
59. SOIL INFERTILITY N )

Soil infertility can be defined as inability of thr nutrient status of soil which is not
in a position to supply required plant nutrients 8 growing crops.

It has been estimated that the present level & inherent fertility stats of Indian soils can be
able to sustain a food grain producti L abolit 100 m.tons. Nearly 40% of the current food
grain out put can be attributed to fertNiger applications. In respect of N,P and K 95, 98 and
65% of the Indian soils fall ugdCigw to medium category respectively. similarly in respect
of micronutrient defficiencies,qalf of the Indian soils are deficient in Zinc. The other
micronutrient deficiencies such as iron, boron and manganese arc found to be to lesser
é_xtent. Sulphur deficiency is likely to limit crop yields in about 100 districts in the couniry.

5.10. SOIL FERTILITY

It is the status 01 the inherent capacity of the soil to supply nutrients to plants in adequate
amounts and in suitable proportions.

The produclwe capacity of the soil is influenced by:
1. The inherent capacity of the soil to supply plant nutnems
ii, 'The physical condition of the soif
iii. Micro-organisms activity of the soil
iv. Moisture content in the soil _
v. Various inbibitory factors present in the soil like acidity, alkalinity etc.

vi. Climatic conditions, incidence of pests and diseases and management prac-
tices.

Historically, crop production has been based on the use of piant nutrients already in the soil.
Althongh the addition of plant nnirients is being practiced through application of fertilizers

but still many crops in dry lands wnunue fo be grown extracting the most of its nutrients
from soil.
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Several techniques are commonly employed 10 assess the fertility status of a soil.
1. Nutrient deficiency symptoms of plants. :
2. Blologlcal growth of higher plants is used as a measure of soil femllty
2. Analysis of tissue from plants growing on the 9011
4. Chermical soil tests.

;

Out of the above, the first two visual methods of evaluation of soil fertility are useful in that
it requires no expensive or elaborate equipment and can be used as a supplement to other
diagnestic techniques. -

5.10.1. Soil Fertility Losses
The causes for soil infertility losses are given. below.

1. Removal of nutrients by crops and weeds: Soils vary greatly in their inherent capacity
- for how long they can he cropped withoutl 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 depletion 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 cr The amount of N P K required
to produce one unit of different crops is given in Tabig-5.3.

Table-5.4. Nutricnts required (Kg) to p one quintal economic produce
by differen S '

Crops | N ? P;05 K90 - -
Rice % N 123
~ Wheat _ Y M5 006 3.28
Barley - @ 206 0.78 252
i - 139 358

Maize 2.63 _
Sorghum 224 1.33 - 34
Pearl millet o 423 - 2.26 9.08
Finger millet ' ' 2.98 1.13 39
Chickpea _ 463 0.84° - 4.96
Groundnut _ o 581 1.96 3.0
Mustard 3.28 1.64 418
Linseed : 190 1.2 33
Castor : \ 3 12 1
Sugarcane _ 0.16 0.04 : 0.2
Cotton ' 445 0.83 747
Tobacco _ . - .1.65 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.D. an estimate of expected nutrients removal by rainfed
crops is given in Table-5.8.




Table-5.5. Production and Nutrient removal (N, P, and K)
(estimates of some rainfed crops by 2000 AD)

Crop Production Nutrient removal
(million tonnes) : (million fonnes)
1986-87 - 2000 1986-87 2000
- Sorghum 8.87 . 204 ' 0.44 1
- Pearl millet 449 15 0.13 0.44
Chickpea 4.46 12.75 0.33 0.94
Pigeonpea 2.32 4.5 0.3 .0.44

Groundnut 542 135 - 0.95 2.36

Source: Directorate of Economics and Statistics, 1988 and National Commission on Agricullure
1975, '

[t is being reported by the National Co-ordination committee on efficient use of inputs that
weeds take away 30-40% of plant nutrients applied to crops. The yicld losses due to
competition from weeds in India is annually estimated to be ranging between 18-41 per cent.
Thorough land preparation during summer and timely intercultural operations followed by
hand weedings are necessary to reduce the nutrient deple by weeds.

2. Leaching losses: Among'the major plant nufsignts, Mfrogen in nitrate form is highly

soluble and therefore is subjected to more leachife ¢s. The extent of losscs depends on

the form of nitrogenous fertilizer, soil textyre and“fensity of irrigation/rainfail. Nitrogen
]E

losses are more in light textured soils, henc to be applied in two to three split doses.
Heavy irrigation or high intensity raige™esull§ in more leaching losses. Fertilizer nitrogen
_ application should be managed in squ that it is either utilised by the crop or retained
‘in soil for future use and the yeshods Which can reduce nitrification process aiso help in
- minimising the leaching Iossc% '

3. Losses in gaseous forms: Among nutrient elements, only nitrogen is lost in gaseous
forms; volatalization as ammonia and denitrification of gascous form of N (under anaerobic
conditions) as in rice fields, The amount of N lost due to volatalization could be upto 30
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 fertiiizer
_application, S '

4, Soil Erosion: No other soil phcnomenon 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 tragically, however, it can result in the loss of the entire soil.
Further more, 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 agents of removal. Water crosion carries away the larger amount of soil. The details
regarding amount of nutrient losses are discussed under sub-head of soil erosion.

Nutrient Status of Indian Soils

Based on soil analysis reports, s0il férl;iiity maps of India show that for phosphate supply,
out of 372 districts of India, soils of 42% of the districts are low, 56% medium and 2 per
cent high and for ‘K’ supply, sails in 20 per cent of disiricts are 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 deﬂciency is estimated 10 limit crop yield in about 100 districts in the country.

5.10.2. Mamtenance of SO]I Fertility
Maintenance of soil fertility should be considered both on short term and long term basis. -

Short Term Measures: These include: addition of organic manures green manuring,
fertilizers and bio-fertilizers. The organic manures are obtained 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 generalty bulky in
nature and contain less plant mutrients, They supply almost all the ingredients of plant food '
and application of 5 to 10 tonnes ha-l FYM or compost is generally recommended for all
crops. Besides supplying plant nutrients they are much more valued in improving the
physical condition of the spil (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 phosphorus and they are referred as concentrated organic manures. -

2. Green Manures: Growing a crop purposely and incorporating it in the soil for manuring
is called “Green Manuring”. Legumes are commonly used as green manure crops, because
they fix atmospherlc nitrogen and the orgamc matter produced are chstmct additions to the
soils.

3. Biofertilizers: These can be more’ appropgi a ely ed as microbial inoculants and
defined as biological preparations commmng j pr latent cells of efﬁment strains of
nitrogen fixing or phosphorus moblhsmg microYesgdnisms.

The dlffcrent kinds of microbes that can’ be plmted as nitrogen supplies and ‘P’ mobilizers
to crops are: Rhizobium legum‘lo is; Azolla-Anabaena symbiosis - these are -
symbiotic nitrogen fixing systems. . ¥gee living nitrogen fixing system mcludc free Hving
bacteria like Azotobacter Be@aa, Klebsiella etc.

4. Fertilizers: The use of cheMical fefﬁlizcrs'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 mgredlents of plant food, in largc proportion,

The growing need for increasing food gram production can be met only by enhancing the
productivity of crops. This calls for significant 1ncrease in fernllzer consumthon not only
in irrigated areas but also in rainfed areas.

Long Term Measures: These include reclamation of the soils by cultural practices and use
of amendment and adopting sultable conservation 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 meeting
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 nutrient status of all plant nutrients in soil and
~develop a balanced programme of fertilizer apphcatlon A rough estimate of nuirient

956




removal show that replenishment of N is satisfactory of P marginal but application 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-1). The consumption
of fertilizer nutrients in 1950-"51 was 0.6 Iakh tonnes with a food grain production of 54.9
million tonnes. These figures significantly increased to 12.6 million tonnes and 180 million
tonnes, respectively in 1991-°92. To meet the target of food grain production by 2000 A.D.
the fertilizer nutrients requirement is estimated as 20 million tonnes. -

The present strategy of integrated nutrient supply through fedicious use of locally available

organic resources such as Farm Yard Manure, compost, bio-gas slurry, sewage studge, green

manures and bio-fertilizers along with fertilizers is onc of the sound management technology

for increasing the soil productivity. It is estimated that the total potential of nutrients from
livestock, wastes in the country is around 11 million lonnes, much of which is lost when
used as fuel. Intensification of agro-forestry systems and popularization of household and
community biogas plants wilt divert a greater pai't of these organic wastes for manurial

purposes, -

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 o 0
3. Define infertility. S - O
4, What is meant by soil fertility? _

Note: (a) Write the answers in the space prdgfded below.
(b)Compare your answers wi given at the end of this unit.

.............................................................................................................
...........................................................................................................
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5.11. WASTE LAND MANAGEMENT

Soils are the most precious natural resource of any nation. It takes almost 10,000 years fo
produce an'inch of soil. They are vital to our very existence. But during last 20-30 years,
the enhanced demographic pressure and the tendency of over exploitation of natural
resources put & 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 popuiatnon
and 16% of world’s cattle population.

Degradation of land, a man induced phenomenon is a serious problem, the country faces
today, The degree of degradation varies with the intensity of human interference. As a
result of intense human activity the lands loose their inherent capacily to support crop
growth and lie as waste lands. It is therefore imperative that Wwe manage and conserve them
to meet the growing demand for food, fodder, ﬁbre and foel. :
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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 use i.e., uncultivable barren
(without vegetation). Technical task group report of National Waste Land Development
Board defines “Waste land” as the land which is presenily 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 elc., (2) Uncultivable waste lands: These can
not be devcloped for vegetanve cover e.g., barren rocky areas, snow covered areas and sand
dunes.

Causes for conversion of cuttiv'able land to waste land
1. Population pressure
Mismanagement of $0il and rain water
Overgrazing pastures
Increased demand for fuel wood and other Iorest problems
Building of big dams

o

5.11.1. Extent of Waste Lands in India

_ Official source first estimated that the extent of waste lands in India is around 175 million
hectares which is 53.2 per cent of total geographjcalS of the country- (329 m.ha).

Area under various types of 'degradation

- Water erosion = 111
Wind erosion - = 387
Salinity and atkalinity = m.ha
‘Flooding = m.ha
Others 7 m.ha
Soil and water conservatio jsion of Minisiry of Agriculture during 84-85 estimated that
an area of 29 million hectar aste 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 lands (Nair 1994). According to
FAO report about 2.1 million hectares is turned into waste lands annualiy out of which 1.5
million hectares due to deforestation alone.

I. Among the states with extensive degraded lands Rajasthan ranks first with 37 million
hectares followed by Madhya Pradesh (20.7 million hectares}, Maharastra
(19.8 million hcctdres) Uttar Pradesh (13.1 million hectares), Gujarat
(12.3 million hectares), Andhra Pradesh (12.2. million hectares) and Karnataka (11.4
million hectares),

II. The states where waste lands. are more than 5 million hectares but less than 10 million _
hectares are Qrissa and Bihar,

III, The other states of India are having less than 5 million hectares of waste lands.

5.11.2. Types of Waste Lands

Degraded forest lands, agricultural fields affected by scil 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 ravinous lands
Salt infested saline and alkaline lands

Land affected by shift cultivation

I e

Shatlow hill torrents in sub-mountainous Himalayan region having seasonal and
Nash flows called “Chos” and other river bed infested areas.

Desert lands and sand dunes
Road, rail and canal side areas
Degraded forest lands

Lands affected by water logging

SR -

5.11.3. Nced for Waste Land Developmeént

National Wastcland Development Board was constituted in 198’5 to develop 5 miilion
hectares of waste land every year. Since it was felt, the target is'too high that the revised
target during 8th five year plan was kept as 18 million hectares with 3.6 milfion hectares of
waste lands to be developed every year. World resource Jnstitute forecasted that by 2000
A.D. most of tropical forests of Western ghats wilf diSppear il the presemt rate of
denundation continues, The hills of wesl coast of India ca supporl any vegetation if the

of vegetation. Planting trees (afforestation) is ived as main fechnique or instrument for
development of wastelands. The follo potits should be considered before taking up the
~ waste land development programme: '

top soil is lost Q _
The major thrust in the development of wasﬁland erefore should be on cstablishment

1. Assessing the physic of waste lands at macro and micro levels.
2. Analysing the factors responsible for formation of wastelands.

- 3. Agsessing relative merits of various reclamation (dmehora‘uve) prdcnceq to be
adopted in the field.

4. Estimating the economics of waste land developmient in terms of afforestation,
_ agroi’ore_stry, silvi-pasture and agricuiture systems.

5. Assessing the availability of resources, inputs and financial requirements.

6. Evolving innovative methods to suit specilic site requirement keeping in view the
ecological balance, without further degradation of lands and social acceptability.

5.11.4. Waste Land Management

The programme of ameliorative works on degraded and wasle fands is difficult to implement
largely due tc the prevailing socic-economic conditions,on the sites and surroundings.
Different types of cullivable waste lands require different corrective measures. It is desirable
that all measurcs are less cost effective and should be within rcach of local people. The
participation of local people will further reduce the cost of maintenance of treated [ands.
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 hurdic 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 biclogical correction (Plantation of suilable tree species and
grasses and forage legumes), -

Severely eroded lands: The gullied and ravinous lands need to be protected {irst by pluggin g -
. them at the place of their imitation through suitable mechanical methods. in upper reaches
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 be adopted
to prevent further crosion of gullies and ravines. On the slopping sides of gullies and ravipes.
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 ol wind erosion are afforestation, plantation of
- wind breaks and shelter belts like Prosopis chilensis, Azadirachta indica etc. O agsland
development by growing grasses like Cenchrus c;hans was found effective in arresting and
drifting of soil by wind.

The movement of sand duncs towards productive agricultural Tands and other establishment
is a serious problem which needs immediate attention of the concerned . agencies in
stabilisation of sand dunes through afforestation. -

Salt affected soils: The saline soils occur in arid an:@md and coastal areas. Irrigation
without proper drainage leads (o salinisation, Thg maitfactors of salinisation are high salt
content in the soil profile, saline ground wat waler table and seepage from canals.
The reclamation measures include leaching of Sal#€ with good quality water and provision
of drainage so that salts are kept well b e rool zone.

The sodic soils occur in Peninsul id tract, where soils arc injudiciously irrigated.
As these soils are saturated with sodfum 1ons capable of alkaline hydrolysis, it is necessary
- to replace Na with Ca in ¢ e complex. Gypsum being relatively cheaper and most

abundantly availablc is com% used as an amendment in the reclamation of sodic soils.

Shift cultivation: Shifting cultivation or JThuming 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 shallow, unstable and degraded.

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 cement 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 thé country. Water logging restricts O supply in soil which is essential for
respiration of roots and for microbial activity. These soils are subjected to frequent flooding.
Providing drainage to remove excess water, lining of canals to prevent secpage in and rise
of water table are the remedial measurcs suggested in these areas. Watcrlogged fields can
be put to use for fish culture. ' :
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~In addition to above ameliorative measutes, the adaplatlon of fo]lowmg suggestron would
hasten up in converting the waste lands into forert lands.

1. Incentives be glven to farmers for growing multipurpose or useful trees around
their dwellings, farmsteads, field bunds and other common waste lands.

2. Research on silvi-pastural technology should be identified in drfferent agro-
climatic zones so as to evolve suc—spemﬁc recommendatlon

3. Forest department should take up large scale seed multipllcatlon programme of
popular tree species, grasses and forages to meet the demand.

4. All waste lands should be brought under productwe forestry to meet fuel for age
and tirnber requirement besides conserving the soil and moisture. :

5.12. SUMMARY

1. 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.

2. The increased demand of food production, oil seeds and raw material requirement of
industries has to come by increasing the productivity of irrigated and rainfed crops.

3. The adoption of intensive agricultural practices b\providing better quality seeds and
other inputs in time for irrigated crops and aeqptiom™8f watershed approach for dry .
land areas are recommended for improving @ op yields.

4. The extent of damage occurred to agri 1 land in India. through increased pressure
of both human and cattle populatign in er-exploiting natural resources was brought
out and the remedial measur alling the process of land degradation were

. discussed. ' . '

5. The method of damage ater and wind and the extent of damage caused by -
_these agents were pointed out¥ The formulas 1o estimate the losses due to these factors
- are given and suitable methods to check these losses are suggested.

6. . The extent of presence of saline and sodic soils in different parts of the country are
. furnished. The effect of these soils on crop production is mentioned; reclamation and
management methods are suggested for improving the productivity of these lands.

7. Infertile, fertile and productive lands were defined. The extent of nutrient losses -

occurring through crop and weed removal, leaching, voltalisation, erosion losses were

_pointed out and effective remedial measures on short term and long term basis were

suggested. The importance of recycling of organic 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 SOUICES.

8.  The extent of treated and untreated waste tands in India are given. Prmcq)les of waste

land' development and need for development of such lands into forest lands through

different, reclamation, amelioratives. and correctwe measures for different types of
waste lands are suggested.

9. All the above measures would ultimately help for sustaining the productivity. |
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5.13. CHECK YOUR PROGRESS MODEL ANSWERS
1, The removal or loss of surface soil by water or wmd is called soil etosion.
2. When s_lopc_ exceeds 20%, the soil from top of hill side shp down and blocks the
: traffic in ghat roads. This is. called Tand slide.
Soil infertility can be defined as mablhty of the 3011 to supply reqwred plant nutrietts
to the growing crops.
4. The inherent capacity of the soil to supply nutncnts to plants in adequate amounts and
" in suitable proportions is called soil fertility. :
5.14. MODEL EXAMINATION QUESTIONS
1. Answer the followmg questmns in about 30 lines each.
1.  What is land degradation? What are the causes for land degradation? What steps are
suggested to prevent further degradation and use of these degraded lands?
2. Classify the land 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 Indiz@ve the present level of food
production? : : '
4,  What is sustainability in agriculture? How (Qw food grain targets of India be met _
for next 30 years? : '
" Briefly describe different type@gsi . - o
What are the soil conser n masures you suggest to check the soil loss?
What are the causes for sa%umulaﬂon and whd{ is their effect on crop production?
Discuss the basic principles involved in reclamation of salt affected soils.
How do you reclaird 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 dd you adopt in making use of different types of wastelands in India?
13. Discuss in brief about management pr'actices for different types of waste lands.
II.  Answer the following questjons._ 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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9.

10.
11,
12.-
13,

Differentiate between soil fertility and productivity,

Mention different techniques uscd for assessing the fertility status of soil.

What strategy do you suggest for effective adoption of integrated nutrient supply?
What are the differcent types of lands tﬁat are gr.ouped under waste lands?

Write the causes lor the conversion of ?cu'ltjvahlc land into waste la_nd.

Whal is the extent of different types of waste lands?

What measures do you suggest in accelerating the proﬁ:css of waste land development?

What is the effect of urbanisation on cultivable lands and barren lands?

Prof. S. Narsa Reddy
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UNIT-6 : CROP PATTERNS

Contents

6.1, Objectlves

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. Govi. 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 wilt be able to . _
explain the important features of crop pattern, - :
list out the factors determining the crop patterr: ar dgfcribe each one of them,

define various cropping systems in India, j ' _
list out the types of soils in A.P. and the ¢ rown in each one of them,

® ¥ K

*

* define hybrids, hybrid' vigour, hyb ion, selection, -plant introduction and
acclimatisation and. mutations an ' '
* list out various hybrid varietie jous crops.

6.2. INTRODUCTION %

Many crops are grown in Incha The net area under these crops is about 45% of the total
. geographical area. Out of the 143 million hectares, 38 million 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 culiivation of nonfood grain crops, increase in the area of cultivation
of certain crops, slow increase in ihe area of preponderant crops and emerging imbalance in
the cropping patlerns. The cropping patterns are always determined by several factors. They
are physical, historical, soual 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
. intensification techniques which are usually followed 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 important 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 against 30% under non-food grain c¢rops. In the heginning 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 independence, there is a little fall and in 1950-51 it was
74%.

The second i-mportant feature is the increase in the cultivated area of non food grain crops.
This trend is seen both before and after independence. For example during the first 45 years
of this century the land under food grain érop’s 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 cultwa‘uon of certam crops.
In the case of food grain crops, the increase has been the largest in respect of wheat. The
area of plOdl.lLthIl 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

expenenccd the largest increase. - - :

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 reniained the same (from 23.4% to 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 (he commercial crops, the largest area is under oil seeds
whose growth in area is very slow and it could only retain its previous ranking in the

cropping pattern, _ ; o
The fifth notable feature is the emerging imbalance 1 cropping pattern.  In otherwords,
the crop pattern is changed ang it has been d#ff  away from what is.a desirable course.
It is evident from two sources of change wz, 1bsgitution effect and expanemn effect. The
substitution effect is nothing but the r@ative decline in area of some crops through an
increase in gross cropped area and the eXgansion effect is the increase in area under some
crops through an increase in ar opped area. The substitution effect is much more -
prominen:, This is particularly so ¥ith regardﬁto some important crops. For example, area
under fast growing crops s wheat and rik;e has increased contimiously in many states
at the cost of cereals, mill Isés and in some places cotton. This is because of the
. technologlcal changes, increase’in the 1rr1gat10n facilities, increase in govemmentdl support
and the changes in relative 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
production of cereals and pulses consumed by the poor. which necessitated huge imports.

6.4. FACTORS DETERMIN]N G CROP PATTERN

The factors determining the crop patterns can be sl,udted under several heads viz., physical,
historical, social, economic, and government policies.

'Physwal factors: Natural environmental conditions of a country are the most 1mportant
physical factors affecting the crop pattern. The physwdl faclors that determine the crop
' pattern are soil, climate, rain fall etc.

It is a well known fact that certain soils-and chmate are suitable for partlcular crops and not -
-suitable for other crops. Due {o this only such crops are grown in those areas which suit
to the natural conditions. For example the soil and other conditions are suitable to 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 some extent modern
technology can change the crop pattern by creatmg the required condmons for any crop but
itisa costly affair.”
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Historical Factors: The crop pattern of a cduntry is given by history. The needs and
capacity of population 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 from 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 different crop pattern.

Social Factors: Social factors such as density of population, customs, traditions, attitudes
_ 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. After indepéndencc, there has been'some
change in agriculture by taking the advantages of modern inputs, new knowledge and new
facilities of agricultural operations. i - '

Economic Factors: The economic factors which determine the crop pattefn are the prices,
income, size of land holdings, availability of agricultural resources etc. The prices of

- agricultural products of ‘manufacired 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 level of prices, the changes in prices also

affect decisions as to' what o grow and on how much of land. a

and the terms of trade between agricultural and nog-aggultural goods determine the real
income of a farmer, Therefore, the crops that giye la profit will be definitely preferred
by the farmers. ' :

The different prices i.e., sale price of products, purc@Ceof inputs and consumer goods

Investment for cultivating a particular \also plays a vital role in determining a crop in
the field. Some farmers who cannot in\i%ch for the cultivation will go for ¢crops which
needs 1ess investment and others re ebonomically well equipped will go for crops with
* ymuch investment and make more Wofit, o :

Government Policies: Th ies of Government affect crop pattern in a very important
way. Policies regarding the pri¥rities given to various crops, exports, taxes, supply of credit,
development of backward tegions etc. 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 pattérn mostly.

Before independence, ricglect on the part of Government, resulted in the continuation of the
old crop pattern determined by the old historical factors. However, during second world

wat, when the "Grow More Food" campaign was faunched, some changes in the crop pattemn-
were initiated by the Government. After independence Government policies have played a

'vital role in changing the crop pattern. S '

Check Your Progress -1 .

Name the factors that determine the crop pattem.

Note: (a) Write the answers in the space provided below. ' _
(b) Comparf_:' your answer with the one. given at the end of this‘um'_t.
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6.5. CROPPING SYSTEMS IN INDIA

To keep pace with the demand of the ever increasing population, the food production has
to be increased. There is lttle likelihood of extending the areas under cultivation. But there
‘is a possibility of raising ‘two or more crops per year through multiple cropping, relay
cropping, intercropping systems etc., and by utilising the available resources more efficiently
than before. - ' : : ' :

With the availability of high yielding crop varieties and improved management techniques, =
- the emphasis has been shifted from yield stability of crop mixtures to the achievement of
yield advantage, maintenance of 'soi_l __fértility, increasing  of farm income . and efficient
~ utilisation of resources through intensive cropping by exploMjng the space more effectively.
The cropping intensification techniques include interc@, multiple cropping, relay
cropping, sequential cropping and-crop rotation. '

Intercropping: Growing of two or more crops sim usly in alternate rows on the same
- field is called intercropping. In dry land agri ¢, to utilise the scarce rainfall efficiently,
cropping pattern should be adjusted in accord%ith the available resources. In this type
of areas, there is no scope for growin, ond crop in sequence due to the availability
of moisture for a limited period in ear. Under such conditions, the adoption of
intercropping system as a whole  t0'be more profitable than growing one crop. The
use of nutrients and moisture is @0 be all the more complete because different crops
in intercropping use the moisture and nuirients from different depths and layers of soil and
also there is less run off and leaching, ' ' ’

The advantages of intercropping are: (a) maximum utilisation of resources like sunlight,
moijsture and nutrients, (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 legumes in intercropping () distribution of labour peaks due to the
maturity of different crops at different times and (9) provision of balanced food for the
farmer and his domestic needs. C :

- Multiple Cropping: Growing two or 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 nutrients and depletion of nutrients from the same layer of the soil do not occur, -
~ Similarly crops which add larger quantities of easily 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 produced by bacteria.. - Vegetable crops are
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also suitable for multiple cropping because of their monetary and nutritional values. Mo'st
of the vegetable crops can be raised as seedlings and transplanted for reducing the duratxon
of the crop in the main field. :

Relay Cropping: Growing W0 or ‘miore crops simultaneously during the part of the life-

cycle of each crop is called relay cropping. The second crop is planted after the first has

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 occasionally in humid

climafes as a means of maximising the use of resources like land, water and time. Relay

cropping at ICRISAT (International Crops Research Institute for Semi-Arid Tropics),
Hyderabad, indicates encouraging potentialities on scope for effective utilisation of soil and

water and increased yield. ' ' o

“The advantages of rclay cropping are: (a) increase in the cfﬁmency of water and femhsers

(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, () no need of
preparatory cultivation for second crop. But this system is Jimited to irrigated areas.

Sequential Cropping: Growing two or more Crops in sequence on the same field in a
farming year is called sequential cropping. The ceeding crop is planted after the
preceding crop is harvested. This practice is adopt%ﬁurcd irrigated conditions and also
in sub-humid areas with heavy rainfall. of™he sequences in assured irrigated
conditions are: @ - '

~a) Paddy - Pulses - Grounduut '
_b) Green manure - Paddy - Puls&@ﬂlow |

¢) Paddy - Groundnut Pézu
In deciding the crop sequep€s. it 1 advisable to select crops with different morphological
behaviour i.e., deep and sl@molmg, nutritional requirement of crops etc. Certain basic
rules are to bé observed in ideMiifying 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
shallow rooted and another with deep roots, (¢) restoratlon of soil fertility by mcludmg one - -
legume etc : :

The advantages of sequential cropping are (a) better seasonal distribution of labour, (b) less |
erosion, (c) better weed control, {(d) less insect and chsease problem, {¢) more yxelcl in
rotation. _

Crop Rotation: Continuous cultivation of crops one after another on the same land is called
crop rotation. For the completion of one cycle, one Or more years are required.
The 1mp0rtance 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, control
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:
(a) maintenance of soil fertlllty, (b) prevention of pests, weeds and soil-borne diseases,
(¢) control of soil erosmn, (d) provision of a balanced programme of work throughout the
year etc. :

Check Your Progress -'2,3 & 4
2. Define inter cropping.




3 What 1s meant by multiple croppmg‘? _
4. What is the difference between relay croppmg and CI0D rotatlon‘? _
Note (a) Write the answers in the space prowded below.

- (b) Compare your answers .with those given at the end of this unit.

6.6. _TYPES OF SOILS IN A.P. AND CROPS GROJWN

The productivity and the type of crops grown always 'deMn the physical properties of-
- soil such as texture, structure, density, pore space, ity and cohesion, soil tempesature,
50il air and sofl water and chemical properties like composition organic content, and .-
soil pH. Based on these characteristic feau?;oﬂs are classified into different groups,
They are coastal sands, deltaic alluvnun ged sai@y-soils, red loamy soils, black soils, latentc .
soils etc. :

-with sandy subsoils. The water Yailedis close to the aurface and ground water is Strongly
. saline. These soils are present all Mlong the eastern coast, in the district of Stikakulam,
- Yisakhapatnam, Fast and West Godavari, Krishna, Guntur, Prakasam and Nellore districts.
Generally nurseries of rice and tobacco are raised. and vegetables are also grown in small
areas Casuaring ancl cashew plamatlons can be taken up :

Coastal sands: These soils are ep 180cms 10 5 meters). These.are coafsé textured -

Deltaic Alluvium These are very du,p,-over 180 cms. chle clay, mmerals are varying

due to deposition of silts of varying composition. These soils are prevalent in some parts

of East and West Godavari, Krishna and Guntur districts. The crops that can be grown are

rice, turmeric, sugarcane, banana, clnlhes vegetablcs, maize, cotton and groundnut mostly
" under ungatlon

‘Red Sandy Smls' The depth of the soils varies from very ahallow to shallow (20 60 cms)
These arc very low in nitrogen content.. These soils. are present in fracts of Hyderabad,

-~ Medak, Guntur, Prakasam, Nellore and Kurnool districts. The crops grown in this type of -
soil are jowar, bajra, reclgram castor, groundnut etc. under rainfed conclmons ancl rice under '
{rrigation, :

Red Loamy Soils: These are shallow to 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, gmundnut under ramfed condmons and rice and sugarcane under irrigated
cond1t10ns :
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Black Soils: These soils are medium deep to deep (45-90 cms). 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,

' Kurnool, Ananthapur, Nellore and Guntur districts. In this type of soil rainfed crops like

Jowar, Bajra, Gingelly, Cotton, tobacco, groundnut and irrigated crops like rice and
sugarcane are grown.

Black cotton soils are very deep clay soils (90-180 crus). Nltrogen and phosphorus 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 1mgatecl crops
like rice, sugarcane, coiton, ch1111es etc are grown

Laterite Sonls: These are deep to very deep (90-180 cms) and poor in- fertility. They are
low in nitrogen, 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. HYBRIDS

Hybrids are nothing but the new crop varieties which are faNpetter than original types in all

respects. These are produced by selection, hybridisation, p oduction and acclimatisation
and mutations. The branch of science that dealemwith R¥bridisation and production of
hybrids of agricultural crops is called plant breedi e main objective of plant breeding

is to produce new crop. varieties superior inggll as as-compared to the existing types.

Selectlon is the oldest breedmg methody andis the basis for crop improvements. Plant
improvement is started with the primi an changing his mode of life-from food gatherer
io food producer, He has obtainggd the ¥gst crop from the plants growing in nature but for
the next season crop, he had %me seeds from the first crop. For this purpose, he
might have unconsciously practic selection. Even today selection is the most common
method of crop improvement. Selection is of two types iz, Natural sefection and artificial
selection. Natural selection is a rile in nature and is the esult of evolution. According to
this, the fittest can-survive and rest wipe out. All the locai varieties of crops are the result
of such a natural selection. Artificial sclection is the selection of certain types of plants by

the plant breeder from the mixed population for their . own advantages

Hybnd:satlon is apphcable to both seclf and cross pollinated crops. In tl'us, two plants of

- unlike genetical constitution are crossed together. The plants that are crossed may belong

either to two different varieties of the same species (intraspecific hybridisation), or two
different 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 brmgmg in new
combinations of genes already present in the parental stock. During the course of
hybnchsamn many plants possessing separate combination of different characters are
produced. Some, out of them, may be selected possessing all the possﬂ:»le good characters
together. By further selection, a variety with as many economic characters as possible may
be produced from these plants by hybridisation.

[ntroducing the. plants growing in one locality with better characters mto anew locahty w1th -
different climate is called Plant Introduction. The adjustment of crops to the conditions
nf new locality is known as Acchmatlsatlon The crops may be mtroduced into a new
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locality either from outside the country or from a different region within the 'conhtry If the
crop is found suitable, it may be atilised as it is after selection or utilised in hybndxsatlon
for transfemng the demred charactcrs into the Jocal vaneues '

" Mutations are the sudden changes in the genes preserit in chromosomes which are heritable.
These changes may be due to rearrangement of genes (gene nmitation or point mutation),
changes in chromosome size and structure {chromosomal mutation), changes in chromosome
number (Polyploidy) and changes in the cytoplasmic genes (somatic mutations). These

‘mutations are the basis of selection and production of new crop varieties in plant breeding.

Planting breeders in scveral countries have been working endlessly to produce high yielding
hybrid varieties in several Agncultural crops. . In India several Agricultural ‘Research
Stations which are under IARI, ICAR, Agricuttural Universities, and Institutes like ICRISAT
(Hyderabad) are making tremendous efforts for the pioduction of hybrid varieties in several .
agricultural crops. Some of the 1mportant hybnd varieties of important agncultural crops are
given below.' - - :

Wheat: India is well known for wheat breedmg Several improved varieties have already
“been évolved and released for cullivation. Some of the important varieties are NI-5439, HD-
2189, HD-2278, DWR-39, HD-4502, NI- 747- 19, CC-464, UP-215, HY-65 efc. o

Rice: Rice breedmg work in India has ylelded more than 500 improved varieties which give
20-50% more yield than local varieties. Some of the varieties which are grown in India are
BPT-3301, IET-5854, IET-6314, NLR- 96?2 NLR-367MJR-20, IR-50, MTU-6024, MTU-

- 5656, MTU-9416 etc. ' ' '

Maize: Before 1962, the work was conﬁned ' ection, introduction and dcclimaﬁéaUOn
But afier 1962, many hybrids such as Ganga-1QL,_¢ anga 1, Ranz1t Hlmaiayan~123 UL-54
. Deccan-101, DHM-103, Rohiui, Ganga%were released.

Jowar: More than 50 improved vagigties Qave been produced by various states. - Important .
- among them are : T-4, T-22, M-3 20, CSH-1, CSH-5, CSH-6, CSV-2, CSV-3, CSV-
4, CSV-5, CSV-6 efc. ' o = o
Bajra: Most of the bajr@ng work has becn done by Punjab, Gujarat, Tamilnadu,
IARI and Rajasthan, The Im nt hybrid varieties are Co-1, Co-2, Co 3, PT 17 PT-248,
AKP-1, AKP-2, BJ- 104 BK-560, Vijaya Composite, Visakha etc.

Sugarcane: * Most of the hybrid varieties of sugarcane are produccd at the sugarcane
‘Research Station, Coimbattore. Some of the important hybnd varieties are; CoA-7701, Co-
7508, C0-6907, CoA-8201 (early maturing varieties) ; Co-975, CoA-7602, Co-62175, Co-
6304 (mid season maturing varieties); Co- 22175 Co-719, Co-419 (late maturing varieties).

Cotton: In place of desi cotton, East India company introduced hirsutum species of
Gos.s‘ypmm from America, Egypt Brazil, Peru etc. Improvement in the varicties was’
~ achieved through the breeding programmes of hybridisation and selection. Some of the
hybrids recommended are MCU-5, MCU 9, Varalaxmi, Bhagya, Savitri Hybrld Suguna :
DCH-32 etc. '

- Chillies: Prior to the introduction of chillies in India from its native South Amenca, black
pepper was in use. The most important hybrid varxetles ‘of chillies are G3, G4, G35, CA—960
 CA-1068, X-196, X-197, Jwala etc.

Groundnut: is an 1n1p0rt‘<1nt 0il yielding plant The most important hi gh yielding varieties
are Kadiri-1, Kadiri-2, Kadiri-3, M-13, TMV-1, TMV- 2, J-11, JL-24, POL.- 1, POL-2 etc.

- Sunflower: is another oil yielding plant. The most important hybrid vanems are TNAU
SUE-3, TNAU SUF-4, KSF-3, GP—1 APSW. 9 APSH 11, PKVSWI KBSH 14, MSSW-
14510]1126tc ' '
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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 usually vigorous,
productive, sturdier and taller than either parents. This increased productivity or superiority
of the hybrids over parents is called hybrid vigour or heterosis. o

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 hirsutim 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 Raphanobrassica (Raphanus x Brassica), Bromato
(Brinjal and Tomato), Triticale (Wheat x Rye) etc. are produced. '

Check Your Progress - 5 & 6
5. What is meant by hybridisation?
6. What is the difference between intraspecific and inte_rspeciﬁi; crosses?
Note: (a) Write the answers 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'gitizens is an important goal of India. The application
of Modern Technology has effectivg)y 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 graims 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 achievement 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 corivinced: them 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 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 alse succeeded in
increasing both economic and physical access to food. '
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It is the total developmental policy for the agricultural sector that has brought about these
remarkable 'changes Two macro-policy. measures-have played a major role, They were the
agncultural price policy and the policy of. publxc d13tr1but10n of food grains in conjunction
with' provtsmns ‘of scarcity relief,

The nationat food pohcy has been steadfast in its pursu1t of three goals

1. To increase. food product[_on in thc_ {_.ountry by ensuring remunerative prices to the
farmefs by offering to purchase at stipulated minimum prices whatever quantities are
~ offered for sale in the market and thereby encouragmg them to increase usc of more

' mputs

Y To safeguard the intcrest of the consimers by makmg avaJIable the l‘oocl grains
through the public distribution system throughout the country at a reasonable and _
uniform price. The idea is (o stabilise the open market prices at réasonable prices.

3, o hold adequate stock of food grains as a measure of food security in the Country-'
not only to impart inter-seasonal stability but also to meet the emcrgcnt situations that
could arise due to crop failure, floods etc. :

Indian agriculture achieved respectable progress over the last four decades. I1. achieved an '
- annual growth rate of 3% in the pre-green revolution period and 2.7% in the subseque:

- period. Food grain production increased from 55 million tonnes in 1950-51 to 103 milli’
tonnes in 1970-73 to 131 million tonnes in 1980-83 to_177 million tonnes ia 1991-94.

6.9. SUMMARY o 0

“Many foed grain and non-food' grain crops@rown in ‘India in 45% - of the total
geographical .area and in 9 million hec the crops are grown more than oncc. The - -
~ devotion of very large area for food rajn%s the most important feature of crop pattern. -

_ Fhe othér important features of cr ern are increase in the cultivation of non-food grain
crops, increase in the area of cultivalign of certain crops such. as wheat, sugarcane efc., slow
increase in arca of prepond@ops such as rice & emerging imbalance in the cropping
pattern. Co o

Several factors such as physical, historical, $ocial, eco'nomic & Govt. policies determine the = |

crop patterns. The important physical factors are nothing but the environmental conditions.

The historical factors such as needs and capacity of population have determined the types ..

of crops grown. Social factors such as density of population, customs, traditions, attitudes

towards material things etc. and econoric factors like prices, income, size of land holdings,. .

avallablhty of agricultural resources also determine the crop patterns. Some of the Govt.

policies such as priorities given to various crops, exports, taxes, supply of credit, develop
- ment of backward regions determine the nature of crop in an area. :

Due to increase in population the food productlon is to be increased. To increase the food
production cropping intensification techniques such as inter- -cropping, 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 same, field. Growing of
-2 or more crops in a year on the same field is calied mulnple cropf;mg Relay cropping can .
be defined as growing of two or more crops mmultaneously 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 conunuous rotation of CIops one. aftcr 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 sofls. The types of soils
present in A.P. are coastal sands, deltaic alluvium, red sandy soils, 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 excecded 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 production 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 cerfain types
of plants by the breeder from the mixed population. Hybridisation is the crossing of two
plants for unlike genetical constitution. 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 on¢
Jocality to another locality with different climatc and adjusting it to 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 aniyproduction of new crop varieties
in plant breeding. : '

610 CHECK YOUR PROGRESS : MOD NSWERS

1.  Physical, historical, social, ecgpagmic Yactors and Govt. policies are the determining
factors of crop patterns. % '

2. Inter cropping can be d as'the growing of two or more crops simulianeously in
.alternate rows on the § 1d. - '

3. If (wo or more Crops are grown on the same ficld 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. '

5.  The crossing of two plants of unlike genetical constitution is called hybridisation.

_The crossing between 2 different varieties of the same species is called intraspecific
cross and the cross between 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 brieﬂ__y about the important features of crop patterns. .
~ ‘What are the factors that determine the crop patt_érn? Write briefly about ther.

W

What are the different types of soils in A.P.? Write briefly about the crops grown on |
each one of them. '




 What are the cropping systems followed in lndla‘? What are the advantages and
 disadvantages? : _

Write briefly about hybrids.

Ans“;er the following questions in ahnut 10 lines each.

Write briefty sbout the physical: factors that affect the crop pattérn.
How does the economic factors determine the cfop pattf:_ms?

Write briefly about intercropping.

Write a brief account on mulﬂple cropping.

What is relay cropping? Write bneﬂy about the advantages of it.

Write ‘a brief account on black sols and the crops generally grown in this sonl

‘Write brleﬂy about hybndisatlon

Dr. M. Ramachandraiah -
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UNIT -7 : INDIA’S WATER RESOURCES

Contents
~7.1.  Objectives
72. Introduction
7.3, Water Cycles
7.4.. Rainfall Distribution in India & Monsoon Patterns
75. Ground Water and Surface Water Levels
7.5.1. -Ground Water Resources
- 752. Surface Water Resources
7.6. Floods and Droughts
7.6.1.  Floods
7.6.2. Droughts
7.7. Tanks and lakes
78. Case Study of a Typical Dam (Nagarjlma Sagar Dam)
: 7.8.1. Salient Features of the Dam
7.8.2. Organisation
7.8.3. Rehabilitation
7.8.4. Nagarjunakonda Excavahons
- 79. Future sirategies

7.10. Summary |
7.11. Check Your Progress : Model answe.rs _ _

7.12, Model Examination Questions

71 OBJECTIVES ?
After going-through this unit you le

* describe the distributi ral in India,

* distinguish between. g ater and surface water resources,
*  describe the pattern of monsoon, '

describe and distinguish between tanks and lakes

describe the water cycles .

differentiate between drought and ﬂoods,

explain future strategies to be adopted.

*

% % K

7.2. INTRODUCTION

The earth is believed to be in existence since the past 5 bllllon 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
. or coliects in the surface depressnons formmg tanks or ponds.

Water from streams and rivers is stored in reservoirs or is dwerted directly through canal
- gystems 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 ground water.

' Ramfall in Indla varies from place to place and from year to yea: The Indian Meteorologi-
cal department has devised a network of rain gauges for measuring the depth of precnpltauon
over the areas,
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73. WATER CYCLES |

I-lydrologlc Cycle: The water exists on eanh in ifs three forms viz. gaseous, liguid and solid

- forms and is constantly circulated mainly 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 penetrafe into the three parts of the total earth systems viz,, ‘Atmosphere’,
‘Hydrosphere” and ‘Lithosphere’. The atmosphere is- the gaseous envelope above the -
hydrosphere; hydrosphere is water that cover the surface of earth, and lithosphere is the solid -
rock below the hydrosphere. The activities of water extend throu gh these three parts of the
earth system from an average depth of about one kilometre in the hthosphere to a helght of

- about fifteen kilomeires in the atmosphere. "

Hydrologic cycle has no beginning or end as the water in nature is continuously kept in
cyclic motion. However, for the purpose of description, the cycle may be visualised as
beginning with the precipitation from the atmosphere. Precipitation may take place in liquid
form as rain and atso in solid form as hail, snow, dew, frost etc. While precipitation is taking
place, a part of it may evaporate. and reach hack the atmosphere. Some more precipitation
is intercepted by the trees and vegetatlon and the rest of it only would reach the ground, The
intercepted precipitation eventually evaporates into the atmosphere The precipitation
reaching the ground surface is called the throughfall. Consmerable portion of the precipi-
tation reaching the ground gets infiltrated into the groulgd, The throughfall in excess of
infiltration would be detained temporarily on the gro b ore it becomes surface runoff, -
The precipitation falling directly into the streaalle the channel precipitation and it -

readily becomes runoff without any delay. And Ecipitation ralling on the water bodies
‘like ponds and lakes may be disposed of gjther 3§’ surface runotf to.streams if the water
bodies overflow or as evaporation or as in%

place from stream surfaces. The infiliffyed whter may be distributed in different ways. First
it supplies moisture to the vegetatid%tr utilising it for the sustenance of their life, ‘the
vegetation sends this moisture sphere through a process known as transpiration.
Secondly the infiltrated wm@ percolate deep and .become ‘ground water supply to -
surface streams known as groun®water runoff, or’it may become ground water supply to
oceans. The ground water ranoff is sometimes referred to as the base flow or interflow, The
" total stream flow which is the sum of surface runoff and ground water runoff ultimately joins
the oceans, wherefrom it again evaporates into the atmosphere, thus completing the.
~ hydrologic cycle. The entire-cycle repeats when the atmospheric moisture precipitates onto.
the ground after cloud formation. Thus the hydrologlc cycle consists of vatious complicated
processes of precipitation, mterceptlon evaporation and transplratlon mflltratlon percola-
tion, storage, and runoff : S -

. Check your progress-l _ _
_What are the three parts of the earth sysbem"
Note: (a) Wnte the answer in the space provided below

(b) Compare your answer w1th the one glven at the endi of thIS unit,

barnrrdnsitarinirrsnns
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7.4, RAINFALL DISTRIBUTION IN INDIA AND MONSOON PATTERNS

The major source of water 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 conmbute to ramfa]] in different clegrees in various
rainfall regions of the country

In summer, there is an enormous rise in temperatures 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 into 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
monsoonic winds increase from June to July and begm to weaken in September, specw]ly ’
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 Igst week of May to the first week
of June. By the first week of July the monsoon is establiSged all over the country. The
withdrawal of the monsoon starts in September in North¥gdia and there is a rapid decrease
of rainfall towards the end of the month. The dw#lidy of monsoon activity is minimum in
the Neorth-West region of India and maximum in -% ern region. The crucial months for
agriculture are July and August and the fate nfal} kharif crop largely depends upon the
_amount of distribution of rain especiall du%ese months.

Some parts of India receive hot wea all between March to May, which are mainly
due to large thuriderstorms actipity called North-Westers. These rains are of substantial
importance in West Bengal fo ly 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 towards the peninsula causing
" occasional showers in the East coast of peninsula. :

Precnpltanon 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 rabl
crops in the north ‘and the central areas of the country depends upon them.

- It is interesting to note that two places, Khagra and Cherrapunji, at almost exaclly the same
latitnde, 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
latitude in northeastern India is located Cherrapunji - 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 Cherrapunji 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 in Western Desert
of Desert of Egypt, the region around Khagra receives virtually no rainfall at all year after
yéar. Kts long-term average is probably lmm (0.04") in a year, Khagra lies in a large
depression 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 Mediterranean 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 Progress-2
What are the driest and wettest places on the earth.
Note: (a) Write the answer in the space provided below.

(b) Compare your answer with the one given at the end of this unit.

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 planet 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 andygeservoirs, and about 3000 times
the amount in stream channels, at any one time. At prﬁarly one fifth of all water used
in the world is obtained from ground water resoug A®wiCulture is the greatest user of the .
water accounting to 80% of all consumption. , roughly speaking 1000 tones water
to grow one tonne of grain and 2000 tonnes to ghew’one tonne of rice.- Animal husbandry
and fisheries require abundant water. So b of World’s crop land is irrigated. The
present 1mgated area in India is 60 gadllion§hectares of which about 40% is from ground
water. : : ' :

The average annual ground g recharge from rainfall and seepage from canals and
irrigation system is of the @ of 67 million hectares/metre of which 40% i.e.,
- 27 million hectares, is extractable economically. ‘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 explmtauan and utlllsatmlL :

Ground Water Development in Indla. The excavations at Mohanjodaro have brick-lined
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 [rigation Commission in 1903 affirmed the Importance of irrigation wells. The
Well sinking Department of the Government of Nizam at Hyderabad made 1nterestmg
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 Central- 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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The Exploratory tube Wells Organisation (ETO) was set up during 1954 under Indo-US
Technical Co-operation Operational Agreement No. 12, . under the Ministry of Agriculture
and Concomitantly the Ground Water Exploratlon Section was set up in the Gcologlcal
Survey of India. ' : :

In October 1970, the mrmstry of Agrrculture upgrades the Exploratory Tube-Welis
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, mdnagcmr:nt 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 assistancé,
Narmada Valley Project in MP, Vedavathi and Tungabhadra River Basin in Karnataka under
UK assistance and many such projects, -

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 irrigagion and eventually they have been
set up. State Directorates of Ground Water Board ngpl‘aﬁng special measures for

0 that overlapping or duplication is avoided. -

ensuring coordination of work among the var_iOuf Sta between the Centre and States

for rural water supply have been launc hard rock areas of AP, Karnataka, MP,
¢ utilise the air hammer drilling rigs

Maharashira, Tamil Nadu and Raj@ es - igs.
In recent years there has beenag incr®asing tendency towards drilling deep wells as well as

11
towards revitalisation of exi@en (dug, shaliow) wells, Advance in the field of ground
water development have made Whossible to lift ground water from the depths of 60 to 100
metres. With the extension of electricity in raral areas, there has been 2 great spurt in the

 Since 1970, major programmes with the a%%ce of UNICE_F for provision of drilled wells

. lift irrigation from tube wells and open wells. The Government, Voiuntary Agencies,

Agricultural Refinance Corporation, Land Development Banks, State Agro Industries Cor-
poration efc., are 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 brmgmg 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 mmsture ‘deficiency percolates deeply and joins the
grouud water reservoirs. :

7.5.2. Surface Water Sources

The basic source of water is precipitation in the form of rainfall or snowfall. Runoff form
precipitation drains through streams and rivers 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 also
regulated for imrigation through suitable conveyance systems.
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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 _

" capricicus in their behaviour,

The river systems in the central and southern parts of the country arc only rain-fed as they
~ originate from mountains which are devoid of snow. These rivers are most stable as they
flow through geologicallly stable arcas,  Rivers from the central plateau 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
from north to south. The rivers draining the west slopes carry large volumes of water due
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 (Jodava_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 resources regions can_be planned on the. basis of river
basins, which arc the natural units. A river basin has_a ned water shed houndary and
also has relationship with ground water resources in m the cascs. The development
of a balanced plan for water resources utilisatio ires full knowledge of the quantity,
quality’ and distribution of water resources and a@
entire water shed and. jts influence on the ?ﬂows.

India has been divided into six river ns 1§r the purpose of assessment of the évailab]_e
watet resources. They are (i) Indus i) Ganga System (iii) Brahmaputra System (iv)

East Coast, (v) West Coast and{vi) Rjputana Region, Table 7.1 presents the location,
climatological factors, areal ex annual runoff the six regions. Table 7.2 presents the
statewise distribution of potenti d utilization of surface water resources of India.

‘Table 7.1. Surface water resources of India - Annual Runof?.

R, Important ~ State Catchment  Average Total " Mean Average

No,  river . inthe . area annual precipitation  temperature anniual
basins region m. ha  precipitation m. ham °C runoff
cm. o _ m.ha-m
1 2 3 4 5 6 7 8
Iy Ravi Jammu and 3540 56 19.82 126 V.94
Beas Kashmir ' '
Sutlej Punjab, and Haryana
Himachal Pradesh
(i  Ganga Uttar Pradesh g7.60 M1 108.34 1.5.8 48.96
Bihar : '
Yamuna Rajasthan
Chambal Madhya Pradesh
Gorga, ~ West Bengal

Gandak Kosl

chdngmg pattern of Jand use in the.



2 3 i 5 & 7 8

)

(i) Brahmaputra Assam, - 5062 122 67.76 8.2 38.08
S . Meghalaya . '
- Subansiri Nagaland
Manas - West Bengal
Tessta
{ivy  Cauvery Madhya Pradesh 121.03 109 131.92 26.1 4119

Krishna Bihar
Godavar, West Bengal

. Orissa
Mahanadi ~  Andhra Pradesh
Subaranrekha, Maharashtra

) Kamataka
Damodar - Tamil Nadu

Tapti, Gujarat 49.16 122 59.98 25.5 31.06
Maharashtra _ .
Narmada Karnataka : :
Kerala o : 0
(vi) . Mahi, Rajasthan 1680 @ 487 %2 -
Sabarmati _ ' _- L '
Total . 37 ; - 386.69 - 167.23
Table 7.2, Statewise Di ibution of Potential and Utilization of '
_ . S% Water Resources of India. _
S State o Ultimate Utilization Percenfagc
No. potential . of potentia utilization
All 1973-74 of potential
_ m.ha m.ha-m %
) = 3 4 cs
1.  Andbra Pradesh | 1098 5.180 52.75
2. Assam : 2.190 - 0.091 - 415
3.  Bihar _ 6.800 2044 30.06
4.  Gujarat _ 2.85 0.517 ' -
5. Haryana © NA 1,010 _ -
6. Himachal Pradesh - - ' -
7. Jammy & Kashmir . 0550 0,065 11.82
8.  Karnataka - ' 2.850 S 0871 30.56
9. Kerala ' _ 1.535 _ 0.370 ' 2410
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1 2 ' | 3 4 5

10. Madhya Pradesh - : 7.017 1.030 - 14.68
11.  Maharashtra 3399 0712 2085
12.  Orissa : 3947 1.673 42:39.
13. Punjab 4934 2575 52.19
14.  Rajasthan - 3510 1129 32,16
15. Tamd Nadu . . 2550 1590 62.35
16.  Uttar Pradesh 9.429 3.205 33.99
17. - West Bengal 3840 . 1216 31.66

18.  Union Territories o110 NA. . —

NA Nor Available

7.6. FLOODS AND DROUGHTS

7.6.1.Floods

A ﬂood occurs when a lake, reservoir, or channel is unablg tgf contain the amount of water
it receives, It also occurs when an area has inadequef®grainage to drain excess precipitation.
The result is an inundation of what is usually ‘a df I. Floods are sometimes caused by
the failure of hydraulic siructures such as gams, 1eVees and dykes. Natural floods are,
however, more common. The problem of fl is defined by its areal extent, duration,
intensity and damage. The projects d% mitigate looding dnd flood damage may be

structural (e.g., dams, levees, dykes, ons, floodwalls, and channels), nonstructural
~ (e.g., flood proofing, floodplain agemtent, and relocation), or a combination of both. The
hydrolegic input needed to d%uch projects inchades: (1) peak discharge and its
frequency of occurrence, (2) duratiof and volume of flood 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 areas irrigated by tanks in peninsular India, particularly where these tanks are in series

and the breaching of one tank lcads to the failure of tanks below.

The best way to conirol 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 Corporation in the Damodar river basin and the various benefits
conferred by them, are the result of such planning where the primary aim was flood control.

7.6.2. Droughts

A drought occurs when there isa shortage of water by comparison with the demand for it,
There may not be enough water in lakes, reservoirs, or streams, or precipitation may be
deficient. Agricultural, hydrologica, and metrological droughts are usually distinguished.
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These three types are significantly interrelated, 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 next drought. From a hydrological
perspective, low discharge {defined over a period) and its frequency of occurrence, duration
of this low discharge and volume of low flow, as well as their {requencies, 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 metecrological
drought and for soil moisturc 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 liable 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 drought There are in addition, another 22.
districts in Maharashira, Gujarat, Mddhya Pradesh, Karnatka, Rajasthan and Uttar Pradesh,
accounting for nine per cent of the cultivated area of tHgcoultry, which get between 75 cm .
to 85 cm of rain. This rainfall is of doubtfully gificacy™hd the districts have very little
irrigation. They could also, therefore, be considg ulnerable to drought. However, the
areas which suffer from chronic drought are only 2Npaft of the total area affected by drought.
The chronic areas are confined (o west Raj particularly to the districts of Jaisalmer,

Barmer, Jodhpur and Bikaner, and KQ in'Qujarat. : :
The problem of drought has also a s¥gio-economic dimension. There have been glaring
disparities in income .and livi dards between the dry and drought areas on the one
hand, and the irrigated and hig nfall 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 intensely arid dlstncts in the State, into a
prosperous agrlcultural 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
are 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 dccurence of floods.
What is the meant by drought. |

Note: (a) Write the answers in the space provided below. .

(b) Compare your answers with the those given at the end of this 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
upstream of small earthen bunds (earth dam), which is generally less than 12 m height.
Tanks are véry common through out the country. It provides irrigation facilities. to small
areas very economically as high investment is not required in the construction of tanks.
The tanks also serve the drinking 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 channeis. The importance of lakes lie in their ability to store water, -

allowing the rivers to flow during pericds of low precipitation. Lakes also regulate the flow
pattern of rivers. . Lakes are not common in India, whereaS\givers are more common. Lakes
of the 3 continents - North America, Africa and AsiaN\ampunt approximately 75% of the
world’s fresh water supplies of lakes of othergeemginents - Europe, South America and
‘Australia amount for about 22.5% of the total. ’l@ remaining less than 25% of the total

fresh water fills the hundreds of thousandsg: rivery and smaller fakes found throughout the

- world,

Asia’s largest lake is located in Ru's@ﬂ‘ake Baikal, which is supposed to be the deepest
Iake in the world contains about21% O0fthe world’s fresh water. Lakes are formed in many
ways, glaciers by scouring d@om and depositing debris that blocks water drainage.
Thousands of lakes present in of Northern Asia, Europe and North America arc 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 Nagarjuona 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, Kurncol, Nalgonda, Kahmmam and Krishna Districts. TIts
frrigation potential is about 35 lakh acres of land, electrical potential is 1 lakh kilowatt hours
of firm power (guaranteed power generation) and 4.6 lakh kilowatt hours of seasonal power.

7.8.1. Salient Features of the Dam _ _ :

The river gorge is blocked by masonry dam 409" high above the deepest foundation level
4756' long. The full reservoir level is +590-ft-above mean sea level (M.S.L.). The most
unigue feature of this dam is adoption of stone masonry 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
masbnry dam, earth dams have been constructed for length of about 2 miles, the maximum
height being 85'. 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 dam is +605 ft and the crest level of the spilway is +546
ft. Various details ot the dam are given below:

1. Location: Ldt:lﬁ“ 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 _
a. Water-shed area at dam site (Sq.miles) _ 83,087
b, Mammum flood discharge (ohserved) (cumecs) 11.71 lakhs

4, Reservoir : o .
a. Full Reservoir level g _ 0 - +590°.0
b. Maximum water level (ft.) ' _ _ +594'.0°
¢. @ross storage capacity' (ma f) O _ - 937

" d. Net (live) storage capacity (m.a.ft) . - 551
" e. No. of villages submerged o ' 57
"f Population displaced (familieQ“_ 4824

5. Masonry dam _ \ S
a. Total length (ft) @ ' \ ' o _ ' o 4756
b. Spillway length (ft) v | ' o . 1545
c. Non-overflow length mcludlng power dam (ft) ] 3211
d. Height of dam (maximum) (ft) _ _ : 409
e. Base width (maximum) (f) S 30
f. Top width (1t) ' ' | 28
g. Top level (1t) ' ' - +605
h. Top of crest in spillway (ft) : ' | ' +546

1. Chute sluices 2 no 10'x25" provided in blocks 25 and L

51 with sill level elevation (ft) - : _ _ +450-
j- & No. of 16' diameter penstocks provided _ _

one in each in blocks 16 to 23 with central line at elevation - #4500
k. 3 No. power sluices 15 x 38' provided (two in black 71 |

and oue in block T) with still level at clevation +479'.0
1. Radial Crest 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 S |

right canal head regulator with still at elevatlon +489'.0
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6. Quantitics at work _ _
a. Excavation for foundation ' +42.07 m cft

b. Volume of masonry and concrete : 198 mocit
‘¢. Quantity of cement : About 11 lakh tons
d. Quantity of -steel : About 'fi(},(}()()' tons
-7, Barth dams
a. Length of Left Barth Dam C 8400 ft
b. Length of Right Earth Dam : 2,800 ft
¢. Maximum height above foundation level : o 85 fi
d. Top width : o . 30 ft
e. Top level " - . - 610
f. Excavation of foundation - 92 mcft
g. Earthwork for embankment - _ 88 m cft

8. Imgduon -cum-Diversion Tunnel (Horse- shoe in SCCthI'l)

a. Length : 2,590 ft

b, Diameter - : ' - 27 ft
9. Power Plant Q _

a. Left side 8 No. of penstocks 16 ft diamegago d¥€lop 3 lakh kw

b. Right side - 3 power sluices of size 15"0'dcvelop - 0.6 lakh kw
10. Man-Power ' - ?\ 50,000
7.8.2. Organisation ) |

In the carlier years of constr ctione, Control Board was the overall incharge of the
Nagarjuna Sagar Project in technical, financial and administrative aspects. The
project was then tocated in ndhra Pradesh and the Hyderabad states. Afler the
reorganisation of states, the project came entirely in Andbra 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 convenfion,

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 mduguratcd by Smt. Indira Gandhi, the then Prime Minister of India, on
4.8.1967. '

7.8.3. Rehabilitation

The man-made lake of Nagatjuna Sagar fully submerged lands of 52 wllages and partially
submerged that of 5 villages.

About 4, 900 familics were dlsplacecl and rehabilitated in 24 rehdblhtanon 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 Kunda, 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 important of the relics were located in
" a museum constructed for the purpose, on the top of an adjoining hill. Practically, all the
relics had been unearthed and shifted to the museum, Expenditure to the extent of 12 lakh
rupees was debited to the Project and the balance was met by the archacological departiment. -

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 o ensure optimal utilisation of
water, o

The water resources projects should be undertaken as a-part of regional development policy,
in the conlext of which they have to be planned as part of it complex, large scale multi
objective systems interlinked with energy as wcll as to meet the various demands of water
not only for effcctive use but also 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 bascd upon the demands, after ascertaininfythe ground water resources, the
surface and,sub-surface water can be used conjunctivaO

~ so that maximum benefit is derived from a u atcr. The objectives should be to
increase the Duty {(irrigating capacity of unit@f water} and to bring large areas of barren land
into irrigation. To cxplore the possibilities O age of flood waters and to adopt drought

The objectives ..Of development of the project. sh::@clubbcd with the engineering accept

mitigation measures. _ _

A scientific approach involving systeri§ engineering should be developed for utilising the
water. The Warabandi syste igtribution of water in the command arca of the canals
should be adopted to ensurc equitgpfe distribution of water irrespective of the reach of the
farmer. : '

7.10. SUMMARY

All the aspects of water including its occurtence, movement and circulation has been studied
through the description of the Hydrologic Cycle. The distribution of rainfail 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 casc study of typical
project has been given and the strategies for optimal atilisation of water have been discussed,

7.11. CHECK YOUR PROGRESS : MODEL ANSWERS

1. The three parts of the Barths system are atmospherc, hydrospbere and lithosphere.
‘2. Khagra and Cherrapunji are the driest and wettest places on the Earth respectively.

3. Floods occur when the lakes, reservoirs or channels are unable (o contain the amount
-of water they receive. They also occur when the areas are not having adcquate
drainage to drain excess precipitation. '
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Drought is nothing but the shortage of waley when compared with its demands.

4.
- During drought, there may not be enough waler in lakes, reservoirs or streams and
precipitation will also be less.
7.12. MODEL EXAMINATION QUESTIONS
L Answer the following questions in about 30 tines each.
L. Write briefly about the rainfail distribution in India and the variation of the same with
~ the monsoons.
2. Discuss the importance and availability of surface and groundwater.
II.  Answer the following guestions in 10 lines each.
1. Describe the water cycles.
2. Distinguish between droughts and floods
3. What strategies do you suggest to improve the utility of water?
4, Differentiate hetween tanks and lakes.

| O0 Prof. K. Megh Raj
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TUNIT-§ : IRRIGATION-
- Contents | - . p
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8.4.2. Medium Irrigation Projects
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8.5. Water management and Distribution
8.5.1. Obijectives of Water'Management and Distribution Through Integrated and
Conjunctive Use - '
%52, Problems of Trrigation Watcr Management
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8.6.1. Objectives of Scientific Water Management
8.6.2. Suggested Ways of Scientific Management
8.7. Water Budgeting B

8.8. Summary
8.9, Check Your Progress © Model Answers . 0

.10, Model Examination Questions :
§8.1. OBJECTIVES - e

After going through this unit you wi
*

explain the ufility of village ¢

description of major, m and minor irrigation projects,
*

list out the problems of management and

describe the economic utilisation of available water through scientis i management of
water resources,

32. INTRODUCTION

Trrigation in India has been practiced from pre-historic times. The usage of thousands of
small and large tanks for irrigation throughout the "coux}try is a common practice. The :
development of small irrigation works were undertaken during the British rule from 1820 -
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 total number of 537 schemes were
drawn under Major and Medium Jrrigation schemes, out of which several projects have been
successfully completed. Later during the Sixth Five Year Plan (1980-85) ‘basin-wise
planning and several scientific techniques of water distribution were taken up. The
assessment and availability of water that is both surface and sub-surface has 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 augmentation of water resources. '




8.3. VILLAGE TANKS

There is, thus, no technical differcnce between a ‘reservoir’ and a ‘tank’, except that a large-
sized tank will be termed as a reservoir. Moreover, 4 rescrvoir will generally be formed by
dams of any material (such as masonry dam, concrete dam, or earth dam, ctc); whercas a
tank is generally said to be formed by earth dams only (or strictly speaking by earthen
bunds). These carthen bunds, spanning across the streams, are called tank bunds or tank
bands.

Most of the existing tanks of Scuth India possess 4 maximum depth of 4.5 m, while a few
arc as deep as 7.5 to 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 is generally referred to as a reservoir.

Like all earth dams, tank bunds are gencrally provided with sluices or outlets for discharging
water from the tank [or irrigation or other purposes. These tank sluices nay be pipes or
reclangular or arched openings passing near the base of the bund and through the body of
the bund, and carrying the water into the downstream channel below the bund or transporting
at distances where required, through pipes or canals. Sometimes, these supply sknices may
not be passed through the body of the hund, and may be carried adjacent to it through some
hill side 4t one end of the bund.

Similarty, as in case of all dam reservoir projects, tanks a¥g provided with arrangements for
sptll away the excess surplus water that may enter intQ nk $0 as to avoid over-lopping
of the tank bund. These surplus cscape arrangenyemagnay be in the form of a surplus escape
weir, provided in the body or at one end of theund, or some other arrangement like
a siphon spillway, may be provided as is done in“¥fsc of earth dam projects. The surplus
escape weir is a masonry weir (compared %gee spillway in an earth dam) with its top
ie., crest level at equal to Full Tank J¢@yel (RT.L.). When tank is full upto FTL, and extra
waler comes in, it is discharged ove@ﬁvlus escape weir. The length or capacity of this
surplus escape weir will be sodesigne® that water level in the tank does never exceed the
Maximum Water Level (M.V\%The top of the tank bund will be kcpt at a level, so as
to provide a suitable free-boar ove this M.W.L. Since the surplus escape weir is a
masonry weir, it will have to be properly connected to the earthen bund by suitably designed
bank connections. :

8.4. MAJOR, MEDIUM AND MINOR PROJECTS

Irrigation projects are classified into three categories for administrative convenicnce, viz.,

i, Major projects,
ii. Medium projects, and
jil. Minor projects.

Schemes estimated to 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 hilly areas) as minor.

~ According to the revised classification in vogue since 1978, projects having a C.CIA.
(Cultivable Commanded Area) of more than 10,000 hectares each arc classified as major
projects, those having C.C.A. between 2,000 hectares and 10,000 as mediuvm schemes and
the schemes having C.C.A. of less than 2000 ba each arc categorised as minor irrigation
schemes., . oo '



8.4.1. Major Irrlgatlon Projects - | ) o \

A total of about 80 major irrigation projects have been taken up in Incha 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 (Punjab): The Bhakra-Nangal pro;ect is the biggest multi- purpose
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. ' :

Beas Project: This project, a joint venture of Punjab, Haryana and Rajasthan, consists of
two units viz., (i) the Beas-Sutlej Link. and (i) the Beas Dam at Pong. The former provides
for a diversion dam at Pandob, 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 additional
power. It provide irrigation to Punjab and Haryana. : '

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 Rajasmanﬁ which is 215 km long. Later,
the flow supplics will be supplemented by stored wat n the Beas dam at Pong. The
flow supplies. will provide. irrigation to abou 4 lakh hectares of parched land in
Rajasthan. ‘

Hirakud Dam Project (Orissa): The 48%1_01@' main Hirakud Dam on the Mahanadi
river in Orissa is the world’s longe m. $Flanked on both sides by 21 km of dykes, it
" impounds 810 crore cubic meters o » The dam and dykes, as well as the power house
at the toe of the dam, and vast®network of transmission lines have already heen
completed. The estimated cc@\e project is Rs. 68 crores. The enfire irrigation system
has been completed and irrMation provided to the entire commanded area of
2.53 lakh hectares. -

Damodar Valley Project: This project which benefits the states of West Bengal and Bihar
comprises four storage dams completed between 1953 and 1939, They are at Tilaiya, Konar,
Maithon and Panchet Hill with hyde! 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 navigablc. 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
Karnataka, 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’ capa(:lty for power generation is
99 MW.

Kosi Project (Bihar): The Kosi scheme estimated to cost Rq 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 fonr
generating onits of ‘5 MW is under construction on the eastern Kosi Canal. Flood
embankments affording protection to pearky 20,720 sq.km in Nepal and Bihar, were
compieted 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 Pradcsh. Besides, 115 MW of power will be generated by five generating sets at
the Gandhi Sagar Power station. The dam, the Kotah barrage and the power station have
already been commissioned. '

Work is nearing completion on the second stage of (he project which envisages the
construction of the Rana Pratap Sagar Dam and the power house below it. It will provide
frrigation faciitties to 1.21 lakh hectares of land and generate 90 MWof power.

Work 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 power house will generate 33 MW of
DOWET. :

- Nagarjuna Sagar Project (Andhra Pradesh): The Nagarjuna Project envisages
the construction of a dam on the Krishna River and two ganals, on each side. The ¢anals
will irrigate 8.3 lakh hectares. The reservoir will ha-"‘c a;torage capacity of 808 crure

cubic meters and its water spread will be 22,387 hectares) estimated cost of the project

is Rs. 164.9 crores. Q
Farakka Barrage Project: The principal compone®w#0f the Farakka Barrage Project which
is primarily intended to improve the naviga f the port of Caleutta, arc a barrage at
Farakka across Ganga, with a rail-cue@ad ridge over it, a feeder canal and a cross-

regulator across Bhagirathi. Considc ress has been made in the construction of this

difficult project,
8.4.2. Medium Yrrigation &ts

More than 450 medium irrigation schemes have been launched in varicus 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 completed
by the end of the Sixth Five-Year Plan period. Some of the important medium irrigation
schemes undertaken or in progress are listed below in the Table.

Sl.No,  Slate Project/Scheme Costin  Irrigation
' Lakhs Potential

of Rs, in thousands

. cf hectares

1. 2 3 4 5

1. Andhra Pradssh i, Musi 409.00 16.92
ii. Rajolibanda Diversion _ 383.00 3561
iii. Thandava Reservoir 370.00 45,90
2. Assam i, Jammun Irrigatjon _ ' 306.06 25.70

fi. Suka Imigation 298.00 3270
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3. Bihar i. Kamala krrigation 14800 2631
Ai.  Musakhand Dam 17929 1174
iii. Sunder Reservoir 192.06- 850
4, Gujarat i, Bhadar 433.01 17.16
ii. Meshwa 314.33 23.90
5. Haryana i Extension of Irrigation
(lift) W.J.C. to Rewart and adjoining areas 130.00 2782
il W.ILC. Feeder 339.05 -
iii. Imrigation 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 ' 75.94 9.05
iii. Dudhar Canal 42.50 2.83
iv. Kahrbaihang Canal 35.13 0.81
7. Kerala i. Peechi 235.00 28.08
' ii. Pothudi 234.25 8.90
iii. Kanchirapuzha 0 392.84 19.43
iv. Parhashsi (Vallapatnam) ) 476.50 2833
8 Madhya Pradesh  i. Saroda _ 16673 7.35
' ii. Remodelling Y™NjJahanadi Canats 28269  56.66
~dit.  Dudhwa ?L 333.64 --
iv. Rem hortage in Harsi System 452.44 23.88
v. HardeoRight Bank Canal (R.B.C.) 497.21 4746
vi. .B.C. 34840  47.46
9. Maharashtra i. Gangapur - Stage I 396.00 16.79
- Stage I 133.60 7.69
ii. Manar - - Phase 1 24344 - 1012
- Phasge II 293.00 16.59
jii. Bor . - Phase I 358.00 13.56
iv. Pus - River 512.81 11.72
10. Mysore i. ‘Tunga - Anicut 302.30 8.70
' ii. Rajolibunda Diversion 251.00 2,38
. #li. Hagaribommana - halli 267.00 297
11, Orissa i. Darjang 372.35 9.7
jii. Salia 29400 10.83 .
iii. Godehado _ 197.34 6.47
iv. ‘Bahda - Stage 1 158.94 9.10
12. Punjab i, Madhopur Beas link 338.00 -
' ii. Raising and strengthening of banks 114.90 -
jli. Extension of non-perenial irrigation - .
to area of U.B.D.C. 27271 14371
tv. Remodelling of Hairke Headworks 40.27 -




13. Rajasthan i, Jawai 240.00 7.09
' i, Parabati _ - 13540 12,14
iii. Khari Feeder ' - 118.00 3.24
iv. Jakham . o 233.00 11.65 -
v. Meja Feeder-! _ ' 166.30 39.94
14. Tamilnadu i. Amaravathy . 33444 21.65
' ' ii.  Vaigai Project ' 330.00 9.24
tii. New Kattali High Level Canal 224,58 8.34 -
iv. Pullambadi Canal 205.88 8.935
v. Modernising Vaigai Channels -~ 394.00 44,42
15. Uttar Pradesh i. Belan and Tons-Canals 279.24 41.08
it.  Sarda Sagar Stage | 472.56 67.75
iii. Meja Reservoir 354.70 21.20
iv.  Nanak Sagar Dam ' ' 420.38 53.71
v. Baur Reservoir o 340.00 18.90
vi. Musakhand Dam - 31500 22.29
vii.  Jamni Dam 0 37200 1248
viil. Kosi Irrigation - 288.00 19.13
ix. Narainpur Pumped 100.00 24.30
16. West Bengal i, Berai Canal ?\ 21.78 2.02
_ il Karaiowa Jamla 46.38 8.80
i, Shahrajo_Qs - 5561 . 485

iv. Hinglgw 97.94 12.44
v. B ' 4233 2.02

8.4.3. Minor Irrigation Projects -

Minor irrigation works include the construction of wells, tube-wells, small 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 S0 million hectares, out of a total of
107 million hectares i.e., 46.7 per cent. The total cropped area which benefits from minor
irrigation so far is of the order of 29.5 million hectares.

Open wells have been constructed in all parts of the country for domestic water supply and
for the imrigation 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 21190
a large number of private tubewells 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 state tube-well.

Surface minor irrigation works have not yet received adequate technical 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 1o make good this deficiency. Minor storage and diversion
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schemes are particularly susceptible to loss of potential by siltation and hence suitable co-
ordination between the State Soil Conservation Organisations and the authorities responsible
for the construction and operation of irrigation of minor 1mgan0n shcemes will be very
necessary.

Check Your Progress 1&2

1.  "How do you classify.inigaﬁon projects?

2. Explain on what basis the irrigation projccts.are classified?
' -the: (aj Write the answer in the space pmvided below.

'(b)ICOmpare your answers with those given at the end of this unit.

D L I T D T T T T T

.............................................................................................................................

" 8.5. WATER MANAGEMENT AND DIS‘TRIB@N

The principal ways of water management and @ tion can be achieved through mtc- :
grated and conjunctive use under the following aspelts: ) :

1. State and distribution aspect: taI nount of rainfall varies generally from place
to place and distribution is hig ed in that 75-90 per cent of total rainfall occur
within 3-4 monsoon months. Syface water which is mostly available during the
monscenic months and floods, can be used either for recharging the ground

water or for dlversmn is] wh‘ere there is a scarcity of water.

2, Use aspect: Wdter is manageable input in rzspect of time, frequer .y and depth. “The
. scasonal variations in the availability of surface water can be augmented with ground
water and regulated to provide assuied means of irrigation. Water use, combination
in different seasons should be such as to obtain maximum overail return ior a given

" amount of water supply. : :

3. Control aspect: Integrated and%onjunctrve use embodies certain advantages to
control some of the ill-effects of irrigation,

4, 'I‘ime aspect: 'Major and medium irrigation prbjects have long gestation period.
Ground water can be utilised in the initial stages of irrigation development before the
availability of surface water from the new project. Thus time sequence of apphcatmn
of water for irrigation in the two sources can be adopted.

'8.5.1,Objectives of Water Management and Distribution Through Integrated
 and Conjunctive Use

Apart from the main objectlve of integrated devempmcnt of surface and ground water
discussed above, some of its secondary ObJCLtIVGS 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 o 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 of surface water
can be considered through Jmprovement brought to the overall depcnddhlhty by the

- use ot ground water. :

6. Economy in the storage needs of the surface water and consequently in the height of -
the dam, submergence, etc,, which form bulk of the project cOsL. '

A Flexibility of operation with the utilisation of ground water for lhe appllcatlon of
_correct dosage of water at proper 1ntervals : -

8. Early accrual of benents Ground water development and uuhsauon can precede the -
' completion of the dam., : -

9. Reduction in drainage 'requirements.

10.  Firming up of hydro-power. At the end of monsooWwhen storage heads are highest
and also releases are large for irrigation requitgmghts, ot of secondary power is
“available. If the releases from the rese] during the period {Aug-Oct), when
secondary power is available, are kept t@mum and balance imrigation require-
1)

ments met from ground waler thrgugh wells, the power development aspect
- during critical (Nov-April) would g%impmve. The secondary power available
. would be used for workmg EQJD ells. _ : =
8.5.2. Problems of Irrigatipn, Water Management
The total irrigation potential c@tom the major - medium 1rr1gat10n schems has notbeen -

fully utilised. Food grains production per hectare is about 1.7 tonneﬂla against dverage yleld .
of 4.5 tonnc/ha from irrigated areas in. the countnes

The principal reasons for lag in utlllsauon of ereated 1mgat10n potentlal are summarised as
under: '

1. Lack of or inadequate field channeis: 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 irrigation

" may be possible in Kharif season in the absence of field 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 application of fertilizers and pesticides is employed.

2. Inadequate dramage facilities, scepage, nnpeded drainage, absence of field drainage
channels and waterlogging: Provision of adequate drainage is of vital importance for
realising full benefits of irrigation. It is necessary that main drains and the interme-
diate drains are constructed as a part'_of. the {rrigation project. -

3. Inadequate preparation of land for iﬁigated agriculture: ‘For drawing full impact from
irrigation works, it is imperative that tand shaping and levelling and bidding eic., of
the fields are to be done by the cultivators.
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1o increase the intensity and stability ol rrigtion

) ments.

Warabandi: Inadequale water suply, wasteful usc of water, mal-distribution of .

- available watcr and tail end difficulties for water are responsibte for non-utitisation of

created irrigation potential. It is therefore imperative that warabandi {turn schedule
for water), according to which water is made available (o each farmer in the command
of an outlet for a specific period in proportion 1o the size of the holding and according
to the turn schedule (prepared in advance) is prepared and enforced for equjthble
distribution and efficient utilisation of irrigation water; particularly for the farmers at
the tail end of the canal. Since the quantity of water, altocated to cachuirrigator is thus

- fixed, the warabandi inciudes the farmer for making morc efficicnt use of water to

bring maximum arca ol his holding under irrigation with altocated 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 Tull benelits
from irrigation works can be derived if crop plans are prepared on a scientific basis-
keeping in view (i) the availability of water (ii) soil types and (iii) regional agro
climatic conditions. Crop -varictics which have given cquivaient yields with less

" moisture and of short duration are preferred.  Significant contribution in the form of

double or multiple cropping can be achicved it the sowing ol crops such as paddy,
groundnut, archar etc, is d(lvan(,cd if ncu.ssary by raising the nurserics with the help
of ground water.

Supplement irrigation: The conjunctive use of surfgee and ground waters-is essential

salination and to reduce requirements ol hori;

defittficies in its functioning: The command
area developmient programme is aime remove or minimise the various deficien-
cies faced in the expeditious agd"elticidnt use of irrigation waier in the command and
achicve {full impact of 11‘]‘1;_.&1; creased agricultural production. Tt needs close
cooperation amongst irri riculture, revenue and cooperative finance depart-

Lack of agricultural research, demonstration farms and educatios, teaining and exlen-
ston lacilitics to farmers: -It is desirable thet agricultural and engircering universitics,
IIT’s are fully involved in providing training in water management.  Efficient
agriculture extension in the command arcas improving for introducing the right

varicties of crops and application of matching inputs as also for popularising some
water management practices.

Lack of adequate credit, inputs aod infra-structure: Infrastructure facilities in the
shape of communication systems and marketing in the command areas are essential.-
Network of roads for movement of agricultural inputs into the areas and surplus
agricuilural production from the command arca 10 the consuming centres within and
outside the command areas is essentially required. Suitable marketing facilities for. thc; '
agricultural produce have to be made so that the farmers get lair price Tor their.

_purpose.

Neglect of opcralmn and maintenance of rrigation and drainage systems: Modernisation
of (he old irrigation: system which is not abie 1o meel the irrigation requirements ol
the cropping patlerns developed due to excessive transit losses and inadequate ol

~ regulating structures is essential by lining the canals, construction of regulatory

structures etc., so thal the requircments of ¢rop in the peak periods arc met and
productive agriculture coupled with the use of ferlilizers and other inputs beconic
possible. : ' '
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3.6. SCIENTIFIC MANAGEMENT OF WATER RESOURCES

The considerations for developing water resources in a scientific way (so that economic

utilisation- of available water and augmentation of supply of water) can be done by ldppmg

new sources of irrigation as mentioned below.

1.

Conservative Water Use: Water -is the most essential .and expensive input for

irrigation. Water like food has often a cost production but due to lack of cost
consciousness, water is often wasted 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. Compardtwely new and unconventional method like

‘sprinkler and drip systems of 1rr1ga[10n avoid waste of water (hrough percolation and
~evaporation and hold great promise of saving water 10 the extent of 50% compared to

surface irrigation methods. Additionally, drip irrigation is more suitable for using
poor quality water in sandy loam alluvial soil. In pervious areas where water is in
short supply, the use of sprinklers is more advantageous. Conveyance losses in canal
system can be reduced by lining the canals. The water thus saved can be used for

‘extension of irigation facilities to new areas.

Artificial Reehargc:_ Even after lmpqudmg of water in reservoirs with construction

-spill betow the dams. This flow being erratic gan dgly. be used by conserving it in

" to supplement the waters avay

of dams, part of flows in wet years, in excess of l:’ e storage capacities of reservoirs,

ground water reservoirs by artificial recharge for
is an important means of augmenting tot d and tool for management of water
supply system., In large trrigated areas are possibilities of providing undes-
ground storage through recharge prw
rainfall. These under ground re ervo

¢ canals. The quantity of available room to

“store underground water depeWgds on the volume of porous material between the

“and water level which

seasonal high level of able for a year in which storage operation is conducted
s an undue effluent seepage. :

Command area Development: Command area development aims to accelerate. the

process of utilisation of irrigation potential already created in the . shortest possible

time ind 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 courses and field channels, practice of field to field irrigation, non-adoption -

of roistering. system of irrigation, non-existence of proper drainage system and
inadequate infrastructure “and inputs. In order to-ensure efficient utilisation of
irrigation potential created in the commdnd area projects, it is 1mperat1vr~' that an
integrated development approach is adopted in dealing w1th those aspec ts which have
led to under-utilisation of 1rr1gat10n potenttal :

Muiti- dlsmphnary approach in this context reqmre‘; adequate land reforms including

.consolidation of land holdmgs land drainage, soil survey and regulation intensity and

adjustment in cropping pattersns depending on the capabilities of the soils worth
sustained irrigation, construcllon of field channels, land levellmg and shdpmo etc

.Increasmg Irrigation Eff'uenw Water application effu:lency in irrloated areas
need 1o 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

| dry years. Artificial recharge

d by irrigation supplies as well as natural |
serve as a dependable source of water so as
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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 dlstnbutlon simultaneous matunty of crop, case of tlllagc
operations etc.

Change in Croppmg pattern: Emphasis on high water consuming paddy and wheat
need to be shifted to growing cereals requiring less water like maize etu

Equitable Water Distribution: Equ1table distribution of supphes of water partlcu~
larly in large commands is of great significance, Farmers assured of equitable and
adequate supplies desist from over-irrigation. Volumetric supply of water needs to be
encouraged and water'rates charged on volumetric basis are to be reduced.

Flood Use: Farmers 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 early drdmdgc of flooded area in time 0 sow rabi ciop. brrigation 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 durlng the rabi season and tishery neced to be

encouraged,

surplus water available to areas of scracity § of the promising means for

Grid of Water System: Tnter-basin transfer of: water resource from areas where
augmentation of water resources, It envisa 'esgtilisau‘on of available water by '

damming the rivers section by scction, els built skirling the mountains and

connected with number of ponds, lakes Servoirs o bring water to the fields.
Thus all rivers, reservoirs, pools and s of the valley should be linked so as 10 [orm
one single system. Through thig systdf the volume of water of the rivers, reservoirs,

- pools, and ponds is regulat; ivcels, when in floods are prevented from causing -

damage.

Desalination: Indi'a'w coast line of 6400 km has vital scope of dévIeOpillg
desalination of the sea wat¥r 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
arc high cost and requirement of large amount of electricity power. The advances in
muclear reactor technology Have opened vistas for large scale desalination of sea
water. Other cheaper methods for desalination are also under active rcsearch to bring -
it within the realm of economic feasibility. :

~ Weather Modification and Weather-Harvesting: 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 to form new clouds by encouraging increascd
evaporation frony sea. Nearly all scientific 'exper_iménts to increase rainfall involve the
secding of clouds with particles in order to cause rian through (i) jn_iénsiﬁcalion of the

‘condensatio of cloud drops that subsequently collide and coalesce to form larger

drops, or (ii) initiation or increase in the growth of ice prccipitﬁtion particles, or
(it} change of dynamic properties of the clouds themselves. Clouds can bc made
colloidallly unstable by the addition of dry ice, silver iodide, conmimon salt or other
chemical agents, so that a part of the otherwise unavailable water will reach the

ground as pre(:lpnanon. 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 coblcd layers of
the clouds. One gram silver iogide 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 otherwisc have

occured. But Iegal and jurisdictional probiems may arise if the (,loudq are qeedod
* which are destined to rain in another area. '

11. Water Harvesting: Water harvesting offers sofution to the problem of water for
irrigation.. Ponds and ditches harvest rain water where it falls rather than allowing it
o go to nvers and then pump 1t back to the field.

12. Snow Meltmg Augmentation of water resources by mcltmg of gla(ners in Himalayan
region through artificial means for increasing dry weather flows in rivers in hot

weather is under study in India. Induced snow melting can theoreticaily 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 poif§ of water. The heat used for
induced melting may be solar energy absorbed b ating of materials spread over

the snow. The material used for the pu @ 1ay be soot, finally powdered coal,

industrial slag and ﬁnally powdered orgamig_tphtter,

13. Evapomtlon Reductwn Evaporaﬂo%h accounts for sizable loss of fresh water

paﬂ.tcularly in hot, arid and se gions arc generally helieved (o be the Toss on
which there is no control. Se®yge losses from the canal system can be reduced by

lining the canals. R attempts are being made to reduce -cvapqration by

controlling the rate at water escapes from water surface of large lakes and

reservoirs by covering the water surface with a thin mdno~molf_:cular 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 effeéct in evaporation. A reduction of wind speed
by wind breaks is one of the methods used for controlling evaporation.

Limitations
1. Effective application of the methods is a big technical problem for large [ESEIVOIrS.

2. Effect of the film process of manufactures such as solubility, wind action, method of

~application and oxidation or degradation by micro-organisms, may sweep off the film

“and pile it near the shore.

8.6.1. Objectives of Scientific Water Management

Importance of water management has not been given due importance along with-water
resources development. Water management has much wider concept rather than mere
regulation of canal supplies. The prmcxpal objectives of water management are briefed as
~under:




L. Allocation and supply of irrigation water to the irrigators according to their entitle-
- ment at the right time for optimum yiclds of crops with the allocated water.

2. Equitable distribution of canal supplies to irrigators especially at the tail.

3. Achicvement of optimum irrigation efficiencies commensurate with agricultural pro-
ductions, Ensured increased yield for 2 prolonged period without loss of fertility of
Jand with time due to soil erosion and nutrients, waterloggmg, salinity and/or
delerinration of soil structure.

4. Economical and efficient operalion and mai ntenance of irrigation system.

Realisation of sense of justice and equity among the ngatom by proper implemen-
tation of water management rules.

8.6.2. Suggested Ways of Sc:enhﬁc Management

Popuiation 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, kI is
evident that water, and not land,"would be limiting factor in the future economic growth of
the country. It is thus imperative that: '

I Economical use of water together with conjunctivg use of surface and ground water
resources is made. It is estimated that 70% of the wOgld water demand is for irrigation
and cvery cilort should be made 10 conserve waleg agd optimise the frrigation output

for every unit of water utilised.

2. Inter-basin transfer of water from surplus 'rQy-stems to drought prone, semiarid and
arid areas to provide life-saving i to about 30 million hectarcs

3 Harvesting of rain water thro grid of farm ponds and reservoirs in areas where
irrigation facilities do not ¢x1 ainfail is highly irregular in its disttibution.

4. “Solar desalination of 8 r provide drinking water as well as water for irrigation
: in the rain-shadow regiof§ gl along the east and west coasts.

5. Artificial rain making-and weather modifications: In India attempts have been made
for controlling evaporation and for increasing rainfall artificially. Modification of
‘weather has not yet been attemptcd but widely possible particularly in the Khasi-
Jaymhl 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 97% (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 amounti ng to about 2.5%
which constitutes the total supply of fresh water in the world. '

The basic source of water is precipitation in the form of rainfall or snowfall. Runoff from
precipitation drains through streams and rivers or collects in the surface depressions 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 irrigation. Runoit water stored in ldnkq or pnndq is also I’Cguldth for irrigation -
through suitable conveyance systems,

Rainfall in [ndia varics from place t()_ place and from year to year. The Indian 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 geogrdphlcal area is about 3.92x10" cubic mctcrs, when the snow tall
is also considered it may be taken as 4x10' cubic meters. About 7x10" cubic meters is lost
intc atmosphere, About 1.15x10% cubic mefers flow as ‘;111'1:1(,(: runoff and rc malmm_
2.15x10% CllblC meters infiltrates into undcrground

85, SUMMARY

A tank is analogous to a réservoir but very small in size. The height of the earthen bund
rarely exceeds about 12 mts for the formation of a tank. The difference betwecn major,
medivm and minor irrigation projects based on area now in vogue has been discussed with
soine examples. The problems associated with water management have been mentioned.
- The objectives of scientific water management have been. discussed. The techniques of
~water management have been reviewed. The amount of water present in the world has been
discussed. - :

| | | . R
89, CHECK YOUR PROGRESS : MODEL A@Rs

1. The Imgatmn projects tor the qake of adltive convenience are classified into’
' major, methum and minor projects. : ' o _ _ .

"2 ““The basis-for the cldqs1t1Cdtlo:1 of irrigdlion 'projccts is the cost of the project. The
- projects cosung above 5 crore lassified as major, between 25 lakhs and 5 crores
- as medium and less than 25 la ; a8 Mminor.

8_.10.' MODEL EXAMINAT QUESTIONS

L. Answer the following questions in about 30 lines ééch. :

1. What are the prihciplc. reasons for lag in utilising the created irrigation polenlials?

2. What are the methods of scientific’ water mand{,cmcm: whu,h ensure economlc
ullhsanon and auglncntatlon of avallable water?

m A’nswef the following questions in_about 10 tines each, -
1. Describe the water budgeting?

2. Dm‘ungulah hetween Minor and Medium pro1ecLs Discuss bneﬂy about them.

3, . What scientific methods do you suggest to achieve the objeuweq of scientific watcr
managcmcnt

‘4. Describe the village tan_ks._

Prof. K Megk 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 Fisheries _
9.3.4. Advances in Aquaculture Techniques
94, TFisheries Education and Research
9.5. Summary ' '
9.6. Check Your Progress : Model Answers
9.7. 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 cullure,

* distinguish and differentiate the freshwackish water and marine fisheries and

*  describe the advances in aquacnituge tecimelbgies.
9.2. INTRODUCTION ;

India has a vast potential ogﬁng‘mhﬂy resources located within 2.02 million sq.kms

of exclusive economic zone | 27,000 kms length of rivers and about 113,000 kims of
canals, about 1 million ha in form of tanks and ponds in addition to about 0.6 milkion
ha of stagnant derelict water sprcad which can be utilized for capture »ud culture fisheries
development, In addition, about 1 m_i_llioﬂ ha of coastal land awaits utilization ihrough
brackishwater farming and a number of protected bays and coves, along the 7,517 km
coastline for remunerative maricutture, '

Presently, India contributes to about a little over 3% of the world fish catch of about 72-75
million tonnes. By 2,000 AD the world production is expected at 100 million tonnes of
which it should be possible for India to contribute o the order of 5 to 6 percent. For the
purpose, the target of fish production by the turn of the century is envisaged al 6 million
tonnes out of which 2 million tonues is expected from inland sector, Accordingly there can
be a sizeable rise in the contribution from the fishery scctor to the Indian national income
at the market price from the present 2% to about 5% extending the benefits to about 12-15
lakh active fishermen in the country. T

The current quality of export of the order about 93,000 MT valued at-Rs. 386 crove (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 vatued at Rs 1,000 crore
by 2000 AD could be possible with the enlargement in the culture sector, particularly of

shrimp production in brackish water ponds. ' ' :

1
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| 93._FISH AND FISHERIES )

~of the sources of getting food. India has v

In marine sector, the ¢urrently 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 tonnés 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 consumptlon . '

Check Your Progress 1 ‘
What is the role of ﬁshenes in the economy of Indla‘?

Note: (a) Write the answer in the space provided below.

'(b) Compare your answer with the one given at the end of this _unit.

N\

9.3.1.Marine Fisheries

Marine fisheries has a great role to pla increasing food production since fish in one o
rich fishing grounds to be exploited on

~ commercial basis, not only for meetin mestic needs but also for increasing the export
trade.” The exploitation and developmeMof this resource has drawn the serious attention of
Government of India after its i snce. India can exploit its marine fishery resources
up to 2.02 million sq. kins zone include anchovies, sardines, mackerels; carangids,

ribbon fishes, perches, catfishes, elasmobranchs, oceanic. tunas, prawns, lobsters and.
cephalopods

Marine Capture Flsherles. India declared its exclusrve e(.onormc 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, exploratory surveys and cate_h and effort
data. Thus, the estimated harvestable fish potential is about three times the yield 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. Tn the présent day situation, the exploited
resources having a high unit value, require rational exploitation and judicious management.
The untapped deep and oceanic resources need to be exploited at the optimum level.

Coastal Flshenes. The coastal fishery resources are exploited by wuntry boats using a
variety of gears (nets) ; small mechanised boats using trawl nets, purse seines, gﬂl nets; and
boats fitted with outboard and inboard cngines both for propulsion and fishing up to a depth' ,

of about 50 m.

The major fish landings arc contributed by oil'sardjnes, penaeid.pre'wns. Bombay ducks,
sciaenids, white baits, lesser sardines, silver bellies, perches,  non-penaeid prawns,

'elasmobranchs, catfishes, ribbon fishes, pomfrets, rnackera]s,_ seerfishes, soles, caphalepods
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and tunnies in the order of their abundance.” In the north-western region, Bombay ducks,
penaid prawns, sciaenids and non-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, penaeid
prawns, ribbon fishes, catfishes, elasmobranchs and perches contrlbutc to the catches.

Deep Sea Fisheries: Large vessels ranging from 20 to 23 m are operated by the Govemment
agencies and also recently by few private industries. Their contribution to total producuon
is little over 5%. The potential fishery resources in this zone are;

(a) Pelagic Fisheries: The potential of the pelagic stock is estimated to 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 carangids are caught with midwater
trawls, purse seines and drift gill nets. : :

{b) Bottom Fisheries: The estimated potential of these resource is about 1 1
million tonnes as against the current yield of little over (.34 million tonnes.
Production fish grounds for catfishes have been located along the north-west,
south-west and north-east coasts between 20 to 100 m depth. Bottom fish
trawls and drift gill nets are used. The resources of north-east coast are

- also significant. Fish trawls, handlines ahg trAps will help in their capture. The
silver bellies, sciaenids, ¢lasmobr g, are some of the major groups form and
the bottom fishery resource. - @ -

{c) C_rustécéan Resources: Th tial yield of panaetd prawns is estimated to

be 180,000 tonnes againgt the Present yield of over 123,000 tonnes., Non-period
prawns are the other@nant resource consisting of deep water shrimp and

lIobsters.

{d) Céphalopod es: As compared to the present catch of 23,000 t, the
-potential for this r&ource is estimated to be 180,000 t. It is caught in'0 to 50
m depth areas.

Oceanic Fisheries: 'Ihis resource has not been exploited on a commercial scale except for
some exploratory studies. By far, the most important among 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 yiclding catch rates as high as 8.1 to 25
nos per hook. Long lining and purse-seining are expected to vield 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’o‘gress -2
Write briefly about marine fisheries.
‘Note: (a} Write the answer in the space provided below.

(b) Comparé your answer with the one given at the end of this unit.
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Mariculture (Sea Farmmg) 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, Norway, Canada are culturing several

varieties of fin fishes in floating net cages set up in the seas on a commercial scale.

Fish Cultureﬁ Sea farming of several species of fin fishes is becoming very popular and
India is yet to make a beginning in this direction. It is possible to make use of shallow
inshore waters along the mainland and sheltered bays in islands.

Crustacean Culture: The current investigations are mostly concentrated on prawns, lobsters

and crabs. Prawns are traditionally cultured in the low lyigg areas adjoining the backwaters
-and in the brackishwater ponds. Lobsters are cul’tured%_pen enclosures erected in the

inshore waters. Crabs are culiured in' the baskets or sp designed cages in the inshore

flowing waters. The activity is still at laboratoryffEv¥ and the field technology is yet to be
* established to exploit our coastal farming potently o '

j Shell' fish Culture: Coastal -equaCultu:re 'O%kels, oysters, clains and other commercial
~ molluscs is well known. Efforts are in this direction, specially for pearl oyster farming
and pear] culture. : L L '

Seaweed Culture: _Seaweed ne of .the.cemmercially important marine living and
- renewable resources of our cobgfy. . The coastal wafers have immense potential for
cultivation of seaweeds and seaweed industries producing agar, carrageenin and algin.

-Sea Urchin and Sea Cucumber Culture: India's rich resources of sea urchins and sea
cucumber are totally untapped for mariculture. They are high priced sea food products with
good demand in South- East Asian countries and a source to earn good amount of foreign
‘exchange to our counlry '

9.3.2. .Brae_kishwater Fisheries

. Brackishwater bodies are three types including estuaries, lagoons or lakes and baekWaters
with connected bays. The brackishwaters aré fragile habitats intermittent between the
freshwaiers and seawater. The animals present in this habitat have euryhaline medium and
regutate 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 called an estuary, where the tide
meets the current

Brackishwater Capture Fishes: The coastline of India has numerous estuaries and a few
brackishwater lakes, most of them are in the east coast, the estmary 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 estmaries are
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limjted to Narmada and Tapti and vembanad backwaters. The estudrmc species is divided
into two types, (I) open estuaries - containing estuaries of rivers and Chilka and Pullicat
lakes, and (ii) embanked backishwater one 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, sciaenids, clupoxds 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 value, most of the area is
converted for shrimp farming 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 envisaged mainly through shrimp farming. In India we have about 1.2 million ha of
coastal area suitable for shrimp farming. "Even in this, atound 50,000 ha area js 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 oyer ¥ge stocking -density, because it
- depends on natural stocking through tidal waters. The p ion rate in this method ranges
Arom 300 to 500 kg/ha of which good quality (Penaeus monodon and P.indicus)
constitute only about 20%. @ ' _ ;

(b) Extensive Prawn Farming: ‘This is improvement over the traditional system
with scientific farm managerial measuges, ABput 18,000 ha is under this system of farming
and the production ranges from 500%5@/1\5/(1@ The ponds are stocked with wild or
hatchery produced seed of P.indjeys andNP.monodon at the rate of 20,000 to 30,000 tons per
ha. Compound feeds have be to improve the production, . )

(c) Scientific Farmmg (Sem1-mtenswef1ntenswe) This method is of recent ongm and
has.taken a new dimension with the advent of integrated shrimp farming with components
such as semi-intensive shrimp farms, captive 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 tonstha and more, 2,000 kg/ha/crop is harvested (over 40 g
size) by adopting feeding and water management. This method of Tarming is expected to
~ revolutionise within a decade as big corporate sector has entered mto the industry with more
capital and 1mported technology including feeds.

Fish Culture: Fish culturc in coastal areas is an old established practice in several couniries
of Asia. The fish culture farms incorporate nurseries, rcanng ponds and stocking ponds. It

~ entails selective stocking of compatible species of fish in appropriate densities and application

-of nursery management and rearing technicues. It involves pond fertlhzdnon and feeding
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 fetches 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 mugil,
('hanos chanos etc., 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 answer in the spa'ce provided below. )

(b) Compare your answer with the one givcﬁ at the end of this unit. "

T T T T T T T T P TR L L T T TP T TR L R PR PP

9.3.3. Freshwater Fnsherles - L
India has a vast potentlal freshwater ﬁshery resource ing from cold water hill stream
and lake fisheries to rivers, rescrvoirs, tanks, pg wamps, bheets, derelict waters etc., and
harbour a wild variety of freshwater fishes. Mgre han 27,000 kms length of rivers, ‘about
113,000 kms of canals, almost 1.75 millleg ha of identified water spread in the form of
reservoirs and about 1 million ha in the é%f tanks and ponds and in addition about 0.6
‘ba stagnant derelict water bodies ailatle for capture and culture fisheries development.
The species structure is also varied§rom the temperate to tropical fish resources. '

The Himalayan rivers have @nge of fish resources including fast growing major carps,
mahseer, catfishes, anadromousMiilsa and -shrimps, while river basins of peninsular India of
a much older geological history have an equally 1mposmg array.of endemic ichthyofauna of
economic importance. A few - species have beef ‘introduced into India for ornamental
purpose, for publlc healih importance such as food fishes and game fishes.

Fresh Capture Fisheries: Reservoir (Lentlc}Lacustrme) Fisheries: Reservoirs are artificial

aquatic systems crested by dams built across the rivers. Yet the ecology 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 fertility owing to nutrient leaching from hitherto
unflooded substrata, submérged fauna and nutrients washed from catchment areas. This
soon faces denudation after reflecting a maximum progductivity level and good growth of
fishes. The productivity ultimately gets stabilized somewhere near half the magnitude of
initial fertility phase getting adjusted to the basic proclu:,u\uty levels of the basin and
allochthonus nutrients. The long terim fishery management strategy evolved for a reservoir
‘basically revolved around this final biological productivity level. By and large, productivity
in reservoirs is influenced by climatic, edaphic, soil quality, drainage and morphometric
 features. A host of factors thus enable to group the Indian reservoirs broadly into low
productive, medium productive and high productive systems for manageément needs. -

The fisheries of Indian reservoirs is constituted by both indigendus and stoc_ked fish
populations. Among the former, the Gangetic major crops occupy & prominent place in

150




North Indian reservoirs both as naturailly OCcurring' and stocked 'species. In addition to ihese,
~they also harbour other Labeo spp., Puntius Spp., Cirrhinus spp., and catfish species,

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 sandkho! and Osteobrama
vigorsii. In addition, Indian major carps are also stocked. Among catfishes, the Indian
~ Teservoirs contain Wallago attu, Aorichthys seenghala, A aor, Stlonia, Silondia, Silonia
childreni, Pangasius pangasius, Pseudotropius takree and, various other Mystus spp., form
commercial fishery. S

The reservoirs also harbour a variety of trash fishes, Ambassis, Esomus danticus, Aspidoparia
morar, Amblypharyngodon mola, Puntius spp., Oxygaster bacaila, Laubuca lawbuca, 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'. Simiple long lines, hand lines, traps and shore seines are other common gears.
Castnets are also used in shallow areas of reservoirs. S

The management policies for stabilising fish population fluctuations and increasing yield
generally fall into three categories of fish population, and\their food supply; and (i)
regulation and control of fisheries. To achieve these obfegtiyes it is required to know the
changed patterns of fish populations consequent to € ¥smation of reservoir, fish population
-dynamics, abundance of fish species and their , and maximum yield that the
reservoir can sustain, ' :

Stocking of reservoirs with fingerlings ecozmjcally important fast growing species to
occupy all the diverse niches of the hi@'&one of the necessary prerequisites in reservoir
fishy management. Lack of such suré® would lead to trash fishes present in the riverline
icthyofauna to take advantage @vaﬂatﬂe fast food resources and become dominant.
" This- would also provide opportu to catfishes and other carnivorous fishes to gain

dominance in the reservoir fishery, which have longer food chain. '

In contrast to large reservoirs, the small irrigation reservoirs/tanks, constructed or small
intermittant water courses, serve to capture the surface run-off for its abstraction during
seasonal irrigation demands. Experience has revealed that these water bodies offer immense
potential for fish husbandry through extensive aquaculture techniques.

Riverline (Lotic) Fisheries: India has got vast riverline resources falling from the hill-
streams to the ptain 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 varicty of carps including Mahaseer and
- Gangetic Indian major carps, minor carps, catfishes, Hilsa, prawns efc.

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 dissotved sand and solid matters 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 (i) Himalayan rivers (Brahmaputra system, Ganges sj;s'te'm and
Indus system) and (i) Pennisular rivers or Rivers of Deccan {(east coast rivers: - Mahanadi,
_ ;Goda_varil; Krishna, Pennar, Cauveri, Tungabhadra; west coast tivers: Narmada, Tapti, eic.).

The principal fisheries of Himalayan rivers in the plains are carps: Labeo rohita, Cirrhinus
mrigala, Cafla catla, Barbus, Tor; Caifishes: Bagarius, Aorichthys seenghala, A. aof,
Wallago attu, Clarias batrachus, Heteropnensies fossils; Murrels; Channa striatus, C. -
‘marulius; Clupeids; Hilsa ilisha, Setipinna phasa; Eels; Anguilla bengalensis, spiny eels;
Mastacembelus armatus are approximately in ‘the order of abundance. ’

The east coast river systems offer, Indian major carps (L.rohita, C.catla, C.mrigala) medium
carps (Labeo calbasu; Labeo fimbriatus, Labeo gonius, Labeo bata, Labeo boggut, Labeo
kontius etc.), minor carps (Punsius sarana, Thynnichthys sandhkhol etc.), Channa sp, Wallago -
atty, major and minor catfishes, Hilsa, prawns etc. ‘ _

The rivers of west coast have fisheries formed by H, ilsa, carps, mahaseer, muirels, catfishes,
perches, prawns etc. ' ' S : _

Of late, because of industrialization and high growth of civilization along the banks of rivers
brought in poliution and certain stretches of rivers have become uninhabitable for the aquatic
life. The river fishery is undergoing many changes and needs conservation and sanctuaries
for the protection of endangered species of fishes and Qrawns. '

Cold Water Fisheries: Most of the cold waterN{ishpries is based on exotic fishes
transplanted into India during the later halt of t 1 century, out of which the trout fishery
is significant. 6 : R

Sport Fisheries: The sport fishery is in @ profile and:needs encouragement from sport
fishing lovers. The mahaseer fishes agg¢ theymost prominent ones used in this fishery, mostly
in the Himalayan rivers. : = _

Freshwater Aquaculture: is a Yource of high quality protein which cgn be produced
" more cheaply than most @nimal proteins for human nutrition. Capture fishery

resources are being exploited more or less at maximum sustainable levels and ouly marginal
increase in production is possible through more efficicnt management of this resource. Itis:
at this juncture that aquacuiture gains focus as a means of attaining quantuim 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 systems: (1) Chinese system (2) Indian system and
(3) European system. The main cultivated species in India are Catla catla (catla), Labeo .
rohita (rohu) and Cirrhinus mrigala (mrigala). ' ' :

Coldwater (Temperature) Fish Culture: The most important fish cultured in cold waters
is the trout (Saimo spp.,) an-exotic species.. Trout culture in ponds is also becoming popular. -

Freshwater Prawn Culture: Among the increasing number of aquatic animals that have
been coming to the force as candidate species for aquaculture, the freshwater prawns -are:
perhaps the most recent: ‘The most notable. among these belong to the genus Macrobrachiwm,
viz., Macrobrachium rosenbergii and Macrobrachium malcolmsonil, '

Results of culture experiments in pdn_ds indicated specitic size stockirig density relaﬁonship,
the size~of-the prawn decreasing with increased stocking density (68 -g/5700 - 25 kg/
112,000), although the overall production increased with the latter (284 kg/5700-1929 kg/
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112,000) - supplementary feeding resulted in increased productlon (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 cormpatible (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 productivity as they contain high

-... percentage of nutrients. The sewage fed fish culture is practised in West Bengal. A great

potential lies in the utilization of sewage water fed flSh culture, particularly in urban areas
having great market potential.

9.3.4. Advances in Aquaculture Techniques

Aquacultural Engmeermg Aquaculture engineering has to play an 1mp0rtant 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 estnarine and
‘brackishwater areas remain largely unexploited. It 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 sciencefto make aquaculture practice
commercially - viable, ' 6 ' '

Pond Construction: According to the use in fish™Fa ming, the ponds may be broadly
- classified into three types (i) the nursery ponds (sm ), (ii) rearing ponds (medium size)

and (iii) the culture ponds (large size).

(a) Fish Farm Site: The success of
suitable site. To construct a good fish
quality, heavy impervicus soil and su

qh rming depends largely on the selection of
is essential to have enough water of desirable
e type and land of satisfactory topographical

characteristics. To assess theq uitability, engineering surveys are required to be

conducted thoroughly.

(b) Design Criteria of Fish Farm: To construct a fish farm the followmg desngn
criteria may be considered (i) The spillway requirements: Ponds formed by putting an
embankment across a water coutse require protection by constructing a carefully designed
spillway or a combination of spiltways. The spillway must pass or corivey the excess water

from the pond safely to a suitable inlet without overflowing the embankment and damaging '

the down stream slope of the émbankment (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 inlet 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 arrangement so that the same can be cmptied 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 should be positioned on 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 flllmg or raising the
dykes While preparing the layout due consideration also should be given for easy water
supply and drainage a:rangement to the ponds.-
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“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. Successful hatcheries are the backbone for the aqua-farming activities and
they reduce the dependence on wild seed stocks thus preserving the biodiversity. Enough
hdtchcnes are now under operation with indigenous and foreign technologies to meet the
ever 1ncreasmg demand .of fish and prawn seed.

Aeration Systems: Acration is a crucial process in intensive aqua culture systems to -
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/1). 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 above 4mg/1 contimtously
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 simple hydraulic structures can be more effectively uscd llIldCI‘
Indian conditions,

- is being used or when the farmer is working with indoor¥gcilities, the recirculatory or closed
loop aqua culture systems can be used to achieve sjgfgttory production rates. '

The basic infrastructure consists of (i) rearingng tanks, (ii) adequate aeration systems,

(iii) mechanical as well as bio-filtration device,"#¥) water pumps, (v) closed-loop pipe line.

Recirculatory Systems: In areas where water-is not :bundant or when artificial sea water

Through an efficient bioﬁher can allgw repated rccyc]ing, however about 2 to 10% of water
make up would be reqmred per e system can be further aerated by pond aeration
techmque : i o

Biotechnology Applicatio@ww Kark Ercky, the Hungarian Agricultural economist
“coined the new word 'Bio-techifology’ on the lines of chemical and mechanical technologies
“to cover the interactions of biology with technology, connotlng all producﬂons 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 improvement, in broadest definition, includes - | |
a wide range of acuVmee and disciplines 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 a
wider range of environments, More specifically the breeder has to know how organisms
selected in the environment would pérform under the multitude of environments of commer-
cidl aqua culture (iii}) Hybridization : The varous 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 spec1flc subject of
: hybndjzatlon in order to produce sterlle 0T monosex populatlons
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(iv)  Use of genetic markers in breeding programmes and in genetic analysis: Genetic
markers in breeding programmes and in supportive genetic research. is strongly urged in -
order to minimise incorrect identification and stock contamination with regard to gynogen«
esis, potyploidy and mutagenesis.

Present knowledge indicates that relatively simple sleps 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 hreedmg 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 possibie 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 aqua 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 into 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 development of oligochaetes. '
Biological nitrogen fixation is a priority sector of blotech@ as it accounts for more than
50% of the global nitrogen input. Partial substit @s nitrogenous fertilizers inputs by
symbiotic nitrogen fixers is already a common praglic# in agriculture. Similarly, trials at
increasing the nitrogen fixation levels in- ough biofertilization with green algae
(Anabaena spp.), minor weeds (Azolla spp.) gre fixation rates of upto 150 gm/N/ha/year
have been recorded. Genetic manip @u of bacteria to improve their nitrogen fixing
capacity is a prospective area of researc! Photosynthesis improvers, growth promoters and
water absorbents have been 'v. paed in the form of mlxtures of organic compounds
applicable in aqua culture opera ‘Q

-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 institutes of the country, many programmers being relevant to aguaculture.

Seed Production Technologies: For taking up any culturc operation, 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 nafural 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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2 Wlule the secd of pond breeding fishes is procured easily, .that of lndlan major carps, Wthh
~ .are the main cultivated fishes of the country is collected traditionally 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 (shooting net). The fish sced thus collected, are transported in suitable containers cither
to the market for sale or to a pond for direct stockmg after removal of the unwanted other :
_varleiy of seed. :

Since the breeding season of major Indian carps coincides with that of other fishes
(predators, trash fishes) especially the minor carps, riverline spawn almost invariably -
consists of a mixture of economic and uneconomic species and frequently the economic -
' species is too low to make the riverline - collection profitable for fish culture. Collection of
- * riverline spawn in India commences along with the monsoon general]y in June and continued
in Auguet

(b) " Artificial methods: The methods of induced breeding by hypophysatlon has
established itself as a dependable means for obtaining pure fish seed of cultivable and
cultivated fisbes. This method, in recent years largely supplcments the production of
required fish. seed for stocking purposes. Since the first success in b'reeding Indian major

| carps and the Chinese carps in India by hypophysation the technique has been ddopted
i - throughout thc country for augmenting the producuon of pure fish seed,

Though, carps attain maturity in combined waler they req§ire extraneous stimulations either
by hormone injections or by ereating environmggntal Seffiulation, the former is known as .
hypophysation and the latter is induced breedi yundh type of tanks. In the former type,
the breeder fishes are injectéd with pituitary MeweS collected from other fishes which are
preserved in alcohol. The females are I o at the rate of 3 mg gland per kg of fish in
first injection followed after 6 hrs by scc@pd dose of another 6 mg pituary/kg of fish. At
the time of second injection to thy the two males are given at the rate of 3 m g pituary
gland/kg of fish and released oth les and females together in a brecding system.  The
. traditional brecdmg sysbem ; reedlng hapa. The fishes respond and the breeding ‘takes

place after about 8 hours to € concj injection and the eggs are collected and hatched in
hapas. This system is now. bemg replaced by adopting. Chinese. hatcheries whcre'seed is
produced on a mass scale, - Over the past decade attempts have been made to use in the
.placc of pituary glands, various .analogues of LH-RH and the results are encouraging.

Carp breedmg in the bundhs (dry or wet} has been found to be the cheapest. method with hlgh
~ 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 waler creates stimulation in the brood fish and they start
~ breeding in shallow marginal areas. -Later the fertilised eggs are collected and hatched
separdtely -

Shrimp Seed Production: Shrimp seed is produced in hatchéries aiong the sca coast. There-
are a number of hatcheries haveé come up for producing seed, especially for P. monodon.
The breeds are collcu:cd from open seas and transported carefully to the halchene‘;

{ With regard to freshwater praw1ls,- s_mall scalc_ hatcheries have come up in mc-coastal' states
of India for producing post larvae, - The species is an omnivorous 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. Depending upon temperature, the incubation period
- losts from 15 to 24 days.” There drc eleven local Stages in the larval cycle of the species
- ~ lasting from 22 to 35 days. :
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techniques yiclding many f

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 production per ha of water body, fast growing compatible species
of fish of different feeding habits, or different weight classes of the same species are stocked
together in the source pond so that all ils ecological niches are occupied by fishes. This
system of pond management is called mixed fish farming or composite fish cullure or
polyculture '

The experiments conducted on composite culture call under three broad 'combinatio'ns, (i}
culture of Indian major carps alone, (ii) culture of exotic carps alone and (jii) culture of

Indian and exotic carps together. A sustained yield of over 4 tha/yr was obtained under this

system. This technology was further improved and tested urider All India Coordinated

Research Project at twelve cenires located in various parts of the country. ' Very high yield
rates of over 5 t/ha in 6 months, 8 t/ha in 8 months and 10 t/ha in one year were shown
possible in different sitwations. The production levels are likely 1o be increased still further
by judicious combination of species, adequate stocking with yearlings, population manipu-
lations, intense feeding, timely manuring and aeratingthe pond to ensure high dissolved
oXygen concentration. 0 : : :

Following the scientitic management, the aq urists in' Andhra Pradesh have achieved
a constant fish production of 7500 kg/year
C

months with simple smenuﬁc managem

.P\

Enclosure Aquaculture: UnconWftioffal aqua farming system in cages, pens and other

comparison to conventional aqua culture. Cages are box
shaped or circular structures screens or nets in ail sides, cither 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 Indian and Chinese
carps, air breathing cat fishes, snakeheads have been found to he 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.

enclosures installed in op@ o inland watcrs are amenable for hi-tech production’

Raceway Fish Culture: The name raceway suggésts a very rapid rate of flow, but there it
will be defined as any system where there is a perceptible current throughout alk the pools

‘or enclostres. at all times during normal operation, Though raceways are traditional in

intensive trout culture, they are considercd a radical departure in the production of other
fishes. Culture in raceways is exclusively intensive, ie., it requires some environmental
control, the fishes are stocked in high density, and v1rtua11y all the feed is provided from an
outside source. The advantages of raceways over standing water are the following,

Production per unit area is many times greater, since polluted water is conetantly being

replaced by clean water —Oxygen depletion never arises.

The raceways may be ccment tanks, sunken pools or reacly 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 senes and both methods
have their own advantages and disadvantages.

Recirculatory Fish Cultural Closed Cycle System: As the avaxlablhty of sufﬂc1ent 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 housed and insulated, saves energy because heat losses are

drastically reduced.

Closed systems also reduce water requirements-water availability is an incrcasingly major
limiting factor-because in such systems it is only necessary to replace wateér 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. The system.can be employed for the mdoor reanng
of fish Or prawn seed. :

‘Check Your Progress-4 | _
What is the name of the system that can be einployed for thf: rearing of fish or prawn seed?
Note: - (a) - Write the answer in the space provided below. o :

| (b) Compare your answer with the one given a@nﬂ of this unit.

T T P T I T Rt
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- Integrated Aquaculture: Wate@ential 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 popular in China and now interest is being shown in India to

integrate compatible agricultural systems. Among crops, ‘there are pulses, oil 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 systems 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 (o integration
will be achieved by incorporating imrigated 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/ha), poultry (50-100 kg manure/ha) and ducks (500 ducks/ha). -~ : '

Ornamental Fish Culture: Ornamental fish culture is considefed to be an indusiry 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 India principally from Sri lanka and Singapore.

" paddy-cum-Fish Culture: In arcas where paddy fields retain water fof 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 practices
involved, fish culture in rice fields can be grouped as:

a) S'eco.ndarjr' crop of fish after paddy .

b) allowing with paddy during the period of cultivation and

c) a continuous fish culture, transferring the fish to specially prepared ditches or

channels durmg the harvesung period or when fields are drained.

9.4, FISHERIES EDUCATION & RESEARCH

With the attainment of indcpcndence of the country, fisheries education, research, training,
extension and awareness have received a great fillip.

.(a) Education: Indla 1s one of the major fish produ ing nations of the world and after _

independence it was felt the need for establishing 2 ar fisheries educational system so
as to create a rescrve of trained personng oon the Govt. of India and the State
Governments have put in considerable effort§ solve the prob]em and a number of fisheries -

personnel are available for holding any RgSiffons either in the Government or public sector

»

undertaking or corporate scctor.% ' ' o
Research: Considering thgsgportance-of fisheries research, the Government of India has

‘started a number of rese%stitutions, one in the fisheries education, inland capture
_ fisheries, freshwater fish cuMfre, cold water fisheries, fish genetics, brackishwater fish
culture, marine fisheries, fishery technology, fishery operatives, fishery survey of India etc.
There are a number of university departments, fisheries colleges and state departments which
are doing research in fisheries for salving regional problems for application in their regions.

educational institutions have come u[?NRow there Are many professional and trained

Aquaculture is a relatively ney science which has in its early stages, been heavily oriented
* 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 ths 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 carried 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-governmental organisations 1o create awareness at micro-level, so that
the results arc percolated to the rural users for better productlon of aqua products through
aquaculture techniques.
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9.5. SUMMARY

Fisheries play an important role in the economy of ..India' through supply of nutritional food,
by generating employment, raising the social status of the fishermen and earning valuable
. foreign exchange. The Government of India through the Department’of Agriculture and
- Cooperation is assisting the State governments through various programmes in building the
infrastructure facilities for better productivity and explmtatlon of the fishery resources. Fish
- production has been increased to 43.65 (lakh tonnes) as recorded durlng 1992 to 1993 and
" projected targets for 1994-95 and 47.50 (lakh tonnes). Fish farmers development agencies -
(FFDA), national programme for fish seed development and a scheme for development of
reservoir fisheries in cooperative sector are playing a great éle in the development of inland
fisheries. Similarly, the development of major and minor fishing harbours including fish
landing centres with freezing and processing facilities, mechanising 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 f_remendou_s increase in export of marine products _' .
through prawn culture and decp sea fishing. The exports have gone up from Rs. 597.85
crores during 1988-89 to' Rs. 1,767 crores during 1992-93. The farget ﬁgurc for 1993-94
was Rs. 2105 crores. Thus, the marine products have been recogmsed as a major export jtem
in our global earnings.

our fishermen who.form the backbone of Indian fisheri research and development
~ activities undertaken by various fisheries institutes hgyg ma®e#Significant confribution in the

development of fisheries. -The overall progress in figherid after independence is tremendous '
and there is a bright future in coming years for thi\samflents of fisheries, -

96. CHECK YOUR PROGRES%%L ANSWERS =
1, Flshenes play an important cconomy of India by supplymg nutritional food,

¢ in
~ generating cmployment, rc socml statuq of fishermen and earning valuable .
: forelgn exchange o -

Many welfare programmes have been -uﬁdcrt'aken 0 imprOE the socio-cconomic st_atus'of

2.~ Marine fisheries are ot great unportance in: mcreasmg food productlon and cxport '
* trade. India can exploit its marine fishery résources upto 2.02 million sg. kms, zone,

It includes the species of sordines, mackerals, -carangids, ribbon fishes, perches, _

catfishes, elasmobranchs, oceanic tunas, prawns, lobsters and cephalopods. '

3. Prawns, lobsters and crabs constitute major potential sources in the coastal region. In
India we have about 1.2 million ha. of coastal area suitable for shrimp culture. Prawris -
are*tradmonally cultured in the low laying areas ad|01n1ng 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 inshore flowing waters,

4. “Recirculatory fish ‘cultural closed cyc,le system can be employed for indoor rearing
of ﬁsh or prawn seed. : o S

9.7. MODEL EXAMINATION QUESTIONS
1. Answer the follo‘wing questio'us in about- 30 lines each -
1. Write an essay-on brackishwater aquaculture i

2. “Marine fisheries have a great role to play in mcreasmg food production” - Discuss.
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What is the :mponance of ‘seed production tcchnology Describe the natural source
of seed collection method?

~ Write an essay on fish and prawn hatcheries. B

Answer the following questions'in -about 10 lines each.

Write a short note on Reverine (lotiﬁ) fisheries.

What is the design criteria of fish form?

Write briefly about Bio-technological applications in aguaculture,
Discuss briefly about Girnamental fish culture.

Describe the Integrated aquaculture methods. .

Prof. Kaza V. Rama Rao
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10.1. OBJECTIVES \) .

After going through this unit, you will be abie'to
* describe the impoertance of dam cons%w, |
* list gut the benefits accurred d irrfgation, _
* describe the process df power%ion and explain varipus terms associated with
power generation _ _
* describe eﬁvironment-al &tmm due 10 dam' construction in general,

+ explain adverse effects duc o dam construction and

* determine the impact assessment.

10.2. INTRODUCTION

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 successfuily, over the entire land, without ensuring artificial
irrigation of fields. Irigation is the artificial supply to the fields.

More than seventy percent of our population dircetly 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 the complete wishes of nature, and to ensure full growth of crops, it is
necessary that adequate artificial 1mgatlon facilities are ensured.

Dam may be defined as an obstrucllon or a barrier constructed across 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 available in the
reservoir can be used for different purposes like water supply for domestic .and industrial,

irrigation 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 retention
for ensuring 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 epabling them-to invelve in the various developmental

activities which result due to this development. The reservoirs are alse recreational and
tourist centres of increasing importance. Some benefits cannot be quantified and are

mtanglblc, especidlly the recreational benefits,

10.4. BENEFITS TO IRRIGATION

Every irrigation project is designed, keepmg in view of its economics i.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 projedWestimate is generally sanctioned
when the benefit gives at least about 6% interest capital outlay. Sometimes,
unproductive projects are also sanctioned in vie thelgeneral public benefits, :
There is hardty any point in emphasizing the im e and advantages of irrigation during
the times of acute food shortdgeb and gro?gopulation of our country, -
Even then some of the advantages on i
summarised as follows: ’
1. Increase in Food Pm@: Construction of a dam ensuring irrigation helps in
increasing crop yields, anfdfience, 1o attain self-sufficiency in foed.

cting a dam for ensuring irrigation may be

2. Optimum Benefits: Optimum utilisation of water is made possible by irrigation. By
optinum utilisation, we generzlly miean, obtaining maximum crop yield 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 -
alleast some yield. Mixed cropping is thus found necessary and also ¢conomical when
frrigation facilities are lacking and especially during crash programmes in under
developed .countries. But if the frrigation is assured, mixed cropping can be
eliminated or reduced. Mixed cropping is generally not acceptable hecause different
crops require ditferent 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, reducing 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 the 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 side product, up to about 80,000 kilo-watts.

Domestic Water Supply: Irrigation helps in augmenting the town water supply,
where water is available with a great difficulty. It also pro\ucles water for swimming,
bathing, cattle drinking etc.

Facilities of Communications: [rrigation channels are geverally provided with

~ embankmenis and inspection roads. These inspection paths provide a good roadway

to the villagers for walking, cycling or sometimes even. for 1not0r111g

Inland Navigation: Somemnes lar;,cr 1mgat10n canalq can be used and dcveioped
for navigation purposes.

Afforestation: Trees are genemlly grown along the banks of channcls wmch
increase the timber wealth of the country and also help in reducmg soil erosion.

Disadvantages and [l-effects of Irrigation

L.

[rrigation may contribufe in various ways to the problem of pollution., One of these
is the secpage into ground water of nitrates, thaghas been applied to the soil as
fertilizer.  Sometimes, up to 50% of nitrates@d to the soil, sinks into the
underground reservoir. The. undcrground water I thus get polluied, and if con-
sumcd by people through wells etc., it is @ 0 cause diseases such as anaemia. It
will ultimately affect the fishing, as the atry the polluted water out into the

ocean, is still 4 matter of research _
- Irrigation may result in Colde@m er climate, causing outbreak of diseases likc

malaria.

. Over-irrigation may le: ater-logging and may reduce crop yields.

Irrigation is complex and expensive in' itself, sometimes cheaper water is 10 be
provided at the cost of the government and revenue returns arc low. '

Check Your Pr.ogfess -1

How does 'Errig_at,ion confribute to the problem of pollution?

Note: {a). Write the answer in the space provided below.

(b) Compare your answer with the one given at the end of this unit,

T O T R e R L TR R PR R I T R

'10.5. POWER GENERATION

The construction of dam raises the water level on the upstreant side, thus creating a very hi gh
head of water, for generating high velocity flows, possessing enormous kinetic energy,
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- 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
scheme certain quantity of water at a certain potential height is essentially made to flow
through the turbines. The head causing flow, runs the turbine blades; thus produung_

electn(:lty from the generator Loupled to the Lurbme :

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 of Punjab and people getting electricity 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 beings who have
miraculously harnessed the Damodar river for them. The prosperity and welfare of millions
of people depend directly on these towering handsome’ dams with Wthh the nation’s rivers
have been harnessed..

But dams can cause problems too. Dams 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]ems in general which are posed by buch huge construc-

tions. Thcy are; . -
i, Fish Problem o _ 0

Submergence Problem O

Failure Problem e )

Bomb Problem | v

10.6.1. Fish Problem » Q~

On large rivers, in later summ 1, fish move from downstream to upsiream to lay their
eggs. These eggs are fertilised ale fishes. The old fish may get exhausted and the new
born fish again move downstream. They, after two to three years, return to their ancestral
'spawmng place and may die after getting exhausted, wmle the newborns move downstream,
The cycle goes on.for years. :

oo

_ '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 fish can not move upstream to lay. their
eggs; 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.c., sea). However, -
they go on fighting against the barrier, trying furjously to overtop it, till they get exhausted
and die down. This results in a"serious large scale killing of fish, Lausmg great ddmage to
fish industry and economy of the nations. - :

In the beginning much attentiori was not paid to this problem; .but a little later it was
realised, and serious attempts were made to find out the solution to the problem. Sometimes
fish were trapped on one side of the dam and passed on to other-side by giant sleel and
plastic nets as exlernal arrangements called Fish Ladder was also devised.
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Fish Ladder: Just as river-going vessels can bypass a dam by using a navigation lock, do
a series of ‘locks’ enable the fish to get over the dam. A separate charmnel is created,
consisting of 2 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,’

coutd leap 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 lings could
later rcturn to the sea (downstream) in the same fasluon via the ladder,

In the.begmmng the fish ladders worked better in theory than in prautlce. 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 aitract the fish. - Another problem was the slow moving water 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 pracUcable from engincering stand point. In such cases, other
steps have to be taken to protect the fish,

Meanwhile, other experiments were going forward to see if ﬁsh can successfully induced to
spawn in waters other than their own ancestral spawning grounds. In the long run, it may
save millions of .currency to construct fish hatcheries 1%f fish ladders. There are many
possible solutions to the problem of anadromous fish, esearch is being undertaken in
different region$ of the world to find out beﬁer@on to the problem.

10.6.2. Submergence Problem. ' o o
Whenever a dam i is constructed acrosgea I‘IQ to store water on the upstrean side, a large

area gets submerged due to the rise evels. The entire area which gets submerged,
forming a reservoir, has to be calcul and acquired before the dam is constructed, The
owners of the Jand have t ersuaded, adequately compensated, and well settled
somewhere else, before the can be taken up in hand. Hence it is ncccsqary o
investigate the' probable damagc caused by this submergence.

10.6.3. Failure Problem

We try our best to built dams to last as long as possible. Every pérson whosoever has
worked on a dam hopes that the dam will live as long as the pyramids of Egypt. But many
a times, the dams give way under the continued insistent pressure of the water pcnnécl up
behind them. This failure of the dam may be caused due to bad workmanship or due 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 enginecring 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 maintenance period ensures their safety and makes us fairly confident of it.

Bhakra Dam on Satlej River in India and Boulder Dam in Colorado River in 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 dnd cruelly repald with .
tragedies.
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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 (o the efforts of the Indian
enginecrs 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 to bear the full weight of its intended reservoir.
Heavy raing wrecked it. Faulty design and bad engineering 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 December 1956, causing 421 persons

(0 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 to any sefious stress,

We learnt from our mistakes; and several dams of the same type, then under constiaetion
in Europe, werce resurveyed to find the possibility of such a geological formations. This was
very small comfort to the relatives of those who died when Matpasset failed; but atleast, we :
should fearn from our mistakes and there should be no such repetitions.

| will cause the failure of Hooever Dam (Boulder Dfrn) & Bhakra Dam. The resultant failure
of such a dam will create havoc and disasters. Ne#fonly the flooding waters will cause
Catastrophes but also it will get contaminat dicactivity from which there could be no
escape. ' '

16.6.4. Bomb Problem_ ‘ Q _ : :
“The dams create dangers in wars, especially in md‘ gLn atOmfic age. One single atom bomb

This is an important point generally s cd by opponents of big dams. But the only answer
to this argument is that it woul ¢ advisable to deprive ourselves of the benefits of big
dams simply because they me%s in war time. After all, an atom bomb dropped in

" Calcatta, Delhi or New York would also causc 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 only to t_he construction of dams.
‘ o We do not refusc 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 estdblished at and in the vicinity of such
important works. The use of atomic energy for peaceful purpose and a general feeling of
brotherhood is the only possible way to reduce threats.

Check Your Progress-2
What are the four major problems caused due to dams?

Note: (a) Write the answer in the space providéd below.

(b) Compare your answer with the one given at the end of this unit.

..........................................................................................................................




I R I T T T T I N I T S
PN R NN E A R IR N N R E R R4 R R R N RN B A R AR A A E N B4 R4 AL A+ B h 4 i b B b ahakn haram e w Tt E TR R N TR R E T R AR R B+ N P A E Rt ek Rh kb ey
N N R R N R R N A L L I e I T e

I I I I I T I I I T T T

" 10.7. ENVIRONMENT IMPLICATIONS _

- Engineers in all ages have endeavoured to build dams of aesthetic as well as utilitarian value. _
Arising no doubt from pride in his 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
with-rocky mountain gorges. earthfill dams with w1de valleys of the plains, '

._thl is happening today is not -simply the injection of a new tag}:or the envlronment into . -~~~

planning. It.is not even the emergence of new sources of opposition to or of new criteria -
for evaluating development pl‘O_]eCt proposals. It is rather 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 wnh any precision.
It is something we must all work out together :

The engineers should be introduced to at least some of th&\matters that warrant attention if
his dam is to be acceptable fo the public. : o '

Effects of Reservoir - o . .

" Land: Creation of the reservoir will inun d-frequently good land - and it may cause
people to be displaced. Both these facjgrs le3l to loss of productivity and personal hardship.. -
Land adjoining the lake may be aff: e permanent raising of the water table; whilst

marginal land may also be affected 3ring and following floods; if inadequately drained,

such land can quickly becom%and 1nferule _ .
When relatively ﬂat areas are infindated, the operation’ of the resérvoir w111 often expose _
uns1ght1y mudflats. : : :

-D|slodgement of People In Eastern Anatolia, the Keban dam on the Euphmtes entniled 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 station but it
understood that the whole process acted as a stimulant to the. economy of the region. On
the other hand, in Ghana the Volta River 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 abandoned the new land alloc.ited to them by the Government.

Wildlife: The filling of a reservoir may drown many ammals as they become standard on- . .
temporary islands; on the other hand it may become a sanctuary for water birds. 1t is.a
- healthy sign, however, that people throughout the world were sufficiently interested to -

finance the massive ‘Operation Noah’, a gigantic effort that rescued wildlife as the water
rose to inundate 4400 km? of tand above Kariba Dam, Rhodesia, :

That some species of life will be destroyed is almos’t inevitable but prior studies should
resolve whether such speaes are unique to the reservonr area; only in rare cases would this
be $o.
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. Archaeology: An obvious effect of a new reservoir would be the inundation of items of
archaeological value. World-wide reaction to such losses emerged prior to the filling of
Lake Nasser (High' Aswan Dam); an international fund made possible the $50 million
removal to higher ground of. the temple of Abu Simbel.

A_nthropology. 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 aboriginal, =

Beauty: Beauty is of course in the eye 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 arca.

Sitt: it is, however, necessary to conmder the clfects in the valley below the dam of.
detention of silt in the reservoir. Normally the silt would enrich the lowlands in times of
- [lood. The complexity of this problem illustrated by reports on the effects of the Hi gh Aswan
Dam. These have revealed that silt-laden waterflows only during the flood season and more
than 88 per cent of the silt is carried into the sea. Thus sthgage in the reservoir would never
deprive land owners of fnore than 12 per cent -espccia]@e suspended matter could stiit
be carried over the spitlway. It is estimated that lggsgo th®irmers could be made good with -
13,000 tonnes of calcium nitrate fertilizer each )ﬁm‘s can be manufactured with power
generated at the dam for Rs, 18,000,000 to 24,0 per year which is only one-third of
the former costs of dredging and removina n canals. There is also concern regarding

possible degradation of the river bed am from the Aswam dam effects of the Nile
'(_ielta and the coastline and on the s nduery by decrease in nutrients,

River Regime: When a riveg/fsjdammed and the water is diverted to a power station or
- another valley, there will result th of dry river bed below the dam. This is aesthetically
displeasing. At the same time 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: Alteration 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 to life and it js not unusual for a limit to be placed upon the rate at Whth the river
- level will be permitted to vary.

Effects of Storage en Water Quality: When a river is dammed the water can he affected
in many ways. On the benefit side the reservoir will reduce turbidity, reduce hardness by
assimilation of carbon dioxide and subsequent precipitation of calcium carbonate, reduce
colour and B.O.). and average out concentrations of pollutants. However, there are adverse
atfects such as less mixing and aeration, increase of algae problems and thermal stratifica-
tion. ' :

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 distarbed and they are exposed 1o 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 lift 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 praven, there are claims that the creation
of large reservoirs will affect the climate of the district. This could be sericus in proximity
to centres of population, i.e., if fogs were intensified over an airport, itis a subject for study
by meteorologists and in special locations the possibility should not be overtooked.

-~ Construction and the Environment: The wholc process of building a dam must affect 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
adverse effects are mentioned below:

1. Access roads and tracks may be extensive. If not pgoperly located and drained they
can lead to erosion and consequent turbidity in (g rivgr. The excavation of trenches,
pits and adits, as well as surface siuicin uld only be carried out with proper
specification for environmental protection@ h

2. River pollution will occur due' to:
waste water from excavations, JThe struction and removal of cofferdams; wash
water from concrete and agg lantS' oil leakage and waste disposal; sewage
and stormwater; hot watér effl soil erosion during reservoir clearing.

3. Erosion can be iimited i" ‘_bmng constructmn aclivities cutside prescribed limits,
by working along contour®with proper drainage, by prohibiting heavy machinery
where light machinery conld de 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 overlooked; a comparison should
be made between erosion likely to result from floods durmg construction and that
resulung 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 adqqudte fire-fighting equipment and the training of personnel.
Public relations prograrmimes concerning ihe dangers of fire are essential,

6. Air poliution can be lessened by control of engine emissions and the proper storage
of volatile substances. Open burning should be minimized and electric air power usecl'
where practicable, -

7. Noise poliution can be both a nuisarice and a health bazard. Action is necessary to -
decrease noise at s source, to isolate the source, to insulate and to prolect the
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individuals. Maximum noise exposure 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 shouid, if

~ possible, be Iocated behind some natural noise screen. If near dormitory areas, where
noise level should not exceed 45 dBA, the times quarry biasting should be restricted.
- Visitor and recreation areas should be located at least 200 m from 80 kmvh roads
which carry construction traffic.

It is now known that noise-damage to hearing can be cimulative 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. '

8. 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 requirement that all bulk
handling shall be by closed systems. Haul roads should be regularly cleared of debris

~ and watered as required. _

N

' 10.8. ENVIRONMENTAL IMPACT STUDIES\)

In many countries it has now become mandat@ such studies to be prepared before
d,

approval for a project will be given. "IQ enc ge production and enjoing harmony
between Man and his environment; to 1’)% efforts which will prevent or ¢liminate
damage to the environment and the bj#¥pherdand stimulate the health and welfare of Man;
and to unleash the understanding ot@ﬂlogy_systems and natural resources important to

the Nation .
Implementation of such polici@necessitate, a study of alternatives, both for engineering -
feasibility and cost as well as for impact on the environment. Undoubtedly man has
- awakened fo 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 sansfactory o man.

10.9. PUBLIC PARTICIPATION

The plirposc 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 i§ dope is in the best interests of the
comimunity. :

10.10. SUMMARY

The uneven distribution of rainfzll 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 damage 1o property. Any failure of dam
due to any reason may cause extensive damage. Environmentally the adversc cHccts caused
by the construction like displacement of people, ﬂora and fauna, water Iogglng, erosion of
forests etc., have been discussed. : :

10.11. CHECK YOUR PROGRESS: MODEL ANSWERS -

1.

'. The nitrate fertilisers applied to the soil seep into the ground water as nitraies due fo

irrigation: and underground water thus gets polluted and if this water.is consumed it
causes anaenna - '

The four major problems posed by the construction of dams are ﬁsh problem
submergence problem, fallure problem and bomb problem.

i

10:.12. MODEL EXAMINATION QUESTIONS'

. _.Answer. the following questions in abou_t 30 lines each.
. Discuss the benefits of _ifn'gation. N

. . Discuss the adverse effects due to dam con; UQ |

uc 0
‘Discuss briefly the environmental lmplicy dam construction.

What is the importance of co ng a dam? -

Answer the following questioi ; in Qout 10 _lines_.'e'a'c_h.'

How is Hydro power g@d?' “What are the terms associated with Hydro power?
Define any three. : o : . - o

Discuss in brief the nnpact assessment stuaies

. Prof. K. Megh Raj
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11.1. OBJECTIVES Q -

After going through this unit, you will be %

* explain the natﬁre of air we bre

* list out the types of air pollysegts,

* list out sources of air'pollu%bng with emissions,

* describe different aspects of Air Pollution in India,
* describe the impact of poliutants on human beings, plants and animals,

* 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

- particics from one region to the other. It is estimated that an average adult male exchanges

about 15 kg of air every day. -

Dry air, comiposition 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 9340
CO, : _ 315
Neon _ 18
Helium - 52
Methane - - 1.0
Kryptan 1.1
Nitrous oxides _ 0.5
Hydrogen : 0.5
Xenon (0.08

Air that we breathe in urban areas is highly contaminated due to non-availability of
vegetation and rapid industrialization. The main causes of air pollution are combustion of
natural gas, petroleum, coal and wood in industries, automobiles, air crafts, railways, thermal
plants, agricultural burhings, kitchens and professions like cotton processing, flour miils,
~ mining, welding stone and gem grinding, asbestos etc. o natural sources of air pollution
are valconoes and solar lares. Among many pollutadgs ofyair, dust and snmoke constitute
10-15% of atmospheric pollution,  Dust _zmd"ookc articles function as nuclei for

condensation of water.

Rapid industrialization without planning, s gl matives of human beings, excessive exploi-
tation of natural resources, destruction of fof€st wealth, indiscriminate use of fertilizers and
pesticides, lack of insight in pers lanning for health and hygiene and many other
reasons have lead to the deterioratioMof air quality. Thus the air we brcath has become
contaminated and polluted. - g jon may dic and landscape may become non-existent in
the years (0 come. Nevertheless # necessary to understand that pollution means instability
and non-pollution means stability in an ecosystem. Prevention and Control of pollution
implies to bring stability in an unstable ecosystem. There must be legisiation and strict
authority to implement that the industry 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 poltution among administrators, educated youth villagers, voluntary organizations and
comrnon people.

11.3. DEFINITION

In ancient times the people were few and their iiving style was simple, hence the fresh air
of nature has assimilated the pollutant generated out of community needs and was harmless
io alk lwmg beings and the surrcunding environment.

The increased population, rapid urbanisation and industrialization after 1T World- War have -
created dangerous pockets of air. Air is essential for the survival of man and other living
biotic comnunities. Plants and animals require oxygen that is present in the air. Adr is also
essential for crop production, cooking food, powcer 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 tons 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 comfortablc enjoyment
~of life and property”. Thus air pollution is the combined effect of solids, gases and liquids
that get dispersed and dituted rapidly in the presence of favourable environmental conditions.
The pollutants get concentrated in one or other localities and some emissions beécome
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 plants animals and
human beings.

11.4. TYPES OF AIR POLLUTANTS

- Air pollutants are grouped bjr-their_ physical state into solid or liquid form and gaseous
nature. Clean air contain minor amounts of compounds considered as pollutants The -
_increased concentration of carbon monoxide, oxides of sulphur and nitrogen, ozone and

other gases cause pollution. _

Particulate pollutants are composed of solid or liqu@cles. Dust consists of solid
- particles formed due to mechanical disintegratio atter while smokes are dispersions of

fine particies formed during combustion, che % eaction or condensation processes,

Fumes, dust, fog and smog are some of the lutants. Suspended particulates range from

10-60 pg/m® in villages, 60-200 pg/m? in% and over 200 pug/m* in industrial belts,
- Antitnony, arsenic, asbestos, berrylli admium, lead oxides, mercury, silica and sulphuric
acid are some of the hazardous mateNgls associated with particulate matter.

Gaseous compounds have a t to remain suspended in the air and will not settleout
easily and are classitied accordinto physiological behaviour or chemical composition.

| Sulphur Compounds: Oxides of sulphur (SO,, S0, and H,S), result from the combustion
of coal and oil, industrial, transport, chemical processing etc. All fossil fuels contain
sulphur. Sulphur di-oxide changes to sulphur trioxide and sulphuric acid mist under foggy
utuatlons

Nitrogen Oxides. (NO) Atmospheric nitrogen combines with oxygen to form nitrogen
oxides during comhuetlon at high temperature. Furnace effluent and engine exhausts also
possess oxides of nitrogen. Nitric acids and nitrogen dioxides are important from air
pollation standpoint. These oxides of nitrogen combine with olenmc hydrocarbons to
produce pcroxymtrates and ozone. :

Photochemical Oxidants: These compoundb are produced” in urban areas due to chcnucal
combination of reactive hydrocarbons, with nitrogen oxides in the presence of sunlight to
form percxy acetyl nitrate (PAN), aldehydes and others. Hydrocarbons mainly come from
gasoline and motor vehicle exhaust, while nitrogen oxides are emitted not-only from motor
vehicles but also from the statlonary combustion sources.

When nitrogen dioxide absorbs energy from the sun and splits into nitric oxide and atomic
0xygen atom attaches itself to an oxygen molecule in the air to form ozone. Ozone formed
by electrical discharges in the atmospherc does not reach pollutant level unless NO, reacts
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- Organic Acids: Thesc are the resu

.'mltrally with sun 11ght and then with O and hydrocarbons when 0 gets stablhzed as a
secondary pollutant :

Carbon ‘monoxide (CO) : Carbon monoxide, usually a product of mcomeplete carbon,
combustion, is a poisonous gas. Air polluhon produced by mator vehicles can achieve
significant proportion in the areas of heavy traffic. Incomplete oxidation during burmng of
- fuel may also result in CO producnon

H.S: Hydrogen sulpmde is a toxic and odourous gas used in a number of industrial
processes viz., petroleum refining, paper and pulp manufacture and sulphur dye industry.

Chlorine: Chlor-Alkali industry is the major source of chlorme pollutant ‘Accidents mainly
connected with the transportatron of liquid chlorine results in the exposure of communities
to chlorine gas. .

__Pemxyacetyl Nitrate( PAN): This is a photochenucal or secondary pollutant. In the
presence of strong suntight and poor ventilation, series of reactions between nitrogen oxides
and hydrocarbons leads to PAN formation.

"Aldehydes: Aldehydes are formed due to incomplete con'lbu_stio_n' or as a result of
interaction of nitrogen dioxide and hydrocarbons under the influence of sunlight. The
- acrolein and formaldehyde have been detected as pollutants that may be f.oxrc

Hydrocarbons: The aromatic napthenes, paraffins, olifjnes and--others constifute the
hydrocarbons that originate from numerous sources. mst prominent sou_r_ee being
- unbumnt or partially burnt gasoline or petrol These reac other chemicals especially
halogen like chlorine, bromine etc resulting in th' ction of noxious end products.

Inorganic Acids: The most common is sulpgurous wefd-(H;SO,) which is prodiiced by the
- combination of sulphurdioxide and water. Iso produced in small amounts during -
combustion of coal -and petroleum. O by combining with water form acids.

_ t products of incomplete co'mbuslion_p'rocess.'
Appreciable quantities are aiso ¢ 1ted by industrics. These organic acids include acetic, .
fumaric and tannic acid, ' ' '
* Radioactive Dust and Gases: Radro stlVC, fallout is reledsed high into the atmosphere by
nuclear explosions. Nuclear power plants relcase gaseous and partreulate radio-active
substances. Krypton, Xenon, lodine, Cobalt, Manganese and Caesium are reledsed in the -
form of particles through the chimney.
_ ‘Check Your Progress -1,2&3
1. Give two examples of oxides of sulphur.

2. When is carbon monoxide produced?
- 3. What is PAN? When is it. produced‘?
Note: (a) Write the answers in the space provided below

(b) Compare your answers 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 operations: The proper burning of fuels, release carbon-dioxide and water
vapour. Due to improper combustion of fuels, pollutants like smoke, fly-ash, carbon
monoxide, 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: Dunng the transformation of different raw materials into
finished goods, the specific industries release different types of pollutants. Oil refineries,
fertiliser plants, steel mills, paper mills, chemicat plants and smelters produce a few common
pollutants like particulates, hydrocarbons and gases.

Smelting of ores is done 10 get metallic clements. 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 smoke, 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 imto atmosphere during petroleum -
refining. Mining operations for coal, ores etc  may regult in emitting dust pollutants like
H,S, mercaptans and particulates are emitted whﬂe@g paper from wood, straw and
other cellulosjc materials in pulp and paper mills, Fa on and machinery manufacture,
chemicd] industries, pain manufacture, odour #08gcing industries emit foul odours and
chemicals. Table 11.2 shows air pollution soud' nature of emissions,

Principal sources of air pollution are tran: ation fuel combustion, processing solid waste
disposal and others which release millign td§s of carbon monoxide, sulphur oxides, nitrogen.
oxides, hydrocarbons and particul: -

Table 11.2. Princjp® sourles of air pollutjoh (in Million'Tonsfyéar)

Source : Car Sulphur  Nitrogen  Hydro- Particulates  Total

monoxide oxides ~ oxides  carbons

Transpariation : . : ‘
Automobiles - 67.3 0.3 7.0 127 0.7 88.0

QOthers ' 38 0.1 1.0 11 4.5 6.6
Total 7.2 04 80 13.8 1.2 94.6
Fuel Combustion ' S
Power Plants - 0.1 14.0 35 neg. 2.3 19.9
" Industry 03 55 31 0.1 3.0 120
Residential 1.3 18 0.5 06 04 = 46
Others : 0.2 0.7 04 neg. 03 - 18
Total 1.9 220 7.5 0.7 6.0 386
Processing 78 72 02 35 5.9 245
Sofid waste disposal 45 0.1 07 14 12 7.9
Miscellaneotis 1.2 303 16.6 23.6 148 - 1728
Total 86.6 30.3 16.6 236 14.6 172.8

Source: Pubtic Health Service United States
{Table taken from Chemical Week, June 17, 1970)




11.6. ROLE OF BIOLOGICAL COMPONENTS IN AIR POLLUTION

 Air also contain minute and microscopic organisms like bacteria, viruses, 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 etc., 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 innate capacmes of
degradahon =

11. 7 AIR POLLUTION IN INDIA

Explosion 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
Jetting out one fifth of that lead by using 500 million tons of fossil fucl per year. Motor
vehicles in India generate 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.lforties and 12
million motorcycles scooters and auto-rickshaws that cause more, dangerous sltuatlon by
emitting air pollutants. :

In Available data is based on

There are methodical studies on Air Pollution i
population densities and it indicates that 1.5 millipn tof}s of CO 2.0 million tons of SO, and
0.8 million tons of NO, are discharged annually iMe«the atmosphere In due course of t:me
- 'some more industries may add load of da s pollutants. For example Tndian walls -
“contain less than 1% sulphur but morelgan 3% ash and cause serious health hazards. The -
burning of cow dung, fire wood 'a_nonuse special problems in villages leading to high
incidence of eye pfoblems lung discasd and discases of respiratory tract. Major cities like
Calcutta, Bombay, Dellu K Ahmedabad, Madras and Visakhapatnam are highly
polluted o . .

11.8, AIR POLLUTION AND HEALTH HAZARDS

11.8.1. Impact on Human Bemgs

Air pollution is known to aggravate and contribute to rcsplratory ailments like asthma
bronchitis, pulmonary edema and lung cancer. Respiratory effects are mostly due to

~ interactions of pollutants with the tissues of lung passages, the effects being similar to those

causecl. by exposures in industry. : : :

Ammoma HCl, sulphurle acid, acetic acid, SOQ, chlorine, ozone, nltrogen -di-oxide are
injurious to alr passages and lung,s

ChCIIllCdl asphy)uants namely carbon-menoxide, cyanogen, methane, hydrogen, nitrogen
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 some gases
cause organic injury. Chemicals like vapour mercury, hydrogen sulphide, tetra ethyt lead
and others exert a wide variety of toxic actions after absorption in the body. Pollutants also
cause injury to eyes, throat and other parts of the body. Gases and aerosols cause
- objectionable  odours. In particular aerosols of biological origin cause lughcr sensmvxty
response like asthma, skm rashes etc. :



Particulates like antimony from metals and oxides cause irreversible damage to the heart and
also to the kidneys. Aresenic causes intestinal problems while asbestos cause asbestosis of
the lung besides lung cancer.

Bmylllum oxides dust causes berrylosm of the Iungs and cancer of the lips and mouth are

reported to be due to berryllium oxide contact. Cadminm causes food poisoning and lung

damage resulting in breathlessness. Lead oxides are known to causeé nervous disorder,

burning sensation of the feet; anaemia and bleeding. Elemental mercury may also cause rash

and swellings on the skin and blindness. Silicosis in the lungs is due to formation 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 impairment. Nitrogen oxides irritate nose,-
eyes and lungs, Oxidant ozone 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, inchgases heart rate and damages the
central nervous system. ' '

cells and sometimes death. Tobacco smoke , COZ, fly ash, mineral dust, NOZ,

Radioactive substances convert water in the b@hydmgen_ peroxide that oxidises the
Nicotine, formaldehyds and others. Tobaovsok >affects central neryous system, bronchi-

tis, irritation of the lungs and cancer.

11.8.2. Effect on Plants QT
Air pollutants damage plants, nsitive plants serve as indicators for the degree of the

se.
pollutions emilled {rom indu@@urces that discharge chemicals like ozone, oxides of
sulphur and nitrogen, fluorides, pfroxyacetylnitrates, chlorine, ammonia, smoke, dusts from
iron, coppcr zinc, lead efc cause adverse effects on plant part. (Table 11.3). '

Table 11.3. Effects of Pollutants on Plants.

Gas ™ - - Effect on Plants
1. Ozone (O Plant leaf is subject to bleaching, spotting,
- pigmentation, dwarfing and early abscission
2. Peroxy acetj’l nitrate (PAN) . Lower surfaces of leaves are subjected to glaz-
_ . ing, silvering or bronzing S
3, Nitrogen-di-oxidé (NO,) Lesions occur on intercostal tissuc and at leaf
_ margins '
4, Sulphur-di-oxide (8Q,) Leaf is subjected to bleachmg, chlorosm dwarf-
o ' - - ing, early abscission and reduced growth
5. Hydrogen fluoride (HF) ~In addition to tip and margin burn, same effecis
' 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 industrial plants and mines, Some details are
shown in Table 11.4. The cattle that graze over lands around sme]ters get poisoned along :
with inflammation of the respiratory and intestinal tract kidney damage and destruction of
red biood cells. :
~ Check Your Progress - 4 | .
. What are the industrial discharges that cause adverse effects to plants?
Note: (a) Write the answer in the space provided below,

) Conipare your answer with the one given at the end of this unit.

I R N N I N N O R L N N L N TN T
.............................................................................................................................

.......................................................................................................................

...........................................................................................................................

Tab!e‘ 11.4.. Effects of Pollutants on Animals Q

Pollufants - Sources | ( ) et

1. Asenic Smelters, Coal-burning Me, horses and sheep that graze over poiluted
- . 3 ' ?‘ lands poisoned; inflammation of respiratory -and
gastro-intestinal fract, damage to. kidney, red

~ blood cells and nervous system-eventiial death.

9. Cadmium  Smelters, Pest] nd  Animals that graze around contaminated soils
" fertiliser plants _ ~ endangered - decline in milk yield.

3. Chlorine  Accidental spills, industrial uses, ~ Animals are subject to hazards
' teaks during storage -
- and transport

4. .ﬂuon'ne © pdminium ad Cattle and sheep subjected to fluorosis, lame-

fertilizer plants ness, muscular weakness and eventual death
5. Lead _Combustion. of fuels, smelters Cattle and other animals that graze over polluted

lands get nervous with effects on kidney, liver,
lungs and pancreas

6. Mercury Mining and refining, industrial . Lethal to animals as it is a protoplasmic poison.
_ uses, pesticides o 0.3 micro-gm/m?® is harmful-damage to brain.

7_' Molybdenim ' Steel and other industries Catfle grazing over vegetation around industries
' ' - are adversely affected

182




8. Selenium  Combustion of fuels - ~ Animals that gat plants or foods contammg sele-
- refinery waste gases . hium are affected
9. Zinc Smelters | : Anlmals that breathe air contaminated by Pb, Zn get_
' - - " swollen limbs
10. Radio-activity Nuctear industries Animals that eat plants with Sr-90, 1-131 and Ce-

137 concentrate them in milk and flesh. Cancer,
leukemia and mutation effects.

- 11.9. CASE STUDIES

Progress and economic viability are essential for any nation. Development of industries is

necessary 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 heatth hazards and on the other side

must ensure safety, health and hygiene. Planners, administrators, scientists and industrialists
r ~ have to realise (his fact, '

Air pollution due to smoke, dust, S0,, particulate matter, produétion due to increasing
burning of fossil and other organic fuels without a corrgspoMging increase in plant popula-
 tion, formation of carbon monoxide by incomplete combMsgjp#l of carbon fuels, emission of

gaseous fluorides, nitrogen oxides, ozone produgffod\by highly energy solar radiations,

" release of hydrocarbons to the atmosphere, pcrox # nitrates leads to increased rates of
diseases such as asthina, bronchitis, Iung can skin mfeatmn health dlsorderq Lhanges in .
skin colour and others. Such diseases are no%mmon in cities like New York, Bombay,
Calcutta, Delhi and othér places. The number of episedes recorded which eventuwally
elaborates the effects of air pollution YW0isonous fumes from metallurgical industries like
copper, lead, zinc and arscnic & Iso recognized as harmful pollutants. Smoke and fog
deaths were reported in 1905 an 1 in UK. Since 1943 Los Angeles has been facing-
the problem for considerable periodS when the visibility is reduced by a light blue haze and
many people suffered from sore throat, headache, running nose and eyes. '

Belgium has experienced heavy fog in December, 193C due to anticyclonic weatheri At the'
same time the industries located around muse valley have emitted oxides of nitrogen and
etc., people become sick with respiratory complaints dl'ld few have dlf:d and ﬂlousands
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 emissions from steel and zinc
industrial complexes. Thus bad weather and harmful emissions result in the death of elderly
people due to cardio-respiratory problems. The pollutants identified are sulphur dioxide
1including the oxidation products and particulates.

London has experienced air pollutlon in 1952 due to which 4000 deaths occurred Smoke
level rose hy 5 times while 5O, has increased 91)( times cver normal

Shivaji Rao (1988) has reported that a specific instance that deqcrves beiter public attention .|
is the pollution threat to the Taj Mahal. The Taj Mahal got affected heavily by¥the ill
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 poltution of Taj
Mahal has been named as stone cancer.
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A SpelelC instance of one such toxic chemu.al mdustry that caused the worst air polluuon
disaster in the world is-the pesticide plant at Bhopal in December 1984,

. The, factory was prodqug Methyl Iso- eyanate CH,NCO (MIC), an extremely hazardous
. chemical that is used to manufacture SEVIN (earbaryl) a widely used pes‘umde Carhon
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 (,heIl]_lC&‘ll to produce methyl
~ jso-cyanate, MIC. It is toxic and highly infl ammable due to which many have become blind |
_ and suffered with deformities. -

~ There are mnumerable cases that have been causing alarming situation and thc culpnt bemg
air pollutlon

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 inhdle for their lmng
_These measurements are essential for the establishment of “Emission Standards™. Animais,
‘human beings and plants are exposed to different concentrations of pollutants for a specified
" duration of time and the damaging éffects 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 livinf\beings and properties whenever
~ the ambient concentration of pollutant exceeds a sp@zﬂue for a specific period. of
exposure. Air quality standard also includes the Tip of pollutant concentration that
can not legally be exceeded during a specified @nod in a given region. In Indla the
land use pattern and other factors are taken into deration. :

Ny

o | Table 11-.5.._ .'ent ir guality st_andards B | : 3. |
“Area - : C‘gﬁaﬁon -of p_ollutahts (in ug!n'ﬁ) .- .' : '. _ |
| | | % ~ so, = - co, -~ NO.
Industrial and mixed ara 500 120 5000 120
Resdeniland rraarea 00 80 200 S0_

Semsitive area . 100 30 - 100 0 - 30

. _Sensitive ‘areas cover health resoris, parks, tourist areas, hislorical monuments and others.

Global effects are also evidenced as pollutants can get dlspersed from one’ contment to thc .
other. “Pollution from Europe viz., U.K. to Scandinavia has resulted in acid rains and

. destiuction of forests in Sweden. Industrial pollution of Canada scems to have ruined the
lakes in USA. The use of chemical, biological and nuclear bombs in one countty causes the
pollution in nearby and far off countries.

Increased combustion of fossil fuels and removal of forests have resulted in the increase of
carbondioxide. This has greater impact on earth’s temperature. - Increased Industrialization
is causing high levels of particulate pollution eof the atmosphere resulting in increased

frequency of fogs and low cloud layers. Indiscriminate use of fertilizers, fuels, chilorofluo-
rocarbons etc may reduce the ozone layer by about 25% causmg serious- damages to plant,
animal and human beings. ; :
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11.11. REMEDJAL MEASURES

Control of air pollutwn can be (a) at source (b) in dmpersal
Control at source

The problem of controlling air pollution at source is complex, but can be controiled 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, adsorption and condensation. Sulphur dioxide emissions can be
controlled by chemical reactlon with copper oxide or lime stone.

(a) Absorption: There is a mass transfer between nine soluble gas component 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 alkaline water.

(b) Adsorption: The attractive forces between atoms, molecules and ions which hold a
solid together are unsatisfied at the surface of a solid thus available for holding other
- material 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 conidglied by condensations and is a
suitable measure to combat the emissions of hydrocarbgns ind organic compounds having

reasonably low vapour pressure
(d) Chemical reaction: Gaseous pollutants a@trolled by chemical reaction process.

For example SO, emission can be controll chemical reaction with copper oxide or lime
stone, thus SO, reacts with them p 1ther copper sulphate or caicivm sulphate.
Settling chambers are known to col eavier particles from a gas steam. The particles

settleout under gravity action. :
Electrical precipitators contal@l\arged plates placed in the air or gas stream settleout

- patticles 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 cam be iried instead of petrol for
automobiles.

The most important method of controllmg polution is to reduce the actual cnussmn of
poliutants.

Control in Dispersal: Air po]lution control is possible by control in dispersal. Widening
of roads, establishment of green belts in urban and industrial zones will reduce congestion
and pollution, It is possible to declare pollution free zones by eliminating polluting vehicular
traffic, imposing restrictions on movement of trucks and shifting the hazardous industrial
unitsgway from the urban centres. Air monitoring stations must be operated which will give

a WL:HH if contamination of the atmosphere increase to dangerous levels. First alert
- isdu wable concentration of potlutants, second alert is given at a level where health
menace exists and preliminary stage. Third alert being given at air contamination is at the
point at which a dangerous health measure exists.

11.12. SUMMARY

Air pollution is the introduction of any substance or combination of substances into 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 burning, fuel consumption
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 controled in the best interest of public
health, conservation of natural resources and healthy industrial growth. It is essential to
provide non-contaminated and non polluted air in the years to come for the growth, progress
and sustenance of future 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 becoming more and moré contaminated through air pollution. There are number
of episodes and case studies to substantiate the impact of air pollution which sufficiently
indicate that air pollution will be a greater threat to human existence until and unless the
remedial measures are taken up and implemented 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 Mads to the production of carbon
monoxide.

3.  The short form of peroxy acetyl nitrate ig . When there is strong sunlight and
poor ventilation, series of reactions take pldeadfetween nitrogen oxides and hydrocar-

bons leading to the formaiion of PA?
4, The industrial discharges th verse effects to plants are ozone, oxides of

at #8ysc
‘ sulphur and nitrogen, ﬂuoﬁd%xy acetyl nitrates, chlorine, ammonia, smoke,

dusts from iron, copper, 2igc, ledd etc
11.14. MODEL EXAMINA;gON QUESTIONS

I.  Answer the following questions in about 30 lines each.

1. Define air pollution and mention types of air pollutants.
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. -
4.  Discuss case studies pertaining to air pollution. -
1L Answer the following questions in about 10 lines each, s~
1. Define air pollution and add a note on ils irﬁportance.
2. What are the sources and emission of air pollution? _
| 3 What s the role of biological comporients in air pollution? '[;3‘1!11_;
| 4. Discuss the air quality standards. o
5. Give an account of air pollution in India.

Prof. C. Manohamchgry
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- UNIT-12: AUTOMOBILE POLLUTION

Contents
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12.2.  Introduciton
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12.3.2.  Automobile Exhausts
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12.5. Hazards of Automobile Pollution
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12.6.1.  Sampling of Automobile Exhaust Emissions
12.6.2.  Diesel Smoke Sampling and Evaluation
12.7. Mechanism of Automobile -Pollution Formations
12.8. Indian Legislation for Automobile Pollution Control
12.9. Safety Standards
12.10. Alternative Engine and Power Sources and Alternative Modes of Tran‘;port
12.10.1. Heat Engines
12.10.2.  Electrochemical Devises

12.10.3. Hybrids '
12.11. Community Action 0
12.12. Summary
12.13. Check Your Progress : Model Answers
12.14. Model Examination Questions
12.1. OBJECTIVES ; :
After going through this unit, you wzbe able to:
* explain the issues concem nsportation, types of automobiles, automobile exhansts
and automobile situation of Hyderabad and some important cities,

* describe the measurement methodology of automobile exhaust,

* list out the hazards of automobile pollution and describe the safety standards and
government measures through legislation, )

* mname the aliernative 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
.. /hich may prove to be injurious to human, plant or animal life or property.
. [aust, is contributing as one of the factors to the air pollution and is termed
‘pollution. This pollution is posing a serious problem because they are the
oxides and reductants of C, S and, N. Mobile combustion sources include
's of various types which is now and for ihe foreseeable future will continue to
mmam source of air pollutants. .




The problem will intensify when increasing population puts more motor vehrt.les into
operation, Until knowledge become available, it is’ suggested that efforts 1o rmmmrsef_
pollution from automobiles should be made through abatement measures 1o safeguard the
ambient air qualrty in urban atmosphere. T

In large cities, exhaust gases from automobiles lead to inconvenience to the people on the-
street and thereby cause an air pollution problen. - Moreover, automobiles emit. gases as well
as particulates consisting of both inorganic and organic compounds of high molecular weight
which can directly be inhaled and effect the people on the streets and nearby

In USA out of the 142 mﬂhon tonnes of pollutants gwen otf to the air every year ‘motor
vehicles account for 86 million tonnes. The automobiles contributed 63% of the total carbon -
monoxrde emissions, 52% of the hydroearbons and 39% of the oxides of nitrogen,

Check your progress - 1 _

What is meant by air pollution? .

- Note: (@) Writc the answer in the space provrded below.

(b) Compare your answer with the one given at the end of this umt

12.3. TRANSPORTATION |

‘The three main types of automoti Velncles berng used in our country are; (a) passenger -
cars powered by four stroke gasoline engines, (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 generally classified as; (4) Exhaust emissions, (b) Cranck-case emissions and, (3]
Evaporative emissions. The amount of pollutants that an automobile emits depends on a
~number 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%,

evaporation from the fuel tank and carburettor for roughly 15% and blowby or cranck -Case.
emission (gases that escape around the piston rings) for about 20%. Carbo ide 4o
nitrogen oxides and lead compounds are emitted almost exclusively in the ex

Dtesel powered velucles create relatively minor po]lutlon problems compare
powered ones. The diesel engine exhausts are only about a tenth of the amount
monoxide exhausted by a-gasoline engine, although its hydrocarbon emissions 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.

- 188




'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, unburnt hydrocarbons, nitrogen oxides and particulates containing
lead compounds. These emissions vary with the mr—fuel 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, carburalion mixture improvers, throttle retarders, etc., (b} devices that ‘treat’

. exhaust gases such as after burners, catalytic Lonverters absorbers and filters, and {(c)
use of modified or alternate fuels.

{b) Crank-Case Emission: Crank-case emissions consist of engine blowbly whjch 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- I automobiles can be largely

climinated by the positive crank-case ve %c (PCV) system. These systems
recycle crank-case ventilation air and blowky gfases to the engine intake instead of

of hydrocarbons through evap Y annually. For controlling evaporation of fuel

-- venting them to the atmosphere ?\
(¢} Evaporative Emissions: An % dian passenger car would emit about 20 Kg
vapours in the crank-cas&@ charcoal canister, absorbs hydrocarbons for recycling

to the engine,

The exhaust gas pollutant 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,
(NOj), and led compounds. Regarding hydrocarbons, the typical break up is exhaust 55%,
-evaporalive 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
rcvealed that the level of pollution due to automobile exhaust in Indian cities is reaching
¢s quite comparable with other major cities of the world. This is so even though, the

es in this country, is still insignificant as compared to the number in USA,
But the inferior maintenance of vehicles in combination with lower
v is making the vehicular exhausts a menace to the city dwellers.

vehicles plying even in the Indian metropolitan cities, which have the highest




Table 12.1. Constitutents of Automubil’e Exhaust.

‘ - S S.No. Name of the Pollutant - |

1. Carbon monoxide
2. Unburnt hydrocarbons
3. - Oxides of hitrogen -
4 Oxides of sulphur
5. Partially burnt products like aldehydes, formaldehydes
_ acrolein, acetaldehyde -
6. - Lead compounds
7. Soot or smoke
8. Complex products from 3ddlt1VCS and lubnca.tmg oil
9. Carbon dioxide ' :
10. Oxygen -
11, . Nitrogen
12. .~ Hydrogen
' 13 Water vapours

Table 12.2. Pollutants emitted by petml and diesel icles in India and' the World
(Prakash et al 1980). - _ - _ .

: "oliutant ' dia o World
' Metri yr - Million Metric tons/yr

Carbon monoxide . . , 755 o 65
Sulphur dioxide ' Qs 1016 23
Nitrogen dioxide ' 73 o 8

. Hydrocarbons : @ 238 : 15
Hydrogen sulphide . 116 -
Ammonia - f 11.6 - _—
Hydrogen chloride _ 2.6 =
Patticulate . | - | 12
Other gases and vapour o L= | 2

The concentration of different pollutants varies with the mode ot operanon of vehicle
whether petrol or diese] driven.

Table 12.3, Concentration of pollutants from peirol driven, vehicles.

Mode of operation Carbon ‘Hydrocarbon Nitric Oxide
: Monoxide (%) - (%) . (NO) (ppm}

idling - 3413 0.1:1.0

Accelerating 2-15 0.02-0.0
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 pollation in major urban areas is increasing

~ although urban growth rate nationwide has declined from 1971-80 and 1981-91. One of the

main cauvses 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 _ _ 30,000
-~ Cars _ : ' 45,000
Taxis o ' 2,600
Jeeps _ 12,000
APSRTC Buses 2,500
Private Buses ' 1,500
Floating Vehicles/Trucks 8,000

N

N

In Hyderabad air pollution is on the increase at a high rate and the main pollutants which

are carbon monoxide, hydrocarbons and other gases emi by vehicles is about 58,00_0-

tonnes every year. It is feared that it may rise upto ¥,000 tonnes by 2000 A.D. The
vehicular emissions released into the atmosphere out 5,00,000 vehicles in Hyderabad
every day due to incomplete burning of fuel ar lows: )

3021 fonnes of carbon m%ﬂpe
1729 tonnes of hy bo
82 - tonnes of ni de
17 tonnes hur dioxide
) tonnes@ficulate 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 Situation; Automobile pollution is posing a serious problem, especially in
metropolitan areas. Tt is the major form of pollution in Bombay. Other big cities in India,

-though they may not be as polluted as Bombay, are not very different. This is because about
25% o the. vehicles registered in the country are in Maharashtra and about a third of these

_are cither 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 poliutios is created due
to old age, poor performance and maintenance of most of our vehicles. Narrow roads, poor
geomelric, frequent traffic jams and congestion aggravate the situation {Shah and Ramprasad,
1979).

Delhi Situation: Automobiles vitiate the atmosphere in Delhi to an alarming extent. In
many parts of Delhi, the concentration of poisoncus gases like carbon monoxide, sulphur
dioxide and nitrogen oxide are three times above the safety limits. An average vehiclc 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 mtrogen oxide and 2 tonnes of sulphur dioxide, not to speak
of carbon monoxide and suspended particulate matter. The total number of vehicles
registrated in Dethi are 1.075 million.

Surat Situation: Shah Ramprasad (1979} estimated carbon monoxide 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 concentranon was 350 ppm. Thc average level of carbon monoxide was
about 25 ppm. :

Table 12.4. Concentration of Carbon Monoxlde and Traffic volume at Surat (between
1115 to 12.15) :

Station _ Scooter. ' Car Auto Bus '&Truck._ CO Content {ppm)

Chowk 29 88 630 . 102 . . 20
Bhagal . - 954 6 24® 178 25
Dehligate 962 252 1946 6 . 20
Laldarwaja 200 50 506 o 12 20
Raiiwa_y bridge - - - _0— 30

Guest house - - O g 35

- World Scenario (CO Levels): Carbon .m?)lkle concentration in ambient atmosphere is
estimated in selected urban areas o wolld. The concentration of carbon monoxide in
Calcutta was no less in compariso of other cities of the world. S

Tabel 12.5, Ambient Carbo@omde Concentratlon in selected Urban areas of the

world (Comparative report - NEERI)
- City : : o * Maximum time one hour (ppm)
London - ' ' | ' 58
Chicago o - : 46
‘Los Angeles - o ' - 43
Washington o _ - 4
New York | o 27
Calcutta o o ' 35

12.4. PHOTOCHEMICAL SMOG

~ Photochemical smog was first noted in Los Angeles during world war II, but its nature and
ongin were not understood until the early 1950s. Nitrogen Oxides play an important 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 photolyze into -
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' _ Nitric oxide (NO) and atomic oxygen (0). The atomic oxygen can react with 0, to form
ozone. The ozone in turn can react with NO to form NO, and O, again, completing the
| | atmospheric nitrogen dioxide phytolytic cycle. S ' '

NO, + UV light — NO + O
0O+0,+M -0, +MM= collisional mdlecule)
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
- Cowmponents Oxides, Carbon monoxide matter, carbon monoxide

Type of reactions - Photochemical plus thermal - Thermal

Effect on Oxidation ction

chemical reagents _ _

Time of . Midday ' Early morning .

maximum occurrence - _ ' _

Principal Temporary eye ?\ - Bronchial irritation, coughing

effecs irritation . someties increased deaths among
_ : - those with respiratory. diseases

Check Your Progress - 2% - _
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 gaseous components, oxides
. of nitrogen are considered to be more hazardous. Even very smdll 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 ceeation 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. It reacts and neutralises a part
of the haemoglobin in the blood thus reducing respiratory capacity. - At a concentration of
100 ppm or more it can cause death with. relatwely qhort €Xposures..

12.6. AUTOMOBILE AIR POLLUTION MEASUREMENTS

126.1. Sampling of Auto Mobile Exhaust Emissions

For purpose of analylical 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 sample 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 instantancous (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 to a minute or two and they represent the composition of air or gas at that time and
location. These are most often taken in evacuated bottles or gas collectors, although they .
may be taken with liquid displacement devices. Since the concentration of gases in the
exhaust is on the higher magnitude, bag samples or grab samples collection has an
advanlage. The samples brought to the laboratory may be analysed by Orsat Gas Analyser .
for CO,, CO, O, CH, etc :

- In case of continuous samples, the pollutant'; are absorbedN 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 c tratmn analytical methods of stack
sampling are to be used. For very low concen of CO, Carbon monoxide detecting
_ tubes are used. Besides this, gas chromatog hy ra-red spectrophotometric methods are
also available. $ .

E

12.6.2. Diesel Smoke Samplin aluatwn

instrument to measure the exh oke 01 diese] engine. The readings from the evaluating
instrument can be easily reprodu Black diesel smoke results from incomplete oxidation
of fuel 0il molecules during the combustlon process caused by localised lack of air or a
~ localised excess of fuel in the combustion chamber. The- engine, fuel or fuet injection
system may be to blame for this. : ' :

For this putpose,. smoke me r:Es us It is a portable, accurate and reliable testing

‘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 disc. 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
photoelectrically.

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
chamber. The petrol gets vaporised and passes out through the vent in the float chamber or
through the air cleancr,

Fuel evaporating from the tank and carburctl:or through over flow and venting channels
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“accounts for 20% of the total hydmcarbon emission from the automobiles. This is higher
in summer. :

During comprcssion and phases of engine operation, the pressure of the gases 1nsnde 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 fuel mixture and the rest
comprises of combustion products, When the engine is started from cold; even some of the
_pefrol may leak past the piston in liquid form due to insufficient vaporisation. To reduce -
the deterioration of lybricant properties and corrosion of metal parts, these blowby are
vented into the atmosphere. This crankcase blowby is responsible for approximately 20%
of the total hydrocarbons and 25% of the total particulates emiited by the automobile.
Particulates in blowby gases consist almost entirely of lubricating oil.

The major components of automobile exhaust are complete oxidation products-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 sulphur oxide. Particulates -discharged from exhaust consist of carbon
particles and lead compounds. ' .

It has been revealed that the fuel pump and sﬂencer are Important sources of noise.

Diesel emissions are as important as petrol emissions. Carbon monoxide is the most
important pollutant from petrol. However, diesel exhaust contain much higher nitrogen
oxide emission which is primarily responsible for photochdggical smog. Particulate emission
from diesel exhaust is more harmful compared to pe lgrgely because of much bigher
amount of smoke in the former. These particulajess¢ontain many toxic and cancer causing
compounds and are responsible for many resp diseases in polluted areas. Carbon

monoxide results from incomnplete combustion. ,
Nitrogen oxides are formed in the engine ¢ r whether combustion is complete or not,

As the nitrogen and oxygen in the if cbmbihe to form nitric oxide, the rate of nitric acid .
formation increases with temperatureNgnd Oxygen availability. _
Soot emissions in the exhaus @ om decomposition of hydrocarbon fuel, 'nucle'a’tibn of
carbon parucles in the ﬂame #h of soot nuclei, agglomeration of particles and finally
soot oxidation. : '

12.8. INDIAN LEGISLATION FOR AUTOMOBILE POLLUTION CONTROL

The major strategy is the enactment of the Air Act (Prevention and Control of Air Pollution),

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 polution in the
country.

Section 1’}' (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 atmosphere from industrial plant and automobiles.

Section 20 of the Act empowers the State Government in consultation with the State Board
to give instructions to Transport Authormes

Under the Motor Vebicles Act, 1939, sectlon 70 gives to the State Government, the power
to make rules, inter alia regarding the emissions of smoke, visible vapour, sparks, ashes, grit
ar oil. .
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Recommendations and Suggestions: It should be made obligatory for all Motor vehicle
manufacturers only such vehicles which do not pollute the atmosphere beyond permissible
limits. :

Scientists and technologists should device a cheap gadget for fixing on the existing vehicles
so that there is no pollution by these vemcleb beyond permissible levels.

When thls is done thereafter the prowsmns of the law should be strictly enforeed

12 9. SAFETY STANDARDS

Motor vehJcle emissions may be reduced in seve_ral 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 cxhaust vaives to
complete the oxidations mto CO, and H,0 without the extractions of usable power.

Developing new and cleaner fuels to use with the interngl combustion engme like propane,
‘ natural gas and alcohol have all been considered. _

Developing_ new types of engines using gasolinegemgther fuels for example, steam or other
pankine cycle engines, stratified charge engineurbines, wankel engines. :

. - Instituting tran_spdrtation controls to reduce\MyiQr vehicle use through educational programs,
‘ development of better mass transit sygtems ¥or intercity and intracity travel, or government
: control such as gasoline rationing. o ' '
Check Your Progress - 4
What is positive crankcase ve on (PCV) method?
Note: (a) Write the answer in the space pr0v1ded below.
(b) Compare your answer with the one given at the end of this unit,

R T T T T T

1210, ALTERNATIVE ENGINE AND POWER SOURCES AND'
ALTERNATIVE MODES OF TRANSPORT

The various possmle power sources for motor vehicles currently in use or under investigation
are listed below. The staridard internal combustion engine, the diesel engine finds some use,
especially on trucks. The other heat engings are very uncommion. '

12.10.1. Heat Engines

I. . 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 engin.
€. Miscellaneous internal combustion engines (stra‘uﬂed charged)
2. Diese] cycle with diesel fuel : diesel engine,

IL.  Contingouns combustion engines
1. Brayton cycle with various possible fuels: gas turbine engine.

~ 2. Rankine cycle with various fuels: extemal combustion 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 .

L. Batteries: Lead- acid, ‘nickel-cadmium, nickel-zinc, silver-zinc, zinc-air, sodium-
- sulphur, lithium-chlorine -and so forth.

2. Fuel Cells: Hydrogen oxygen, hydrogen air, hydra?lnc, methanol and so. forth.
12.10.3. Hybrids

Heat engine - battery hybnd engmes gas turbme-battcxy,
striling-electric hybrid and so forth.

Battery-battery hybrid engines.
Fuel cell-battery hybrid engines. 0
The wankel engine is simple, operateé sfno@and the lightness of the engine made .

possible to include pollution control equipm the engine much more easily than in
ordinary engines. But they are not econ?gl from the standpoint of fuel consumption.

Stratified-charge engines are excepffofjally promising. These engines have two carburettors,
one producing fuel rich mjxturc andfone a fuel lean mixture which are drawa into the main

" combustion chamber in apprefiate fahion. It has low bare engine emissions ‘which makes
poltation control easier, an fuel economy than ordinary engines.

The diesel ehgine is durable and is economical from the sta'nd—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 efficiencies, emit few pollutants but they
are heavy, bulk and expensive.

Battery systems are generally capable of supplying sufficient power but are energy limited
and cannot provide sufficient range. Hybrid power sources characterized by high specific
power with one characterized by a high specific energy to obtain an energy 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
connected with the automobile pollution and by inspiring and motivating for regulating
traffic, preserving greenary and proper residential designs as detailed in action plan.
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Who is blamed?
1. “Society

. 2. Road Marntenance Agenaes
3. . Traffic Violators.

_' Commumty actron depends upon understandzng the ab' e pr assocxated with automo- |

-hiles.

" 'Read Mamtenance Agencies (l) Laying the roads  of routes o
be repalred!lard 3 Neghgenoe on part of these agencresfdepamnents' @ Aliocatron of
funds. - _

)i Ao _ckivers..--
‘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 surpnse

Traffic Violaiers:- -Heavy vehicles: buses,lomcs,aut@a(yeﬂowperﬂs)

* Light vehicles : Cars, Cabs and Taxis _ \
Cars - Internal music facility - distracts the dnver _
Sound horns - produce unnerving sounds '

Two wheelers Scooters, mopeds and cycle nckshaws - rash dnvmg, dnvmg in areas
marked for heavy vehicles. o : -

Bad roads can be further classified as follows :

a)  Badly laid R ?\ .
b)  Neglected | ) V.
¢)  Badly maintained. o

This can be done by avoiding go traffic, particilarly near residential and shopping .
areas. Highways and main streetsMhould 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 __— '

Bullock Carts: Move at a snail’s pace bnngmg ?f Imost 16 a standstill.

Traffic needs to be regulated by community 1nvolvement to ensure smooth ﬂow hy wldemng C o
roads, restricting certain roads for light vehicles, proper maintenance of roads, appropriate
location of signals, synchronisation of signals in close proximity, proper planning of traffic
islands etc. A vehicle emits maximum carbon monoxrde when it idles and a smooth traffic
flow minimises pollutant emissions. In fact, by ensuring smooth traffic flow pollution can

be Jowered more than by merely controlling carbon monoxide emissions. Besides, there is
greater depression and dilution of pollutants when ' traffic moves fast.

The preservation of green areas with the help of voluntary ‘organisations is one major .
. planning measure by which city planners can influence the climate and air hygiene
conditions of urbanised areas. Green areas can filter dust and fly ash from the atmosphere.

Proper residential design should avoid major thorugh roads. No outlet can be planned with
natural barriers against over crowding poltution and noise. Automobile parking 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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1212, SUMMARY

Motor vehicles are responsible for approximately two thirds of the carbon mbnoxide, one
half of the hydrocarbons, .and_ one third of the nitrogen oxide emissions. These emissions
are especially noted for their production ot 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 cye irritation in humans,

The emissions from uncontrolled vehicles organized from the exhaust, crankcase blow-by,
fuel tank and carburettor, hydrocarbons were emitted from all these sources. The exhaust
also contains’ carbon monoxide, nitrogen (mdes and other pollutants such as suphur
compounds etc.

Pollution 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 collécted and returned to the engine. Exhaust emissions have been
controlled by a variely of methods, including engine mogifications and catalytic converters.

Several alternatives to the standard four-stroke, spar ignitd, reciprocating-piston, internal
combustion engine have been studied for possiblesfuture®ise. These include other internal
combustion engines (such as the wankel rotary ic, the stratified-charge engine and the .
diesel engine), external combustion engingg (such™€ Rankine or Stirling cycle engines) and
engines using batteries or fuel cells. %ﬂas its advantages and disadvantages. In

particular, batteries can provide go?’ owd but only short range, whereas fuel cells can

provide a long range but little poWwgs# ¢ stratified charge engine which combines low
pollutant emissions, good fueLgepnom®, and other advantages looks especially promising for
the near fuiture. % . ' :

12.13. CHECK YOUR PROGRESS: MODEL ANSWERS

1. Air polluﬁon may be termed as the presence of one or more pollutants or combinations
of these pollutants in such quantity and for such duration which may prove to be =
injurious to human, plant or animal life Or property. -

2. The major pollutdnts of automobile exhaust are carbon monoxide, hydrocarbons and
nitrogen oxides. :

3. The short form of Peroxy Acetyl 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

‘I© Answer the following questions in about 30 lines each,

1. What is air pollution? Menticn the Sources, composition and hazards of automobile
pollution, ' '
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Give an account ul safety standards and alternative engines and power sources of

automobile polluion. Add anote on community action against automobile pollution.

Answer the following questions in"about. 10 lines each,

Write bneﬂy about photochemical smog. |

What are the sources and composition of. automoblle exhaust

What arc ﬂlc safety standards for automobile pollution.

What are the recommendations and suggeonns for automobﬁe pollunon control?

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 Air Pollution
13.3.1. Primary Parameters o '
13.3.2. Secondary Parameters

13.4. Acid Rain

13.5. Remedial Measures

13.6. Location of Industries and Precautions

13.7. City Planning

13.8. Summary

13.9. Check Your Progress ;. Model Answers
13.10.Model Examination Questions

13.1. OBJECTIVES _
After going thrOugh this wnit you will be able to;

* define meteorology, S :
* describe the meteorological parameters in relation to@lution,
the

- * describe the consequences of acid rain and sugil iI edial measures,

* suggest the place for the location of industrial

13.2. INTRODUCTION Y
The branch of Science dealing wi study of earth’s atmosphere is metcorology.

Atmospheric conditions determine the b¥aviour of pollutants after they leave the source or
sources until they reach rccepto@ 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. Theretore, knowledge of meteorological and
topographical characteristics of a study area is of utmost importance, Transport and diffusion
of the pollutants to atmospherc 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 contaniinants 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 meteorclogical conditions. In a specilied place the emission of pollutants may be the
-same but it is the weather that can trigger an air polluuon eplsode

.133 METEOROLOGICAL PARAMETERS IN RELATION TO AIR.
POLLUTION '

. 'The impbrtant meteorological 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

201




temperamre, humidity, precipitation, solar radiation, pressure and visibility. The primary

factors are responsible for the dispersion and dilution, whereas secondary factors affect the -

- primary parameters, thus altering transmission of air pollutants.

- Wind speed, wind direction and atmospheric stability are called primary or basic meteoro-
logical parameters as the dispersion and dilution of the pollutants depends mainly on these
parameters. Ambicnt temperature, Humidity, Precipitation, Solar radiation, Pressure, and
Visibility are called secondary metéorological parameters as they control the dispersion of

- the pollutants not dxrectly but through their effect on primary parametess. These parameters

may vary as a function of latilde, season and topography. Weather and air pollution have
become compliementary to one another in such away that weather affects air pollution and
this affects weather in several ways. For example following paramelers may be impaired
namely v181b1hty, fog and in-coming solar radiation and mudences of smog.
Check Your Progress - 1 & 2
- 1. What are the primary or basic meteorological parameters?
2. Name the secondary meteorological parameters.
Note: (a) Write the answers in the space provided below.

(b)) Compare yourI answers with those given at the end of thig upit.

R R T T L L L L R LR R LR TR SR P A P
P TR TR R . I R T T TR

13.3.1.  Primary Parameters
Wind Speed:__ This directly deter e rate of dilution and iransport of air pollutants
Wind speed effects air poltutign thr h travel time and cl11ut10n

The travel time determines th nt of {ime the pollution is expmed to the, metcorologlcal
factors until contact with the re eptors.

The wind speed dilutes the poilutants by ﬁﬁoWing them in the'doi’vnwind direction. . For .

example if a continitous 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 each second. '

The dilution of air pollutants released from a source is directly proportional o wind speed.
The downwmd concentration of air pollutants is inversely proportional to wind speed

‘Wind Dlrectlon This directly determines the direction of transport of air pollutants. The.

direction of travel of the pollutants is determined by wind direction from which the wind is
blowing indicating that a north wind will transport pollutants to the south of the source,

Atmosphere Stability & Turbulence‘ Stability in meteorology, refers to a statc of
equilibrium and if disturbed, return to its undisturbed state, or changes the equilibrium.

In most simple terms the weather which is not stable may be said to be turbulent.
Turbulence may be of two types namely non-thermal and thermal turbulence.

Non-thermal Turbulence: This mainly controls the dispersion 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, buildings, 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 size 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, -ts effect is to diffuse or spread out the plume

Convective or Thermal Turbulence: The temperature of the 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 carth’s surface is heated
by 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 conditions turbulence is at a minimum.

~ In meteorological terms, thc thermal atmospheric unstability or turbulence is defined in
terms of difference between the environmental temperature lapse rate and the dry adiabatic
temperature tapse rate (1°C per 100m). The stability of the atmosphere affects plume shape
and the capability of the atmosphere for dlSpeI'SIIlg contaminants.. As such it serves as an
‘index of atmospheric turbulence.

Dry Adlabatlc Lapse Rate & Env1r0nmental Lap e Ragte: The rate of decrease of
temperature with increase in height dt/dz under such idea] cghditions (assuming air as ideal

gas and assuming adiabatic expansion) is called BIyNAdiabatic Lapse Rate and is equal to
1C per 100 meters {or 5A4°F per thousand & Such process never occurs in the

atmosphere since, the turbulence tends to oy the theoretically isolated volume.
The actual variation of temperature in v%is called ‘Environmental Lapse Rate’ (L)
and it seldom approximates the lapse rate L, in the lowest 100 meters. The
effective lapse rate (L) is equal to the Wliabatic lapse rate L, minus the environmental lapse
- tate L, : . .
L=L,-L; _
The atmosphcnc unstability (turbulence) denande upon the value of the effective lapse rate.
z ¢ V+dV - Incmase in Volurme (Expansion) :

p-dP- Decreasa in
Pressure

. ) o T - dT - Decrease in
TS - AN EOVRREE A= m - -—= Temperature

Dry Ad:abatIc Lapse Rate = a. The rate of
dz dacrease of
temp. with ht. -~
under ideal
_ adiabatic
v ¥ © expansion -

‘1- = 19CH00 meters

~Fig.13.1. Adiabatic lapse rate.
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()  Superadiabatic: On days when Lhere 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 superadiabatic condition undcr strong
unstable situation, . The pollutants' released upwards always meet cooler conditions and
continue to rise. This is confined to lower 200 meters of the atmosphere,

(ii) Neutral: The environmental lapse rate is nearly equal to the dry adiabatic lapse rate
implying no tendency for the reteased pollutants to gain or lose buoyancy.

(iii) Subadiabatic: When the environmental lapse rate is ncgative but less than the -

1°C/100m - the adiabatic lapse rate, it is called sub-adiabatic condition, e. 2., over-cast
skies, moderate or strong winds. The pollutants released upwards will become cooler than
the surroundmg and come down to its orlgmal position,

(iv) lsothermdl When the environmental hpse rate is zero, i.e., temperature variation
with height is absent, is called isothermal and is slightly stable as in subadiabatic condition.

(v) Inversion: When the temperature i 111crcases with helght i.e., when the envrronmenlal'
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 pollution, '

Temperature Profile - Variability with Time an

The main cause for variation of atmospheric 1ej ature with height is the vast chfference
between the rates of heating (or cooling) of e rface and air.

The diurna] variation of the lapse rate is in Fig. 13,2

‘vo Inversion
AT '
¥ J
A L Howrs
_ Lapée
~¥o rote
at |

Fig. 13.2, Typical diurnal variation of lapse rate,
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Under the normal conditions, in the open country, after the sunrise, the earth’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.e., the lapse rate is
observed creating unstable air and good pollutant dispersion. After the sunset, the earth’s
surface loses heat very rapidly through long wave heat radiations, but the cooling rate of air
is very slow, keeping it hot for very long time. Thus, during the night, femperature 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

F

Isothermal g

500 g

' ~ L4opl £

Dry N 0 %
Adiabatic 1 g
Lapse Rate 300 %_

Inversion

Super
~Adiabatic

5 och 32X A 42 43 4y
—ve % i > +ve _
@ Temperature difference o
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 Heights:- 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. : -

Plume Characteristics and Pollutant Concentrations under different Vertical Tempera-
ture variations :

'The manner is which stack effluents diffuse is primarily a function of the stabilily of the
atmosphere. : o .

(1) Looping: Looping occurs with a superadiabatic lapsé' rate. ‘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. g ' '

{2)  Coning: "With vertical temperature gradjént between dry adiabatic and isothermal,
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slight'instability occurs with horizontal and vertical mixing forming a cone shaped plume
¢.g., study of wind nights. ‘ -

(3) Fanning: If the temperature increase upward, the air is stable and vertical turbulence
is suppressed with a little horizontal mixing. Piume conicentrations are high but litlle cffluent
from elevated sources reaches the ground in this sitnation ¢.g., clear skies with light winds
during the night. - - '

(4) Lofting: Lofting occurs when therc 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 inversion. e.g., Near.

sunset on a clear evening in open couniry.

{8) Fumigation: As solar heating increases, the lower layers arc heated and a

superadiabatic lapse rate occurs through a deepet layer. Thermal turbulence will bring high
concentrations to the ground along the full length of the plume. e.g., clear skies and light
winds in summer due to increased heating. :

(6) Trapping: When an inversion occurs aloft 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, thg limit t0- upward diffusion will
increase concentration in the plume and at ground 16\{6

| h \.‘;/ - ‘ _:) - . Looping
i --,f'_:‘,';-:.-"_i:’;’:i';:_-. et
| —

b, . et SR ~_-_':___,a .

_'\> " . e : Lofting

| L\‘< \atior
1N Jl R Fumigation

Height

\ e iz Traeeing

Temperature

Fig. 134. Plume characteristics.
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| 13.3.2. Secondary Parameters
Temperature: The ambient temperature has several effects on air pollution

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.

Preerpltatmn Precipitation is one of the natural cleamng agents of atmosphere. Precipi-
tation. removes pollutants from the atmosphere through (1) Washout and (2) Rainout -
processes. :

Solar Radiation, Humidity & Pressure: Solar radiation and humldrty have effect on the
type and rate of chemical reactions that occur in the atmosphere.

Pressure: Low and hlgh pressure systems have predlctable effects on air pollution potentral
due to the accompanying atmosphere stability associated with thiese systems.

| Cyclones are characterized by: (1) Uplifting of air, (2) Generally stormy weather, (3) Fast
moving system - moderate to high winds. ' :

These factors are conducive to good dispersion and natural removal of contaminants released
into the atmosphere

- Anticyclones are characterized by: (1) subsidence of air subsuience inversion), (2) generally
fair weather, (3) slow moving system - light to cl '

" Dispersion Phenomenon: The _chsp_ersmn of l

wind, and is dependent on the atmospheric s -ustirleSS etc. The turbulent diffusion
models for atmospheric pollutants are baged o ’s law of molecular diffusion.

Most of the formulas are derived for sinfgler cases of constant velocify, steady state and
constant diffusion coefficients, v@ the Yariation. of wind and diffusion coefficient with
height is a fact. All point sources ¥Wpdels fail, if there is a weak and variable wind. The

models are also madequate@ersron layers
© On the other hand the concent¥tion of pollutants may be determined solving Fick’s law
numerically considering the wind profile, lapse rate, gustiness, topography, vanatxon of
diffusion coefﬁment or other relevent: faetors

Dispersion Models

Mathematical approaches have been made to the dispersion of pollutants in the atmosphere
and atmosphenc dispersion models have been developed based on Fick’s molecular dlffuswn
equation and on statistical theory. :

_For instantaneous point source, models are based on Fick’s molecular diffusion equation and
on Gution statistical concepts. : : :

For continuous point source, the dispersion models are based on, plume behavivor, eddy
diffusion, wind speed, and amount of dilution efc., as contimious emission of poliutants
result in a plume which is carried by the wind speed and spreads by the mtensrty of
turbulence - eddy :

The other, three well known models are: (1) Pasqulll Model, (2) Amencan Somety of
Mechanical Engineers Model and (3) Mc Elroy Model in the field of atmosphene diffusion,

All of these factors are conductwe to good dispersion and natural removal of contaminants
released into the atmosphere o




Anticyclones are characterized by:

1..  subsidence of air (subsidenee invefsion)

2. generally fair weather :

3. ' slow moving system - hght to claim surtace wmds

13.4. ACID RAIN
Rain has tracunonally been regarded as the harbmger of growth, productivity 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 life support system alive. It is the most
important source of free fresh water. This source’ of joy prov1des a new lease on life by
greening the landscape (Varshney, 1983). " ; o

However, rain has taken a new threatening complexity. Describing the alarming phenonl- .

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 pollute the
air to produce ‘acid rain’. It is new climatical phenomenon of lower atmosphere dumps-
brought to the land through rain and wmd

“The term acid rain is not new. It was first comed in Manchester England over a. Lentury.
ago. What is new is that it is perhaps the most pernicious global problem Subtle but lethal,
it has become a crucial ecological 1ssue, partlcularly, in Euroge. It is a modern post 1ndusmal
form of ruination. - : 6 : :
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Fig. 13.5. Possible chemical transformation feacﬁons in formation 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 seen to damage various kinds of vegetation inchuding croplands and

forests. It assaulis historic buildings, bridges, dams, industrial equipment, water supply

network, power and telecommunication cables and cultural treasures by accelerating erosion.

Tt is known to contaminate drinking water (Malkania and Malkania, 1987). In addition it

is known to posc a substantial threat to health by causing skin burns and making holes in

cotton clothing.

Acid rain is the term which includes various pollution processes. It is used to describe ail
precipitation - rain, snow, fog, dew - which is more acidic than normal. It 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 afkaline substances. '

Because that pH scale is logarthmic, there is ten-fold increase between numbers, Thus water
of pH4 is ten times more atidic than water at pH5 and 100 more at pH6. Acid precipitation
generally ranks between 5.6 and 3.5 and in some cases cven lower. Because acid rain
includes snow, sleet, hail, dew, frost and dry fall, it may be appropriatc t0 call it acid
deposition, acid precipitation or ‘atmospheric deposition’  collectively. The real acid
_deposition, often turns up days later and nundreds of kilomcters away from the source of

emission. : :

The sulphuric acid and nitric acid thus formed remain apouf under the prevalent high
temperatures and begin to condense slowly as @fie ipperare falls. The resulting conden-
sale take the form of aerosol droplets which \ggjdg to the presence of unburnt carbon
particles, is black, acidic and carbonacco?&his matter is called ‘acid-smut’ (Agarwal,
1980). : - :

It is believed that oxidation of sulp xide is inuch slower than that of nitrogen oxides,
so that sulphur dioxide may tpffgin airborne for 3 to 4 days, compared with nitrogen oxides
which may persist for only @ay. The consequence of this phenomenon is that acid
rain derived 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 Ttaly. Moderate or high acid contents (pH 4.5 t0 4.2) were
recorded north of this latitude, '

Consequences of Acid Rain: A major consequence of air pollution is acid rain. The '

pollutants emitted 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 terrestrial ecosystems as: '

a) *  Acidification of soils, altered nutrient supply, increased mobilization of aluminium
and other shifts from acid sensitive to acid tolerant species of microbial and soil fauna in the
soil, altered rates of decomposition of organics and N, fixation.

b) Foliar damage to crops and forests, leaching of nutricnts and other substa‘ncés from
leaves, increased or decreased seed germination depending on sensitivity to acidity.

¢)  Potential 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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Check Your Progress - 3 & 4. :
3. . The term acid rain was first coined in P 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.
(b} Compare your answers with those g_wen at the end of this unit.
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13.5. REMEDIAL MEASURES

(@) Meteorological elements, though have been damaged due to pollhtion still they are

~ the natural means of changing aerial environment. Precipitation and the wind speed and

wind direction play a significant role in diluting, transporting and dispersing physically the
pollutants that accumulate in a given space and time emphdsmng the appropnate mle of
nature in protectmg the envuonment ' :

_(b) ~ Air pollution is directty lmked to dlspcrsmn of pollutants and metcorologlcal condl-
. tions, Unless these conditions are considered al the time of sclection of sites, the problem
~ cannot be mitigated by only handling the pollutiorni at the sowgce. Siting criteria for mduslrla]
Iocation has to be made rigorous and no exemption sfagld pe permitted. - - '

13.6. LOCATION OF INDUSTRIES AND@CAUTIONS

Till now the factors considered for locatin industrial pIant were the avaﬂablhty of |
raw materials, power, water supply, tr% g facﬂmes, labour and the market. Now one:

more critical factor has to be consi 1:hci plant management, i.e., the factor of air
‘pollution control. In fact, the neglect is aspect of air pollution confrol in past by many

large industries has proved t ostly error, for today they are facing heavy damage '
claims, litigation and the nece of takmg control measures after several years of
operation. : : :

Factors to be consndered for industrial-plant locatum' Wh;le selecting a site from the
point of air pollution control, the following should be taken into consideration to avoid costly
control measures, improve public relations, and prevent litigation.

Existing levels of air contaminants :
Potential effects on the surrounding area @
Meteorological factors and climate
Topographical features

Clean air available

‘Planning and zoning

S

- Existing Levels of Air Contaminants: If the néw plant is to be located in an area which
is already industrialised, it is a good practice i6 undertake 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 ofi pollution due to existing industries, ie,
whether the existing level of pollution is high, medium or low. The results of such a survey,
with respect {¢ 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
safely discharged into the atmosphere without resulhng 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 specitic effects of the major pollutants likely to
be discharged into the atmosphere.in relation to the population and land use of the area
surrounding the site. For example, whether the pollutants will have any effect on the health
of the farm animals in that area, is to be considered. A rural and predominantly agricultural
area is more affected by fluorides and sulphur dioxide than an urban population. 'This is
because cértain pollutants are more toxic and harmtul 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 t0 know the prevailing wind direction,
wind speed, and factors favourable for stable atmosphere, i.¢., 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 km/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. ' ' S

Areas where prolonged subsidénce inversions occur frequently should be avoided for
location of industries if alternate sites are available. Iggdividual vaileys where prolonged
conditions of stable atmosphere are frequent should be@ly examined. Industrialization
of these areas fnust be minimised. '

Topographical Features: Air movement is inﬂuenced' b_y the topography in the
neighbourhood of the site under consideratigg, 1iké"alleys, mountains, etc. In fact, we have
to give more attention to air pollution con alley sites-than in level terrain, especially

when the average wind velocity isQﬁ 16 kilometers per hour.

ones dealing with the man of transistors, electronics, refineries, antibiotics, and
" vaccines. Also, clean air is reqigéd 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 to the cost of cleaning the air.

Clean Air Available: For exggle, dustries requiring clean air for manufacture are the

- Planning and Zoning: Proper planning and zoning of industrial areas and residential areas
can play an important role in the control of air pollution. Residential areas and certain heavy
industries should not be located too close to 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 municipal 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 pollutants 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 guarries. This
fact has been established by laboratory studies carried out at Ecology Laboratory of Botany
Department of Osmania University and jointly by the Toxicological Research Centre and the .
National Institute of Botanical Research, Lucknow, Therefore, growing suitable trees is an

important way of solving the problem of air pollution.
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13.7. CITY PLANNING

Today, we are sccing 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 peor zoning practices have spoiled fine residential areas in
the heart of the cities have degenerated into stums.

One of the basic principles of country planning is, it must be ficxible, continuous and
adopted to the local requirements. Residential; commercial and industrial areas must he
properly planned. Prime importance must be given for locating sufficient 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 lancs and parking facilities.

For the proper growth and development of a city, a zoning Jaw is required. And of course,
the regulations must be strictly implemented.

Every city or town requires its own zoning ordinance according to the local conditions. As
land usage changes, the zoning rcgulations must be modified to meet new conditions.
- Satellite towns bordering a city must also be subjected 1o zoning to provide for orderly
growth.

Following are some of the measures that can be laken fRair poliution control by planning
and zoning: .

Decentralisation of industry Q
Creation of a green belt between industry receptor areas

2. .

3. Regulations over automobiie exhaus

4. Traffic control g‘

5. Creation of smokeless zg ¢ ected arcas by limiting industries and residences in
those zones to the use 8 @ ain specific smokeless fuels.

6.  Prohibiting use of volatile Tuels. _

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 visibility are
secondary parameters which influence the air pollution. Acid rain plays a ma|0r rode 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
protection. Following arc the important factors to be taken into consideration while selecting
a site from the point ol air polintion control: (1) Existing levels of air contaminants, (2)
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Potential cffect__s on the surrounding area, (3) Meteorological factors and climate, (4)
Topographical features, (5) Clean air available and (6) Planning and zoning.

13.9. CHECK YOUR PROGRESS: MODEL ANSWERS

1.

“The primaty or basic meteorological parameters are wind speed, wind direction, and

atmospheric stability. .

Ambient temperature, humldlty, preCLpltatmn solar radiation, pressure, and visibility
are called secondary meteorological parametcrs

Manchester England.
The pH of acid rain water is less than 5.6. -

13.10. MODEL EXAMINATION QUESTIONS

|
1
2.
3

oW o

Answer the following quesiions in about 30 lines each.
‘List out and describe the meteorologwal factors influencing air pollution.

Write in brief about aucl rain.
Write briefly about the factors that are to be c@éﬁ for locating the industries.

Answer the following questions in aboutl0 limés’each.
Explain briefly the meteorotogical faétdrncing air pollution.
Describe briefly the adiabatic 1apse2@ud_ enviroﬁmental lapse Tate,
Discuss briefly the plume ch ris ' ' '
What is dispersion? Ex lain%

| t - | .  Prof. S.H. Raza
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UNIT-14: INDIAN ECONOMY
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14.1. OBJECTIVES % -

After _ge;ing through this unit,.you will be able to:

* "indicate the importance of agricul'ture in the economy,
|k 1dent1fy the problems faced by agrlcultural sector,

* explam the industrial policy 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 sﬁuare miles which accounts for 2.4% of the total land area
of the world. According to the 1991 census, the population 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 unpopulated 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 cteates its own demand for diverse social
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 populatmn The
occupational pattern of the population can be derived from the census ‘count’ of the main
workers, As per the 1991 census, the work force. engaged in the prlmary sector was 66.8%
and the secondary and tertiory sectors account for 33%.

This unit introduces the contribution of Agrlcultural 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 production, the ‘size of labour force is of great importance
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 sectof (agriculture and allied activities) has been
steady and not fallen below 67 percent.. This is;really significant since a large percentage
of population dependent on 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 sectob
14. 3.2. Share of Primary Sector in GDP

In 1950-51 the share of primary sector which| agriculture, mining forestry émd
~ fishery was 55.3 percent. This was on account tically non-existence of industrial

devetopment and infrastructure. However, e initiation of planning in India, the share
of agriculture has persistently declin sdount of the development of the secondary and .
tertiary sectors. From 55.3 percent %‘ Domestic Product (GDFP) in 1950-51 the share
of primary sector in GDP decli ily to 44 5% in 1970-71 and further to 31 6% in
1990-91. _

However, the mere fact that agricHlture still contnbutes more than 30% of natxonal 1ncome
shows how important it is for the Indian economy. '

The share of primary sector in GDP is often taken as an indicator of economic developmcnt
Normally developed economies are less dependent on agriculture as compared to developing
* countries. For example, only 3% of national income is derived from agticulture 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 t'o 4% of the working population is engaged
in the agricultural sector and 3 to 4% of natwnal income is derived from the agrlcullural
sector in those countries. Whereas in India 67 percent of working population engaged in the
primary sector contributes .31.6 percent of ngS domestic product.

Check Your Progress -1 :
Comment on the share of primary sector in the GDP
Notes {(a) Write the answer in the space provxded 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, agricultural 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, cotton textiles, jute, sugar, vanaspathi, tea, coffee, rubber, coconut eic. 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 husking, oil crushing, handloom weaving etc depend upon the agricultural sector for
their raw materials. These days a lot of agro processing industries are commg up and they
get their raw materials from this sector.

All workers engaged in the sccondary and tertiary sectors depend for their essential
consumption requirements on agnculture Agricultural sector also provides 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. In recent times
fruits and vegetables, prawns, eggs are being exported to the middie east countries. This has
" great significance for economic development. The incsgasing exports help the country to
pay for the increasing imports of machinery, petrol@mde, chemicals and other raw
th nomy

- materials which are needed for the development € .
14.3.5. Role of Agricultural Sector in- ic Planning
Importance of agriculture in the nation omy is indicated by many factors. For
example, agriculture is the main su forhe transport system in India since railways and
roadways secure bulk of their busi the movement of agricultural goods. Interna-
tional trade is mostly confineg to aghjcultural products. Further, good crops imply large
purchasing power with' the ng & ses and that leads to greater demand for the industrial
products. There is an universc\glationship between agricultural growth and rural poverty.
In other words, in those years, when the monsoon is 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

Agricuitural productivity coverage per hectare is among the lowest in the world. - In the
recent past, there 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, decline in the per
capita area of land, and disguised unemployment.

(i) Discouragmg Rural Armosphere: 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 hybnd variety of seeds, irrigation, chemical
fertilisers etc. .
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(iii) Inadequate Credif Facilities: Credit is one of the most important aspects in the
agriculiural sector. The farming community depend to a great extent on money lenders for
their input requirements These money lenders charge very high rates of interest. In the
recent times, commercial banks and co-operative banks are catering to the credit requlre-
ments of the tarmmg commumly

B. Institutional Factors

(i) Size of Hola’ings: 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 etc. One of the reasons for poor agricultural vield is
prevalence of small holdings.” '

(ii) Pattern of Land Tenufe.' The position of tenants is not satisfactory despite the abolition
of the zamindari system. Therc is no security. for the cultivator because he has to pay higher
‘rents for the land he cultivates and he may be turned out of his land at any time the land -
- lord desires. 1t is djfhcult to increase agricultural producumy under these cucumstances

C. Technological Factors ; _ :
(1) Poor Techniques of Production: The old and in nt methods and techniques of
production have been used by the farming compffinly. Only a small percentage of farmers
have started adopting improved implements. T8 ease the fertility and to utilise fallow
hands, the use¢ of farm yard manure and ¢ ical fertilisers is very important. In addition,
farmers shoutd use high yielding and dis%istﬁm varieties of seeds. '

(it} Limited Irrigation Facilities: of the farmers through out the country have to
depend upon rainfall since irrigegion f3cilities are jnadequate. ‘Only a small percentage of
farmers have and avail the i@n tacility. In the recent years, irrigation facilities are
being increasingly made availab¥ Because of irrigation facilities, doublc Cropplng, better
rotation of crops, fighting plant diseases and pests are looked into. Consequenﬂ v, land and
labour productivity in agriculture is steadily going up.

Check Your Progress -2
What is meant by inadequate credit facility?
Noté (a)'Writo 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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14.3.7. Agncultural Pollcy

Before the mid nineteen sixties, the activitics of the governmcnt in the food grain economy
were limited in scope tothe import of grain and its distribution mainly in the urban areas
under various forms of motioning. However, with the adoption and promotion of the new
- agricultural strategy based on the cultivation of high yielding varieties of seeds 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 Indian -
conditions. The agricultural price policy was evolved subsequently. It can be seen as an

essential part of a larger package of policies demgned to promote rapld agricultural growth

and to encourage private investment.

14.4. INDIAN IND_USTRY

In 1950, the industrial base of the economy was very small and the industries were beset
with many problems such as shortage of raw materials, deficiency of capital underdeveloped
infrastructural facilities, bad industrial rclatinns, stagnant economy, transport botflenecks 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,
lcather goods and paper. Industrics manufacturing intermediate products like coal, cement
steel, power, nonferrous metals, chemicals etc were also established but thelr produchon was
~ small as producnve capacny was consnderably below the reqmrements

The first plan was not important from the point of view of industrial development. Since
paramount importance was given to the agricultural sect resources available for industrial -
development were insufficient. The second plan a@ top priority fo programmes of
industrialisation. Bagsed on Mahala nobins mgdel, th®Second plan set out the task of
establishing basic and capital goods industries ge scale so that a strong base for the
industrial development could be built in the futhse? Three steel plants of one million ton
ingot capacity each were set up in the publ r at Bhilai, Rourkela and Durgapur besides
the expansion and modernisation pr undertaken in the private sector.

The overall objective of the indus lan during the third plan was to lay the foundation
for further rapid industriatiz. er the next 15 years. It was considered essential to press
forward with the establishme asic 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, jute textiles, power driven pumps, diesel engines and petrolenm products.
There were substantial short falls in a number of crucial industries (like steel and fertilisers),
On the whole, the performance of 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 (if) shortage of basic raw materials (iii) labour troubles (iv) traffic
bottlenecks (v) shortage of coal and power and (vn) low level of capacity utilisation in a
number of industries.

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 séctor 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 prodilction of inessential goods.-

| The target growth rate of industrial production durin g the Sixth plan was 8 pefccnt_ and actual
grthh rate was 5.9 percent. The correspondi_ing figures for the Seventh plan were 8.7
percent and 8.5 percent. : : : '

v) 'lemng and controlling foreign mvestmcnts in domestic industry

(vi) Pursuing self-reliance through import substltutlon oriented pollcles of industrial |
' development : : : '

(vii) Carving out a central role for the publlc sector in the process of development

14.4.1. Industnal Policy - -

Industrial policy derived from the import substituting strategy was aimed at over coming the =
resource constraint. This was done through govemment control of the allocation of scarce
resources into priority areas of investment. This control was exercised in two ways. Firstly,
- crucial areas of invesiment, 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. Besides the major aim' of allocating scarce
resources into predesignated areas of priority, 1ndustnal pollcy incorporated objectives whlch
were in keeping with the socialist spirit.

14 4.2 Occupatlonal Structure in Industrxal Q ' '
- The process of industrialisation introduced in the gajddle®f the 29th century was limited to
plantation and textiles. Heavy investment in mj uring has made no impact as regards
the pattern of occupational distribution since Considering the overall secondary

sector, it looks as if nothing has happedg®Mg this sector in terms of employment of
“workforce. In 1991, 12.7% of the wo@ g papulation was employed in this sector as against

10.7% in 1951. Compared to the in 1901 when 12.6% work force was engaged
in the secondary sector, situatign inNJ971, 1981, 1991 was 11. 2% 13.5% and 12.7%
respectively and they could eemed satlsfactory

On the industrial front, the planners made a number of efforts to mdustnahse the economy

specially in the capital goads sector with imported machinery and technical know how. The

development of small scale and cottage industries 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 Iuxury durable
consumer goods industries, using capital mtenswe methods, with imported machinery. - The

highly capital intensive investment structure had very little employmcnt multiplier and thus,
produced vmually no effect on the occupatlonal structure., - :

14.43. Share of Secondary-Sector in GDP

The secondary sector comprises mining, quatrying, manufacturing industries (factory and -
non-factory), electricity, gas and water supply and constiuction. The share of the secondary
sector has shown a steady increase from 16.1 pércent of GDP in 1950-51 to 28.7 percent in
1990-91, It s pertinent to mention that this secfor of Indian economy has 2rown
continuously through out the post mdependpncc period. Manufacturing industries and

~ . construction are the two major componentsiof the secondary sector. The share of -

manufacturing in GDP increased from 11.4 percent in 1950-51 to 20.6 percent in 1990-91.
Stimilarly, the share of construction. 1r1pr0ved from 3.3 percent in 1950-51 to 4.1 percent in
1990-91. .




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 pezrocnt 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,

14.5. ISSUES OF EMPLOYMENT

All the Indian five-year plans have stressed a substantial expansion of employment
opportunities as a major goal of planning. Operationaily, 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 belicved that these goals have
not been achieved.

14.5.1. Crude Worker Population Ratios

The crude worker population ratios are estimated by the four quinquential surveys ot the
National Sample Survey Organisation (NSSQ) i.e., 1972-73; 1977-78; 1983 and 1987-88.
The corresponding data from the population censuses are conducted during 1961-91
separatcly 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 population of
the country have been stable around 41-41. ' o
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14.5.2. Unemployment Rates

-Unemployment is measured as percent of the labour force, Underlying rationale is to focus
attention on the extent of available labour that is not utilised.

Since early 1970s the NSS has begun to measure unemployment 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 since 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 cducated both in
rural and urban areas there seems to be a substantial overlap between the usually uneraployed
and those classified as cumrently employed or unemployed during the reference week
preceding the date of survey. :

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 (o be stable around 4 percent since the early 1960s, The rates of urban
unemployment durmg the 1970's and 1980’s have beep cl&gly higher than in 1)61 62. But
since 1972-73 one observes 4 certain stability in the raf8g fgf males around 6-7 percent and
in the rates for females around 9-11 percent. O : :

14.5.3. Employment Problem of Edygated ' '
.Educational attainnient influences the will&ess of people to work. Tn the initial stages,

school attendance contributes to a f the young children from the work force.
- Those who complete high school or 2§ to college want to participate in economic activities
- of a particular type mainly as collar workers and as regular salaried employees. The
education rel_ated differences ticularly marked in the case of women.

Since independence, the number of matriculates or secondary schocl 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 also become a major
challenge because the work opportumtles of the type that they seek have cerfainly not

expanded 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
gradfates in both rural and urban areas tend to be on the line register of employment
exchanges. The proportion has tended to rise over the years, Along with population growth
and a sharp increase in the proportion of matriculates, graduates and higher edocated in the
population another factor comtribuling 1o the rise in the pumber of persons on the line
registers of employment exchanges bas been their greater tendency 0 register.  The

" employment exchange authorities have also relaxed the earlier rule about the pE)l"lOdIthy of
‘renewal’ required 1o keep a person’s name on the live reg,lsler
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Check Your Progress - 5.

Analyse the estimates of the rate of unemployment
Note (a) Write the answer in the space provided below. -
(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 ciployment
without becoming residents of the areas in which they ork are called migrant labourers.
The phenomenon of migrant labour is the result of ﬁl and piece rate work that has
emerged as a result of a certain type of production fgchno and the associated organisation
of production. Migrant labour is essentially a tc wage earner. When he is hired for
a certain amount of work, it is the quantum of We@¢ which is important and not the hours
of work. - '

Migrant labour is also seasonal 1ab Sucg seasonal work is a feature of the unorganised
sector, The operations in certain entéprises like mines, brick links, construction, salt pans,
commercial agriculture etc . Work in such enterprises starts after the monsoon
season and ends prior to the I in

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 as a -
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 iabour
from slow growing region through migration would allow permanent and productive
employment in the mformal 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) rural 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
clcarly 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 seeking
to record reasons for migration. Keeping operational constraints in view, fine broad reasons
for migration have been distinguished: (i) employment (ii) education (jii) marriage @iv)
family movements and (v) other reasons. 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 employmcnt was (he main reason for migration among males whﬂe
marriage was the main reason for migration among females.

About 48 percent of rural urbar'male migrants had moved for employment considerations.
About 51 percent of rural-urban females migrants 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 moved for this reason. '

Check Your Progress - 6
What are the reasons for migration?

Note (a) W_rité the answer in the space provided below,
h Compafe your answer with the one given at the end of this unit.

I SR

- 147. DEVELOPMENT AND ITS MQ?.LN
a

_ Development consists of much more @ n therease 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 @wor output and changes in the technical and institutionat

arrangements by which it is p d. Development is concerned with the attitudes and

abilities of people as influenced By education, access 16 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 instititions deal with the working of
econontc 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 economic
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 must
bring out these underlying factors too. Full interpretation of economic development must
consider non-economic factors also. Political sociological and psychological factors have a
great deal of relevance in the matter of economic development. The nature of the
government, the type of the legal system, the standard of education and health, the attitudes
and out look of the people, the role of the family etc have all an intimate bearing on the
process of economic development. Another essential element in economic development is
that it has to be steady and sustained.
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14.8. SUMMARY

. The umt tries to explain the importance of agrlculture in terms of providing employment to
the growing labour force and its share in the gross national product. The role of agricuitural
_sector in international trade and industrial development are discussed. The causes for low
productivity like over crowding in agnculture, inadequate credit facilities, size of holdings,
pattern of land tenure and some technological factors are discussed.

This unit also analyses the industrial policy tesolutions right from 1948. The occupational
structure and the share of secondary sector in GDP are presented.

"The important issues of employment like participation rates and unemployment rates,
problems of the educated unemployed are explained. The types and problems of migrant
labour are analysed.

In the last part of the unit, the meaning of development and features of developme_nt are deatt
with. ' ' '

149. CHECK YOUR PROGRESS : MODEL ANSWERS

the initiation of planning in India, it has dec}
further to 31.6 percent.in 1990-91. In the pri
labour force is engaged but their contribfftiolyto GDP is less than half. .

I.  The share of the primary sector in GDP was 55.3 Ercent in 1950-51. Gradually, after

2. In the Indian agriculture, credit ig one Of the important inputs. The farming
community requires credit to buy th%ms like sceds, fertilisers, pesticides, services
of labour, water, electricity e he dommercial and co-operative banks do not cater
to the credit requirements ol%mers in time. They have lot of formalities to be
completed and they %e nsuming, - Farmers depend upon money lenders.

Hence, credit facilities adequate.

3. The secondary sector comprises mining, quarrying, manufacturing industries (factory.

and non-factory), eleclricity, gas and waler supply and constructjon.

4. The share of the secondary scctm 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 GDP has increasetl, 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 1mproved from 3.3 percent in 1950-51

to 4.1 percent in 1990-91.

5. According o the weekly status concept, the rural unemployment rates 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 Imgratlon have been CllClted with reference to movement from the

place of last residence to the place of renumeration. There are five rcasons for
migration. They are (i) employment (ii) educatlon (iii) marriage (iv} Lumly movemem:s
and (v) ‘other reasons.

44.5 percent in 1970-71 and
sector, about 67 percent of the



- 14.10. MODEL EXAMINATION QUESTIONS

VN IR SR SRS

b

S

Answer the following 'questions in about 30 lines each.

Explain the importance of the agricultural sector to the Indian economy.
What are the caﬁses for low productivity of the agricultural sector?
What are the objectives of the industrial po]icies" | |

Analyse the 1mp0rtance of the mdustnal sector to the Indiar. economy

~ What are the vanous issues of employment? Andlyse them.

Answer the following questions in about 10 lines each.-

_ Commcnf on the share of the primary sector in the GDP,

What is the contribution of the agncultura] scator in the mduﬂnal deve] opment of the _

. country?

Explain the agricultural policy of India,

Describe the occupational structure of the labour force in the industrial sector.
What do you mean by migrant labour? Describe em.

Analyse different dimensions of the meaning o levelppment. :

O_ . Dr.S. Sudhakar Reddy
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UNIT-15 : TECHNOLOGIES

Contents -

15.1.  Objectives
152, Introduction
15.3. Meaning and Definition of Technological Self-reliance
154, Technology Policy Statement '
15.5. Technology Missions
15:6. Pollution
157. Technology Transfer
15.7.1. Methods of Technology Transfer
15.7.2. Constraints of Technology Transfer
15.8. Summary ' '
15.9. Check Your Progress : Model Answers
15.10. Model Examination Questions

15.1. OBJECTIVES

By the :nd of the unit, you will be able to:
*  explain the meaning of technology, 0
* describe the technology policies,

* analyse different types of pollution and
* explain technology tramsfer, its m and constraints

15.2. INTRODUCTION

Technology can be regardtd%factor input or resource. It underlies the process of '
producing new things with. exis 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 Yactors 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 achieving technological development for self-reliance. The need for special
treatment of Science and technology (S&T) is recognised quite carly and reflected 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 natignal technological capability.
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Development plans apart, policy instruments (rmport controls, industrial lic ensing, 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
Tteduce its technological dependence.

15.3. MEANING AND DEFINITION OF TECHNOLOGICAL SELF RELIANCE

Technological self-reliance in the Indian content may be defined as a process of i increasing
through R & D efforts the nations capacity to acquire and adapt imported technologies. And
also to innovate further on that basis so as to incréase its internal technological capacity and-
to reduce its external techndlogical dependence. By and large, the country can said to be
more self-reliant in technology if over time its expenditure on technology import reduces
relative to its expenditure on R & D and vice versa. The relatively. reduced expenditure on
technology tmport implies reduced dependence, and increased expenditure on R & D an
improvement in the technological capac1ty :

We are not presummg here that the pursuit of ';e]f-rellance should confine itself to local
adaptation of imported technologies 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 thrgugh exclusive indigenous process
in an innovative environment. Tt can be stimutated \@an of technology and its local
adaptation by domestic R & D. Technical change is iuch the outcome of domestic
R & D efforts, The knowledge and experience Arom the initial import is used to raise
the importing firm’s capacity to generate its Oy #ubsequent path to technical change..
. Therefore, the need is 1o plan collaboration: ements in ways that would ensure effective

transfer of basic knowledge and know l%r subsequent absorption, adaptation and

improvement, :

15.4. TECHNOLOGY P STATEMENT

‘'The need to dek up the scientific policy Resolution and the attempts at science and
technology planning, 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 objectives presented in this polmy are:

() to attain technologlcal competence and self-reliance

(ii) to reduce vulnerability particularly in strategic and critical areas, making the
maximum use of indigenous resources :

@D touse trad_monal skills and capabilities making them comufiercially competitive

(iv)  to develop technologies which are internationally competitive and have export
- potential

) (v) to reduce demands on encrgy, especially from non-renewable sources
v  to ensure harmony with the environment

'The technologlcal policy statement reiterated self-reliance as the basic aim and the development
- of indigenous technology and efficient absorption and adaptation of imported technology as
the strategy. In the pohcy statement and administrative guidelines in India, technological
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self-reliance is seen consistent with the use of a mix of imported and indigénous.téchnologies.

~The statement also indicated that a mix in which propb_rtio_n 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 foreign technology
and its subsequent absorption, adaptation and upgradation to suit to domestic resources and
" conditions by increasing efforts to domcstlc R&D act1v1t1es '

The technology 1mp01't policy that has evolved oveér the year has the following features.
Firstly, it is selective and seeks to provide protection to local technology wherever 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
imports of technology. For instance, technology import through foreign direct investments
(foreign financial collaboration) are restricted onlyto a selecied relatively complex technology
industries. The imports of designs/drawings/capital goods are relatively easier. Finally,
there is emphasis on rapid absorption, indigenisation and updating of the acquired technology.

Check Your Progress - 1
1. What are the features of technology 1mp0rt policy?

Notc. (a) W_nte the answer in the space pr0v1ded b% : :
(b) Compare your answer with the one giygn at ¥ae’end of this unit.

B L R L T L T L L L R R T e A N

T T N L L IR T L T e e R e L T R N N L

15.5. TECHNO_LOCY MISSIONS

Modern 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 cnergy programme in spite of the embargoes

on various Kinds of materials, components and equipments following the peaceful nuclear
experiment.- [t could withstand the U.S. pressures with regard to fullscape safeguards.

The importance of defining Missions - technological and societal - end of delineating the

strategy and the tasks against a long term perspective and assigning the responsibility, the .

necéssary 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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Flvc missions have been established in 1986. They were. i) dnnkmg water (11) oil seeds (m)
vaccination of children (iv) eradication of 1lhteracy and (v) telecommumcauons

- 1556. _P-OL_LUTION '

The histbry of industrial growth has also been the history of environmental degradation. Tt

implies in-effect the passing down of the cost of development to succeeding 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 seftled agriculture. The very process of cultivation involved the

" ¢clearing of forests and the systematic tilling- of the soil, the construction of buildings and

later the process of irrigation by diverting water from existing channels to the cultivated
farms. :

Wc should try to understand the three ‘areas’ of enViroﬁmental degradation. The degradation

..ot ine environment occurs through the poflution of the air (that we breathe) and of water (on

which all life depends), as wcll as through changes on the earth which may have othcr
harmful effects.

Pollutmn of the atmosphere is easy to see. Factories belching chemicals and smoke, car
are clear examples of atmospheric pollution. In receng tinig, diverse sprays (like aerosols)
which have become a part of modarn urban life may be Saigfo be causing even greater harm
than the large factories. Aerosols have the effstroying the ozone in the atmosphere

surrounding the earth

__ exhaust fumes which cannot be seen but which nevertheEss pollute the very air we breathe

Poliution of water is also equally visible fr?e discharge of effluents from large factories
in which cheinical process plants ar worst offenders. Leather, paper, heavy chemicals,
fertilisers, drugs and pharmaceutic@\ﬂ'a number of other industries have traditionally
been discharging their effluen waste products into nearby rivers. These effluents and
waste products kill all fish an@r m_ariné 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 population.

Both the above forms of environmental -degradation have drawn the attention of social
reformers and of governments. Many laws have been enacted in different countries (0
prevent or at least minimize the adverse effects of such env1r0nmenta1 pollution.

' Apart from the pollution of the air and water, there is a thll'd aspect from the Iong ferm 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 environmental degradation. These two arise from unplanned mining and

quarrying activity; and the felling of trees.

15.7. TECHNOLOGY TRANSFER

One of the important tasks is to raisc technological horizon so as to meet the requirements
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of development programines. The gap between the technological requirements implicit in
the development programme and thf_:/domestic stock of technology is wide to be bridged
entirely through indigenous technolqgical growth. Transfer of technology from the developed
countries will help to fill this gap more easily and m less time. -

The role of transfer of technolo gy is two fold. Firstly, it goes to supplemenl the domestically -
- avajlable technology. In this way, it thus helps to fili 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 Trans.férs

The transfer of technology from one couniry to another can lake place in a number of ways.
Some of the most important ways are ' -

i)  through the exchange of journals, books and other'publishcd information
iiy  through the exchange of technical personnel

iii}  through foreign mveslment and the associated {ransfer of equlpment and know
how

iv)  through technical collaboration programmes - both official and private
| v)  through import of machinery and equipmen _—
| vi)  through licensing, patent and know-how afgcpients. _
In actual practice, transfer of technt_}logy cannoected freely. There are secrecy and
property rights in process and product know howw#Actually, ransfer of technology takes
place only if the organisations possessing ical know how are prepared to make a
specific effort dirceted to the recipienigSo profit making organisations are not willing
. to allow their technology to be ¢ of elsewhere unless they are compensated

financially. Of late, there has ggown international market in licensing and know-how
agreements. % S '

15.7.é. ‘Constraints of Technology Transfer

There are several problems associated with-the assimilation and adaptation of téchno].ogy of
the developed countries. The more important of these arc the following:

i) Constrainis of foreign exchange and managerial skills: The constraints imposed 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 economise on such
scarcities. This in turn would require those technologies to be adopted which can be
installed with the available. Supply of human and phy51cal resources and are commensurate
w1th the emerging levels of productive capacity. '

ii) 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 to the required labour intensive
level calls for suitable technological adjustments: This in turn necessitates 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 capabilities are far too
inadequate. ' : '

iii) Investment costs and technological conversion costs: Quite apart from the problem
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of choice of a suitable tcchnology, Indla is faced with the problems of fitting that techno]o gy
to its environment. In this regard, there are two courses open. [t can either duphcate the
.product designs and production systems with minor adjustments to allow for the differences
in the scale of production and relative factor su_pplics. -‘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 involves
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 endowments calls for economising on its scarce resoutrce (capital) an_d
making more intensive use of its abundant factor (labour). On the other hand, the
technological thlf of the advanced countries offers technologles which are the other way ©
round. :

‘Several factors limit the capability to adapt or convert technologies to the existing factor
endowments. Firstly, technological conversions so as to make _effécthe use of pvailable:
resources calls for a high kevel of human organisation in which India is deficient.- Secondly,
India lacks essential indusirial capabilities and skill to organise, manage, and control
production. Thirdly, the requirements in terms of qually and precision impose absolute
limits to the technical feasibility of converting a capifs} injensive technology into a labour
intensive one. There are limits to which hum dlls substitute the machine capabilities.
" Finally, lack .of compemxon or mefflclent g & also restricts adoption of optimal
technology. ' : :

 (v) . Protectionist Policies: Indiadg unzr strong economic and political pressure to

establish. industries in order to cre%oyment, utilise local resources and.save foreign

exchange. But the protectionigfpoliC¥s hamper technological transformation, in a number

of ways. For instance, unde@uve umbrella, there is a tendency to start & wide range

- of industries - right from steel yd cement to heavy electrical equipment. This necessarily -

results in spreading thin the scarce resources like capital and critical technical and managz_arial

skills over a wide range of processing and manufactunng industrics. Consequently, the

“modem technologies cannot be handled and the technological absorptive capacity is all the .
more Strained. '-

The pI’OteCthIllbt p011c1es are & hurdle to technologlcal transform:mon in another - way also N
- "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 technologxcal lag behind the
developed ‘countries tends progressively. to increase.

There exists a positive relationship between the rate of investment and the rate of technical
progress. A high rate of investment is conductivé to the profitability of ‘inventing and
“devcloping 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 production. Secondly, it is from the henefit side which is nothing but the reductions in -
the cost of preduction that are made pOb&lble by the use of new equ1pment mcorporatmg _
_ improved lechno]ogy : :

Technical progress calls for heavy 1nve9tment in educatjon and (raining, in research and
development (R and D) and in plants and equipment. that embody the resilts of R and D.
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Additions in the stock of knowledge do not contribuie to economic growth, It.is only when
the new knowledge of the invention is effectively assimilated in the production system.that
it would contribute to the growth of the economy. In terms of a market econony, it would
imply that the commercial exploitation of technical knowledge. With a view 1o create new
markets or to protect the existing ones against competition by effecting reduction in the costs
‘of production of the already existing gonds or the mtroductmn of new or more efficient
products. :

The stock of technological knowledge form the basis of innovations which can be enhanced
through 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 design,
tooling and marketing of the new producl. '

Innovation and investment are intimately inter-linked. While a potentially profitable innov_ation'
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. Tt is basically the pressures from the marketing function due to the need for
effecting reduction in costs or evolving improved processeg or products necessitatc R & D. -

As such the R and D effort is not a 'apontaneous opera@t has to be a well planned and

directed cxercise.
- Check Your Progress - 2 & 3 O

2. What is the role of technology trans% '
3. What is the type of refationshj weeh threat of investment and the rate of technical
. progress? o

Note: (a) Write the answers%space provided below.
. (b) . Compare your answ ith those given at the end of this unit,

.....................................................................................................
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....................................................................................................
...................................................................................................
....................................................................................................

...................................................................................................
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15.8. SUMMARY

| -This wnit explains the meaning of tcchnology, tcchnicai progress and.technotogical self-

reliance, Technology policy statements are discussed. The mcamng of pollunon types of .
- pollution are elaborated.

The meaning of technology transfer methods of technology transfer and constraints of
technology transfer are d.lscussed in detail.

15.9, CHECK YOUR PROGRESS : MODEL ANSWERS

1.

- is nothing but the reductions

Firstly, it is selective and secks to provide prote(,tlon o loc al technology wherever

-~ available. 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 packagcd imports of technology. Finally, there is

emphasis on rapld absorptlon indigenisation and updating of the acquired 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 1mp0rtant in the short .
run, the Jatter is more significant jn the Iong run.

technical progress. A high rate of inveg is conducive to the profitability of
investing and developing superior technoloh irstly, it is from the cost side. - It is
nothing but the expenditure incurre esearch and development. to invent ‘and
develop superior methods of pr@ Secondly, it is from the benefit side Wthh

There exists a positive relationship _betw of investment and the rate of

et of producnon

15. 10 MODEL EXAMI QUESTIONS

(ol
H

o

ook o o e

Answer the following questions in about 30 lines each.
What are the objectives of technology pohcy statcmenlsP

Descnbe the types of pollution that are prevalent in Indla

In how many ways technology transfcrs take place? What are they‘?

What are the consuraints of technology transfer? -

Answer the following questions in about 10 lines.

What do you mean by technical progress?

_Descnbe the features of the 1mport pollcy

Explam the technology missions,

Is forelgn exchange a constraint for technology transfer?

'Analyse the problems in converting and adapti-ng tcchnollogy. _

Dr. . 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 Entreprencurial Skills
16 3.5. Regional Dispersat of Industries
. 16.3.6. Problems of Small Scale Industries
16.4. Large Scale Industries _
16.4.1. Building up of Infrastructure
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 Indu@ _
16.5. Tron and Steel Industry
16.5.1. The Role of Iron and Steel In
16.5.2. Problems of Iron and Steel Ind

16.6. Cement Industry '
16.7.. Fertiliser Industry :

16.7.1. Imports of Fertilis
16.7.2. Consumption of Fer{Hysers
16.8. Chemicat Industry '
16.8.1. Important Feat
16.8.2. Export Performance and Possﬂnlmes
'16.8.3. Production of Chemicals
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 mduqtnes,
* describe the rele and problems of small scale industries,
*  explain the role of large scale industries,
* jdentify the problems of large scale industries,
*  distinguish the small scale industries from targe scale industries,
*  describe the role of the iron and steel industry and =~

* describe the importance of cement, chemical and fertiliser industries.

237




16.2. INTRODUCTION

At the time of independence, India inherited a weak industrial base, 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 equlpmcnt replacement and labour unrest.: Hence, the process of indu strialisation -
" was accorded top priority right from the First Five Year Plan.- In the Second Five Year Pl an, -

' the strategy for industrialisation was spe]t out clearly. For rapid industrialisation the country o

must aim at developing basic industries and industries which make machines (0 make the
machines needed for further development “This calls for substantial expansion in iron ore,
steel, non-ferrous metals, coal, cement, heavy industries and othe- mcmstncs of ba‘uc'
.importance.

Right from the time of independence, the industrial policies were sniounced from iime to -
‘time through industrial rolling resolution viz., Industrial Policy (194%), Indusirial Policy
Resolutlon (1956), Industrial’ Policy Statemeiit (1977) and industrial Policy of 1980 and
1990.. In the backdrop of these industrial policies, this unit on mdusmahqalmn is based,

' 16.3.‘ SMALL SCALE INDUSTRIES -

&

One of the important features of the Indian economy sin@ependenée is the rapid growth
of the smail scale industry. The small scale in sector pl'ays' a pivotal role in terms
- of employment and growth. During the last ¢ alone, the small scale sector has
progressed from the producti_On of simplegeausumer goods to the manufacture of many
sophisticated and precision products ljke-elec% control systems, micro-wave cdmponents, :
* electro-medical equipment, T.V. setg -

Rs. 60 lakhs with effect from 0. Those units which will export 30% of their output
by the third year of their starting production will have an incentive that their'inv_'estment limit
is further raised to Rs. 75 lakhs. ' ' o E '

Small scale enterpri'sés were w dertakings with a fixed capital investment limit of -

163 1. Role of Small Scale Industnes

The second plan emph331sed the role of small scale mdustrles on the followmg four grounds:
(1) Generation of emiployment opportunities (2) An equitable distribution of income-(3)
Mobilisation of capital and entrepreneurial skills and (4) Regional dispersal of industries. -
- Let us now- discuss these arguments in favour of small scale industries in detail.

16.3 2 Employment Generation

The advantage of small scale industries is- that they are gcnerally labour 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 employment potential of small scale industries. “In view of the meagreness of capital
resources, there is no possibility in the short rin, for creating much employment through the -
factory industries. Now consider the household or cottage industrics, 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 indusiries. -
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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 benelit of small enterprises is derived by large
population. Moreover, small enterprises are -cither proprictary or parinership concerns.
Because of these factors, the retations between the workers and the employers are more
cordial. ' - - -

According to Dhar and Lydall, this argument is wrong because workers in small enterprises
are unorganised and cannot fight for their rights. Since trade unions do not exist in small
enterprises, employers exploit the workers by paying low wages by denying social security
schemes etc. ' : '

But on the con_trary, 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 to accept a low paid job in small enterprises. '

16.3.4. Mobilisation of Capital Entreprencurial Skills

The small scale enterprises are at a distinct advantage as far as the m_obiliSation of capital
is concerned. They are able to mobilise the savings of people like hoarded wealth,
" entreprencurability etc. The small enterprises encourage the growth. of a class of small
entrepreneurs. which introduces a dynamic element ig the economy. These enterprises
provide congenial atmosphere and environment w%ourage a growing net work of
feeder and complementary relations among plants andMigis. It is this environment which
Teads to localised innovations and cost saving/medgures. Given the basic infrastructural
facilities and conditions such as supply of powdggpedit facilities etc., the hidden talents of

~ entrepreneurship can be topped by the gl?éjf small enterprises.
t

16.3.5. Regional Dispersal o €s |
To ‘benefit from modern indugirialish¢ion, the small towns and rural areas attract a large

- number of rural small enter t may not be feasible to start small enterprises in energy
town and village, but it is possible to select a group of villages and start small

enterprises to cater to the needs of the small area from the local centre.
l

The regional dispersal 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 congestion in few industrial towns by enlarging 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
© (ii) raw material ‘availability (iii) low technical skill and ma.nagerial 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. - K :

Finance and. Credit: The scarcily of finance and credit is the main obstacle in the
'~ development of small scale enterprises. Their internal resources arc so simall that they have
“po 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 Ioans/credit. In many cases,
such credit is obtained on very"hi gh rate ot"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 hot 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 provided adequately at a reasonable rate of interest.

During the recent pasti.e., in the 90's the steady increase is seen in the flour of inst_itutional
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 logal

resources for their raw material requirements. However, ever sincc the modern small beale

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 imported raw mrdtenal. 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' treatment in raw material

- distribution and aflocation. '

* Low Technical Skill and Managerial Ability: The devlopment of small scale industries

is affected by the present low level of technology agd Sortage of trained and skilled
personnel. ' If technical service is provided, it will stimulMeAncreased productive efficiency
and encourage new product lines in reeponse to @nge in attitudes and fashions of the

oo - people.
There are at present two facilities for rov%ng technical advice and assistance to small
enterprises. Firstly, central small sc stries organisation provides the assistance of its
technically qualified staffs services to¥give advice to small entrepreneurs on the technical

problems they are facing, Se technical assistance is given by the common facility
workshops in undertaking difficngfoduction operaUOns on behalf of small scale industries.
They collect their costs and do not charge interest and depreciation on the machinery
employed -

.Problems of marketing: One of the main problems faced by the small scale industries is
in the field of marketing. These industries often do not possess any markeﬂng organisation
and consequently face difficulties in selling of their produce. Secondary, the products of
small scale industrics are often unstandardised and of variable quality. 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 government intervention to eliminate these imperfections by
improving information, and bringing producers and dealers into close contact with one
another,

Indus'trial- Estates: It is an attempt to provide on rental basis, accommodation and other
basic common facilities 1o groups of small entreprencurs who would otherwise find it
difficult to secure these facilities al a reasonable price. Important factors accounting for less
output and low employment performance of many estates include wrong location, unsuitability
| of sheds and space to the needy, low use of capacity in functlomng firms and occupation of
- faction sheds by govemment agencies. :

240




Check Your Progress - 1,2 & 3
1. What are the advantages of regional dispersal of small enterprises?
2. What are the problems in procuring materials for small scale industries?

‘What are the problems faced by the small scale industries with regard to marketing their
output. ' '

Note; (a) Write the answers in the space provided below.
(b) Comparc your answers with those given at the end of this unit.

16.4. LARGE SCALE INDUSTRIES

Industrialisation is emphasized because of the close positive link between industrialisation,
modernization and economic development. The output of Jarge scale industries can be
broadly divided into the following three categories.

(i)  Capital goods and equipment like machines, plants etc (ii) Intermediate goods (that
are used by other industrics as raw materjal in the production process) and (iii) consumer
goods. Most of the capital 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. '

241

U S




16.4.1. Building up of Infrastructure

In basic economic infrastructure, generally transport, communications, energy sources and
basic and capital goods industries arc 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 account of this rcason,
under the Mahalanobis model accepted in the second plan, it was decided to emphasize the
development of bagic heavy industries for the manufacture of producer goods to strengthen
.the foundations of economic indcpendence. 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-sufficicncy in the
industrial sector. At present, the country produces a large range of electrical, non-electrical

- machinery, heavy machinery and plant, chemicals and fertilisers, locomotives and railway
wagons, electronic goods, machine tools ctc,

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 sel up in the second
plant under the public sector. The setting up of the irag and stecl industry increases the
demand for various raw materials like coal, pig iron, 1@%6 etc., which are used by this
industry. Accordingly, the industries producing_them™a€o receive about. In addition,
increase in the availability of iron and steel i @ arket promotes the development of
industries like machine tools, heavy engineering, Wagsbort, defence indu stries etc., which use
iron and steel as raw material in producti ' '

Goods of basic importance like chewimem, fertilisers etc., are also produced under

the large scale sector in India. The Is and fertiliser industries have been developed
mostly in the planning period. ' -
16.4.2. TImport Substituti@
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 (o set up a
large number of consumer goods industries on the other hand. In the initial slages 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 country
in tulfilling its objectives of import substitutions, '

16.4.3. Contribution to Exporf Earnings

Although a substantial part of India’s exports is still composed of primary goods and raw
materials, yet they have considerably diversified over the ycars. The products of large scale
industries now occupy a significant place in our country’s export earnings. At present, many
mdustries like electrical plant and machinery, heavy enginecring goods, transport equipment,
iron and steel etc., export a part of their production to a number 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 a position to produce 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. Generation of Economic Surplus _
In India, Iarge scale industries have a signjﬁcant 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 industrics employ capital
intensive techniques which generate substantial economic surplus. :

16.4.6. Problems of Large Scale Industrles

The large scale indusiries have different problems with regard to their managenal operatlon
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 these industries and which are prevalent in atl largé
scale industries.

industries. To obtain necessary capital, the compames o float shares and debentures,
invite public deposits and take loans from vario institutions. Since the capital
market in India is not developed well, it is fre @, not possible for all companics to
arrange the huge amount of capital required, It is erally the companies belonging to the

Capital Reguirements: A large amount of fixed cépit' is required to setl up lé_rge scale
:ﬁl%
an

large business houses that are in a position t rtake the job. This leads to concentration
of economic power and wealth. Arrgmgemcyl of capital is a problem’ that public sector
industries also have to face. Itis b this fact that there are delays in setting 1 p of

new plants and remotivating andemodetising: old plants.

Choice of Techniques: In larg 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. There are a number of
difficulties in carrying out this suggestion in actual practice, The nature and the level of
techniques available depends on their availabilily 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 industrics require substantial replacement of machinery. In this respect,
they face at least two important problems. Firstly, they are not able to arrange the required
capital.  Secondly, even if they succeed in arranging capital for rationalisation and
modernisation, they 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 indusfrial development,
substantial underutilization of capacity has created problems for many other industries
dependent on them. The causes of under-utilization of capacity range from ‘wrong
governmental policies to shortage of raw materials and power, managerial mcompetence and
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industrial unrest etc.

Limited Employment: The large scale industries use capital intensive techniques which
have a low employment potential. Asa result, employment opportumtles fail to increase to
a significant extent. :

Concentration of Economic Power and Monopoliés: In India, the development of large
scale industries has led to growth of monopolies 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. This leads to ever
increasing concentration of economic power in their hands.

16.4.7. Small Vérsus Large Scale Industries

Small Scale Industries _ " Large Scale Industries -

1. Small szfale ind!.lstries- are {abour using 1. Large scale industries are -capital
-and capital saving. They create more. intensive and labour saving
employment per unit of capital : :
employed.

2. Units are widely scattered : 2. Heavy cbncéﬂtrati_on in big cities.

3. The small scale industries are either 3, ker§ in the large scale industries are

Because of these factors, the relations e unions. They resist any change
- between the workers and the employers at affects their vested interests.
-are more harmonious. There are no -

trade unions because the workerseare
unorganised. _ Qs

4. Workers are paid low “’3@ they 4. Workers are paid very high wages and

proprietary or partnership concerns. j a priv¥ifeged class organized in militant

_ are denied social security scheffies. * they avail all benefits and social secunty
' schemes
- 5. The income benefit of small scale 5. The large scale industries 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 ptincipal notions on the characteristics of small and large mdustry in a relative .
terminology. These are: o

1. Small scale industries have a hlgher average cost of production per unit of output than
~ large scale industries.

Small scale industries require less capital per worker than large scale induStI_'ié's. -
Small scale industries generate lower output per worker than large scale industries.

Small scale industries have a lower wage per worker than large scale industries.

O

Small scale industries have a lower surplus per worker than large scale industries.
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6.  Small scale mdustnes generate higher output per umt of cap1ta1 than large scale
industries,

7. - Small scale 1ndusmes generate lower surplus per unit of capital than large scale
industries.

The above characteristics can be put briefly and alternallvely as follows: Small scale
industries have a higher unit cost, less capital intensity, lower output, ower wage and lower
. gurplus per. worker, and higher output-capital. (i.e, lower capital output) and 10wer surplus
capital ratios than large scale industries.

Check Your Progress - 4 & 5
4, What are the characteristics of 'small scale mdustnes'?
5. What are the characteristics of large scale 1ndustr1es‘?

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

....................................................................................................
....................................................................................................

.....................................................................................................

...................................................................................................
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16.5. IRON AND STEEL INDUSTRY

Steel is used as a baSic material in the manufacture of metal products, electﬁcal machinery, -

transport eguipment, 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, iron and

steel industry had integrated plants with an installed 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 yeatr.
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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 Stecl Authority of India Limited (SAIL) was created in 1974
and was made responsible for the development of the steel industry and also for major inputs
for the indusiry 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 National Mineral Developinent
Corporatlon Limited (NMDCL).

16.5.1. The Role of Iron and Steel Industry

The iron and steel industry has made considerable progress from 1.5 million tonnes of crude
steel in 1950-51 to over 15 million lonnes in 1992-93,

1.  The important feature of the iron and steel industry 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 countries. :

2. The public sector is gradually becoming rﬁore sighjficant in the production of steel..
For instance, in 1950-51, all steel production was in the private sector. By 1992-93,
public sector accounted for 85% of the total output.

3. Licences were given to set up mini steel plantg w account for 30% of steel
production in the country. These mini steel plants p e mild steel as well as alloy

steel. In our country, there are 179 mini lants with a total capacity of 5.6
million tonnes. ' -

4, India has potential to become a good%mlcr of steel. Our country has become a

leading exporter of iron ores. At ent Yeur country exports iron ore worth Rs. 1,000
to Rs. 1,200/- crores per annu

16.5.2. Problems of Iron a el Industry

1. -~ Under utilisation of capacij : This industry has been working below lull capacity.
The under utilisation of capacny is leadmg to high cost of production and losses. The
following factors are responsible for under utilisation of capacity viz., inadequate
supply of coal and power and transpost bottlenecks, fack of proper maintenance, poor

+ management, speciatly 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 Ifollowing problems

viz., short supply of inputs and a sharp increase in prices of inputs, madequale power
supply, constraint of working capital and poor management. :

3.  The pmblem of administered prices: The Indian Government had been following
a system of adminjstered prices and controlled distribution of stcel 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 wers denied the
advantage of higher prices and lost heavily.

4.  Inefficiency of public sector units: The public sector units have been using
continuously 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 metallurgical coal: India’s supply of high grade coal for making the
smelting of iron is quite low. With the expansion of this industry, the demand for
cooking 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 product]on The following factors are responmble for the shortfall in
production. They are (1) acute power cuts ranging from 20 to 75% in various cement
producing states (ii) shortage of coal (iii) inadequate availability of railway wagons
(iv) limited availability of furnace oil resulting in partlal or complete closure of many
units.

} _ 2. Cost escalation and rigid prices: There has been a rise in the cost of preduction of
_ cement and this rise was due to government poligies like price and freight on coal,
power, and wages covered by wage awards.’ Qrtage of railway wagons for the
movement of cement has always been a seriou lem. The cement industry has
been facing acute power problems. In or solve this problem the cement industry
s has been setting up diesel generating sefs : :

3.  Soaring investment costs and de% profits: Investment costs in the cement

industry are growing very rapily more than doubled from Rs. 650 to Rs. 680
during the sixth plan to Rs. s. 1500 per tonne during the seventh plan period.

Check Your Progress - @ -
- What are the factors responsibl®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.

I L T N T T LR R T
.....................................................................................................
R R T T O L T oy R L L AL EE R
B T I T T T R R T
T N N O T O T T N R R R R R R R Y R TR TR
...................................................................................................
......................................................................................................

T L T T T e I L R R Y

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.

247




with organic manure influence crop return. The use of larger doses of chemical fertilisers
is the only way to increase our food grain production. - :

The fertiliser- industry made rapid, progress during the past decade. The prodiction of
fertilisers rose from the mere 39,000 tonues in 1951-52 to 10 million tonnes in 1993-94. The
domestic production of fertilisers has been considerable over the years, However, the
production of fertilisers is not able to keep pace with the growth in consumptlon

+
’_I‘here has always been much delay in establishing fertiliser plants It, sometimes, takeq 8
to 9 years to complete a project from the time the letter of intent is issued. This delay 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 thch ‘about Rs. 350 crores or more would be foreign exchange
corhiponent.

16.7.1. Import of Fertlllsers |

Since the production within the country has been short of conunuously increasing demand,
the government had to depend upon imports. In 1951-32, the percentage of imports (o the
~ domestic productlon of fertilisers was 133 per cent and it was 90 per cent in 1980-81.
" Between 1951-52 and 1993 94, tmports of fertilisers had increased from 52,000 tonnes to

2.9 million tonnes.

The fertiliser was becoming scarce in the internatio’nz@et, its price was shooting up
particularly after the middle of 1973 due to the ' sis. Heavy pressure of demand, the
high cost of feestock of fertiliser factories, hig of of ocean freight have reduced the
international supplies of fertilisers to Indi dia has been spending arcound Rs. 2,800
CIores .per annum on import of fertilisers, v‘\ ' '

16.7.2. Consumption of Fertilis

The Go_vernment has been pro the consumphon of fertilisers through hoavy subsidies. -
Firstly, the consumption of fe s in India per hectare was 72 kgs in 1993-94. The
corresponding figures for some developed countries were such as South Korea (405 kgs),
Netherlands (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-a 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 fertiliser pnces has compelled the government {0
‘divert to greater nse of organic manures. "

16.8 CHEMICAL INDUS_TRY- _

" Chemicals permeate every sector of industry of household through their products. They
- -have a major role to play in conserving and supplementing natural resources. Chemicals

have a potential in important areas like agriculture, clothing, building and _construction,
transportation etc. :

16.8.1. Important Features

Firstly, chemicals present the highest value addition and resource generation, Secondly,
chemicals have the highest resource generation in terms of investment, - Thirdly, they have
a lot of influence on the development of chémical engineering, organic polymers etc.
Fourthly, chemicals by themsclves are capital intensive. Fifthly, chemlcal 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. Production 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 adequale preparations to meet
this demand. It would:be the difficult task to bridge the huge gap between production and
demand. '

16.9. SUMMARY

- In a developing country like India, small scale indusiries play a very important role. They
are labour using and capital saving. They creaie 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. :

heavily concentrated in big citics and encourage cquce ation of economic power. The
workers engaged.-in large scale industries are paid veryNgjght wages and they enjoy all types
of benefits prevailing under social security.

The large scale industries are capital intensive and liour saving. These industries are

Some large scale industries like the iron ggd stecPindustry, cement industry, chemical and
fertiliser industry and their performance a blems are discussed.

16.10. CHECK YOUR PROGRESS: MODEL ANSWERS

1. The regional dispersa@an enterprises helps to tap local resources such as raw
materials, idle savings and local talents. This process leads (o improvement in the
standard of living of people in the backward areas. This process also belps to solve
the problems of congetion in few industrial towns by entarging the area of employment,

2. Many small scale industries use imported 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 industries get
more or less a ‘residuary’ treatment in raw material distribution and allecation.

3. Firstly, these industries often do not 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 quatity.
Often the quality of their products compares unfavourably with the quality 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 surplus per worker. (e) They require less
" capital per worker. ' :

5. The characteristics of large scale industries are; (a) higher wage per worker.
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(b) réQuire more capital per worker. (c) generate more output per worker. () generate

‘more surplus per worker. (e) generate less output per unit of capital.

The. l‘actbrs responsible for the shortfall _in'produc'tion of cement industfy_ _aJ_."e:'

{a) Acute poWer cuts ranging from 20 to 75 per cent in various cement producing

states, (b) Shertage of coal, m(c) Inadequate avallablhty of railway wagom (d
Limited avaulabnhty of furnace oil. . o :

Wor o e

L

9%

N oo o»

What is the importance @

16.11. MODEL E'XAMINA_TION QUESTIONS

‘Answer the following questibns in about 30 Ii'nes eactr, - -

'Explam the nnportancc of small scale 1ndu€trles

Descrzbe the role of large scale industries. _ -
Compare the features and the characterlst.lcs of small scale mdustrles and Iarge scale
mdustnes '

Answer the following questions in about 10 lines each.

Analyse the problems of le scale industries. -

‘Describe the problems of large scale industries. . : ' - R
What '_are-the-principal notions on the characteris} f smalt scale and largé scale

industries?. : :
Analyse the problems of iron and steel indbsisy.

Analyse the problems of cemient indu

Describe the role df_‘ fertiliser -
is the i : midal industry?

" Dr. S. Sudhakar Reddy
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UNIT - 17 : ELECTRICITY

Conteﬁts

17.1. Objectives
17.2.  Introduction :
17.3. Methods of Electricity Generation
17.3.1. Thermal Power Sections
17.3.2. Hydro-Electric Power Generation
17.3.3. Wind Power Stations
17.3.4. Solar Power Plants
17.3.5. Geothermal Power Plants
- 17.3.6. Wave/Tidal Power Generation
174, Priniciples of Distribution
17.5.  Applications
17.6. Growth of Power Sytems in India
17.7. Future Strategies
17.8.  Summary
17.9. Check Your Progress : Model Answers

17.10. Model Examination_ Questions \

After going through this unit you will be gble to!

17.1. OBJECTIVES

*  explain the basic principles of ele§gficity generations,

*  describe domestic and ind%applications and o
*  recognise the necessi confervation of electrical energy and appreciate the need
to encourage the ren 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 Pewer 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 involves the wages of a primemover. This primemover provides the
necessary mechanical energy to the a.c. generator called the altérnation quch converts it
into electrical energy.

Chemical energy is stored in fossil fuels like coal, oil and natural gas. The combusion of
these releases beat 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 ‘also many
medium and large scale oil fired and diesel power stations in industrial plants as captive
generating units to supplement the eleectricity supplied by the state electricity boards.

* Nuclear power plants make use of uranium which when bombarded with neutrons causes
fission reaction and energy is released in the form of heat. The steam generated is used in
a conventional manner to produce electricity.

17.3.2. Hydro-Electric Power Generation

- The oldest and cheapest method of power generation is thgt utilising the potential energy of
water impounded in dams and anicuts. The stored w%ﬂowed to flow through a pipe”
known as penstock which drives a water turbine. JRiffer types of turbines such as pelton,
Francis and Kaplan are used. - The energy obtmlmost free of running cost. It is also

_completely pollution free unlike thermal power. ever capital cost is high and:requires
a long gestation period compared to stea The important hydro power plants are
located at Srisailam, Nagarjunasagar upper snleru

- 17.3.3. Wind Power Stations

Winds are created by solar héaline o atmosphere and earth, These winds possess hlgh
kinetic energy, the power bein®prgportional to (velocity)®. These can generate 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 norn- -polluting
with negligible running cost. Unfortunately it is non-study and undependable. The potential
for wind energy in the country is cstimated as 20,000 MW. There are many wind farms
existing in the states of Gujarat and Tamilnadu generating power upto 180 MW. A wind
form is coming up at Ramagiri in A P.

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 conventicnal
steam is- developed by usuage of reflectors and is called the solar 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. Experimental power plants are
in operation throngh out the world including Saudi Arabia.

17.3.5. Geothermal Power Plants

The heat deep inside the earth acts as a source of power, At a depth of 3 to 4 km, heat is

sufficient to cause water to boil At a depth of about 15 kms, temperature. in the range of
-1000°C to 1200°C can be obtained. Surface water when it penetrates the earth’s crust turns -

into steam' and comes out of earth through 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 enefgy;-'
Power stations based on geothermal energy are operating in USA, Italy and Phillipines. -

17.3.6. Wave/Tidal Power Generation

Wave power can be converted to mechanical power through turbines. Alternatwely 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 operating in France. Construction of such

- plants is also progressing in the states of Gujarat and Kerala.

. 17.4. PRINCIPLES OF DISTRIBUTION

An electric power system consists of three major components: (i) generation, (ii) transmission
and (iii} distributicn. 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 maip station to a secondary substation
such that the current loading is the same all along 1t9 ngthy A typical distribution system
is shown in Fig, 17.1. ' :

Secondary
substation

Feeder Feaeder

Main
Station

SegOndary.
Substation |

_distributors

'service
Connections

‘Fig. 17.1. A typical distribution system.

A d.lSt(‘lb‘uthn has valuable loadmg along its length due to service connection tapped off at
intervals by the individual consumers. -

Depending upon the type supply, dlsmbutmn system can be clasmﬁcd as (i) AC Single phase
(ii) 3 phase-3wire and (iii) 3 phase-4 wire. First one is for single phase loads like domestic
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.suppl.y 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

loads

Another classification is based on thc type ot connections (i) Radial system and (11) ng
* main system.” A typlca] radial dlsmbutor is drawn in Flg 17.2.

. Consumers

Radial
“'%S" -2
2 Feeder ?

Radial

Q‘ E _' Radial Distribution -
Fig. 1; . A typical radial distribution.

Radial 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 ring main system is frequently used to supply bulk loads where continuity. of supply is
of considerable 1mp0rtance A typical ring main feeder and distribution svstem is shown in
Fig. 17.3 : .

e PP
<4 PrpP

SN
~A

-+~ PP

<« bbb

pistribution

e
| Station

Fig. 17.3. A Typical ring main feeder and distribution system.
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Check Your Progress - 1, 2, 3, 4.
1. 'What is the objective of [hlS unit with -régard 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 giveri at the end of this unit,

Taup e eriearay

17.5.. APPLICATIONS

An electrical motor. is a better-primemover for dd@echanical load than hydraulic,
steam or diesel engine. This is because an electgjc ma¢ easier to control to suit to the
requirements of the mechanical load. There arus types of motors working on DC or
AC. Among the DC motors, shunt motor and serfdgmbtor have larger number of applications.

Shunt motor runs practically at constant sp r alt loads. These are used in pumps, lathes,
drills etc. Series motors have decreasipg sp&ed charateristic for increasing loads. The motor
is suited for loads requiring high torque like tramcars, cranes, trally buses efc.

cage and slip ring motors. 1 n motors are more robust and reliable than DC motors
and are extensively used in smallscale 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. -

Induction motors constitute %k AC motors. "There are two types namely squirrel

Synchronous motors are cbnstant speed motors used in rolling mills, electronic clocks ete.

Electrical energy is also used for industrial ancl 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 important usage of electricity is in the field of domestic and
imdustrial 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 famps and the
industrial mercury vapour lamps. Street lighting is usually provided with fluorescent and
sodium vapour lamps,

~ Electric 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
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system, Among the various advantages of electric traction in which electrlc motors are used
are the increased accclerahon/deceleratmn sharing of braking energy etc. =

Usage of electncxty for transportation has many advantages over other types of transportation.
. The chief among them are the absence of pollution'and higher efficiency. Electric cars are '
developed with efficient electric 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 siaging a come back in European (;ountries__. K

17.6. GROWTH OF POWER SYSTEMS IN INDIA

India is fairly rich in natural resources like coal and lignite. Some ol and gas reserves have
heen 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 percentage has been utilized so far. As regards nuclear fuel, India is deficient in
uranium but has rich deposists of thorium.

At the time of independence the installed capamty was as low as 1900 MW. During the first
five year plan (1951-56) total installed capacity roseto 2300 MW. In the second plan (1956-
61) the emphasis was on development of basic and heavy industries and power géneration
has gone up {0 5700 MW. During the third plan (1961-66) the installed capacity has
increased to 10170 MW. A significant development during this period was the emergence -
of an interstate grid system. The country was dmded Mo 5 regions with the installed
capacity in 1989 as show in Table 17.1. ' ' r

Table 17.1. installed capacit9'in 5 regions.
Region ' ?\ - Capacity
Northern Region Q~ 20 116 MW
Western Region : : 21,665 MW

Southern Regidn @ ' : 18 493 MW

Eastern Region _ 11 112 MW
North Eastern Region ' E 2 325 MW

In the fourth five year plan, the country has started producing elccmuty from nuclear power
These plants are located at Tarapur, Kota, Kalpakkam and Narora The growth of generatmg
capacity is given in Table 17.2.

Table 17.2, Growt_hbf gen_efal;ing capacity. |

~ Year - Hydro Nuclear "Thermal' Diesel '-_."['otal
1970-71 6383 420 7503 398 14,704 .
“1978-79 11,378 890 16372 . - 28,640
1983-84 . 20,000 1,900 31,500 - 53400
" 1990-91 33000 - 8,620 © 50,700 - 92330

2000-01 60000 25000 77000 - 162,000




The energy demand has also been increasing. In 1976-77 it was 90 X 107 KWH and the
estimated energy reqmremcnt in 1995-96 is 500 x 10g KWH

" 17.7. FUTURE STRATEGIES

Assuming a very modest annual growth of 5%, Indias elecfrical 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 situation. Super power stations
have been built in UP,MP, AP, TN and WEB. With liberalisation and economic reforms taken
up by the Government of [ndia, private entreprencurs are encouraged to set up power plants
in the country based on coal and natural gas. I[n addition many wind forms are also coming
up in several states to harness the wind enéfgy. The power generation by 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 experiences of
developed countries like UK and USA in implementing energy conservation measures,
Studies have shown that substantial electrical energy coWd be saved by switching over to
energy efficient famps, eﬁergy efficient motors and red@w energy logses in transmission

and distribution systems. O
Check your progress 5, 6 &7 S/

5. Mention two domestic applications o tion motors.

6. State the different regions in rid. ' ' )
7. What kind of power plant non-ggnventional) is operating in Saudi Arabia?

Note: (a) Write the answe space provided below.
{(b) Compare your answCfs with those given at the end of thlb unit,

...........................................................................................................
..............................................................................................................

.............................................................................................................

17.8, SUMMARY

The cnergy requirement of dcvclt)ping countries like India are ever increasing. Electricity
. can be generated by burning coal or oil or natural gas in thermal stations. Nuctear power
plants are also thermal stations where heat is generated due to fission of uranium. The
potential energy of water stored in dams is converted to electrical energy in hydro power
- stations. The above methods are classified as conventional methods. Energy in solar
radiation, wind and sea waves can also be converted into electrical energy which are given
the name non-conventional sources. The applications of clectricity are vast and practically
there is no field where electrical 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 obiectwes of this unit are to recognizg the need for electrlcal energy conservanon e
and usage of non-conventional energy sources. -

2. Energy can neither be created nor def;troyed
3. Sea waves turn turbmes thereby genera&ng the mechamcal energy

4, "When a fault occurs in any section of the feeder Ia:ge nuiber of CONSUINETS would
be depnved of power supply.

5. .The domesnc applications of induction motors are (1) Water pumps (ii) Washmg :
‘ _ machmes

6. leterent regions in the power grid are Northern Western, Southern Eastern and
* North eastern ' : : :

7., Pholovoltaic Power Plant is'operating in Saudi Arabia,

‘ o '17.10. MODEL EXAMINATION QUESTIONS |

I Answer the following questions in about. 3@ each. =
I. Non-renewable power plants. O : -
2. Industrial appli'cation of electrical energy}

L Answer the followmg questl out 10 lines each.
: _Power Stations in A.P. Q‘ S '

1

2. Radial distribution sy

3 Usuage of mdue‘uon %

4 Advantages of electrical drive qystems

5 Power system growth in the III 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 Oil
184. Pollution Problems Associated with Crude Oil Producuon
18.5. Natural Gas
18.6. Kerosine _
18.7. Safety and Pollution Aspects Assouated with Natural Gas
18.7.1. Safety Measures
18.7.2. Pollution :
18.8. Pollution Problems Associated with use of Fossil Fuels
18.9.  Summary -
18.10. Check Your Progress : Model Answers
18.11. Model Examination Quesuans

18.1. OBJECTIVES

L N

After going through this wnit, you will be able to \)
* recognise the importance of fossil fuels , gy sources and
*  describe ‘the limitations relating to ‘use Of these fuels as energy sources.

18.2. INTRODUCTION

About 95% of the energy us world over is biological in origin. Coal, oil and natural
gas are the main SoUrces amon e 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 effects into oil and gas. Commexcial
primary energy accounts for 60% of the primary energy supply in India.. Among the
commercial fuels oil occupies an important position. The share of cil/gas in commercial
encrgy consumption in coal replacement units is going up year by year. Natural gas is
emerging as the most attractive substitule for oil. India is on the threshold of major gas
development programme. A national gas grid has been concenpiualised 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. production of offshore otl
since it calls for greater organizational skills. ' '

18.3. CRUDE OI1L

Crude oil or petroleum is made up of mostly hydrocarbon compounds and small quantities
- of other compounds, Typically deposits of crude oil and natural gas are trapped together
deep underground, beneath a cap rock, above a sedimentary rock (shale) and beneath the sea
floor. The crude oil exploration started in India in an extensive and systematic way after
the setting up of Qil and Natural Gas Commission (ONGC) in 1956. Qil India Limited
{OIL) has become the second public sector undertaking engaged in the oil exploration and
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produéti_on in the country. Oil had been discovered in many parts of India such as Rajasthan,
Andamans, Gujarat, Andhra Pradesh and Assam. Off shore explorations have been found
very successful in. many places. Oil has many advantages that account for its widespread -
use. It is 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 quantities 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 streamlined with our updating of technology for
maximizing the yield of light and middle fractions in the refining process. The oil
discoveries in Andhra Pradésh in the Krishna-Godavari basin during the last few years
underline the importance of the Southern Region as a potential oil producer. The offshore
 discovery l_ocatcd at 25 km southeast of Amalapuram town (A.P.) had given hopes- for
ONGC to produce 5000 barrels a. day which could be easily raised to 40,000 barrels,
equivalent 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 programimes has to be on a perspective basis. It is advantageous to process the
imported crude and the .indigenous crude with expanded faciliies. 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 6*&); of offshore equipment and’
© services. , : o >

Check Your Progress -1, 2 &3 O
1. What is crude oil?

2. What are the'Agcncies exploring the O?ﬁdia? |

3. Where is crude oil obtained in ra Pradesh?
Note: (a) Write the answers in the Yace provided below.

(b) Compare your ans@im those given at the end of this unit.

e L i T T T
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-18.4.  POLLUTION PROBLEMS ASSOCIATED WITH CRUDE OIL |
PRODUCTION ' :

The components of crude oil are mostl'_y hydrocarbons and many are non-biodegradable.
Many environimental problems due to oil spills are caused because of the physical properties
of oil. It is hydrophobic (water repelling) and is impermeable to oxygen. Therefore the
marine 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 iong after the
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- jnput 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 i reduced chemical effects are related to the
propertles of hydrocarbons in it. Many lower animals 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. Benzene 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 nearest post. But now it is different. Emission of enormous amounts of
sulphur d10x1de into the atmosphere is a serious problem associated with oil refinery. In
. addition, the liquid effluent treatment is the most 1mp0rtant factor connected with oil
refining. The threat (o the Taj Mahal mrough 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 particular
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

hydrocarbon compounds such as propane and butane. atural gas made available for
use is (he one that lies above the deposits of crude oil. Aatural gas also occurs by itself _
in many underground deposits. The propane ad bfanc obtained along with methane in
natural gas are generally removed as liquified Peggofeum gas (LPG). The remaining as,

methane, is dried cleaned and pumped int surised pipelines for distribution. LPG is

stored in pressurised tanks for areas nofcoveed by natural gas pipelines. Natural gas burns

hotter and cleaner than any other & 1. It is relatively cheap and can be transported

“easily over land. Natural gas can displage kerosine, naptha and other petroleum products to

a very large extent. Thercfor tinuous search is going on for new sources of natural

gas. It is estimated that Andhrs " desh 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 fransporling 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. Facilitics are being created by

laying a 72 ki from Narsapur to Kovvur for supply of gas to industries from 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 botiling of the gas are mainly responsible for not able to

utilise the natural gas to its full capacity as cooking gas. Gas is now being used vastly as

an energy source for fedilizer plants, Some of them are National Fertilizers Limited at

Bijaipur (M.P.), Indian Farmers' 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, Avraiya in UP and Anta in Rajasthan are receiving"’(he 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 1985 made the following projection of the annual
rates of natural gaq production.

Natural gas consists of 50% to 90% methane gas andﬁal’ler amounts of other gascous
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ONGC Projections of gas production

Years . Million c.u.m./day
1985-86 13.69 '
199091 . 46.57
1995-96 | 76.71-
2000-2001 : 101.36
2004-2005 12329

Check Your Progress - 4 & 5
4. What are the components of Natural Gas? )
5. _Name one network available for the transportation of natural gas.
Note: (2) 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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18.6. KEROSINE i ?
- This is the common man’s fuel even 2 to-day especially in villages. This is obtained from
. crude oil distiliation. The fra Itected between 200-300°C is known as kerosene. This

is atso a mixture of hydrocar ontaining carbon atoms ranging from 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 middic 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 augmentation of refining capacity, About 6 million tonnes of 0il are subjected per year

lo this catalytic cracking process to maximise the production of middle distillates, The

refineries at Karnal, Mamgalore and Koyali arc using hydro cracker units to maximise the

production of kerosene and diesel. This hydrocarbon technology was used for 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 problems 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 as in Assam, Cauvery basin and in some parts of Andbra

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 explosion risks are given top priority in petrolenm refineries and in LPG Bottling
‘plants. More care must be exercised in LPG bottling plants to ensure that alt electrical
~ equipment are kept in good condition and all fixtures must be explosion or flame proot. 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 leaks are to be provided
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 tq 1. Waste water, 2. Solid waste, 3.
Air pollutants. All refineries employ usually cm@istillation, cooking catalytic or
thermal cracking, and desulphurization. Therefore it 1 sible to predict the pollutants in
waste water. Very often oil is also present in § emulsified form in waste water. The
air pollutants from oil refineries are hydrocarbgus/ CO, SO,, SO, and NO_. The general
emission in LPG bottling plants are mercidéams (Organic sulphur compounds) and hydron
carbons. "The bottling area will have 4 en%sprinkler which acts as water curtain’in case
of disastrous leak. All the filled ¢ are passed through water baths for detecting leaks.

The effluents produced in d@:p cesses in oil refineries can be listed as follows:

Process _ _ Pollution
® Crude oil distillation - H,S, NH,, Phenols
(i) Diesel Qil hydrotreating : NH_SH, Phenols
to remove suiphur
(iii} - Calatytic creicking or Phenois, Thiophenols, H.S
thermal cracking to "~ NH,, NH,SH etc.

produce Kerosine

iv) - Hydro-cracking H,S, NH, NHSH

18.8. POLLUTION PROBLEMS ASSOCIATED WITH USE OF FOSSIL
FUELS

01] hurning releases Carbondioxide gas in large quantities into the atmosphere. This causes |
_ green house effect and consequential global warming. The other gaseous products namely :
i - sulphur oxides, and nitrogen oxides cause acid rains and photochemical smog.
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Natural gas too releases carbondmx:de into atmosphere even though in lesser quantmes than
oil. But transport of natural gas by tankers.and on fand posos many pollution as well as
safety problems.

Most coals and fuel oils contain substantial quantities of sulphur. When these are burned
sulphur is released as sulphurdioxide. This is easily oxidised to sulphur trioxides. These

~ oxides can damage material angd 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 reloasmg aluminium and potassium, which are
toxic to the root systems, Hydrocarbons released into the atmosphere. together with the
oxides of nitrogen are the precursors of photochemical smog (Smoke-fog). Classical smog
is uniquely 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 daugcrous 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 perlod '

18.9. SUMMARY ,

1. Crude oil or petroleum is naturally obtained rock oi@ contains many hydrocarbons.

2. Crude oil is now being found extensively j ia including Andhra Pradesh (Near
Amalapuram and Narsapur) - S S

3. Crude oil is always associated with ua%«s containing 'largely methane and small .
quantities- of propane and -butangs ' o -
4. The middle distillates of cryde of\contains kerosene a fossil fuel used by common

man. : : %
5.

The propane and butane components of natural gas are removed in the liquid form and
bottled as fuel gas. ThlS is cal]ed LPG

6. Diesel, Kerosene and natural gas are the main products used as fuels.

7. Oi_i and National Gas Commission (ONGC) and Qil India L.imited'(OIL) are the two
national agencies involved in the exploration, digging and refining_of crude oil.

8. Production and bottling of LPG is given top prlomy since it is the v1ablc altematwe'
to replace kerosene use as fuel

9. Oil drilling, oil refining and transport cause lot of pollution: problems chce large
scale safely and pollution control measures are being followed.

- 10" Fossil fuels, use pollute atmosphere to a largo extent. The most dangerous pollutants A
being CO, and Oxides. of Sulphur _ :

18.10. CHECK YOUR PROGRESS : MODEL ANSWERS-

1. Ciude oil is nothing but large quantltles of hydrocarbon compounds and small
' quantltles of other compounds. .
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Qil 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 qudntmes of other
gaseous hydrocarbons such as propane and butane.

HBJ (Harira-Bijapur-Jagdishpur) in Western India is the network available for
transportation of natural gas. '

18.11. MODEL EXAMINATION QUESTIONS

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 wnh the production and use of diesel, natural gas and

LPG?

What are the pollution effects caused by the use of diesel, kerosene and natural gas
as fuels,

What are the safety measures and pollutlon CORLT met_hods needed in the preduction
and use of fossil fuels? A Y I

Answer the following questions in ah@ lines each.
What is crude oil and how is it objained)

What are the chief components of fgtural gas?

Name the hydrocarbons pr PG and Kerosene.

What are the difficul@:ou tered 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
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19.1. OBJECTIVES.

After completmg thlS unit, you will be able to:

* explam the 1mportance of atomic power in India d '
* describe the safety measures to be followed in a%p\%r plants.

19.2. INTRODUCTION | Q S o
Energy is one of the fundamental quantities gagded 10t life to exist on this planet just as food

ed
and water. Energy exists in different in%vemble forms such as thermal energy,

chemical energy, ¢lectrical energy a teridt energy. Energy is required in all walks of
life, namely in industry, houscholds ar{ranSport in the form of oil, gas, coal and electncnty.

About 95% of the energy used ov r is biologi’cal in origin. These energy sources of
natural origin although present ¢ quantities, it is estimated that they may not last long
to meet human requirements. The fore 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 potentialities. 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 means of
producing electricity. If one looks at the energy situation on a total basis, in a long term .
horizon, it is evident that atomic power has to be-developed in a bi g way. The electric power

generatlon is expected to go up to 2,00,000 MWe by the year 2005.- Even then the per

_ capital consumption of electricity wuuld be only 60% of the minimum reqmrement of about

1000 KWh.

19 3 NUCLEAR POWER PLANTS

Nuclear energy has been used for constructive and welfare purposes throughout the world

~only since 1950. But it has ¢xpanded 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 atomic fission (essentially
of uramum) in a device called nuclear reactor or dtomlc reactor. .

268




19.4. TYPES OF POWER REACTORS

Nuclear reactors are classified on the basis of the tucl (the fissionable material), the coolant
and the moderator used in the reactor. The coolant and the moderator are tequired to control
‘the heat generated and the vigour of the fission process respectively. There 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)

Liguid metal Cooled Breeder Reactors (LMBR)

TR L

The first twe types are widely in use amongst the five types. In the pressurised water.
- reactor, the pressure is maintained very high so that water does not boil even at a temperature
sufficiently above the normal boiling point. This high temperature water under high pressure
leaves the reactor vessel and enters 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 beil and produces steam. This steam moves the turbines to
generaie electricity. In the boiling water reactor the heat gm the fuel rods causes the water
to boil producing steam at the top of the reactor vessel steam is fed to wrbines which

generate power.
The two types arc schematically shown in the s 19.1 and 192 :

l‘o

EVEL
03

Fig. 192. Boiling Water Reactor.
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Construction of Atomic Reactor: The ﬁssio'nablc substance generally uranium 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 cnergy is
released. The energy is absorbed by water in the primary circuit and the same is transferred
to a secondary circuit through heat exchanger and steam is generated. The steam from the
secondary circuit drives the turbines and prOduces the electric power. " The atomic fission
reaction is a cha. reaction propagated by the neutrons released in the fission process.
Therefore control rou. are installed 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 js subjected to mild radioactivity. A safety tank is therefore
provided to prevent the spread of this activity. 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 course of

~ tine. The power plants therefore are expected to last for 20 to 40 years. -

19.5. NUCLEAR POWER PLANTS IN INDIA

Nuclear power gencration in India started in 1969 with the 'commissionjhg of the Tarapur '
- Atomic Power Station (TAPS 1&2). It contains tWo@ water Reactors of 160 MWe
h

capacity each. During 1972-80, tvo more Pressurised Neavl) Water Reactors (PHWR-1&2)
were constructed at Rawatbhata in Rajasthan, Adlt Teactors were constructed with
foreign collaboration (US & Canada). The nexr bared on totally indigenous effort
became operational in 1983, This was the 235 MW capacity PHWR af Kalpakkam near
Madras (MAPS-1). An identical unit (M?ﬂ) at the same location began generating

power in 1985,
Table 19.4. Projected Nuc Pog r Generation by 1995-2000 in some countries '

Country Reactors nufnher | - Expected Capacity (MWe)  Share in Total %
Camada 21 13389 | 12
France 61 sams TS
'.Germany ' '_ \ 26 - B 23014 | - 25
UK. A T £ ¢ S 2
us. : e 0920
‘Russia 124 ez 20
India - - 32 109010

Check _Your Progress 1, 2&3

1. Whét would be the expected power generator capacity in India by 2005. AD? |

2. How many typés of power reactors are there? What are theyf?

3. Name two nuclear power plants of India.
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Notc: (a) Write the answers in the space provided below.

(b) Compare your atiswers Wiﬂl-.those given at the end of this unit.
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19.6. SAFETY OF NUCLEAR POWER PLANTS

The safety of a nuclear power plant has to be evaluated f¥ing into consideration the.entire
cycle of operations and processes involved rather tharNgimply the plant itself. Generally in
any reactor the fuel rods become deficient in U-2 ith a'Tlux of time and hence they have
to be partially removed and replaced by new mﬁhus each year about one third of the
spent fuel elements in a reactor are removedand s in large concrete lined pools of water

at the plant site for several years. After ave cooled, these are transported to the
permanent nuclear waste repository uimp in sealed heavily shielded cash proof casks.
During the running of the plants, fis verts some fuel and the metal rods and parts are

stop even after the reactor down, is produced. So water has to be circulated
continuously to cool down thewOds and prevent their melting. If the melting is not
prevented, large quantities of highly radio active materials will be released into the
environment. Therefore a number of safety precautions are necessary and generally these
are taken in any commercial reactor plant. :

converted into radioactive matq' Is bySseutron bombardment. Large heat, which does not

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 unforeseen accidents,

3. Large filter systems and chemical treatment facilities are provided in this containment
building to remove radio active dust from the air.

4, Steam released from damaged reactor vessel is condensed to reduce the pressure bmld
up beyond the capacity of containment building walls.

5. An emergency core—cooling system is installed to flood the core automatically with -
. tons of water within one minute to prevent melting of reactor core.

6. X-ray inspection units are set up to detect flours in the construction periodically,
7. Automatic backup systcins to replace safety systems in the event of their failure.
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8.  Management of radto active wastes is done followmg the lhree general leIlCIplGS
namely S

(a) Dilute and Disperse
(b) Delay and decay
(c) Concentrate and contain

,Thus the main aspects about WhJCh the safety measures are xmportant are

1 Management and control of large heat generated
2) Management and dlsposal ot radioactive materials fonned.

The first principle namely dilute and disperse is applicable for gascous 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 principle
“Concentrate and contain” is generally applicable to medium and high level wastes both
: sohd and hqu1d The wastes are processed treated and oondmoned before containment.

Check Your Progress 4 & 5 o I -
4, What safety measures are requlred to cool the system after the reactor is sheet down?

5. How do you manage the radioactive wastes? Q |
Note: (a) Write the answers in the space proviged beld.

(b) Compare your answers'wim._those t the end of this unit. ~

. . .
l’@ L] . . LI .
A . . . .

'19.7. NUCLEAR ACCIDENTS : SOME CASE STUDIES

A nuclear power plant operating: at full power releases negligible 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 cosmic rays and radioactive nuclides
‘on the earth. Thus the real safety of nuclear power arises from adopting a pohcy that
recognises that “Accident prevention is the key 1o Safety

There are two nuclear accidents that demand a menllon in the context of safety of nuclear__
power generanon ‘ :

iy Three Mlle Island (TMI) Disaster : 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 either to personnel working
at the plant or to people living in the surroundings. :
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The reactors core became partially uncovered underwent a partial core meltdown. It was
realised that unknown amounts of jonizing 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 fire 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. It 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 atlowed to return to their homes for atleast some

years. Five months after some deaths were reported. Maay were reported o 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 peoplé in USSR (former) and Europe may be met with
premature deaths in the next 70 years. But one need ngt be alarmed.

There are major differences between the chernobyl reabor ghd the Indian pressurised water
reactors. The chernobyl reactor was graphite mogevaged and water cooled. Hot graphite and
water make a dangerous combination. Large a of hydrogen come out if these two
come into contact with each other. No graphite i™Sed in Indian rcactors. The Cheérnobyl
plant was housed in an industrial type of b%lg. The situation in India is different since
it makes use of the double contai t peinciple. Moreover graduate engineers with
adequate training are in charge of tq;hns at all times in India unlike in Chernobyl. At
each nuclear power station t is "an environmental survey laboratory (ESL). This
establishes the base-line for%ctivity of the natural background and recommends
discharge limits for release of M#fluents 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, guality engineer-
ing and quality 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, qualification and requalification
through use of simulators and review of operating procedures by independent experts.

s. 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

energy sources.
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Efficient functioning of powér reactors that are in operation must be ensured.

Adherence to schedules and costs of nuclear power generation must be ensured.

‘The requisitc R & D back up must be maintained. = -

Much greater importance shall be given for man-machine interface.

- SUMMARY

19.9.

Power demands are increasing day by _day' and bence muclear. pow,ér' option must be

‘taken up with open mind.

No fundamental difference in the prj ncxple underlymg a convcn‘uonal power isolation
and nuclear power station. : :

There are five ruclear power reactors. Namely (a) Pressurised Water Reaclor (PWR),
{b) Boiling Water Reactors (BW)R) (c) Pressurised Heavy Water Reactors (PHWR),
(d) Gas cooked Reactors {GCR), and (e) Liquid Metal cooled Breeder Reactorq '
(LMBR) The first two are widely used.

The nuclear power generation in India began in 1969, S

Safety measures include, construction of concrefzgopfainment building and provision

" of large filter systems, emergency corcng.sys.tcm_s, X-ray inspection units,

automatic backup systems, modern methdgds of management of radioactive wastes.

!

The major nuclear accidents are ile Istand disaster in US and Chernobyl
disaster in former USSR. S

Quality assurance and tmj%m retraining are essential for those engineers
involved in the product rocdsses )

People must be int‘o;m&%eﬂy of the ri sks and the bencfits assomated with atomic
power generation. - :

19.16. CHECK YOUR PROGRESS : MODEL ANSWERS

India is expected fo produce 2,00,000 MWe by the year 2005 A.D.

“There are five types of power reactors. They are (1) Pressurised water reactor,

(2) Bmhng water reactor; (3) Pressurised heavy water reactor (4) Gas cooled reactor,
and (5) qumd mctal cooled breeder reactor.

Tarapur Atomic Power Statlon and Madras atoniic power station at Kalpakam near
Madras. -

' Water has to be circulated continuously to cool down the system,

The radloactwe waters can be managed.by iollowmg three general prmuples viz.,
dilute and deersc delay and decay and concentrate and contain.

19.11. MODEL EXAMINATION QUESTIONS

L
1.

:

Answer the following questmns in about 30 lines each,

Describe with diagrams, the atomic power generation by Pressured Water Reactor or
Bmhng Water Reactor. : :




I

moN &

Write a detailed -account on the safetjf measures to be adopted in atomic power
generation.

Mention with-details the two disasters that took place in the past.

Answer the following 'queetions 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.

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?

What is the agenda for future safety action.

0
Q}Q*

~ Prof. S. Brahmaji Rao
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UNIT-20 : NONCONVENTIONAL ENERGY SOURCES

Contents

20.1.  Objectives

20.2. Introduction :
20.3. Indian Situation & Role of Research Orgamsanons
204. Solar Power

- 20.5. Biogas

20.6.  Summary : _

20.7. Check Your Progress Model Answers

20.8. Model Examination Questions '

20.1. OBJECTIVES

After going through this unit you will be able to:
*  describe the Nomn-conventional energy sources like solar energy, biogas etc.;
% ist out the components of biogas and describe its impoftamc and :

*  recognise the importanco' of energy conservation in future.

20.2. INTRODUCTION | o \

For a country to prosper, there is definitely a need of al ant energy. This inturn raises
the standard of living and the consumption of en‘ Nergy resources may cstegori-zed as
renewable and non-renewable. Renewable energy Resgufces comprise photosynthetic products
_such as fuelwood and agricultural waste, di lar conversion water and wind power and
geothermal energy rational thl].lZ.dUOIl of thde resources can provide energy indefinitely.
But if they-are exploited too rapldl c.of them may get depleted eventually leading to
“exhaustion. Non-renewable chergy réSgurces iriclude fossil fuels such as coal, oil, natural
gas, as well as Nuclear I‘uels resources may. also be categorised as commercial and
non-commercial resources. TI er type include fossil fuels, nuclear fuel, geothermal
energy. wind and water power. ’I_‘he 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 occurring in

the natural environment. Non-renewable energy is the energy obtained from statlc stores of
energy that remain bound uniess released by human mtoractlon

The Non-conventional Energy Sources cannot replace convennonal Encrgy Sources but can
only supplement it. The non-conventional sources of Energy inciude 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 Energy
sources. Judicious use of Energy source is more important than harnessing energy sources. -

Renewable_ Energy systems depending on biomass, solar power, wind powef, tidal power
etc., by their very nature are suited for low intensity, decentralised generation and consumption.

20.3. INDIAN SITUATION AND ROLE OF RESEARCH ORGANISATIONS

As per the. sﬁrvey conducted in the year 1988-89 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 — 71.3%
Agriculture Sector — 25%
H.T. Industries : — 36%
L.T. Industries — 8%

- Miscellaneous — 37%

The present data may vary slightly now, The per head energy consumption in India is
1/8 of the global average. The Indian Energy 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 t0 31% in urban areas.

The energy crisis in our country may be described as a dilemma between the need and
- availability. It also comprises the increased quantities of energy for development, the need
to reduce expenchture on coal, ¢il and eleetnclty

India does not have abundant energy resources and is snll heaw]y dependeni on tradmonal
sources of energy: Of course, the industrialisation of the country is resuiting 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 .withi very heavy ash content. With the
establishment of steel plants, the demand for coal went while production lagged behind.
Oil and nalural gas reserves in India are snll in me@s of exploration.

Electricity consumpnon has been growing at ay @ ng annual rate of 12%. ‘The efﬁcrency
of generation and transmission of Electricity inJpdia is extremely poor.

It is extremely difficult to make an accura%ﬂmate of the domestic consumption of energy,
since this involves hundreds of mi of people. Rural energy is one of the predominant
energy consumption patterns of Ir%e Energy crisis in India can be reduced to some
extent by the decentralised stmal endrgy systems. Thus rural energy development is a
relatively new subject whic@ained attention, concentration and momentum 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 1ts
related topics are being carried out are listed below: : - : '

X Department of Non—conventlonal Energy Sources, mrmslry of Energy, _New De]hl.
(DNES)

* ) Solar Energy Society of Indra SESI -

x Non—convennonal Energy Development Corporanon of Andhra Pradesh (NEDCAP)
o 'Dept of Management Studles, IISc Bangalore o
* Indlan Insnmte of Tropmal Meteorology Fleld Research Umt, Bangalore

* Centre for Energy Studles IIT, De1h1
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¥ Energy Centre, Dept. of Meeh Engg 1T, Bombay

© ¥ Tata Energ.y Research Institute (TERID).

* School of Energy StUdlCS Jadavapur University, Calcutta..
* Devi A_hjly.a Vishwavidyalaya, In_dore. _

* . School of Energy ,JNT Umvereity, Hyderabad.

* Tata Institute of _Fuﬁdamental Research, TIFR, Bembay.

* National Physical Laboratory, .Ne_w Delhi, ,
- Energy Research Centre, Punjab U_nivefsity, Chahdjg'arh.-
* | Deepak Institute of Solar Energy R_'esear_ch, J abaipur, M;P..

* C.entral Arid Zone Research Institute, Jodhpur.

* Sardar Patel Renewable Energy Research Insmute (SPRERI) Vallabh Vldyandgar -

(Gujarat,

* _G_ujarat Energy Development Agency, Vododara

* Cell for Renewable Energy Dissemination Activitigs, Karnataka State Council of -

Science Technology (KSCST) Bangalore.

In addition there are some more research organisagiesand universities in India which are
actively involved in the research works in the ﬁe_

- India is blessed with an abundant supply of ?@ble energy sources such as solar, wind,
S

biomass etc., which are environmentallyebein olar Energy is available throughout the
country for althost the entire year. I\%hg a ‘country with numerically dominant rural
population, it is imperative that devllopment of the couniry as a whole is intimately
linked with rural development. % _ '

' 20.4. SOLAR POWER

The sun supplies 20,000 times as much eilergy as a man consumes from all sources. It is

estimated that in India, each square kilometer receives solar energy equal t0 7.5 x 10° KWh
per day. Solar radiation that is received on earth can be classified as Beam radiation and

Diffuse radiation, Beam radiation is also called as direct radiation, It is the radiation
intercepted by a surface with negligible direction change and scattering in the atmosphere.

- The radiation scattered by acrosols, 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
radiant energy to heat. This conversion is generally carried out by means of Flat Plate

collectors or Solar ‘concentrators. To determine the useful energy delivery the system,_
analysis is to be made. The system comprises the collector dnd storage. It is essential to

evaluate the interaction of the solar system components in response to climate and energy
demand. This system analysis is based on well-established engineering knowledge The Flat

plate ceollectors respond to both beam and diffuse radiation whereas concentrations work on

beam radiation only. To say ina slmple 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, can be utilized in the l“ollowing_ ways. |
*  Solar heating | |

*  Solar drying

. Photo-Voltaics

¥ Solar 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 Collectors. This requires large areas facing
south 10 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 ait is used as working ﬂu1d flowing: through the tubes which play the role of converston
medium.

Solar cooker does not require fueis llke coal, wood, kerosene, cow-dung etc., 1o cook food.
It utilizes the sun’s rays to cook food most hygienically and safely, harmless and without any
smoke. For starting the cooking, one has to wait (il sun rises and comes up and the duration
of cooking is long., There are n¢ moving parts and it ig more versatile than pressure cooker.
Frying is not possible in this method and even the ‘@ is not possible on monsoon days
“because of low heat gain. The cost is beyond the r f average rural household of our

of heating of buildings which minimize sage of hot water. Hot water at 80°C can be
easily obtained using Flat plate g#fRctord Higher temperatures can be attained by using
Parabolic solar concentrators w%lated tubes at the focal axis. Since these requirc
more of Engineering know%it % not discussed further here. ' '

country. Q
Solar water heating does not have any %?don nt usage in India. There is no necessity

The scasoning of wood, dryn of large quantities of food can be carried out ‘using Solar
Dryers. These dryers also works on the same principle of solar energy collection, conversion
to thermat energy with or without storage facility.

Solar Photo-Voltaic system consists of modules in which photo-voltaic cells are suitably
arranged. These cclls 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 ficld is present these charges can produce current for
use in an external circuit. Such ficlds exist permanently at junctions or in homogeneities in
mmaterials. The junction devices arc usually named photovoltaic cells. The D.C. power
generated can be stored in batteries and may be suitably converted to A.C. The P.V. devices
. are particularly useful for providing clectricity for lighting in remote and yural areas but the
cost is very high. These devices can also be used 1o drive pumps to lift water m remote
areas. -

Basically PV cells convert light (Photo) into electricity (Voltaic). When such a cell is used
to convert sun light (Selar energy) into clectricity, it is aptly called as Solar Cell.

- Brackishwater is onc of the major problems in Indian Vlllages Tlus can be solved by solar
desalination which can be achieved by solar stills. :

_ Solar refrigeration is one of the important applications of solar power. Vapour compression,
vapour absorption and steam jet refrigeration may be obtained using solar encrgy "The
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required refrigeration is attained by either producing vapour/steam to 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, Ii1 vapour absorption system, solar
energy supplies the required heat at the generator. The cost of tonne of reftigeration
produced is exhorbitant. But this can be successfully used in remote areas which are beyond
the reach of power transmission lines, : '

The line diagrams regarding some of the applications of Solar Energy are mentioned 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 motor which
drives the compressor of Vapour Compression System of refrigeration.

Exp Valve

0 (Ref.Unit).
O _ Condenser
E . B Compressor

" Inverter

Voltage

W

Storaqge |
Battery

Fig. 20.1. Use of photovoltaic module to generate DC power
which in turn converted to AC by inverter

Hot Water
Storage

TR

- - ----

Fig. 20.2. Production of HotWater—.—_'—_‘

Sump




Refrigeration Unit

Condenser[

T - turbine;com - Compressor
Cond- Condenser

Fv - Fvaporator , E.v. - Expansion valve
r

Fig. 20.3. Vapour Compression Refrigeration System

This refrigeration systent comprises of a compressor, a condenser an expansion valve and-
an evaporator, Fig. 20.2 shows how a Flat Plate Collector RPC) is used to produce hot water
which is stored in a hot water storage tank for future USg _Jig. 20.3.depicts the working of
a vapour compression refrigeration sysfcm using/fRC. A low boiling liquid is used in the
circuit which produces vapour due to the colleat_ of FPC. This vapour drives the
turbine which is coupled to the compressoRalvapour compression system. The condensate
is recycled through the FPC by means of%p. As the temperafure attained by FPC is-
of the order of 70°C-80°C, water Cg be ¥sed as working fluid. Turbine nceds steam to -
drive it. - '

20.5. BIOGAS | % s | |

The gas produced using Biomass as fuel is Biogas. Biomass is an inexhaustible storchouse
of solar energy, offers the most convenient natural route to meet the growing energy needs,
cspecially, in rural sectors. All organic matter, or hiomass, can be used as fuel in one form
or other. The Biomass from which energy can be harvested or reclaimed is obtained from
differcnt sources like crops, food, manufacturing raw materials, municipal and industrial
waste. Wood or dry litter are the forms of vegctable Biomass. Energy from biomass is
atiractive since its primary source, sunlight, is free. But the collectors that are used in this
conversion, namely plants, are inefficient'_as colleciors of solar energy. The encrgy
quantities that are potentially available to plants vary between 2.5 t0 8.0 Gl/m?*/yr depending
on the latitudes and climates. The energy conversion is due to the process of photosynthesis.
To Calculate the amount of energy that can be harvested in plants {rom a given area, it is
essential to have a knowledge of the average energy content of the plant material. Figures
204, 20.5 and 20.6 illustrate some of the Biogas plants. -
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| 3. What are the essential constituents of solar power syster.
-~ Note:(a) Write the answers in the space provided below.

'(b) Compare your answers with those given at the end of this unit.

20.6. SUMMARY

The energy crisis in our country may be described in smlplc terms as a dllemma between

the need, to make availablefincreased 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 locally available resources. The economic

feasibility of any energy from solar or biomass scheme degends ultimately on the cost of

competitive conventional fuels. Hence Government of@as introduced many subsidy

~ schemes to encourage the use of Non-conventional Energ sources. Energy education is

- to be given top priority and people are to be welted_ regarding the energy crisis and
the use of non-conventional energy resources. ' ' '

20.7. CHECK YOUR PROGRE%M&)EL ANSWERS

1. Commercial fuels include fossi\fuels, nuclear fuels, geothermal, solar; wind etc.
'~ Noncommercial fuels in el wood, animal waste. -
2. Photosynthesis is the main Muse 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

I Answer the following questions in about 30 lines each.
1 Discuss ‘the classification of Energy Resources.
2. How do you compare the b1omaas converswn of plants to that of solar collectors.
3 Discuss. the r_elanve merits and demerits of the biomass energy programmes.
IL.  Answer the following questions in about 10 lines each.
Write briefly about solar energy.
Write briefly ab.out biogas.

1
2

3. Whatare the advantages of biogas programme?
4 What are the disadvantages of biofuels?

Prof. P. Venkataseshaiah
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Dr. B. R AMBEDKAR OPEN UNIVERSITY

. FACULTY OF SCIENCE
P.G. DIPLOMA IN ENVIRONMENTAL STUDIES
Course III : Contemporary Environmental Issues

MODEL EXAMINATION PAPER

Time : 3 Hours _ ' Max. Markx :. 100

SECTION - A

. 4X15 = 60
Answer any four of the following questions.

_ Each guestion carries 15 marks,
Answer the following questions in about 30 lines each.

Explein the reasons for food problems in developing countries,

~ Write briefly about food poisoning by microorganisms.

Briefly describe different types of soil erosiqn. '
Write briefly about the rainfall distributiféndia and the variation of the

same with monsoon. : _ _
Write an essay on fish and prawn @ ries. '
Define air pollution and mentign type®of air pollutants

List out and describe the mate%bgmcal factors influencing air pollu_tion.
1l | |

Explain the importance @ cale industries.
- | @ SECTION - B |
© 5X8 = 40

Answer any five of the following questions,
Each question carries eight marks.
Answer the following questions in about 10 lines each.

Write briefly about fluoresis. .
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 by migrant labour? Describe them. -
Explain briefly the technology machines. '

What are the difficulties encountered in the transportation of kerosene and
natural gas?

What type of nuclear reactors are followed in Indla?
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Dr. B.R. AMBEDKAR OPEN UNIVERSITY

FACULTY OF SCIENCE
P.G. DIPLOMA IN ENVIRONMENTAL STUDIES
Course 1II : Contemporary Environmental Issues

ASSIGNMENT - 1

Time : 2 Hours
Note: _
L Do not copy the answer directly from any of the books.

2. As far as possible, try to answer the questions independently in your own
words. -

3. If it is necessary to quote from any source, give the correct reference.

4. Use your own foolscap pages for writing, the a.ssigmﬁent.

5. Leave sufficient margin for the comm@ the evaluator.

6.

Completion of this assignment lly should not take more than two
hours time, O

L Answer the followi es E ns in about 30 lines each.
1. Explain the rgasonsN\for food problems in developing countries,
2. Write briefl t.food poisoning by microorganisms.

3. Briefly describe different types of soil erosion.

II.  Answer the following questions in about 10. lines each.
.1. Write briefly about fluorosis,
2. What is Narmada Bachao Andolan?
3. Write briefly about intercropping.







Dr. B.R. AMBEDKAR OPEN UNIVERSITY |
' ' FACULTY OF SCIENCE '

 P.G. DIPLOMA IN ENVIRONMENTAL STUDIES __ |
Course HI : Contemporary Environmental Issues | | |

ASSIGNMENT - 2

Time : 2 Hours
Note: .
1. Do not copy the answer dirvectly from any of the baoks.

2. As far as possible, try to answer the guestions independently in your oun
words. '

If it is necessary'to quote from any source, give the correct reference.
Use your own foolscap pages for writing the assignment.

~ Leave sufficient margin for the comments of the evaluator.

S oA W

Campletion of this assignment norm uld not take more than two

hours time. _

L Answer the following que% in about 30 lines each.

1. What are the prg @ s atising due to urbanisation? Write briefly
about them. :

2. Can the NG plement or replace the welfare programmes of the
- Government other Institutions? Elaborate, :

3. Write in detail about major chemical accidents and impact assess-
' ment. ' ' :

]
-

Answer the following questions in about 10 lines each.
1. Differentiate between fertility and fecundity.

2. What is Thanrao Struggle? |

3. Write briefly about films and publicity.
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Course III : Contemporary Environmental Issues

ASSIGNMENT - 3

Time : 2 Hours
Note:
1 Do not copy the answer directly from any of the books.

2. As far as possible, try to answer the questions independently in your oun
words. :

If it is necessary to quote from any source, give the correct reference,
Use your own foolscap pages for writin%ssignment.

tle evaluator,

Completion of this assignment ng @ should not take more than two
hours time. '
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Leave sufficient margin for the comments

&S WA

classify the agi

1, What are the@a onal hazards and diseases? Identify and
able examples.

sponsible for hazards and diseases. Give suit-

2. Describe the aspects that are normally considered for locating an
industry,

3. What are the different causes of famines and floods?

II.  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?













