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0.0 ENVIRONMENT AND NATURAL RESOURCES IN INDIA: Introduction and Summary

Located in South Asia with extensive coast|!nes on both the Arabian 5ea
and the Bay of Bengai, India, covering a territory of 3.28 miiilon snuare
kilometers (about two-fifths the size of the United States), Is the
world's seventh |argest country In terms of land and, with a population
estImated at 660 miition In mid-1979, the world second most populious
country.

India's population, distributed over 22 states and several union territories,

comprises dlverse groups of people speaking many different fanguages

and practising several different rellgions. Despite India's rather extensive

Industriat deveiopment, about 80% of this poputation sttil fives in
viltages and, according to the most recent estimates, over 70% are engaged
In agriculture or related pursuits such as fishing or forestry. Large
portions of the popuiation are afflicted by severe poverty and accompanying
disease and malnutrition. India's birth rate has dropped considerably

In recent years so that the natural rate of Increase of the Indian population

I's now down to about 1.9% per year; however, this stli| represents a
population gain of roughly 12.5 miitllon per year.,

Seography and climate

Geographicaliy India Is a diverse country with terralns ranging from the
lofty Himalayas in the north to the nearly level stre*ches of the |ndo-
Gangetic Plains and the plateau land of the Deccan Peninsula to the south.
India's climate, heavily influenced by the presence of the Himatayas,
which form a barrier agains® cold winds from the north and mark out the
area of operation of the yearly monsoon rains from the southwest, also
varies considerably. Ralinfall, for example, Is very heavy in both the

Western Ghats (the |ine of mountalns fringing the west coast of the peninsula)

and Assam In the northeast, both of which get the full strength of

the monsoon rains, while those areas tenefitting less from these rains,

In particutar peninsular India to the east of the Western Ghats and

the desert areas of Rajasthan to the north, recelve low levels of ralnfal
and are conslidered arid or semi-ar|d regions. Most of the country depends
on the monsoon rains and experiences dry seasons of varying sever ity
during the remalnder of the year; however, Tami| Nadu to the southeast
recelves most of its rainfall between October and December', during

the Indian winter.

Weather and its vagaries constite a major problem for India. Despite
advancements In the extension of Irrigation, Indlan agriculture stiil
depends largely on the moisture brought by the monsoon rains. However,
the intensity of the monsoon rains varies considerably from year to

year, and drought years are of frequent occurrence, bringing drastic drops
In agricultural production and consequent hardships for the people in the
stricken areas; some parts of the country such as the low rainfall areas
to the east of the Western Ghats are chronically affected by droughts.

On the other hand, heavy rainfail aiso brings chronic flocding to other
areas of the country such as the Indo-Gangetic Plaln, where swol len
rivers descending from the Himalayas overfiow their channels and fre-
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quentiy bring disaster to villages on their banks. In West Bengal
cyclones sssoc!ated with the onset or retreat of the monsoon season
bring both destruction and death.

environmeniai probiems

As is evident throughout this report many of Indla's resource and environ-
mental problems arise from attempts to meet even the basic needs of

Its enormous population. The efforts of the population to meet its food
needs have resulted In the clearing and loss of forest land; the need

for firewood for cooking and other home uses has resuited in the degradation
and loss of forests and the loss of trees in areas near villages; grazing of
domestic animals in forests has also had |ed to deforestation, which

In t+s turn has ted to sol! erosion and damage to watershed areas.

water

Water resources are plentiful in some areas of India and in short supply
In others, particularly In areas such as the Deccan Plateau, where

river flows are drastically reduced during the dry months of the year.
Furthermore, aithough India's Himalayan Rivers are perennial and carry
enormous quantities of water during wet season, much of this flow Is lost
to the sea because India lacks favorable sites for water storage.

India's surface waters are utitized for navigation, for domestic water
supply, for Industrial water, and for irrigation, the last of which

Is by far the major water use in the country. India's groundwater
supplies, plentiful particularly in the Indo-Gangetic Piain and less
plentiful in the hardrock areas of the Deccan Plateau, are utilized for
domestic water and Increasingly for irrigation water; by most recent
figures, some 40% of Irrigated land In India is irrigated by groundwater.

Problems with surface water are of several types. Flooding, of annual
occurrence, causes damage and often loss of |]fe. Inefficlent use of water

in irrigation results both In water losses and in waterlogging of agricultfurz
solls because of over-irrigation. Water pollution, a probiem that is
Increasing In severity as population continues to grow, comes above

all from the discharge of domestic wastes, although industrial water
poltution is also a probiem, not onty in urban areas but also In some

rural areas, where sugar mil| effiuents pres=nt a probiem. Runoff containing
pesticides and fertilizers have also added to the poliution load, while

the heavy sediment load carried by rivers leads to several probiems

Inctuding adverse effects on fish and wildlife.

Problems with groundwater include: overpumping and consequent reduction of
the groundwater table; groundwater salinity, a probiem particularly in
coastal areas and one often |inked fo over-pumping of freshwater suppiies,
altowing incursion of salt water; and pollution of groundwater by seepage
from fertilizers and pesticides. .

soils
Several different soil groups are represented In India, the most fertile

of which are the alluvial solis which are predominant In the Indo-Gangetic
Plain. Problems, reported to affect some 20% of India solls, are: erosion,

S
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salinity end akalinity, acidity, waferlogglgg, and cracking. The most
serious of these problems is erosion, fthe effects of which are most
evident in certain river val leys, where severe gulty erosicon has taken
place. Erosion is caused by wind, water, and, in coastai areas, by the
sea. |t is aggravated by human-introduced ractors such as deforestation
and over-grazing of Iivestock, particulariy on slopes. Erosion results

in loss of soil fertility and is responsivle for desertification, a severe
problem in the arid region of Rajasthan; it also leads to targe sediment
foads in rivers, which in turn cause damage to irrigation works and

result in rapid sedimentation of reservoirs intended to supply water

for irrigation and hydroetectric power.

forests

Forests cover an area generally estimated at 22% to 23% of Indian's
territory; however, recent satellite imagery for some areas of India in-
dicate that this figure may in fact be somewhat lower. India's forests
are of severat different types, ranging from tropical wet evergreen
forests and tropical moist deciduous forests, with their valuable growth
of teak and sal, to the subtropical coniferous forests of the Himalayas.
India's forests are utilized for the production of timber and other
ccmmercial products, but their chief product is firewood, which by some
estimates accounts for as much as 95% of total wood production.

Rapid deforestation and loss of tree cover in areas around villages

and other human habitations is a major environmental problem in India.
This has had several causes: clearing of forest land for cultivation;
siz2sh and burn agriculture, particularly in the northeast; poorly con-
trolted exploitation of wood for t+imber and firewood; forest fires;

and grazing of domestic animals and the lopping of trees for fodder.

As much as 4.0 miliion hectares of forest may have been lost during the
past two decades, and this loss is expected to continue as demand for
wood continues to grow with population. Some observers have predictead
a crisis In fuelwood supply in the early 1980's.

Deforestation has several consequence in India. Loss of forest land
has lald soils open to erosion from both wind and water, with the con-
sequences considered in the discussion of soil erocion above. Loss of
forest in the watershed areas of the Himalayas, has resuited in In-
creasad danger from flooding. Furthermore, the loss of forest has re-
duced the habitat availabte for wiidlife.

wildlife

India has a great diversity of fauna, fncluding an estimated 500 species

of mammals and |,200 species of birds. The most renowned of these animals
are the Indian tiger, the Indian elephant, and the Great indian Rhinoceros,
but there are also many other cat species, as well as species of deer,

wild goats, wiid sheep, and monkeys .,

India has experienced great losses In [+s wiidlife numbers. These have
come about chlefly through toss of habitat resulting from the ciearing of
forests, swamps, and other areas for agriculture and human habitation
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and from hunting of animals. This |oss has accelerated In the years since
Independence was achieved In 1947, Today large numbers of Indla's wildllfe
specles sre endangered and many have become extinct. The U.S. Fish and
Wiltdilfe Service, for oxample, lists 25 endangered mammals (Including

the tiger, the elephant, and the rhinoceros), 9 specles of birds, and

I3 species of reptiles.

flishories

India is the worid's seventh largest fishing nation, with catches coming

both from coastal areas (about 64%) and from various inland waters such

as rivers, lakes, reservoirs, and Irrigation ponds. Because India's fisherias
have not been fully exploited, development plans call for expansion

of both Intand and marine fisheries. Problems with fisher]es have come

about as as result of overfishing In certain areas, Sedimentation at

river mouths has adversely affected breeding grounds, while water poltution
from several sources has led to fish kills., Problems are also anticipated

as river fiows are reduced by damming of rivers for river valley projects.

coastal zones

India has some 5,700 kilometers of coastline. This extensive coastai

Zone |s exploited chiefiy for fishing operations, although mineral de-
velopment Is also Increasing and of f-shore oi!l is now being expioited on
the westarn coast near Bombay. Coastal zone problems include sea erosion,
which has most seriously affected the coast of Kerala In the southwestern
peninsuta, siitation of harbors, and marine poliution, resulting above

all from uomestic poliution from coastal cltles.

air poitution

Pottution of air s most pronounced in urban centers, where automobi le
and industrial operations are prominent sources of poliution. However,
rural areas also suffer air poliution problems, chiefly because of

the burning of wood and dung.



1.0 POPULATION CHARACTERISTICS

I.1 General population statlistics (WPDS 1979)

Totail population: 660.9 mll!lion
(population at last census--1971-=548.2 million)

Blrth rate: 34 per 1,000 population
Ceath rate: 15 per 1,000 population

Rate of natural Increase: 1.9%

Number of years to double population: 36

Population In the year 2,000: 1,010,500,000

Populatiun under 15: 41%

Populatiorn over 64: 3%

Life expectancy: 50

Urban population: 21% (138,789,000 million persons)

Poputation denslty: 210 persons per square k! lometer

POLI: 52

POPULATION PROFILE

(based on an estimated total population of 656,382,000)

putation of India, by sge and
P R T
SR agel
80 Mdo:-
Boon
T4
-
51069
01064

$5t0 %9

. ..
01584
Lo

451049 .
R R

(Source U.S. Bureau of the Census: 1978)
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Although the overall growth rate of Indla's population [s not extremely
high, the absolute number of persons sdded each year ls very large. Between
1956-1978, for example, the number of persons added to the popu!ation

of Indla was greater +han the comb!ned populations of the Unl+ed States

and Canada In 1978 (U.S. Bureau of the Census 1978: 1),

Because both mortallty and ferti1ity have been slowly declining for many
years In Indla, the rate of natural Increase has remalned falrly stable.
Both mortallty and fertill+y are expected to continue declining In the
future as well,

Crude birth rates for rural areas, as estlimated for 1975, were consliderably
higher than those for urban areas: 28.5 for urban areas as comparad wlth
36.7 for rurat. This difference Is more pronounced in some states than

In others. In Himachal Pradesh, for example, the urban rate Is 20.6,

while the rural rate Is 33.5, In Maharashtra, on the other hand, the
difference Is slight: 29.4 for urban areas and 29.9 for rural areas.

(U.S. Bureau of the Census 1978: 26). '

1.2 Dlctribution of population

l.2.1 Distribution by State and Union Terrltory (see maps and table, page 2a/)

1.2.2 Rural-urban distribution *

Urban measures [97]

% of total population: 19.9

Cities with 100,000 Inhabltants or more

Number of cities: 151
Population: 53,380,841
% of country's total population: 9.7

Cities with 20,000 Inhabitants or more

Number of towns and citles: 1,022
Population 88,039,834
% of country's total population: 16.1%

According to the Indian national report to the 1976 Unlted Natlons Habltat
Conference, Indla's population is distributed among 579,052 settlements.
Nearly 80% of the population Illves In 575,933 vlllages, with populations
ranging from 100 to 25,000; average village slize Is 762, The remalning
20% Inhablts some 3,119 urban settlements with populations ranging from
5,000 to neariy nine mllilon. About 20% of thls urban population Is In
the elght major metropolltan centers (NCECP 1976:9).

*DefInltion of urban as empioyed by the Indlan Census:

a) all places with a municlipal corporation, town comm|ttee, notlfled area commlttee
or cantonment board;

b) all other places satisfylng the followlng criteria: 1) a population of at least
5,000; 2) population denslty of at least 400 per square kllometer or 1,000
per square riie; 3) pronounced urban characteristics; 4) at least 3/4 of the
male workling ~opulatisn Is non-agricultural (NCEPC 1976:36).

V2



‘,_--"';\.\ DENSITY OF POPULATION
3 A - 1971
£ 1 5 DEMOGRAPMIC CHARACTER!STICS BY STATE AND (MION TERRITCRY®
l (Source: Worig Bank 1979:7able 1.3; Alam ond Reddy 1975:67)
£ of
! urdban § of § of
~ 7%, ! area: § ot £ ot Sof 1o tots' fote: pop POy guik
. + 1,000 totat {mililons) total total tote! ryra. wian por por rate
ot i) ! of km2 indian pop. pop. poPp. pop pop. pop. pop. (T8 a2 1%ei-
/4 arca 1971 1979** (971 1919 1974 1971 1971 197, 1975 11000
) STATES
I. Andhra Pradesh 276.8 B.44 43.43 49,72 7.92 1.8 19.3 8.0 1.7 157 180 .92
2. Assam 78.5 3.04 34.63 18.55 2.7 2.9 8.8 3.1 1.19 188 2% 3.C?
3. Bihear 173.9 5.30 56.35 64.16 10.28 10.0 10.0 t1.55 5.03 324 39 1.9
4. Gujarat 196.0 5.97 26.70 32.00 4.87 4.99 28.1 4.37 6.87 1% 163 2.6
5. Haryana 44.2 1.35 10.04 11.74 .83 1.83% 112.7 1.89 1.65 227 266 2.53
6. Himachal Pradesh 55.7 .86 3.46 3.77 0.63 0.59 7.0 0.23 0.18 €2 & 2.10
) 7. JammudKashmir 222.2 6.77 4.62 ° 5.38 0.84 0.84 18.6 0.87 0.82 21 24 2.0}
Density Per Sq. Km, 8. Karnataka 191.8 5.85 29.30 33.96 5.34 5.30 24.3 5.06 6.5¢ 153 177 2.19%9
Above 1,200
401-1.200 9. Kerala 38.9 1.19 21.35 25.06 3.89 3.91 16.2 4.08 3.21 549 644 2.%
w “t. {0.Madhya Pradesh 442.8 13.50 41.65 49.93 7.60 7.79 16.3 7.95 6.23 94 11 2,99
E 201-400 g 23 11.Mahararashtra 307.8  9.38 50.41 59.17 9.20 9.23 31.2 7.91 14.39 164 192 2.46
g 101-200 K 12.Manlpur 22.4 .68  1.07 1.25 0.20 0.20 (3.t 5.2t 0.05 4% 56 3.24
51-100 ’ 13.Meghalaya 22.5 .69 1.01 1.18 0.18 0.18 14.5 0.21 0.083 45 52 2.18
50 and below 14.Nagaland 16.5 .50 0.52 0.58 0.09 0.095 9.9 0.11 0.09 3¢ 35 3.4l
N.A. .y 15.0rissa 155.8 4.75 21.94 25.68 4.00 4.00 8.4 4.58 1.6% 141 18 2.26
A. Data Not Availatle 16.Pun jab 50.3 1.54 13.55 15.68 2.47 2.45 25.7 2.35 2.95 269 312 1.98
POPULATION GRO 17.Rajasthan 342.2 10.43 25.76 30.53 4.70 4.76 17.6 4.83 4.12 75 8% 2.49
1961-71WTH RATES 18.Sikkim 7.3 0.22 0.21 n.a. n.a n.a 9.5 n.a n.a 23 n.a 2.61
19.Tamil Nadu 130.1 3.96 41.2C 47,12 7.52 7.35 30.2 6.54 11.46 317 362 2.03
20.Tripura 10.5 0.32 1.56 1.81 0.28 0.28 10.4 0.32 0.18 149 172 3.14
0
MO 21 .Uttar Pradesh 294.4 8.97 88.34 99.32 16.11 15.50 14.0 17.32 11.37 300 337 .82
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UNION TERRITORIES [119.4] [o0.46] [7.60] :(1.381[1.34] [0.43] [4.06]
23.AndamandNIcobar
Islands 8.3 0.25 0.12 0.13 0.02 0.02 22.6 (L) 16 (.12
24.Arunachal Pradesh 83.6 2.5 0.47 0.55 0.08 0.09 3.6 6 6 3\
25.Chandigarh Cc.1 0.003 0.26 0.30 0.05 0.05 90.7 2,257 3,000 1.9.
26.DadradNagar Haveli 0.5 0.015 0.07 0.09 0.0f{ 0.01 -~ is 180 2.50
27.Delhl 1.5 0.046 4.07 5.60 0.74 0.87 89.7 2,738 3,733 4.34
28.Goa,DamandDlu 3.8 0.12 0.8 1.00 0.15 0.16 26.5 225 263 3.19
29.Lakshadweep 0.03 0.0009 0.03 0.04 0.005 0.006 -~ 994 1,333 2.8l
30.Mizoram 0.5 0.015 0.33 ad.a. 0.06 41.9 983 n.a. n.a.
31.Pondicherry 21,1 0.65 0.47 0.55 0.09 0.09 11.4 22 2% 2.4
Pe;centage TOTAL 3,287.8 548.2 640.8 17?7 195 2.28
Gr‘\';\nh Rates
- Above 35.00 ‘ Figures from: World Bank 1979: Table 1.3; and Alam and Reddy 1975: 67.
° * It should be noted that Assam and Meghalaya were actvally a single state until 1972
30.00-34.99 and that Sikkim has been part of the Indian Union only since 1975.
/4 2500-29.99 ¢ ::'xe;gggazgng:::\r;a;fo::; '::::? ;Iugzzgcent per year
EJ20.002099 &
Below-20.00
N.A. Data Not Available

1973:106
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Although Indla remalns principally a country of rural dwellers, urban
population Increased 17.9% to 19.9% of the total population between 1961
and 1971. Much of thls Increase can be acccunted for by migration from
rural into urban areas. It has been estlimated by the Planning Commiss!on
(basing Its flqures on a length of residence of 20 years) that mligrants
form nearly half of the population of cities with populations of over

one million and about 30 to 40% of those with populations of less than
300,000 (NCEPC 1976:35),

Rural migration to urban areas has been encouraged by several factors:
fncrease In population, improved communications and education, seasonal
unemployment In rural areas, the avallabllity In urban areas of Industrial
and construction jobs for semi-skiiled and unski!|ed labor, and a decreasing
man=-land ratio (NCEPC 1976:35).

While migration toward the city often deprives rural areas of young workers
and skilled labor, 1t also confronts urban areas with unsurmountable problems
fnvolving housing and services. Migrants often occupy hastily constructed
huts and shacks In areas without pubilc water supply or sewerage. Nearly
25 to 30 percent of the urban population are estimated to Iive In slum

or squatter settlements (NCEPC 1976:35-37).  Urban growth also has had

fts etfects on villages in the vicinity of metropolitan areas. Some of
these which have come under the Jursidiction of citles suffer from an
Influx of people seeking cheaper housing, with the result thar agricultural
tands are converted In*o residential areas, orchards are destroyed, and
trees and vegetation are removed and not replaced (NCEPC 1976:34-35),

1.2.3 Population density with relation to arable land

Based on an FAQ 1976 estimate of 162.5 milllon hectares of arable land,
Indla has approximately 406 persons per hectare arable land.

.3 Ethnic, Ilingulstic, religlous characteristics of the population

The Indian population Is comprised of a great diversity of ethnlic groups,
resulting from the many waves of conquering peoples that have moved across
the subcontinent since prehistoric +imes.

The population s now dominated by Caucasold peoples, which fall Into two
large groups: the Dravidians of South India (25% of the population) and
the North Indians (72% of the population).

In Isolated hilly reglons of the country are the tribes that represent

the aboriginal peoples of Indla. These groups, which form about 3% of

the total population are found In three "scheduled areas": In the the North
East states of Arunachal Pradesh, Mizoram, Manipur, Nagaland, Meghalaya,
and Assam are Mongolold tribes, while in the hills of Central India

(Madhya Pradesh and Orissa) and the southern Peninsula (Tamil Nadu and
Kerala) are tribes of Negrito or Proto-Australold stock (Kurlan 1978:631).

The many languages of India fall Into three broad groups: Indo=European

languages (spoken by roughly 75% of the population) such as Hindl, Sindht,
Punjabl, Bengala, Gujarati, Marath!, and Bengall; the Dravidian languages
(spoken by about 25% of the population) such as Kannada, Tami!, Malayalam,
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and Telugu; and the Tibeto-Burman languages spoken by the Mongolold tribes
ot the north east. Flfteen of the some 1,652 language” and $lalects spoken
In Indi2, are accorded officlal status under the Indlan Co:s™itution;

all of these are of the Dravidian and Indo-European groups. Hindl, the

largest single language group Is the predominant langurge of the Indo-Ganget!c

plain and Is taught as the primary or secondary ianguaye throuhgout India.
Englisk, which Is spoken by an estimated || miillon persons in Indla,

has been assigned the position of an assoclate offic]al language.
an Important function as a Iingua franca throughout the country and is

also the language of the courts, the medium of Instructlion fn secondary
schools and unlversities, and the language of [nnumerable Indian publications

(KurTan 1978:631-632).

Many prominent world relfglans are substantialiy represented In Indla:

It serves

Hinduism (about 83% of the population), is'am (about 1'1%), Christianity (about

3%), Sikhism (about 2%), Buddhism (about I of the population), and Jalnism

tabout 0.5%) (Kurfan 1978:632-633).

.4 Educational characteristics of the population

Adult |lteracy rate

4 literate ages 15 years and over by sex: |97
(from U.S. Bureau of the Census 1978: 12).

both sexes male female
total 15 years+ 34,1% 47.7 19.4
15 7> 24 years 48,2 62.1 33.3
25 to 34 years 34.8 50.1 19.3
35 years + 25.2 38.0 10.7

Schoo! enrollIment as %age of age group (Worid Bank {979)

1960 1970 1976
Primary School: Total: 6l 72 79
Female 40 55 63
Male 80 87 94
Seconday School: Total 20 29 28
Female 10 17 18
Male 30 39 38
Vocational (as Total 8 6 n.a.
% of secondary)
Universlity enroli- Total 0.89 2.93 n.a.
ment as percent-
age of ages [7-23%x
(Inc.: arts, science
commerce)
% studying Sclence:** 26.9 43.8 n.a.

*The Indlan government reports a 1974 I1teracy rate of 38.8% for ages 5-59

years (NCEPC 1976:48).
*%*Source: NCEPC 1975:48.
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Education is now free In all the Indian states for the age group 6 through
Il and is froe for children from I| +0 14 In all states except Orissa,
Uttar Pradesh, and West Bengsl!, which, however, provide free education

for female students and students from backward communities. All states
have compulsory Primary Education Acts excep ]t Manipur, Meghalaya, Naga=
land, Sikkim, and Tripura. In many areas, incentives such as mid=-day
meals, free books and uniforms are used to attract children to schoools
(India. Min. ot Informatior and Aroadcasting: 1978: 52-53),

Secondary education Is free up to the secondary level in Andhra Pradush,

Gu Jarat, Karnataka, Kerala, Tami| Nadu, Andaman and Nicobar |slands,
Arunachal Pradesh, and Lakshadweep and In government Institutions In

Jammu and Kashmir, Nagaland, Dadra and Nagar Havel!, and Pondicherry.

This level is free for girls In Madhya Pradesh, Manipur, Orissa, Rajasthan,
Tripur, and Uttar Pradesh, while chlldren belonging to particuiar castes
and tribes get free education In all the sta’es (India. Min. of Information
and Broadcasting 1978:53).

1.5 Health characteristics ot the population

Life expectancy at birth 51.0 (WB 1979).

Infant mortality: 122 per 1,000 live births (WPDS 1979)

Mortali*y rate ages I-4: 10.0 (WB 1979) per thousand

Per capita supply of calories
as % of dally requirements: 89 (WB 1979)

Protein (grams per day): 48 (WB 1979)
animal and fulse 12.9 (wWB 1979)

I.5.1 Health problems

Comunicable disease are the major health problems In India today, although
cancer and heart diseases are also common allments. Although accurate
statistics on disease Incidence are sald to be unavallable (Evaluation
Technologies 1978:11) an estimated 50% of Illnesses are attributed to unsanitary
water supplies and lack of sanitation. Baclllary and amoebic dysentery,

for example, are the major causes cf infant mortality, while typhold fever,
also widespread and endemic, has been correlated In Its occurrence with

unsate water supplies (Evaluation Technologies 1978:12).

The adminlstration of health programs Is primarily the responsibility of
state governments, although the central government bears this responsibility
In the Union Territories. Some diseases such as smallpox, filarla, and
leprosy have become the focus of national eradication or control programs.

malnutrition

Malnutrition Is widespread and affects a large portion of the population,
particularly In rice-eating areas. Beri=ber] (vitamin Bl deficiency) Is
common In rice-eating areas. Other problems are scury (vitamin C deficliency),
osteomalacla and rickets (deficiencles of vitamin D, calcium, and other.
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minerais), and goiter (lodine deficiency), the last of which [s most pre-
valent [n the sub-Himalayan belt. The Mational Goltre Control Progamme

alms to provide lodlized sal+ to persons In the goliter belt areas of Jammu
and Kashmir, Pun jab, Haryana, Himacha! Pradesh, Blhar, West Bengal, Nagal and,

Arunachal Pradesh, and Manipur. Also widespread are anemlas resulting
trom malnutrition and/or parastic Infestation (Evaluztion Technologles,
1978:12),

parasitic worms

An estimated 80% of children in villages are infected by parasitic worms.
Hookworm® Is reported to be particularly severe In South Indla as wel!l as
'n West Bengal and Assamese plantations, where incidence may be as high
as 80% (Evaluation Technologies 1978:12).

malaria

Malaria is endemic and eplidemic In India, which, according to the World
Health Organization, is the most seriously affected country in the world.
Malaria affects all areas except the Himalayas above 5,000 feet. The number
of cases, as high as 75 million per year In 1952, has droppec considerably
because of the institution of a National Malaria Eradication Programme,
initated In 1958-59, to an estimated 740,000 cases in recent years (Evaiuatior
Technologies 1978:12). By one recent count there were units operating

under the National Malaria Eradication Programme, to cover some 535 million
people (Lal 1976:105),

filariasis

Present In humid, high rainfall areas, filariasis Is carried bv mos-
quitoes. There were some 8 million active cases in 1973, The disease
has been the object of a National Filaria Control Program, in operation
since 1955-56, which, with headquarters at the National Institute of
Communicable Diseases in Delhi, had 136 Filaria Control Units
functioning in 15 States and Union territories in 1973 (Lal 1976:104).

legrosz

In 1973 there were an astimated 3,000,000 cases of leprosy, about 20%

of which were Infectious. The greatest numbers of cases were in Tami |
Nadu and Andhra Pradesh, but most of the southern and eastern states

are affected. The National Leprosy Control Programme, had 245 Leprosy
Contro! Units and 1,496 Survey, Eradication and Treatment Centers acting
to provide care for sufferers as of 1973-74 (Lal 1976:105).

cholera

Cholera is persistent in India and epidemic outbreaks are of frequent oc-
currence. The most severely affected areas are in the seven states of
Andrha Pradesh, Bihar, Maharashtra, Karnataka, Orissa, Tami| Nadu, and
West Bengal. New cases, as high as 40.8 thousand in 1973 had dropped to
16.4 thcusand by 1976, with 297 deaths reported during the first half of
1976 (Germany...Federal Statistical Office 1977:17). A group of Cholera

' X
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Combat Teams were scheduled to be established under the Fifth Five Year
Plan (Lal 1978:104),

tuberculosis

The number of activte tuberculosis cases In India has been estimated at
nearly 8 miliion, with mortality rates as high as 500,000 annually (Lai
1976:106; Evaluation Technologies 1978:12). Nearly all towns and villages
are afflicted by the disease. To combat TB the National Tuberculosis
Institute of India was established by the government in 1959 with respon-
siblity for formulating and continuously evaluating India's Naltonal
Tuberculosis Programme. As of the mid=1970's there were about 300 control
teams functioning throughout the country, administering vaccinations and
tuberculin tests (Lal 1976:106).

smallgox

Smal lpox cases dropped to 27,407 in 1972 but had risen to 188,003 in 1974,
only to drop to 1,436 in 1975. No new cases were reported in 1976. The
most prevalent smal lpox areas, accounting for somes 94% of cases, had been
Madhya Pradesh, Uttar Pradesh, West Bengal, and Bihar (Lal 1976:106;
Germany...Federal Statistical Office 1977:17).

venereal diseases

in the mid-1370's it was estimated that about 20% of the reproductive age
population w:s suffering from venereal diseases, with about 5% of the total
population suffering from syphillis and another 5% from gonorrhea. V.D.
control programs are sponsored by the central government which provides
necessary funds to state governments. [n the mid-1970's about 39 V.D.
clinics were in operation, and some hospitals offered special wards for
V.D. patients (Lal 1976:106).

trachoma

Trachoma, endemic In many areas of India, constitutes the most Important
cause of preventible blindness. The disease Is most prevalent in Punjab,
Hayana, Rajasthan, Uttar Pradesh, and Gujarat and is moderately prevalent
fn Madhya Pradesh, Bihar, Assam, and Karnataka. About 329.3 million people
were considered at risk in the mid-1970's. A National Trachoma Control
Programme, established In 1963, is being Implemented on a large scale in
Punjab, Haryana, Rajasthan, Uttar Pardesh, and Gujarat and on a |imited
scale in Madhya Pradesh, Bihar, Karnataka, and Jammu and Kashmir (Lal
1976:106).

other diseases

Recent health statistics also |ist deaths from diphtheria, whooping cough,
meningitis, acute poliomyietis, measles, meningitis, and Infectious '
hepatitis. Both influenza and diabetes, which affects mostiy the urban
population also give some cause for concern (Lal 1976:106).
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1.5.2 health care (see Indla. Min., of Inf. and Broad:99)

Population psr physician: 3,135 (W8 1979)

Population per nursing person: 6,320 (WB 1979)

Number of hospital beds (1976): 300,000 (Min. of inf. 1978)

Population per hospital baed: 1,231 (WB 1979)

Number of medical colleges: 106 (Min. of Inf.: 1978)

Total outlays on Health Programs b
under the Sixth Plan for 1978-83: Rs. 20,950 million (3.0% of total)
(Economic Inteltigence Unit 1978:21).

Under the Indian Constitution, health care Is primarily the responsibility
of the state governments, but the central government both provides guildance
and sponsors and supports major schemes for Improving health. Coordirating
the work of the state governments is the Ministry of Health and Family
Welfare, while the Central Council of Health advises the Ministry on

all aspects of programs and policies.

Under the Fifth Plan (1974-1978) the primary objective for the health
sector was to provide minimum public health and medical care facilities
fntegrated with family welfare and nutrition for vulnerable groups of the
population such as children, pregnant women, nursing women, and the poor.
Emphasis was on: (1) increasing the accessibi ity of health services to
rural, hill, and tribal areas; (2) correcting the regional imbalance In
health care systems; (3) further development of referral services by re=-
moving deficiencies in district and sub-divisional hospltals; (4) inten-
sification of the contro!l and eradication of communicable diseases;

(5) qualitative improvement in the education and training of health per-
sonnel; and (6) development of referral services by providing specialist
services in the rural areas. Particular emphasis has been placed on backwarc
and tribal areas, which are to receive preterence in the Implementation
of health programs (India. Min. of Information and Broadcasting 1978:95).

rural health care delivery

In rural areas, the chief unit for health care delivery [s the primary
health care center, which forms the base of the integrated structure of
medical services for such areas. As of September 1976 about 3,372 centers
were in operation, 1,290 of which were scheduled for upgrading to 30-bed
rural hospitals under the Fifth Plan. The primary hea!th care centers and
subcenters provide basic medical care through multi-purpose health workers.
There are plans to have a male and a female health worker for every 10,000
persons (India. Min. of Information and Broadcasting 1978:100).

Indigenous medical systems

Among the rural population, Indlan systems of medicine continue to thrive.
An estimated 250,000 registered practioneers (hereditary vaidyas and
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hakims) are active in some 13,000 dis
the country, and money has been allot

pensaries and 200 hospltals throughout
development of these systems (about R

ted under the Fifth Plun for the

S. 263.5 milllon). There are presently
ovir 100 undergraduate colleges and two post=-graduate Institutions providing

education in Indlan medicine (Ayurvedic, Unani, and Siddha), and a National
Institute of Ayurveda was established at Jalpur In early 1976. The Central

Councll of tndian Medicine, set up 11 1971, has established a curriculum
and minimal standards of education in +

he Indlan systems of medicine, while
the Central Counci! for Research In Indian Medicine and Homeopathy, founded
'n 1569, bears responsibiiity for fnitiating, conducting and co-ordinating
scientific research In different aspect

s of tha Indian systems of medicine
as well as In homeopathy and yoga (indlia. Min.

of Information and Broad-
casting 1978:99-101),

'.5.3 Water supply and sanitation

WATER SUPPLY AND SANITATION: 1970 and 1975

L tnnor ring indicates water supply; outzr ring Indicates availablility of
sewerage disposal services]
1970 1975

19 araeue ik

o

E63J0W

J[qruoseal

(Figures from UNEP/ESCAP 1979:22; and Wor Id Health Statistlcs
Raport, vol. 29, no. 10 [1976].)

According to one recent set of figures protected water supply was avalliable to
about 83% of India's urban population (about 115 miltion) but to as little
as 4.3 per cent of the rural popu

tation (22.4 million) (NCEPC 1976: 43).
Other sources (see above graph) Indicate that as much as 18} of the rural
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population (93.9 mililon) may now have "reasonable access" to safe water
supplles.

In rural areas, as of 1968-69, 65% of villages obtained drinking water from
wells, 158 trom rivers, lakes, and springs, 8% from tubewalls, and the re-
maining 128 from sources such as irrigation tanks and ponds (Chaturvedi
1976:35).  Figures for March 1976 Indicate that about 64,000 vi!lages

(1.1 %) had plped water supply and hand pump tube wel!s , while an addivional
422,000 (73%) relled on water supplies such as conserved wells and springs
(India. Min. of Information and Broadcasting 1978: 105),

As many as 152,000 villages in Indla are defined as "problem villages" with
regard to water supply because of several factors: they are more than

1.6 kilometers from rtheir closest water source; they must obtain water

by means of a vertical I1ft of 100 meters or more; or they are situated

fn areas having only brackish water with excessive salinity (Farikh 1977:192),

The problem of inadequate water suppiy Is reflected in the situation that
about 508 of the diseases commonly enccuntered ars water-borne dise-ses that
could ba prevented were safe~-drinking water supp!ies available. One of

the causes of this problem is inadequate sewage-disposal facilities, which
allow refuse fo get mixed with open-water resources. An estimated 80%

of the chiidren In Indian villages suffer from parasitic helminthic

disease caused by the mixing of excrement with open water sources

(Parfkh 1977:193),

National Water Supply and Sanitation Programme

Aware of the extent of its problem, the Indlan government in 1954 faunched
the Natlonzl Water Supply and Sanitation Programme, which Includes wei |
construction, the boring of hand-operated tube wells, and the renovation
of old wells (Lal 1976:106). 1954 also saw the estab!ishment of the
Central Public Health and Environmentai Organization (CPHEEO), deslgned

to provide technical advice and guidance to state governments in +he
preparation and executions of their schemes.

Under the Fifth Five Year Plan, the maln objective statnd for rural water
supply is the provision of safe water to problem villagss. The plans
foresees the extension of safe water to some 57,800 viilages during the
first three years of the plan and to some additional 53,900 during the
remaining two years (Indla. Planning Commission. 1976:82). Under the
draft sixth plan a Minimum Needs Program has been Instituted uncer which
about 16% of outlays are marked for rural water supply (Worlad Bank 1979:18).

The Flan also calls for the extension of water supply systems to 520 towns
and of sewerage and drainage systems to 84 towns (Indfa. Planning Commission.
1976:82).

sanitation

As indicated above, water-borne sewerage services still cover onfy some
34% of the urban population (47.1 mitilon), while only about 2% of the

20
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urban population (10.42 mitlion) have the benefit ot adequate disposal.
The Indlan National Report to the 1976 U.N. Habltat Conference |ists

as "negligible," the number of rural households covered by water=-borns
sewerage disposal (NCEPC 1976:43).

The Fitih Five Year Pian calls for outlays for supporting progr ammes

such as public health engineering to train about 3,000 personnel and
machanical composting *o set up 27 mechanical compost plants along with

60 mechanical sieve plants In dlfferent clties. There are also provisions
for converting as many as 35,000 dry latrines Into sanitary latrines
(India. Planning Commission. 1976:82).

survelllance of water supplies

WHO recoras of survelllance of drinking water quallity in developing
countries indicate that pubilic health authori+ies bear the responsibility
for this surveillance, that water qual ity standards other than WHO
standards are used, that all urban supplies are regulariy examined for
bacteriological content, whereas some rural supplies are regularly

and others only occasionally monitored (van der Leeden 1975: 494),

Birth control

Active users and users as a percent of married women, ages 14 to 49
years, by method: 1972-1977 (U.S. Bureau of the Census 1978:11)
(table does not include Sikkim)

( in thousands ) % of married
Method 1972 1977 women 1977
all methods 12,928 25,371 20.8
IUD.s 1,552 1,671 1.4
Steriliz, 8,142 21,925 17.9
Other 2,234 l,775 1.5

The varlous five-years plans of the Indian Government have called for re-
ducing the birth rate, and population policy as contained in the draft
sixth five year plan still aims at reducing the birth rate to 30 per
thousand by March 1983, The Indlan government reaffirmed its total
commitment to population contro! at a February 1979 meeting of the National
Development Council, which all-out efforts were urged to Intensify the
fmplementation of the somewhat flagging program (World Bank 18),

The basic policy statement iIn this area Is the National Population Pollicy,
romulgated in 1976 but now altered so that: (I) acceptance of fertility con=-
trol is to be completely voluntary; (2) the promotion of family planning
("family welfare") is to be Integrated with services for basic heal th,
maternal and child health and nutrition and is to be Iinked with the
longer-term aim of economic and soclal deveiopment; (3) health and fertility
control services are to be particularly emphasized for the lower Income
groups, particularly in the rural areas, with the major focus of expenditures
shifted from the urban to the rural poor (World Bank 1979:4),
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According to one recent assessment, however, the pace at which new
acceptors are enter ing the program has declined since the high point
of 12.5mlltlion acceptors during the 1976/77 Intensive drive and may be

Hous Ing
Types of houses (March 1971: from NCEPC 1976:43).

rural urban

(fage of pop.) (%age of pop.)
Pucca (durable) 18.99% 63.8%
Seml-pucca(semi-durable) 37.6% 23.5%

Kachcha (non=-durable) 43.5% 12.7%



2.0 THE RESOURCES OF INDIA

2.1
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Topography and geographical reglons of indla *

Covering 3,287,782 square kilometers of land, India Is about two=fifths

the size of the continental United States.

The Indian subcontinent, a

region which Indla occupies along with Pakistan and Bangladosh, may be

divided into three major geographic

regions. The Himalayan region, formed

by the mountains of the North; the Indo-Gangetic Plaln, the generally fiat
area which forms a east-west band varying from about 160 to 480 kilometers
In width south of the Himalayas; and the tableland which forms most of

the triangular Indian or Deccan perinsula. Together the Himalayas and the

Indo-Gangetic Plain are referred to

as Northern India, while the peninsula

is often referred to as southern India.

MOUNTAINS AND PLAINS OF INDIA
(source: Nyrop 1975:57)
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Himal ayan Region

The Himalayas, the world's highest mountains, comprise three ranges:
most spectacular are the Great or Main Himalayas with heights of up to 6,000

.. meters; fringing these to the South are the Lesser Himalayas, with peaks

2.1.2

of from 1,500 to 3,600 meters; between the Lesser Himalayas and the Indo-
Gangetic Plains run the Outer, or southern Himalayas, a system of low
foothilis with heights of from 300 to 1,000 meters, An important formation
of this outer fringe are the Siwaliks, highly erodible hills composed mostiy
of loosely consolidated materials with some sand and siit.

Much of the Himaiayan range falls outside of India, in Nepal, China, and
Pakistan. These mountalins, however, play an Important role for the country.
They are the source of the most important rivers of the region: the

Ganges or Ganga; the Brahamaputra; and the Indus, most of whose flow

Is outside of India itself. These rivers not oniy bring water but also
carry loads of silt which enrich the solls of the Indo-Gangetic Plains.
Furthermore, the Himalayas exert Important Influences on the climate

of India, forming a barrier to keep out the colid northern winds from

Tibet and serving as a screen in which the important monsoons system

(see below) operates.

Within the Himalayan ranges the southern slopes are generally too steep
to aliow either snow accumuiation or more than sparse tree growth. The
northern slopes, on the other hand, are generaily forested below the
snow ilne. Between the ranges are deep gorges, and, In some places,
fertile valleys such as the Vales of Kashmir and Kulu.

Economic activity is Iimited within the Himalayan region, and aithough there
are Important agricultural activities such as the tea piantations of Dar-
Jeeling, subsistence grazing Is by far the most widespread activity,

Limited mineral exploitation Includes coal In Assam and Kashmir.

Indo-Gangetic Plain

The Indo-Gangetic Plain, covering about 780,000 square kilometers, runs
some 2,400 kilometers from the delta of the Brahmaputra in the east through
Pakistan to the border of Afghanistan in the west. Once a guif running
between the Himalayas to the north and the Plateau to the south, the plain,
varying in width from 160 kilometers in the east to 480 kilometers

In the west, is actually a trough that over the centuries has been filled
with alluvium--in some places possibiy as deep as 3,000 meters--carried
from the Himalayas.

The Indo-Gangetic Plain may be considered in various groupings: the
indus Delta, Kathiawar and Kutch--much of which falls iIn West Pakistan;
the Thar Desert of Rajasthan; the Ganges Vailey; the Ganges-Brahma-
putra Delta; and the Brahmaputra Valley.

The portion of the Indus Delta failing within India, designated as
Kutch, is a desolate, wind=blown region consisting of hard salt fiats
for halt of the year and swamps for the other half. The peninsuia of
Kathiawar, to the south and east of Kutch, sometimes considered as
belonging to the peninsula area, though generally jow In elevation, has

N7
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sections as high as 600 meters.

The Thar or Rajasthan Desert is an arld region, whose only year-round
river, the Luni, does not produce flows that are significant enough to
compensate for the low level of rainfall., -Much of the area Is covered
by a veneer of loose sol! and rock materials of varying thicknesses,
below which Is a base of crystliine rock of the same type which also
underlies the Deccan Peninsula.

The Ganges Valley, a reglon of wide rivers, level plains, and fertile
alluvial soils, has for centurles been the center of economic and
political life In the Indlan subcontinent. Much of this areas consists
of an active floodplaln, on which rlvers constantly shift their channels.
The rich soll of this low-lying area is called "khadar," while the less
fertlle soils of the higher areas or "doabs" are called "bhangar."

The proportion of "khadar" to "bhangar" Increases from west to east,
untll east of Patna (the polnt of convergence of most of the major trib-
utarles of the Ganges), "bhangar" almost completely disappears. VI!lages
In the Ganges Flaln are found mostly on bluffs and levees, where they
may still be In danger from rapldly rising floodwaters.

To the north between the Gangetlc Plain and the lower foothills of the
Himalayas is a swampy, malarial area, extending northwards into Nepal,

known as the Teral. Before the mlddle of this century the Teral (or Taral),
contrasted sharply with the plain Immediately to the south because

of Its sparse population, the prevalence of malaria, and Its abundant
wlidlife; drainage and mosqulto control are now, however, bringing the

area Into productlion.

To the east of the Ganges Valley proper is the Brahmaputra Valley, which
l'ike the Ganges Valley Is also fringed by a low marshy area knowr as

the "duars." Thls valley also exhibits the contrast between actlve
floodplain and doab, but here the floodplain dominates, flooding being

a problem of such magni+ude as to discourage settlements in large portions
of the plaln.

South of the Brahmaputra Valley In northeastern Indla is the Shillong
Plateau, an upland area geographlcally Isolated from but actually belonging
to the crystalline block that forms the southern peninsula. WIth helghts of
up to 1500 meters, the plateau |s character|zed by rolling hills.

3 Southern (Peninsular) Indla

The Deccan (Southern) Peninsula Is a geologically very old and stable

area. The Deccan Peninsula proper, that area south of the Satpura Range

and the Chota Nagpur Plateau, is a targe block that has been upralsed

and tilted towards the east. It Is composed for the most part of crystalline
rocks and metamorphlzed sedimentary rock, which In the northeastern quarter
of the peninsula are covered by a thick sheet of basaltic lava. The up-

It fting of the plateau block and its inclination toward the east was
responsible for the formation along its western edge of a line of hills

(the Western Ghats), some of which reach heights of from 600 to 900 meters,
which run in an almost unbroken chain from the Tapti River In the north

206
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about 1600 kllometers to the tip of the Peninsula In the South. Along
the eastern side of the Peninsula run the Eastern Ghats, a disconnected
sories of hills that mark the eastern edge of the plateau. Because of
the eastward tilt of the Peninsula, most of the significant rivers of
southern India have course that run from west to east.

The Deccan Plateau Itseif is a series of plateaus covered by rnlling
hills and Intersected by many rivers. For +he most part it conslists

of thin soils underlain by crystalline rocks, although alluvial soils
occur in areas where rivers have deposited silt along their banks.
This crystalline shield underlying the peninsula holds India's most
significant mineral dseposits: iron ore, bauxite, manganese, gold,
chromite, and copper. The balsatic lavas of the northeastern quarter,
occurring in thicknesses of up to 3,000 meters in the are: of Bombay,
provide the basis for the fertile black solls that are characteristic
of this area. Towards the tip of the peninsula, where the Western
Ghats and the Eastern Ghats converge, are several hill areas, including
the Cardamon Hills, which are the home of those tribes which are the
least touched by the predominant culture of the subcontinent. These
hills, with their powerfui waterfalls, are also the site of important
hydroelectric projects as well as of many of the country's tea and
rubber plantations. ’

Fringing tha peninusla along its entire extent is a generally continuous
coastal plain. On the western side the plain is narrower in the north (the
Konkan coast), where it is characterized by tidal marshes, drowned valleys
and estuaries, than In the south (Malabar coast), which is an area of
elongated lagoons, marshes, and intervening beach ridges. The coasts

of the eastern peninsula, considerably wider than the western coasts,

are dominated by the deltas of large rivers, which have become the focus

of settlement and other human activities.

To the north of the Deccan Panisula proper are the Centra! Highlands of
India, dominated by two rangss, the north-south Aravalli range and the
east-west Vindhya range. Thae Aravallis, the dominant mountain chain of
southern India, consisting of eroded Pre-cambrian crystalline rocks,
gradually lose height tcward the north; Delhi Is built on the last

spur of the range, just before It is lost In the Indo-Gangetic Plain,
The Aravallis serve as a barrier to the encroaching Thar Desert in the
west, while the Malwa Plateau, running between the Aravallis and the
Vindhya Ranges has served for centuries to channe! movements of people
and political power from Delhi to southern India. The Vindhya Range and
the Narbada River directly on its southern flank has provided a major
route westward from the Arablian Sea to the Gangetic Plain at Benares.
Other ranges are the Satpura in the western sector, Mahadeo, Mailkal

and Bhanrer Hills in the centei’, and the Kaimur, Hazaribagh, and jungle
hills of the Chota Nagpur occur in the west. The Chota Nagpur -Plateau
of Southern Bihar in the east, Is the site of extensive mining and Industrial
development, centered In Jamshetlpur.
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2.1.4 Qtt-shore Islands

Comprising only about 0.25% of India's total territory are two sets of
otfshore Islands: the Andaman and Nicobar I|slands (about 8,300 square
kilometers) in the Bay of Bengal, which are actually closer to the Malay
Peninsula than to India Itself, and the Laccadive, Minlcoy, and Amindivi
Isltands (together as the Union Territory of Lakshadweep covering only
about 30 square kilometers) off the Malabar Coast In the Arablan Sea.

The heavily forested, lowlying, and thinly population Andaman and Nicobar
Istands are a center of timber production, while fishing and coconut

farming are the major economic activities of the lowlying, densely=-populated
islands of Lakshadweap.



18/

2.2 CLIiMATE

2.2.1 Climatic conditions

India experiences four seasons: summer, southwest monsoon, retreating
monsyon, and winter,

summer (March through early June)

The summer season, following without transition on the Indian winter

and generally defined as the perlod running from March | through the
eariy part of June, Is a perlod of rising temperatures. In the mid-Ganges
area, for exampl!e, temperatures over 38 degrees C are common, while

In the Rajasthan Desert average daily temperatures are as high 44 degrees
C and may rise as high as 50 degrees C In the shade. High temperatures
are common In most other areas as well, the only areas with dally maximum
temperatures below 38 degrees C being the coastal plains of the Deccan,
where the sea acts to reduce temperature, and two areas in which al+itude
reduces temperature: the heignts of the western Ghats, Including the
upland areas of the south, and the slopes of the highland regions in

the north.

Toward the end of this season humidity Increases, bringing Iife to trowning
vegetation and creating a sticky uncomfortable weather.

southwest monsoon (mid-June through September)

The monsoon season is the most cricial in India and It plays such an

important role in India that it determines the way in which Indlans look at the
seasons of the year. |t is awalted eagerly by rural dwellers, most of whom
depend on its rains for their crops, and with some trepidation by the

urban population, for whom It may bring leaky roofs and flooded streets.

Explanations for the monsoon phenomenon have been many. Traditionally it
was traced almost solely to thermal changes in the Asian land mass.

The most recent explanation attributes it to a combination of the topo-
graphical barriers of northern India, the northward movement of the

sun, and the consequent northward shift of the jet stream. These factors
create a dynamic depression above the thermal depressicn at the surface,
triggering the rush of warm moisture-laden air from the southern seas
over the Indlan subcontinent (Dutt+ 1973:26).

The onset of the monsoon season varies In different localities in India

and the monsoon rains are of varying importance in various areas. In the
Plateau, as well as along the western coast from the Gulf of Cambay to

Goa, the only significant rains occur during this period, and arable farming
is therefore Iimited to +his period.

In Tamil Nadu in the far southeastern portion of the peninsuia, an area
governed by other climatic forces, the monsoon season Is usually only
a period of high humidity, Iight rains, and overcast skies.
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retreating monsoon

The season of retreating or the post-monsoon season, usually sald to
occur from Qctober through November, is the period during which the
eftfects of the monsoon cover prograssively smaller areas. By the end of
the suinmer the monsoon rains have all but ceased In the far north west,
and have retrasted trom the mid-Ganges valley by the end of September,
while on the Ganges delta they persist through October. The same with=
drawal occurs In western and neninsular India.

This period of slackening rains is one of high humidity and high tempera-
tures which causes great discomfort both to men and animais.

The retreating monsoon period Is also assoclated with destructive typhoons
or tropical cyclones, about ten or fifteen of which strike South Asia eech
year, mostly on the eastern side of the sub-continent along the Bay of
Bengal. Winds associated with these storms, which generally occur from
July through September, may reach 160 kilometers per hour and often are
accompanied by tidal waves created by low pressure systems or by the

force of the winds, especially on the Ganges-Brahmaputra delta.

winter season

November and December bring cooler temperatures throughout India, ex-
cept for the extreme southern tip of the peninsula, where changes may be
slight. This season brings frosts only to certalin areas however: the
Punjab, the Vale of Kashmir, and the heights of the Himalayas. Rain

I's rare during this period of generally clear skles, falr weather
clouds, and low humidity.

Only two areas receive rain during this period: +the Tami| Nadu region of
the south, centered on Madras, for which the period »f October through
December Is the rainy season, and an area running ruaning from Baluchlstan
In Paklstan in an arc through the Punjab to Assam, where modest rainfali
al lows the extension of agricuiture beyond the monsoon season. In the
Kashmir snowfall occurs during this period.

2 Precipitation

As indicated in the discussion of climate above and as Illustrated

by the rainfall tabie on page 20a most of the ralnfall In India--about 80-90%--
occurs during the monsoon season, which generally covers the perilod

from June to September. The normal average rainfall for the entire country

I's 1,040 miliimeters. As Indicated by the rainfall map on page 20 and by

the table on page 20a, however, rainfall levels vary considerably throughout
the country, with the highest levels being reached along the Western

Coast and in Assam In the northeast, where Cherrapunji on the Shillong

Plateau Is sald to receive the highest levels of ralnfall of any location

In the wor!d. The level of rainfall Is lowest In the desertic areas of
Rajasthan, GuJarat, and Haryana and In section of Jammu & Kashmir. Furthermore,
rainfall In India tends to be very erratic, varying considerably in

quantity In the same location from year to year (Chaturvedi 1976:10=11).
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Rainfall in India In Centimeters
(Source: Chaturvedi 1976:20)
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utilization of rainfall

Despite the Increase in irrigation works, India remains primarily a country
In which agriculture is dependent on rainfall, Rainfall Is also the major
source for replenishment and maintenance of the flows of most of India's
rivers, with the exception of those rivers coming from the Himalayas. An
estimated 90% of the total flows In any given year depend on the monsoon
rains between June and December (Lahirl and Nagarajan 1977:162).

Because of the difficulties in storing water in large areas of the country,
most of the rainfall of the monsoon period is lost to the sea.

drought

Drought Is of frequent occurrence In India, some areas being particularly
drought-prone. These areas, as chown on the map on page 21 are those
characterized by an adverse water balance (that Is, in which potentiai
evapotranspiration substantially exceeds precipitation) and In which there
I's a 20% chance of a rainfall departure of more than 25% from the norm.
Those areas designated as hard-core dirought areas--encompassing about 6%

3)



RAINFALL AND TEMPERATURE FOR SELECTED STATIONS
temperature In centigrade; rainfall jn mlllimeters
(Source: Lal 1976:15-16)

Location &
altitude
in maters
January
temp/rain
HIMALAYAN REGION
Srinlgar 1.1/72.8
(1,586)

INDO-GANGETIC PLAIN

Hew Delhl 14,3/24.9
(216)

Al lahabad 16.4/20.2
(98)

Patna 17.3/21 .4
(53) .

Calcutta 20.2/13.8
(6)

Hyderabad 21.6/i.7
(545)

Assam

{Shiilong

Plateau)

Cherrapunji 11.7/19.8
(1,313)

SOUTHERN PENINSULA

Mysore 22.3/2.8
(767)

Mestern coast

Ahmedabad 20.3/3.9
(169)
. Bombay 24.%72.0

> {}4
N

an

Trivani,um 26.8/20.1
(64)

Tamii Nadu

Madras 24.5/23.8
€16)

Fobruary
temp/rain

3.5/72.3

16.9/2t1.8

19.1/22.2

19.9/20.2

23.0/24.2

23.9/11.4

13.7/37.3

24.7/5.5

22.7/0.3

24.9/1.1

27.3/20.3

25.9/6.8

March
temp/raln

3.5/104.1

22.7/16.5

25.1/14.3

25.7/6.7

27.9/26.5

27.4/13.4

16.7/178.9

26.9/12.0

27.1/0.9

26.9/0.4

23.3/43.5

27.9/15.1

Aprii
temp/rain

13.3/78.1

28.6/6.8
30.7/4.8
30.5/8.2
30.7/42.7

30.3/24.1

18.5/605.2

27.1/67.6

3i.3/1.9
29.7/2.8

28.7/122.1

30.5/24.7

May
temp/raln

17.9/63.4

33.5/7.9

34.7/8.2

32.5/28.3

31.1/120.6

32.5/30.0

19.2/1,705.1

26.9/165.9

33.5/4.5

30.1/16.0

28.3/248.6

32.1/51.7

June
temp/raln

21.7/35.6

34.3/65.0

34.3/101.7

31.9/139.0

30.4/259.1

29.1/107.4

20.1/2,92t.5

24.5/60.5

32.7/100.0

29.1/520.3

26.5/331.2

32.5/52.6

July
temp/rain

24.6/61.0

31.3/211.1

30.1/274.8

29.8/265.8

29.1/300.6

26.1/165.0

20.3/2,456.7

23.5/71.9

29.5/316.3

27.5/709.5

26.1/215.4

30.7/83.5

August
temp/raln

23.9/62.8

29.9/172.9

29.1/333.¢

29.3/307.4

29.1/306.3

25.8/146.9

20.5/1,827.5

23.7/80.1

28.2/213.3

27.1/439.3

26.3/164.0

30.1/124.3

September
tomp/rain

20.5/31.8

29.3/149.7
29.0/195.1
39.3/242.5
29.2/289.7

25.7/163.3

20.5/1,167.7

24.0/116.3

28.7/162.8
27.4/297.0

26.6/122.9

29.7/118.0

October
tomp/rain

14.1/28.7

25.9/31.2

26.5/39.7

27.5/62.8

27.9/160.2

25.1/70.8

19.1/447.4

24.0/179.9

28.4/13.1 °

28.3/88.0

26.7/271.2

28.1/267.0

Novesber
tenp/ratn

7.7/41.5

20.%/1.2

21.1/6.9

22.5/5.7

23.9/34.9

22.3/24.9

15.8/46.7

22.9/65.6

24.5/%.4

27.5/20.6

26.6/206.C

25.2/308.7

Decosper
tamp/rala

3.5/35.9

13.75.2
17.1/78.3
18.3/72.4
20.6/3.2

20.6/3.%

12.9/3.0

21.7/18.7

21.1/0.7
25.9/72.2

26.7773.0

2‘.“".';
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of the country and about I1% of the population are those in which the
difference between precipitation received and potential evapotranspiration
falls between ~33 and -66 centimeters and in which there Is a 40% chance
of a 25% or more deviation from normal precipitation (Chaturvedi 1976:13).

Severe droughts affecting broader areas of the country have often brought
suffering and starvation to India. Such a severe drought was experienced
in 1918, and by some reports the worst drought of the century, the result
of a failure of the sumner monsoons, Is presently (December 1979) affecting
a broad area from the deserts of Rajasthan in the northwest through the
states of Madhya Pradesh, Uttar Pradesh, and Bihar to West Bengal on the
Bay of Bengal ("Famine Stalks Parts of India..."). The drought Is estimated
tc have caused a shortfali of from Il to 12 mitlion tons in the recentl|y
harvested summer plantings, and losses calculculated over the course of the
entire year may be even greater. In Madhya Pradesh, Bihar, and Rajasthan
state governments are demanding central government assistance to alleviate
what have been called "unprecedented famine conditions'" ("Famine Stalks
Parts of Indla...").

CROUGHT PRONE AREAS OF INDIA
(Source: Chaturvedi 1976:26).
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RIVER BASINS OF INDIA

(trom Chaturved! 1976; sce also map above, number assigned to rlver basins on thls (lst Cel= writig-
correspond to those on map) tur- sbie
% ot £ of able water
catch. preclipitation annual ground- water potentlal total total crop- £ ot tana por ha,
area/ % pan annual  water recharage (utllizable water) annual gross ping pop In por culture fire
miltlon mean £ coef. mons. evap. runoff ot total surface ground  runoff sown Inten~ basin caplte w'le land Irge-
hectares (mm) of var. prec. {rm} m.h.m.®* m.h.m® runof f {m.h.m.} {m.h.m} used area sty area ha. omg, ted
1. Ganga 86.15 1160  26.4 86.2% 2120 55.01 15.62 26.6% 18.50 10.639 31.50 36.0 125 4t.20 0.27 116.00 2%.0
2. Brahaaputra 18.71 1220 15.0 65.3 1250 42,20 3.97 9.42% 0.88 1.802 1.50 2.1 18 3.28 6.69 375.00 21.3
3. Barak and others 7.82 2860 15.0 65.3 1500  17.50 1.60 9.15 0.37 0.660 0.57 0.6 124 0.99 0.2 171,30 3,0
4. West flowing rivers 11.21 2790 18.0 84.3 2000 2t.79 2.01 9.36 2.88 1.036 6.20 3.2 119 7.55 0.16 379.00 17.0
betlow Tapi
5. Tapl Including Kim 5.69 780 30.0 86.9 3050 1.97 0.61 61.00 1.46 0.406 35.6 2.5 104 1.76 0.8 58.40 6.4
6. Narmada 9.88 1210 23.0 90.5 2450 4.01 1.24 31.00 2.96 0.7i10 10.5 3.0 106 1.97 0.% 89.00 4.9
7. Mani include Dhadar 3.76 830 35.0 93.2 3000 1.'3 0.35 29.70 0.8? 0.253 43.2 1.2 112 1.09 0.43 68.20 8.2
8. Sabarmati 2,17 760  40.0 94.7 3400 0.37 0.27 73.00 0.27 0.065 89.2 0.9 11 0.87 0.33 41.40 16.0
9. Lunl and other rivers 32.19 380 50.0 95.1 3050 1.23 0.86 65.00 0.91 2.010 99.4 9.2 105 4.25 1.08 8.64 8.2
of Saurashtra .
10. Indus 32.10 560 30.0 57.3 2000 7.69 2.90 377 4.93 1.118 70.8 5.7 143 4.58 0.39 140.00 51.0
11. East fiowing rivers -~ 8.10 1470 20.0 78.4 1750 4.35 1.63 37.50 4.09 0.651 14.7 2.4 114 2.5 0.3 117.20 16.8
between Ganga and
Mahanad]
12. Mahanadi 14.16 1460 21.0 82.2 2000 7.07 2.13 . 30.0! 6.64 1.060 30.5 4.4 125 3.39 0.45 HS.10 18.2
I3, East flownig rivers 4.97 1o 22.0 66.7 2000 1.72 0.73 42,50 1.64 0.405 52.4 1.4 124 .76 0.29 90.60 35.0
between Mahanadi and
Godavarl
14. Godavarl 31.28 1100 25.0 82.1 2350 11.54 3.3 28.60 8.53 1.916 33.0 9.7 107 6.62 0.54 78.40 13.0
15. Krichna 25.90 810 27.0 71.9 2900 5.78 2.65 45.80 5.18 1.760 100 10.0 105 7.1  0.53 41.60 12.9
16. Pennar and other 14.49 820 27.5 5.8 2300 2.53 1.82 1.70 2.79 0.998 100 4.0 16 5.18 0.31 46.30 3.6

rivers tlowlny east
between Krishna and

Cauver ;
17. Cauvery 6.79 990 24.5 50.3 2250  1.86 1.23 65.50 2.06 0.498 100 2.6 s 4.02 0.27 $3.30 3%.3
18, Rivers ftlowing east 3.51 910 27.0 33.0 2700 0.9 0.54 56.80 .17 0.116 100 .1 1 .77 0.28 56.60 42.1
below Cauvery
: ()‘1oful/kverage 321.91 1180 2280 188.75 42.41 22.55 66.60 26.105 100.0 1i6 100.00 0.37 115.00 38.04

¥

Yu.h.m= mlllions of hectare meters; | h.m.=10,000 cublc meters; total runoff in millicns
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2.3 WATER RESOURCES

The water resources of India, taken as a whole, appear to be plentitful;
average annual raintall is slightly about the global mean of 99.! cm.
Howevor, these resources are subject to extreme geographica! and seasonal
variations as well as to year to year variations. This holds not ciniy for
rainfail, as already considered above, but also for river flows and con-
sequently tor avallability of water for irrigaticn and agricultural de-
velopment, all of which ultimately depend on rainfall. Most of the rivers,
with the exception of a few in the north, derive thelr flow primarily from
rainfalli.

2.3.1 Surface Waters

Data on surface water potential in India vary quite widely. The total
annual surface water runoff, as estimated by the Central Water and

Power Commission and as shown in the table below for the major river
basins of India, is 1,881,200 MCM (m!Ilion cublc meters), whereas ear|ler
estimates placed It as low as ',443,200 MCM or somewhat higher at
1,672,300 MCM.  As emphaslizeud in one recent source, these varying flgures
indicate a poor data base and underline the necessity for a systematic
collection of flow data from India's various river basins (Lahir] and
Nagarajan 1977: 16!; see also Chaturvedi 1976: || "Assessing the

surface run-off correctly is not possible...as long-term and reliabie
discharge measurement at the appropriate locations have not been carried
out.™),

2.3.1.1 Rivers (see map and chart: page 2la)

Basic data covering India's major river basins is presented In the
table on page 22a.

India's rivers fall into four groups: the Himalayan Rivers, the Deccan
Rivers, the coastal rivers, and the rivers of the inland drainage basin

of Rajasthan. The Himalayan Rivers and the rivers of the Deccan or southern
peninsula are India's major rivers.

Himalayan Rivers

The Himalayan rivers (1,2,3, and 10), because they are snow=-fed, have
continuous flows throughout the year; their flows may, however, fluctuate
widely. These rivers frequent!y flood during the monsoon season, when
discharge Is particularly high.

The largest of the river basins arlsing In the Himalayas is the Ganges,
which receives waters from a catchment area comprising about 25% of the
country. The boundarles of the Ganges basin is defined by the Himal ayas
in the north and the Vindhya Range of mountains In the south. Its two
main headwaters in the Himalayas are the Bhagirathi and the Alaknanda,
both arising from glaciers in the Himalayas. Rivers Joining the Ganga
include the Ghaghra, the Gandak, the Kosl, and the Yamuna, the western-
most of the Gangean tributaries, which joins the Ganges at Allahabad.
The Ganges system is also fed by rivers originating in the central
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RIVER BASINS OF INDIA
(from Chaturvedi 1976:17; numbers of map correspond to
those on table on page 22a)
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highlands of the country. The largest of these Is the Chambal, which
arises in the Vindhya Range and joins the Yamuna south west of Kanpur
in Uttar Pradesh.

On the Indo-Gangetic Plain, where the Ganges River system is subject to
frequent flooding, the individual rivers have meandering courses and
scars of old channels are plentiful. The main outlet of the Ganges
into the Bay of Bengal, which as late as the |7th century was the
Bhaglirathi-Hoogly system that flows through Calcutta, has shifted east-
ward, and today is the Padma River system in what has since become
Bangladesh.

The Brahmaputra, a westward flowing Himalayan r:ver of northeastern
India, originates In China and joins the Ganges system in Bangladesh.
Although longer than the Ganges, the Brahmaputra Is of less Importance
to India because most of its flow is outside of the country and because
it fiows through a narrow valley that is well-watered by heavy monsoon
rainfall,

The Indus River and its five majcr tributaries (t+he Sutl jeJ, Beas,
Ravi, Chenab, and Jhelum) follow an westward and +hen sharply southern

3(.9‘
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course before emptying into the Arablan sea iIn Paklstan. Of the ma Jor
tributaries only the Beas is whoily In India, although all other trib=
utaries either originate in or fiow across sections of India. This
system has been the focus of disputes between India and Pakistan on the
use of its waters for Irrigation in the arid regions through which it
flows.

Deccan rlvers

The Deccan rivers (5,6,7,8, and || through 18) are generally rain-fed
and fluctuate in volume. A large number of these rivers are not perennial.

The Godavari, the second largest river basin, covers an area of the
Deccan peninsula equivalent to 104 of the country. The Krishna basin

Is the second largest on the peninsula, and the Mahanad! Is the third
largest. Other large basins are the Narmada In the uplands of the Deccan
and the Cauvery in the far south. Agriculturally important, although
smaller in size are the Tapl In the north and the Penner In the south.

coastal rivers

The coastal streams (4) , especially on the western coast are short
and have only limited catchment areas. Most are non-perennial.

inland drainage

Those streams which belong to the inland dralnage system of western
Rajasthan (9) are infrequent and most are of an ephemeral character.
They elther drain towards the Individual basins or Into salt lakes
I'ike the Sambhar. Only the Luni drains into the Rann of Kutch.

2.3.01.1.1 floodlng

All rivers basins In India are prone to flooding, including the ephermeral
rivers of the desert area of the country, but the lower Ganges River

Basin and the Brahamputra are the rivers in which flooding most frequently
occurs. Floods are estimated to affect an average 6.7 milllon hectares

of land annually (about 20% of the country), including about 2.6 million
hectares under crops. Average annual damage from flooding has been estimated
at about Rs. 1,260,000,000 over the period 1958-72; about 70% of

this damage was to crops (Chaturvedi 1976:12~14),

Floods not only threaten the population living in flood-prone areas but also
endanger both irrigation works and irrigated areas. The sudden floods

in the Ganges In 1970, for example, led to silting up and subsequent closing
of the Upper Ganga Canal during nine weeks of the Important Kharif

season In that year (Times of India 1976:65).

2.3.1.1.2 International rivers and arrangements

Two of the major river systems of the Indian subcontinent are shared by
Indla and other natlions: the Indus, whose headwaters are in Indi:z
but whose major flow is In Pakistan, and the Ganges-Brahmaputra,
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which meet in Bangladesh, where the major part of their delta is also

‘ound. Disputes between India and Pakistan on the use of the waters

of the indus River System were resolved in 1960 by a treaty which gave
the western three rivers to Pakistan and the eastern three to India.

Another dispute has involved the the use of the Ganges River on the

border of what has since become Bangladesh. Despite protest from its
neighbor, India had constructed a dam at Farakka on the Ganges to divert
water into the Shagirathl-Hooghly river system, which cuts off from

the main Ganges to flow south through Calcutta to the Bay of Bengal.

There were several reasons for thls action: the Bhagirathi=-Hooghly,

which serves the port of Calcutta, had been silting up, thus making
navigation poor for most of the year; encroachment of sea water

had been Increasing the salinity of the river, thus endangering Calcutta's
only source of water supply; and the dam would be important in flood
control. Bangladesh argued, on the other hand, that reduced flows

n the Padma River (the major eastward branch of the Ganges in Bangladesh)
would severely hamper Bangladesh irrigation projects which rely on

strong flows from the Ganges system (Dutt 1973:9). When the Farakka
Barrage was finally commissioned in 1974, there was a one-year agreement
between Bangladesh and India as to withdrawals from the Ganges, but

when this agreement expired in 1975 Indlia began withdrawing water uni-
laterally. Reduced water flows In Bangladesh led to Increased intrusion
of sallne waters--up to 432 kilometers from the coast--into Intensely
cultivated areas of that country. It was not until late 1977 t+hat

an agreement between Bangladesh and India on withdrawals from the Ganges
was finally reached. The I5-article agreement regulates withdrawals

and makes special provisions for water-sharing during periods of unusually
high or low flows. The agreement also limits the amount of water which
India may withdraw between the dam at Farakka and the point where

both banks of the river converge in Bangladesh (WER Dec. 5,1977:

5).

2.3.1.2 Lakes and reservoirs

Indla has very few natural lakes. The most famous of these are the lakes
of Kashmir, where the Dal Lake, with its houseboats, and several alpine
lakes continue to be tourist attractions; Wular Lake, to the northwest

of Srinigar is the largest lake in Kashmir. Freshwater ponds occupy

an estimated 1.6 million hectares of Indian territory (Sigurdson 1976:75).
In several areas of the country, but particularly In Rajasthan are

salt lakes and ponds, while in the flat alluvial areas of Assam, West
Bengal and northern Bihar are numerous ponds, both large and small,
called chaurs or hoars, which tend to shrink and dry up during the summer
months.  While it has been sugested that these could be dralned and
their areas brought under cultivation, I+ has also been suggested that
they might be used for fish culture, with water being Introduced from
irrigation canals to keep up water level during the dry season (India.
NCA. 1977: 195).

MajJor manmade reservoirs, created by the damming of rivers, are the
Rihand Reservolr, the Govind Sagar, and the Tungabhadra Reservoir. I+

has been estimated by the National Commission on Agriculture that various
reservolrs, designed primarily for irrigation and electricity generation,
cover a surface area of nearly 3.0 million hectares. The Commission

G
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view these areas as '"new and extensive areas for Inland tisheries: develop-
ment”" (NCA 1976:vol.8:11).

Pollution has become a problem In Dai Lake of Kashmir since the houseboats
which have attracted tourists to this area since the era of British rule
have bagun instaliing fiush toilets to replace the former dry pail systems
(Zadoo 1978:29). Nitrites In the lake, the result of fertilizer used in

nearby paddy fields have also lowered the quality of its waters (WER Nov.,
21, 1977:7),

2.3.2 Groundwater

Estimates of groundwater supplles and potential are available but because
little Is done in the way of measurement of water balance, annual recharge,
and groundwater levels, these assessments are Judged to be Incomplete
(Chaturved! 1976:12). Systematic evalution of groundwater resources

has begun only recently, and detailed exploration for groundwater and
systematic mapping are restricted to only a few areas, and al though

broad regional characteristics can be found they are reportedly aiso

"not known with sufficient rellability" (Lahirl and Nagarajan 1977:i69).
The Central Ground Water Board, which, aiong with other agencles such as
the Geological Survey of India and various state departments, Is reponsible
for groundwater exploration, has concentrated its efforts chiefly on the
alluvial and semi-consolidatad sediments that cover some 30% of the country

and has not worked In the extensive hard rock areas (Lahiri and Nagarajan
1977:169).

Groundwater occurrence is Indicated by the map below, and calclulations

as to groundwater recharge per river basin are indicated on the table on
page 22a.

GROUNDWATER RESOURCES
(from Chaturvedi 1976:25)
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Figures prasented for groundwater recharge in the table on page 21a are
from the Irrigation Commission report of 1973; these are not in complete
agreement with other assessments of the situation. According to assessments
made In 1969, rainfall contributes 36.9 m.h.m* and canal seepage another
5.4 m.h.m. recharge to groundwater each year, about 15.6 of which iIs

lost to evapo-transpiration and sub-surface runoff (Lahiri and Nagarajan
1977:169); if these calculations are correct, the net annual groundwater
recharge Is 26.7 m.h.m., of which only 20.4 m.h.m. per year wou!d be
available for long term development., A more recent study (1975),

on the other hand, Is more promising In its calculation that the auantity
of utilizable groundwater may be about 35 m.h.m. (Lahiri and Nagara jan
1977:170.

Problems with groundwater supplies arisa from uncontrolled use of the
resource, resulting in several areas in overpumping and permanent lowering
of the groundwater table. Frequently overly deep or large wells are

bored or tubewells or open wells are spaced too closely together as farmers
compete for groundwater supplies, Salinlty of groundwaters, a natural
problem in many areas, has because particularly severe in some coastal
areas, where overextraction of freshwater has led to Irreversible intrusion
of saline water. Areas listed as affected by overpumping in the Mitional
Commission on Agriculture's 1976 report were: the coastal districts

of Andrha Pradesh; 8ihar Sharif areas in Bihar; the Anjar-Khedoi and

Viri areas of easfern Kutch and Mehsama district In Gujarat; Ludhiana
district in Punjab; Jhun jhunu district and Kharkar basin in Rajasthan;
Coimbatore, Salem, Madurai, and North Arcot districts in Tami| Nadu;

and possibly Karnal district in Haryana (India. NCA 1976: vol, v3:22-23).

2.3.3 Water utilization (surface and groundwater)

Utillzable water resources vary throughout the country, as indicated by
the table on page 22a, which indicates utilizable water resources for
Indla's major water basins. Estimates of the total utilizable surface
resources for the country are about 90 wi.h.m per year: about 66 m.h.m.
from surface and from 20.4 to 26.1 m.h.m. for groundwater (Chaturvedi
1976: Table 2.1; and Lahiri and Nagarajan 1977:178).

Storage Is, however, a major problem and an Important factor Iimiting

full utilization of river flows, which peak during rainy seasons and

are severely reduced or even completely cut off during the dry season.
Large storage reservoirs can be bulit only In the hiils, but there is

a shortage of suitable sites for the necessary dams and extensive areas
such as the Gangetic Plain are completely unsuitable for storage reservoirs,
As a consequence there Is, on some major rivers, Insufficient storage
capaclity for completely harnessing the river flows. Of the major rivers,
the Ganges Basin with an average annual flow of over 55,000 milllon cublc
meters (MCM) has the maximum potential (variously estimated at from 18,500
to 25,000 MCM), followed by the Godavari and the Krishna. The Bramaputra,
on the other hand, with an annua! fiow estimated at 42,000 MCM has a
potential which Is only a small percentage of this flow; this Is because
the valley through which 1t flows does not have enough land to use its

huge flow. Likewise, the westward flowing rivers south of the Tapi

(west coast) because of the closeness to the sea and the small land

*m.h.m.= million hectare meters; one hectare meter=10,000 cubic meters
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areas through which they flow do not offer much possibility for utilizing
their waters (india. NCA 1976:8-9),

With -egard to utiiization of avaliable water, irrigation Is, has

been, and will continue to be the chlef water use In India, followed

by domestic water, cooling water used in power generation, and fndustrial
water uses. Each of these uses, as well as others, Is considered below.

WATER REQUIREMENTS 1970-2000 (Sigurdson 1977:72),
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2.3.3.1 Navigation

India has 14,300 kilometers of inland waterways, cf which 2,575 kilometers
are navigable by river steamers, 5,700 by large boats, and the remainder
by shallow-bottomed boats. Some emphals has been placed recently on the
use of Interior shipping, which had dropped in importance because of heavy
use of rallroads and air transport, for the transport of goods as well as
for regional transportation (Germany, Fed. Rep. of 1977:11).

It is expected that long-range water plans, which involve massive diversion
of water for irrigation and water supply will seriously disrupt such inland
navigation as presently exists (Chaturved! 1976:47).

2.3.3.2 Irrigation

As Indicated by the above figure, irrigation Is now and is expected to be
the chlef water use In India in the future. It has been estimated that
the totzl surface water frrigation potential In Indla is 72 miiilon
hectares: 57 milllon hectares from major and medium schemes, Including

' P\



the total surface water Irrigation potential |n India Is 72 million
hectares: 57 million hectares from major and medium schemes, Including

20 mlllion hectares from presently disouted rivers, and 15 million hectares
trom minor schemes. I'f ail these surface waters were utilized, canal
irrigation could be extended to 41% of the net cuitivable area and 22%

of the total geographical areas of the country. Groundwater irrigation

now accounts for some 40% of total Irrigated area in the country, up

from about 28% in 1950/51.

The map on page 29a Indicates location of Irrigation schemes of alli
types In india. The table below indicates Irrigation potential and
utilization since 1950/5!.

IRRIGATION: ACTUAL AND POTENTIAL (from Wortd Bank 1979:182)
(in millions of hactares)

Surface Irrigation

Total
Major  and Medlum Minor Total Ground Irrigated
Potential Utillzation Surface Utilized Water Area(Utllized)
Ultimate Potentia)l 57 57 15 72 404 12
Position at tha end
of:
1950/51 9.7 9.7 6.4 16.1 6.5 22.6
Ist Plan 12,2 1.0 6.4 17.4 7.6 25.0
2nd Plan 14.3 13.1 6.5 19.6 8.3 27.9
3rd Plan 15.6 15.2 6.5 21.7 10.1 31.8
1968769 18.1 16.8 6.5 23.3 12,6 35.9
4th Plan 20.7 18.7 7.0 25.7 16,5 42,2
1974/75 21.5 19.4 7.1 26.5 17.2 43.7
1975/76 22.5 20.1 7.2 27.3 18.0 45.3
1976/77 23.5 20.7 7.3 28.0 18.9 46.9
1977/78 25.0 22.2 7.5 29.7 19,8 49.5
1978/79(target) 26.4 23.3 7.7 31,0 21,1 52.1
1982/83( target) 33.0 28,2 9.5 37.7 26.8 64.5

*Some estimates place the ultimate groundwater potentlal as high as 42.5 milllzn
hectares (Lahiri and Nataraiv 1977;1740

2.3.3.2.1 surface water irrigaticn

Surface water irrigation schemes are classified as major, medium, and

minor. Major Irrigation schemes are those which have Involved the irrigation
of large areas of water from reservoirs produced by the damming of streams.
Water Is conveyed to field via canais. As of 1976-77 there had been

445 major and medium schemes completed since the beginning of the

tirst flve~-year plan period in 1951. During the Fiftl Plag period (1974-79),
another 46 major and 246 medium schemes were Initiated. Major schemes
frequently Involve the impoundment of water not only for irrigation

but also for hydropower production. Such multipurpose projects include

the Bhakra-Nange! In eastern Punjab on the Sutiej River providing irrigation
for 1.41 miliion hectares in Punjab, Rajasthan, and Haryana, the Hirakud

Dam on the Mahanadi River in Orissa (242,820 hectares), the Damodar

Vailey Project in West Bengal and Bihar (600,000 hectares), and the

the Nagar Junasagar Dam on the Krishna River in Andhra Pradesh, (809,400
hectares) (World Bank 1979:43; Kurian 1978:644) . :

2
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TYPES OF IRRIGATION IN INDIA

1 GRABIieal Vootarn 80 Punion Nmpess 3 Nugeibss) 17 WATTVA (Teau Neda)
18 NAGARIUNANAGAR AP
18 PARAMNIEULAN ALITAN )T ) Nodu)
B 1 eamavant S4040 (Tomi Hede) 10. 949404040 |Temii Naee)
P CMANGAL L Ustorianing By Bassines B W P )  BY PURITAR YALLAY SCHRME tAereis)
Ml SWONAR VALLAT |West Becgal & Binui) 10. PUARA PROJECT tMsngrasalsn)
. 1 Ganswm 14040 (8 P) 20 RAJARTNAN CANBL Asiesinga}
9 SARS- T80 B W P} 50 AAMBANGA AIVER FANIICT (VP
0 GINEA (Weusrnsn ey 39 NANS PAATAP BAGAN (Roysstden)
e MIRAGUD (Oiosel 18 RINAND (V.P)
1l 2a004PaRs (Sniwal) 17. JATTANUN (Tomil Nae.}
12 S08) 18i0er) 18 TAwA (ur)
+3UDTHA (Mehaestire}d
16 SACHEURG (4 P & Ourenc)
10 WALAPRARNA (amnsiaes 1
18 WAVURAEEN (Wesl Suaged

9. Tung e
0.V A [Sojarnt)

. USPAR EAIBNNA (awasarst

L. YAIBAN (Famil Nadu)

0. YANNEA RYSEL PROJECT V.0 & N P)

tanks ™ %&
wells =~V S
other me= N\

(3
P
e
oG

-~
N7
75
d
Cd
~E
any Ny,

AN

-3
3%
N e
N AL
»
> beg
v‘o !
a7 ' ¢ N
E— |

(Sogg;g'): Lal

L P~
SM'-O':'L--*“ ane Srinted By " Gevernment el Indis Conyright 1978, 0,03 10km
. Beimtass 20 s ® o dee

em s orea



30/

for for Irrigation but also for domestic use and serving for fish culture
as weli. The relative Importance of minor Irrigation sources has
declined considerably since the expansion of i-rigation capabilities In
the early 1950's; in 1950/5! minor surface irrigation supplied water for
28% of the Irrigated hectarage; by 1977/78 this share had dropped to

Just over 1|5%.

2.3.3.2.2 Groundwater irrigation

Large scale pumping of groundwater in India did not begin untii 1936,

at which time a program Involving 1,500 tubewells was imp lemented in the
alltuvium of the Ganga In Uttar Pradesh. Rapid growth of groundwater
Irrigation had to wait until the 1960's, spurred on primarily by

serious droughts in different parts of the country between 1965 and

1967. The advantages of groundwater for a wide range of purposes, the
reliability of supplies, and the low capital investment Involved in tubewel |
and dug well exploitation of groundwater also helped to encourage the
increase use of this resource. The gross area irrigated by wells increased
from 6,468,000 hectares in 1950 to 14,580,000 hectares in 1970 (Lahiri

and Nagarajan 1977:170-171).

By 1973-74 a total area of about 16 million hectares was Irrigated by
groundwater, and the Fifth Five Year Plan has called for adding another

4.5 million hectares. Ultimate potential Is estimated at from 40 to

42.5 million hectares, a potential which, by some projections, may be
realized before the end of this century (Lahirl and Nagarajan 1977:1973).
In some states, such as Gujarat, Haryana, Punjab, and Rajasthan=--the

states of the arid regions of the country, where groundwater Is of

greatest Importance and is most heavily employed==full groundwater develop~
ment is expected to be attained much sooner, perhaps by 1980 (Lahirli

and Nagarajan 1977:174),

Different types of wells are used for groundwater exploltation. Open

dug wells exploited manually or through animal power are the traditional
method of groundwater exploitation; in many Instances, funds have been

made available for adding pump sets to these wells. Recent years have

seen an increase In the number of shallow tubewelis owneg by private
individuals, while an increase in the number of public deep tubewells

has also been experienced. As of the mid-1970's the breakdown of ground-
water Irrigated area by type of well was: dug wel 1-=70%; private shallow
tubewell--25%; public deep tubewel|--5%; the picture In the future

expected to be as follows: dug well--50%; private shallow Tube~well=-35%;
public deep tubewell--15% (Lahir! and Nagarajan 1977:165-176). Lahir]

and Nagarajan emphasize, however, that the success of groundwater development
is dependent on the level of financlial assistance advanced to farmers,

who, because of the small size of their holdings and the meager level of
their earnings , can invest In wells ofly if such assistance Is provided.
They suggest that for these millions of poorer farmers with land holdings of
less than 3 hectares, joint ownership of wells with subsidies would

be a possibility or, perhaps, sale of water to farmers by state enterprises
that would undsrtake the digging of the wells (Lahiri and Nagara jan
1977:177). :

s
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2.3,3.2.3 problems with irrigation water

Inefticient use of water

Water tagged for irrigation is often not properly used or not used at

all. During the First Five Year Plan, for example, a potential to irrigate
2.6 million hectares of land was created, but utilization was achieved for
only 1.3 million hectares. Often farmers in newly irrigated areas are

nov sufficientiy informed of how the new water can best be used.
Furthermore, irrigation water supplied from canal systems Is brought only
to the edge of fields; many farmers lack the financial resources or
technical capabllity to construct the channels necessary to bring this
water onto their fields (Lahiri and Nagarajan 1977:181-182),

sedimentation of reservoirs

Sediment carried by rivers, often the product of erosion resulting from
deforestation and lack of soil conservation practices In watershed areas,
accumulates in storage reservoirs, cutting back their holding capacity,
and shortening the period of years of thelr usefulness. Although small
irrigation reservolrs (tanks) may be cleaned up, large dams present a
much larger problem. As indicated by the table below the number of years
to fill up dead storage capacity (the area allowed when the dam Is
constructed for the accumuiation of sediment) for several large dams

has been seriouly underrated; some of these dams are, therefore, already
functioning at less than full capacity because sediment is occupying

the anticipated 1ive storage area.

Sedimentation rates of some reservoirs
(from Chaturvedi 1976:56)

Originally Revised Balance
estimated estimate of Years to Il ife:years
years to years to fill 50% to fill
Reservoir & fill dead fill dead Iive l1ve
date opened storage storage* storage storage

Chat*  L&N*

Bhakra 1959 88 47 147 105
Hirakud 1956 100 35 62 41
Maithon 1957 246 24 50 60 36
Panchet 1959 75 12 33 21 8
Ramnganga 1973 135 47 223 177
Thungbhadra 1959 36 3 22 40 37
Nizamsagar 631 178 5 35 I5
Ukai 53

Mayurakshi 25

*Chat=Chaturvedi I§73}56; L&N=Lahiri and Nagarajan 1977:185).

.
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waterlogqing and salininty

Wateriogging and salinity already affect large segments of the agricultural
land of Indla (about 3.86 million hectares). Although the rise In the
groundwater table that causes waterlogging may arise from natural conditions,
It Is also frequently a result of over=-irrigation, seepage from canals, and
lack of sub-surface draining. Irrigation projects have for the most part

glven but scant attention to the necessity of integrating dralnage capablilities
Into Irrigation systems, and the farmers upon whose shoulder the responsibility
for dralnage measures falls usually lack both the tralning and the financial
resources necessary to construct tubewells for dralnage purposes. With

the intensification of Irrigaiion, waterlogging and salininty problems

are expected to Increase to "acute dimensions." (Lahirl and Nagarajan (977:
183-184).

2.3.3.3 Industrial water supply

In 1968-69, total Industrial withdrawals were estimated at 7.30 billlon
Iiters per day (.0073 billlon cublc meters), of which 8.20% was consumed
within the enterprises, while the balance was returned to surface flows,
primarily with varying degrees of pollution. Demands for Industrial
water are expected to grow to about 15! bililen liters (0.15! billion
cublic meters) per day by the year 2000. These estimates come to a
water demand of 55 billion cubic meters per year, roughly In agreement
with the projected water utilization chart above (Chaturved! 1976:36)

Water use in industry varies, both withdrawl and consumptive, vary

widely from industry to industry. Less than 10% of the industrial plants,
Including power demands, account for 80% of the total Industrial water
intake. Excluding power uses, the major users are paper Industries,

the cotton and jute industries, the sugar Industry, fertillzer and

steel plants, and refineries. Within, even In the year 2000 is expected
to be only about 6% of the potential (Chaturvedi 1976:35-37).

Estimated Industrial Water Use In Billlons of Liters Per day
(Chaturvedi 1976:36)

Industries 1968-69 1973=74 1978-79 1988-89 2000-01
Food products 9.12 0.16 0.22 0.46 1.37
Textiles 0.30 0.38 0.5z .21 3.43
Paper 0.19 0.32 0.51 1.18 3.48
Mines&Metals 5.25 8.85 13.42 32.50 106.00
Glass,Cement Oal!5 0.24 0.37 0.85 2.85
Chemicals 0.41 0.91 .61 4.30 14.20
Petroleum 0.45 0.76 l.13 3.54 10.20
Machinery 0.42 0.67 .08 2,88 9.80
Miscel laneous 0.0l 0.02 0.03 0.1 0.33
Total 7.30 12.31 18.89 47.03 151.66
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2.3.3.4 Domestic water supply

Withdrawals for domestic and municlpal uses were estimated at 24.98
bitlion Ilters per day (9.1 billlon cubic meters per year) In 1968-69,
About 70% of this was for rural and about 30% for urban uses. In 1968-69,
only about 5% of this villages of India had access to protected water:
supplies. 65% of the vlllages obtained thelr water from wells; 15 percent
from rivers, l|akes, and springs; 8% from tubewells; and the remalnder

from tanks, ponds, and other sources (Chaturvedi 1976:34-35). Water
quallity In most areas Is poor (Chaturvedi 1976:35).

2.3.3.5 Hydroelectric power

India hydropower potentlal Is |imited considerably by the circumstance that
much of the hydropower potential of her watersheds lies outside of the
country In Nepal. According to estimates of the Central Water and Power
Commission, the total hydroelectric power in India would be 42 million
kllowatts at 60%. Only about 8% of this potential has, however, been
realized. Estimates made by the power committee glve a somewhat

brighter picture of potential installed hydropower of betweeen 80 and

100 million kilowatts. Unfortunately, the isolation of a good bit of
India's hydropower potential in the northeastern state of Assam Is a

strong constraint on hydropower development (Sigurdson 1976: 74-75).

Generation of electricity by reqlon (In GWH)
(WorId Bank 1979:195)
1971/72 1977/78 (provisional)
I, Thermal
Northern 5,915 1,170
Western 10,557 18,429
: Southern 4,880 7,692
- s Eastern 10,112 13,107
North-Eastern 248 616
All Indla 31,712 51,014
2, Hydro
Northern 8,243 11,349
Western 5,518 8,650
Southern 12,286 14,846
Eastern 1,784 Z,910
North-Eastern 193 245
All Indla 28,024 38,000
3. Nuclear
. Northern 198
Western 1,189 2,074
All India 1,190 2,272
4. Utilitles ' ' _
(Al India: 1-3) 60,926 91,286
3. Self generation In
industry and ral|ways 5,459 7,400
6. TOTAL (All indla 66,385 99,586

Ty
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2.3.3.6 Flisheries (see 2.3.7)

2.3.4 Degradation of water resources

Pollution of surface waters In India is most prevalent in and around
urben areas, the most predominant source being city sewage and industrial
wastes discharging Into rivers. The encroachment of sea waters into
coastal estuaries and silt and sediment carried into rivers by runoff
also affect water quality. Other sources of pollution are thermal
pollution of water used for cooling purposes, wastes from ships and
boats, and chemicals in the rainwater from mines, all of which are

stitl felt to be of but minor Iimportance (Chaturvedi 1976:62).

Pollution of water resources also extends to groundwaters, although

the problem Is not as severe as for surface waters. The well waters

which supply drinking water to the majority of the population are frequently
contaminated and pose a health hazard. Samples from some of the wells

that supply drinking water have indicated higher than permissible con-
centrations of flourides, iron, nitrates, and dissolved salts (Chaturvedi
1976:60-61).

domestic wastes

As of 1971, the last date for which extensive information could be found,
only 176 of the 2,431 towns in India had sewers, while sewers were unknown
in villages. Even In the large cities of Bombay and Calcutta only part
of the city had sewers and some kind of primary sewage treatment. Only
10% of the cities had secondary treatment, while the balance of wastes
went directly to the sea. In the top twenty largest cities only seven
had modern sewage treatment plants, and these did not cover the extensive
slum areas. Sewage was generally discharged untreated (Chaturvedi 1976:
61). As India's population continues to increase, the ability of the
environment to absorb increased quantities of domestic wastes will be-
come severely strained; unless appropriate measures are taken soon,

water pollution may become one of India's major environmental problems
(Parikh 1977:197).

pesticides

While the extent of their effect has not yet been quantified, fertilizers
and pesticides used in the agricultural sector are thought to pose a
problem for both groundwater and surface water quality (Chaturvedi 1976:621).

In Punjab State, however, it has been found that underground water--the
main source of drinking water for the villages of Punjab--has become
seriously polluted by excessive amounts of nitrogen fertilizers. It
has been estimated that as much as 60% of the fertilizer used in this
state may be soaking into soils and settling In underground water (WER
May 9, 1977:1). Fertilizers are also szid to be the source of nitrite
poliute of the Dal Lak in Jammu and Kasimir State (WER Nov. 21, 1977:7).

sédiment

Sediments carried by rivers not only lead to siltation of important
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reservoirs but also have adverse eflects on fish and wildllfe. These
sediments originate from crop lands, unprotected forest solls, over-
grazed pastures, and iand disturbances for road bullding and urbanizatic
(Chaturvedi 1976:61).

Industrial wastes

Pollution from industrial soyrces Is expected to Increase as the use of
water for industrial purposes (projected to increase some 20-fold by the
year 2000) increases. Although the quantity of waste waters returned
will still be low as compared with industrialized nations, the comparati
higher temperatures of Indian waters and the low levels of summer flows
combined wlth generally Increased withdrawals can be oxpected to lead to
serious pollution problems (Chaturved! 1976: 36-37).

One source of Industrial effluents are the sugar mills and the smaller
Khandsari sugar units, all of which are located in rural areas, mostly
In Uttar Pradesh, Bihar, Maharashtra, Andrha Pradesh, and Pun jab.

These sugar plants use large quantities of weter In thelr operations
and discharge two types of effluents: cooler and condenser waters,

and wastes from spillage, scum leaks, the washing of equipment and
production rooms, effluents from the boller house, and wastes containing
lubricants and oil from machinery. Various effects are experlenced
from these wastes: acidic or alkaline wastes from cleaning operations
and heat exchanges can be harmfyl to aquatic life because of their

high concentrations of salts; suspended solids may cause blockage In

In drains and ditches; and organic pollutants (sugar and carbohydrates)
leading to the rapid exhaustion of oxygen supplies in streams, causing
foul odors and making the stream unsuitable for fish and other aquatic
life. Various Investigations have revealed that hazardous effects

on fish and wild!ife occur predominantly during the low water s5eason
but may also occur year round, with the exception of rainy periods,

In small rivers. It has also been ascertained that fish kills occur
every year a few days after that beginning of the crushing season iIn
the month of May, June, and July, when the factory machines are cleaned
and washed (Bandhu and Bhardwa] 1979:183-196).

Fertilizer and petrochemical plants have been Identifled as among the
worst polluters of water. An extreme case of pollution from such a
source has occurred In Goa, where a large fertilizer plant released

ef fluents containing ammonia and arsenic, leading Initially to the

to the deaths of thousands of fish and later, when the pollution
penetrated into paddy fields and coconut and mango groves, to skin
allments among young children, Despite attempts to avert pollution by
the construction of a pipeline to carry the contaminated waters to the
sea, contamination continues, although at a lesser rate, because the
pipe leaks. Such dumping from chemical plants also affects other
areas. A survey of fish in Thane Creek near Bombay revealed high levels
of mercury contamination (WER June 18, 1979:10).

In Kerala State, where effluents released by a textile factory had
resulted in fish kills and rendered water undrinkable, the state govern=
ment stepped In to shut down the offending plant (WER: July 2, 1979:6),

In the State of Jammu and Kashmir Dal Lake has received pollution from
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many sources. Heavy use of fertilizers in orchards and paddy tields
surrounding the lake have resulted in pollution by nitrites, while
domestic wastes from tourist facilities, Including housaboats, and |ake-
shore houses, have not only polluted the lake but have also served as
fertilizer for the waterweeds which, along with heavy siltation, have
brought about a shrinkage in the size of the lake. The state govern-
ment has now stepped In to save the lake with a program involving,

among other things, reforestation of the hillsides surrounding the

lake and the construction of a settling basin to prevent entry of
sediments (WER November 21, 1977:7; May 21, 1979:5),

2.3.4.1 Water pollution control

See 4.1.3.1, which describes the activitles of the Central Board for
the Prevention and Control of Water Pollution.
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SOILS
Sol types

Indian solls have been classified Into twenty=flve broad groups based on
variations in the parent materials, a wide range of climatic conditions,
and varieties of vegetation. This classification Is Indicated on the

map on page 37a and by the table on page 37b, which Iists the solls, the
percentages of Indlan territory in which they occur, and their equivalents
according to the recent USDA classification.

Four major soils groups occupy nearly 658 of the total geographical area
of Indla: red solls, black solls, alluvial solls, and laterite solls.

red soils (groups 1&2)

Occurring in both high and low rainfall areas, red solls are shallow to
deep (20 to more than 100 cm), with a surface texture ranging from ltght
to medium and from sandy to loamy. Red loamy solls have a pH which Is
neutral or slightly on the acid side, with a pH as high as 8.0 in those
soils contalning lime. Red sandy solls have a pH generally on the acid
side (from 4.5 to 6.5), but some may also be alkallne. Avallable moisture
ranges from 5 to 10% or 7 to 15 centimeters per 100 centimeters of sofl
column, which is low to medium. Because evapotranspiration needs tend

to be about 5 mm per day, the stored molsture of a saturated red soll
profiie will sustain a standing crop from only two to four weeks,

These soils, therefore, are mostly used for crops depending on the mon-
soon rains (kharif). With regard to soil nutrients, these solls are
generally low In nitrogen, low to medium In phosphorus, and medium to

high In potassium. The soils present no drainage problems when Irrigated.
(Bandhu and Bhardwaj 1979),

black soils (groups 5,6,7,8)

Occurring In regions of low to medium rainfall (500 to 1220 mm per year),
the majority of the black soils are med|um deep (30 to 100 centimeters),
with some deep black soils reaching depths as great as 200 centimeters.
The texture of the soils is generally heavy, clay content ranging from

40 to 60%; they are plastic and sticky when wet and very hard when dry.
Available moisture capacity varies from about 12 to 20% depending on the
texture or from I5 to 28 centimeters per 100 centimers of soil column.
Stored moisture is low in shallow black soils, which are, accordingly

used only for kharif crops. In the deeper solls, however, stored molsture
may be as high as 28 centimeters, enough to support a standing crop for
two to three months; these are therefore use for rabi (Spring) crops.

The nutrient status of black solls Is generally low to very low. The
soils have low inflitration and permeabi ity rates, and drainage and ero-
sion are major problems. Provisions must, therefore, be made for dralnage
and soil conservation when these soils are developed for irrigated agri=
culture.

classification iIs from Rajan and Rao 1978 as also found In Bandhu and

Barwaj 1979 and das Gupta 1976, Distributions of soil groups Iin das Gupta
1976 vary to some extent from those indicated here.
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SOILS OF INDIA: EXTENT AND DISTRIBUTION

(total srea here accounted for 3
{numbers in left hand columns co

Rajan and Rao 1978
.006,245; about 918 of total 3,237,000 square kilometers)
rrespond to those on map, page 37a)

g

si nome km2 3 of distribution by equivalent in
no total state U.5.0.A, classitication
| red loamy solls 213,271 5,63 Andrha Pradesh, Tamil| Paleusialfs
Nady, Karnataka, Kerala, Rhodustalts
Madghya Pradesh, Orissa Hap lustalts
2 red sandy soils 330,590 10.1% Tami! Nadu, Karnataka, Haplustalfs
Andhra Pradesh Rhodustal fs
3 laterite soils 130,066 4.0% Tami! Nadu, Kerala, Plinthaquuits
Karnataka, Andhra Pra- Plinthustults
desh, Orissa, Maharashtra, Plinthudults
Goa, Assam . Oxisols
4 red and yellow solls 403,651 12.3% Madhya Pradesh, Orissa Haplustults, Ochra-
quults, Rhodustults
5 shallow black solls 31,352 0.95% Maharashtra Ustorthents,Ustopepts
6 medium black soils 430,383 13.1% Maharashtra, Madhya Pra- Pellusterts,
desh, Gujarat Chromusterts
7 deep black solls 112,060 3.4% Maharashtra, Andrha Pradesh, Pellusterts,
Karnataka, Madhya Pradesh, Chromusterts P
Gu jarat Pelluderts
8 mixed red and black 162,255 4.9% Karnataka, Taml| Nadu, Assoclation of Alflisols
solls Maharashtra, Madhya Pradesh and Vertlsols
9 coastal alluvium 54,403 1.7% Tami| Nadu, Kerala, Andrha Hap laquents
solls Pradesh, Maharashtra, Gu jarat
10 coastal sands 4,534 0.14% Orlissa Ustipsamments
] deitaic alluvium 87,045 2.6% Tamil Nadu, Andrha Pradesh, Quartzipsamments
soils Orissa, West Bengal Tropaqual fs
12 alluvial solls 356,720 10.8% Uttar Pradesh, Punjab, Blhar, Hapiaquents, Ustifluvents,
Khadar (recent) West Benga!, Assam Udi fluvents
Bhangar (old) North=~Eastern Haplustalfs, Ustochrepts
13  alluvial soils 13,611 0.41% Uttar Pradesh, Bihar Calclorthents
(highly calcareou:.)
14 calcareous sierozemic 45,080 1.4% Pun jab Calclorthids \
solls
15 grey brown solls 101,572 3.1% Gujarat, Rajasthan Calclorthids
16 desert soil 154,423  4,6% Rajasthan Caldiorthids,
Regosolic Psamments
17 desert solls n.a, n.a Lithic Entisols
Lithosolic
18 Teral soils 28,919 0.87% Uttar Pradesh, Bhutan, Hap laquolls
Sikkim .
19 Brown hill solls
(over sandstones 81,242 2.5% Uttar Pradesh, Bhutan, Palehumults
and shales) Sikkim, Himacha! Pradesh
20 sub-montane solils 76,695 2.3% Uttar Pradesh, Jammu and Hapludalfs
(Podzolic) Kashmir
21 mountain meadow 59,790 1.8% Kashmir, including Ladakh Cryoborolls,
solls Cryochrepts
22 sallne and alkaline 17,377  0.53% Uttar Pradesh, Punjab, Salorthids, Salargids,
solls Maharashtra, Karnataka, Natrargids, some salic or
Taml! Nadu natric Entisols$ Vertisols
23 peaty and sallne peaty 2,720 0.08% Kerala Histosols
soils
24 skeletal solls 79,151  2.4% Madhya Pradesh Lithic Entisols
25 glaciers and eternal
snow 29,335 0.89% Uttar Pradesh, Kashmir
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alluvial solls

With the exception of those occurring in the Brahmaputra Valley, most
of the alluvial soils in the Indo-Gangetic basin occur in areas of

with rainfall of from 500 to 1000 mm per year. Deep and varlable in
texture, with soil moisture, correlated with silt content, ranging from
6 to about 20% or about 8 to 28 centimeters available per 100 centimeters
of saturated soll column. For those alluvial soils with coarse to fine
loamy textures, avallable moisture Is about |2 to 15 centimeters per
100 centimeters of soil column, which make them capable of supporting

a standing crop for four to six weeks or even longer in winter, when
evapotranspiration needs are lower. These solls are used for both
kharif and rab! crops. The soils are mostly base but low in avallable
nutrients. Much of the reglon of alluvial soils is under irrigation
(Bandhu and Bhardwa] 1979: 76-77).

Problems with these soils, especially In places where the water table
is high, are salinity and alkalinity,

laterite solls

Occurring chiefly in areas of rolling to undulating topography and on
steep slopes In regions of higher rainfall (1200-3000 millimeters), the
laterite soils are deep, well-drained and medlum to fine in texture,
with favorable avallable moisture capacity (8 to 16 centimeters per

100 centimeters of soil column. Ralinfall occurs from May to November
i1 laterite soll areas, which suffer from a moisture deficit during the
ramainder of the vear (Bandhu and Bhardwaj 1979: 77).

other soils

The desert soils (16 and 17), occurring chiefly in Rajasthan are mostly
coarse textured with a weak horizon development. Some contain a high
percentage of soluble salts (predominantiy sodium) in the lower horizons.
The pH Is high and hard pan of CaCo3 (calcium carbonate) occurs at
shallow depths. The solls are poor in organic matter and frequently

sub jected to drought. Kharif crops are grown when rainfall is sufficlent,
although some irrigated Rabi crops are also grown (Bandhu and Bhardwa j
1979: 78).

Mountain soils (19,20,21) are found mostly In the Himalayan region,

Brown hill solls, from loam to silt in texture and occuring In the foot
hills of the Siwallk ranges, are moderately rich in organic matter,

with a pH that is neutral to slightly acidic. Sub-montane solls,

mostly loam to sandy loam, are aclidic and non-calcareous. Thelr sur-

face layers, extending to 10 to 15 centimeters, consist of undecomposed
organic matter. The mountaln meadow solls are characterized by a sandy
loam texture, shallow depth, and weakly developed horizons. Neutral to
alkallne in pH, these solls support grasses (Bandhu and Bhardway 1979:28).

2.4.2 Soil utilization

The soils of indla support a wide range of vegetation. Natural vegetation
range from the moist troplcal forests of the West Coast of the southern
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peninsula and of the more northern states of Uttar Pradesh, Bihar,
Orissa, Madhya Pradash, West Bengal, and Assam to the desert vegetation
of the Rajasthan desert.

However, In a crowded country such as India with a long history of human
activity, much of the natural climax vegetation has long been destroyed.
Over 508 of the land Is now either cultivated or in fallow at any given
time. The chief crops in terms of hectares planted are, In descending
order of Importance: rice, wheat, sorghum, oil seeds, a variety of
bsans and peas, millet, cotton, and sugar cane. Grasslands, produced
chiefly by the removal of forest cover ane tending to revert to forest
If left to themselves, occur throughout the country.

A recent evaluation of the soll situation Judges the soils to have "great
potentlality particularly in the context of the present day advancement of
agricultural technology provided they are used properly with respect

to thelr behavior and physico-chemical characteristics" (Bandhu and
8hardwa] 1979:84-85). Mentioned specifically are large areas of the
North East Reglon, swampy lands, Dlara land and open lands within the
forest with good soils, and coastal sandy solls, all of which are felt

to have great potential if managed properly (Bandhu and Bhardwaj 1979:
85).

Soll Is also used for making pottery and earthen ware (Bandhu and Bhard-
waj 1979:73),

2.4.3 Soil problems

Soll problems as occurring with different types of Indian soils, affect
some 20% of Indian solls. These are: erosion; salinity and alkalinity;
acidity; waterlogging; drought resulting In molsture stress; and cracking
resulting from shrinking and swelling.

2.4.3.1 erosion

Erosion Is a problem throughout much of Indla. Different areas experience
different types of erosion: the worst type, gully erosion, associated
particularly with heavy rainfall, swollen rivers, and floods, occurs

with different degrees of severity, at Its most extreme producing deep
ravines. This type of erosion occurs most frequently during the heavy
rains of the southwest monsoon and is particularly severe In the plains
and river valleys of the Jamuna Rlver and Its tributaries. It Is relatively
unimportant in the Himalayas and In most of Peninsular India. The worst
reglon of gully erosion Is along the Lower Chambal Valley in Uttar
Pradesh; other problem areas are along the Jamuna River In Uttar Pradesh,
and the Sabarmati River and Mahl Rivers in Gu jarat (Ahman 1973:43-50).

The map on page 40 indicates areas where gully erosion Is particularly
severe, while the table gives a breakdown of ravine lands by state.

Sheet erosion, while less spectacular than gully erosion, Is also of
widespread occurrence In India. |t occurs during periods of heavy raln-
fall and particularly effects slopes, belng most severe In the steep
scarps und deforested hillsides the Peninsular upiands and the Himalayas.
The large quantities of sediment carried down Into the plalns each

year by Himalayan rivers is a result of sheet erosion in the Himalayan
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(Bandhu and Bhardwa] 1979:29)

Area in 100,000's

of hectares

12.30
6.83
4.52
4.00
0.20
.20
6.00
0.60
.04

Total 36.69
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AREAS OF WIND AND GLACIAL EROSION
(Ahmad 1973: 68)
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Wind erosion is a major problem during ralniess perlods when solls are

loose and flelds are cropless.

It is most severe in the desert areas

of Rajasthan,in the Gujarat Plaln, and In the frlable and loose alluv!al

soils of the Indo-Ganget!ic plaln west of +he Kos| River.,
troublesome, although to a lesser extent,

Indla, to the lee of the Western Ghats.
affected are Rajasthan, Punjab, Uttar Pradesh, and Bihar (Ahmad 1973:
67,83-84). Wind erosion is negligible In the HImalayas, the mountalns

It Is also
in the arld tracts of Peninsular
The States most severely

i
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of the northeast, the Assam Valley, and the delta of the Ganges and,
in general, in most forested areas of the country (Ahmad 1973:16).

Marine erosion along the Indian coast Is most severe along the wes+ern

coast, particularly in Kerala, where the southwest monsoon Is the chief
eroding force. On the eastern coast, the problem occur in Tamil Nadu,

where the northeast monsoon strikes (Ahmad 1973: 69-70).

Erosion is caused by the forces of wind, water, and the sea, but I+ is
aggravated by human-introduced factors such as deforestation and
overgrazing of |ivestock, which not only eat the vegetation which might
halt erosion but also pulverize soll, makIng it susceptible to wind
erosion during dry periods and to water erosion during raliny periods,
when the soil turns to mud. |+ has been noted, in fact, that the density
of livestock may be used as Indicators of both wind and water erosion

in India (Ahman 1973:22). Fallow-1ying agricultural 'and are also
particularly susceptible to erosion. :

Erosion results in the loss of soil and soll fertility, both of which

are Indispensable in a country attempting to grow enough food to feed Its
ever-growing population. Erosion also results in large sediment loads in
rivers. Often these sediments, when deposited, can contribute +o soij |
fertility, As already pointed out above, the fertile Indo-Gangetic

Plain Is a result of sediments desposited by rivers flowing from the
Himalayas. On the other hand, sediments can damage Irrigation works

and fill reservoirs meant for the storage of water for irrigation and
hydropower (see 2.3.3.2.2), and, If deposited in large quantities, can
block the channels or rivers, changing their courses and contributing

to flooding. The courses of mos+t of the big rivers (the Ganges, Jamuna,
Sutlej, Beas, Brahmaputra, Kosi, Krishna, Cauvery, for examp le) have
become widened as soil has been carried to the sea or deposited In their
courses; their average width Is from 8 to |0 kilometers. Islands formed
In the middle of these rivers occupy 15,000,000 ha in Uttar Pradesh and
9,000,000 ha In Bihar. Torrents from the hills carry large quantities

of coarse debris which are spread on the fertile plains. An estimated
3,000,000 hectares In northern Pun jab, Haryana, and Himachal Pradesh

are thus affected each year, with about 500 hectares devastated in Hoshiapur
district alone (Bandhu and Bhardwaj 1979: 80).

2.4.3,2 salinity and alkalinity

By a 1971 estimate, a total of 7,000,000 hectares are affected by
salinity and alkalinity, resulting In 20 to 25% reduction in yleld for
these areas. These problems occur chiefly In areas of red, black, and
alluvial solls, Frequently, the problem is aggravated or brought about
by Irrigation, which may caLse salts accumulated just below the surface
to rise. Improperily drained alluvial solls may also experience these
problems, while on the coast of the Deccan Peninsula, salinity Is caused
by Intrusions of seawater. Problems are most severa In Gujarat, as
indicated by the table below:

57T
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Distridution of Saline, Sallne-Aikall and Alkall Lands in DI ffarent States
3] 1979:33)  ——————————o0t 21ates

(source: Bandhu and Bhardwa] 1979:8

Total area Districts affected
State/ affected Soll group sallne-alkall
Territory (hectares) affected sallne and alkall
Andhra Pradesh 240,000 deltaic alluvium, East Godavari Nizamabad,
medium and deep West Godavarl Karimnagar,
black soll Krishna, Guntur  Mahbubnagar,
Kurnool, Anantpur
Guntur,Cuddapah
Blhar 4,000 alluvial soll on Muzaffarpur,
Indo-gangetic Shahabad
alluvium
Gujarat 1,214,000 coastal saline, Kutch, Jamnagar
desert and grey Banaskantha,
brown soil; Mehsana, Ahmeda-
bar, Surendrana-
- gar
medium and deep N Broach, Surat,
black soil Bulsar, Bhav-
nagrr, Kaira
Haryana 526,000 alluvial solt de- Hissar, Bhiwani Karnal, Kuruk-
veloped on Indo=~ shetra, Rohtak,
gangetic alluvium; Sonepat, Jind,
Gurgaon
Karnataka 404,000 medium and deep Belgaum, Ralchur,
black soil Bellary
Kerala 16,000 acid sulfate soil  Alleppey, Kotta-

of the deltaic
_region

yam, Ernakulam

2.4.3.3 Acidity

Acidity occurs chiefly In those high ralnfall areas such as the Himalayas, the
Western Ghats and the Assam Valley, where heavy ralinfail has led "0 leaching
of bases from the soils. High quantities of available aluminum, manganess,
and iron and the absence of calcium and magnesium in these solis adversely
affect crop growth. The laterite and red-yellow soil areas of the Peninsula
are particularly acid.

2.4,3.4 Wa+erlogging

Waterlogging has many causes: the restriction of the flow of water

by the construction of roads, rallroads, airports, canals, and bulldings;
the obstruction of natural drainage by culverts and bridges; and the
rising watertable in canal=-irrigated areas.

The Mational Commission on Agiculture in 1976 reported some 6 million
hectares as affected by waterlogging. Over half of these are caused by
surface flooding ( West Bengal, Orlssa, Andrha Pradesh, Punjab, Uttar
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Pradesh, Gujarat, Tami! Nadu, Kerala), while the remainder results from
a high water-table affecting the root-zone of plants. Canal irrigation
affected some 3,000 lake ha In Punjab and Haryana aione, while 6 to 7%
of the Nira Irrigation Project has been damaged annually because of
waterlogging.

Waterlogging Is not judged to be a serious problem In Assam, Orrisa,
Andrha Pradesh, Tamil Nadu, Kerala, and Gujarat, and Is a problem only
In some areas of the Kashmir Valiey in'Jammu & Kashmir.

Waterlogging by State and Territory (National Comm!ssion on Agriculture
and other sources as reported in Bandhu and Bhardwaj 1979:83-84),

State/Territory hectares
Pun jab 1,090,000
Haryana 620,000
Uttar Pradesn 810,000
Bihar 117,000
Rajasthan 348,000
Gu jJarat 484,030
Madhya Pradesh 57,000
Karnataka 10,000
Andrha Pradesh 339,000
Maharashtra 111,000
West Bengal 1,850,000
Orissa 60,000
Tami| Nadu 18,000
Kerala 61,000
Delhni 1,000
Jammu & Kashmir {,000

2.4.3.5 Cracking

Because of cracking the black soils are frequently difficult to cultivate
(Bandhu and Bhardwaj 1979: 85).

2.4.3.6 Desert soils and desertification

About 22 million hectares in the areas of Western Rajasthan, Southern

Pun jab, Haryana, and Northern Gujarat exhiblt desert characteristics:
high temperature, scanty rainfall, sands, and sand dunes. Forest !and
Is this area Is quite scarce (about 1.58% in the area In 1970-71).
Vegetation In general is quite meager, but species of high economic value
(Acacia senegal, Butea monosyerma,etc.) are numerous. Plants are generally
classifled as either productive or protective, although productive

plants may also share with protective plants the charteristic of working
as protective elements in the conservation of soil binders, wind breaks,
and shelter belts. Of particular Importance are the areas of

sandunes stabllized by vegetation, which occur In the eastern areas

of the zone. :
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Here wind erosion Is a serious problem, and frequent periods of drought
leave the coarse textured soils unable to sustain plant growth (Bandhu
and Bhardwaj 1979: 85).

Although a large portion- of the northarn territory of Jammuy and Kashmir
Is also arid, the area in which the problem of desertification Is most
pressing Is the desert area mentioned above. I+ is, consequently, the
area In which most Indian interest In this problem has been focussed.

Decert conditions in this area are brought about and aggravated by
several, frequently interacting conditions: low rainfall and frequent
occurrence of droughts; frequent dust storms, particularly In years

of reduced rainfall; high evaporation, which In combination with low
precipitation leads to the salinization of the area and accumulation of
minerals in both groundwater and surface water; and poor soil development
because of the generally low quantities of organic waste obtained in
the area. The large number of rodents in the desert area--rangling from
74 to 523 per hectares in density--have also contributed to continuing
desert conditions through voracious consumption of desert vegetation,
as are also the desert locusts (Schistocerca gregaria).

human activity and desertification

The arid zone of Rajasthan Is, as stated in the Indian report to the
1977 United Nations Desertification Conference "...climatologlcally and
in its other natural conditions, a marginal zone, with a very delicate
natural dynamic equilibrium libable to be upset by the slightest
fluctuations In natural conditions" (NCECP 1977:39). Human activities
are significant In upsetting this balance and accelerating the deverioraticn
of the area. Human population in the arid zone of Rajasthan, which
has normally beer highly populated as compared with other arid areas

of the world, increased from 3,567,000 in 190! to 10,236,000 in 1971.
This increase in human population was accompanied by an increase In
livestock population (from 10,000,000 in 195] to 16,440,000 in 1971,
The land per household has been reduced from 17.77 hectares in 195]

to 12.40 hectares in 1971 and it is projected that by 2000 only 7.52
hectares per houshold will be available.

Changes in land use brought about by the increases in population and
l'ivestock numbers include the bringing under cultivation of large areas
of the zone, often extending to marginal land, slopes, and other fringe
areas which are not naturally suitable for farming. This has had several
adverse effects. Farming of stabilized dune areas and removal of roots
and stubble after cropping has led to accelerated wind erosion, while in-
crease in the livestock population has led to further depletion of vegetal
cover. Pressure by livestock (chiefly goats, sheep, and cattle, but also
camels and buffalo) has led to overgrazing resulting in extensive removal
of both herbaceous and woody cover with consequent erosion hazards.

Irrigated agriculture, frequently introduced without adequate

drainage measures, has led to accumulation of minerals and salts in

the soil and near surface formations. In some locations, there has been
a rise In the water table with accompanying Increases of salinity and
deterioration of the soi! regime (NCECP 1977:40-41).
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Furthermore, the establishment of new settlements, often on stabilized dune
areas, urbanlzation, constructlion of roads,. raliroad tracks, and canals
without consideration for the geomorpholiogical pecullarities of the zone
have led to rapid mobilization of stable sand belts and consequent desert|-
tication by removal of the vegetation and wind erosion. Thus settlements
in the arid zone often become the centers of sand mobllization and move-
ment, a situation further exacerbated by overgrazing and felling of

trees for fuel. Other activities contributing to desertification are
increased mineral explolitation In the zone and its eastern fringe, re=-
sulting in denudation of hill slopes and large scale loosening of rock
faces (NCECP 1977:42-45),

The deterioration of the environment in the desert zone and its fringe
areas is evidenced not only by problems wlthin the zone itself (increase
in mobilized dunes, loss of vegetation, etc.) but also by the appearance
of mobile sands and erosion outside the climatic limits of the zone.,

There is evidence that sand from the desert zone is being transported
across the zone and carried through "wind gaps" of the Aravallis mountains
that flank the desert to the east and deposited in the semi-arid region
beyond the zone itself. It Is feared that under conditions of prolonged
drought, these sand accumulations in fringe areas, many of which are
themselves stabilized dunes, may cover farmlands and lead to the extension
of the desert (NCECP 1977:45),

2.4.4 Soll management programs and government actions

The steadily increasing population of India requires and the limited amount
of land avallable to produce food for this population make proper soil
management practice Imperative. [t has recently been estimated that
each person requires about 0.08 hectares of land for habitation and 0.4
hectares for food, or about 0.48 hectares per person; however, in (ndia,
only about 0.34 hectares person are available. Increasing population
ralses this requirement about 5,000,000 hectares each year,

Because of the high costs of damages resulting from soils loss and
flooding, about 232 watersheds in 26 major catchment areas have been
selected for receiving "saturation treatment" In a soil conservation
program scheduled to cover from fifteen to twenty million hectares (UNEP
ROAP 1978:18).

ravine land reclamation

Measures to reclalm ravine lands include: establishment of forest plantations
with economic fuel and fodder species; terracing; construction of diver-

sion bunds; contour and peripheral bunds with a suitable drop structure

to dispose of surplus water; gully plugging; fencing for protection of

land from indiscriminate grazing; the establishment of orchard-grass~tree
systems; and the canalization of hill torrents. The National Commission on
Agriculture has estimated that foodgrains production can been %oosted

by 3,000,000 tons per year through the reclamation of ravine lands and

that fruit, fodder, fuel, timber, and industrial raw materials can aiso

be obtained (Bandhu and Bhardwa] 1979:86).

salinity and alkalinity controi

Salinity and alkalinity can be controlled by several means: lowering of
the water table; stoppage of seepage by Iining of irrigation canals; the
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construction of proper drainage channels to dispose of stagnant water
along canals. The Central Soil Salinity Research Institute In Karnal

has evolved technology for amellorating solls already affected by
salininty and alkalinity., The application of gypsum, manure, moiasses,
pressmud, and "green manure"(vegetation) have helped to improve soll
conditions and Increase crop production. Improved drainage and con-
sequent leaching down of salts hava been achieved through the mechanical
breaking of hards pans form by the subsolls, while the flooding of saline
and alkaline areas with fresh water has also assisted In leaching

salts down below the root zone (Bandhu and Bhardwaj 1979:86). Desplte

the available of technology, however, no large scale reclamation projects
for szlline, alkaline or waterlogged solls have been Initiated (Bandhu

and Bhardwa] 1979:87),

waferlogglng

Measuras used for salinity and alkalinity control also act to alleviate
waterlogging: the sinking of tubewells, 'Tning of irrigation canals,’ and
drainage of irrigation channels.

government programs for control of desertification

Responsibility for the control of soll degradation falls ir the first
Instance to the state governments. The government of the state of Rajasthan,
for example, has developed programs relating to the use of arid lands and

the control of desertification. These Include programs for Introduction of
rationalized dry land farming, Improvement of farming technilques, groundwater
exploration, prevention of soil erosion, afforestation, creation of shelter
belts, management of l'tvestock, and dairying and wood production. The
Desert Development Board and the Commissioner for Desert Development of
Rajasthan are responsible for the coordination of different programs,
Including rellef measures for drought-affected areas (NCEFC 1977:54),

Within Rajasthan desert development schemes were initated in the early
1970's, Covering several districts these projects included: rehabl I 1tation
of forests on hillsides; grassland development for fodder banks; development
of pastures; reclamation of saline soils; and wind-break plantations.
Programs for the reclamation of saline solls are Intended to convert these
lands Into productive 1aad for cultivation by salt-resisting plants.

Another important project is the Rajasthan Canal Project, a major Irrigation
scheme Intended ultimately to cover an area of .35 million hectares.
Measures to prevent overgrazing and to encourage sand dune stabl|lization

are Important facets of thie project include the prohibition of human
settliements on high dune lands (NCEPC 1977: 59-60).

At the national level a Drought Prone Area Program (DPAP) was Inltiated
during the 1970-71 fiscal year for the development of area chronically
affected by drought. This program covers most of the districts which are
part of the Indlan desert. The ob jectives of the program are: restoration
of the derelict eco-systems and promotion of ecologically Integrated develop-
ment, and generation of Income and emp loyment for the local population,
specifically for the small and marginal farmers and agricultural laborers.
The major features of the program involve soll and water management, sand
dune stabliization, creation of wind breaks, development and management of
the pastoral economy through groundwater develiopment, and restructuring of

(o'l
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cropping patterns and land use practices. As part of the effort to ralse
Ilvestock productivity, pilot schemes for settlement of the nomadic
population have been initlated. Sol! and agro-economic surveys are being
organized to rationize land use practices and optimize the use of natural
resources (NCEPC 1977: 55-57),

Other important work Is belng done In conjunction with the Programme for
Integrated Rura! Development, scheduled to begin with 20 selected rural
areas, including some within the arid and semi-arid reglions of Rajasthan,
Gu jarat, and Haryana. This program aims to transfer sclence and technology
for the Improvement of the economic and environmental condlitions of

rural settlements throughout the country (NCEPC 1977: 58), '

Of particularly Importance at the natlonal level Is the work of the
Central Arid Zone Research Institute at Jodhpur, Rajasthan.

Desplte the efforts of these and other agencles, India's Report to the

1977 Unlted Nations Conference on Desertiflcation, states that "no sig-
niflcant break-through has been achleved." This fallure is attributed

to a lack of an Integrated approach to the problem: "Most of the efforts
for halting desertification and reclamation of arld areas have been sectoral
In nature without adequate cognlzance of the collateral Issues. The
available sclentific Information on the rational use of ecosystem resources
Is yet to be converted into action programmes. So far, the absence of a
judiclous resource utllization policy Inter alla land, water, and energy,
has been the major Impediment towards effect]ve Implemention of develop-
ment programmes' (NCEPC 1977:70).

2.4.5 soil surveys

Although general characteristics of the solls of Indla have been establlshed
(see, for example, Rajan and Rao 1978), extensive detalled studies of

soll characterlistics have not been conducted. At the time of the compllation
of the South Asian sectlion of the FAO-UNESCO Soll Map of the World In the
early 1970's, systematic soil surveys were available for only a small

part of the country and soll reconnaissance data for a considerably larger
area, but for the bulk of the country only general information with local
observations were available. Among the materlals used by the FAO in
preparing Its own maps was a draft soll map of the country (scale of
1:3,000,000) prepared by the All India Solls and Land Use Survey In

1965 (FAO-UNESCO 1977:8).

The National Commission on Agriculture in Its 1976 report recommended that
measures be taken to prepare the soil map of India on a scale of
1+1,000,000 and urged the strengthening of technical capabilities In order
to tacilitate this work (India. NCA 1976; vel. 5: 281).

D
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2.5 FORESTS

According to most sources, forests comprise approximately 22 to 23% of

the total territory of India; however, as more exact data becomes avallable,
this figure may have to be readjusted downward (see deforestation below),

As advocated in the National Forest Policy as laid down In 1952, however,
about one-third of the country should be forested: 60% in the mountains and
20% in the plains. With regard to the general value of this forest resource,
it has been estimated that only about a third of the present forest area
contains good timber wood, the remainder being either scrub or wood that

Is subject to indiscriminate felling by local populations (Sharma 1978:6).

Major surveys of the forest types of India have been made by Champion and
Seth (1968) and a Atlas of Forest Resources of India has been published
(India. National Atlas Organisation. 1976).

2.5.1 Forest types *

Forest types and their distribution are shown on the map on page 48a.

and Indicated below. It must be emphasized that the map indicates for
most areas only the type of forest or vegetation native to that area;
in_many areas this vegetation has been removed or degraded as a resuit of
human activity. The map on page 48b, which indictes the density of forest
land in relationship to area for individual Indian states, gives some Idea
of where forests actually still occur.

Forests are unevenly distributed throughout the country. They are located
mostly In hilly terrain or remote areas. Madhya Pradesh, which boasts the
largest forest area of any Indian state, accounts for about 23% of the
forest area. Extensive forest area also is found in Andraha Pradesh, Assam,
Himachal Pradesh, Karnataka, Maharashtra, Orissa, Rajasthan, Uttar Pradesh,
and Andaman and Nicobar Islands (Lal, Sham 1977:75). The table on page 49
Indicates forest distribution by state and union territory.

2.5.1.1 Moist tropical forests (groups [-4 on map, page 48a).
I, TROPICAL WET EVERGREEN FORESTS: 4,503,000 hectares**

Southern tropical wet evergreen forests occur on the Deccan peninsula
(Maharashastra, Karnataka, Tamil! Nadu, and Kerala) and in the Andaman
Islands. The most widely distributed genera are Dipterocarpus and Hopea,
while other typical genera are: Guttiferae, Anacardiaceae, Sapotaceae,
Mellaceae, Artocarpus, Eugenia, and Elaeocarpus.

Northern tropical wet evergreen forests, occurring in West Bengal, Assam, and
Orissa, are very similar to their southern counterparts. Dipterocarpus

and Shorea form the only large trees. Lauraceaa, Magnoliaceae, Quercus,

and Castanopsis are more important and varied than in the south, and bamboos
are more usually present than in the south.

*The following material is based largely on Seth and Champion 1968.
**Estimates of forest areas are from Lal 1977:75-76
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FOREST TYPES
OF INDIA

(DIAGRAMMATIC.)

Source: Champion and
~ Seth 1968.
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Forest territory 1972-73 (from Sharma 1978)

(in thousands of hectares; 1977-

dictions are from recent iIssues

78 flgures -=not avallable for all Juris=
of The Indian Forester)

Forest % of

area Forest

under Other Total area to

Geographi=-  Forest Forest  Forest geographi=-

State cal area Dept. area area cal area
Andrha Pradesh 27,681 6,450 30 6,480 23.40%
Assam 7,852 1,330 1,525 2,855 36.36
Bihar 17,388 2,932 -— 2,932 16.86
Gu jarat 19,599 1,697 -— 1,697 8.66
Haryana 4,422 100 52 152 3.44
Himachal Pradesh 5,567 2,010 157 2,167 38.93
Jammu&Kashmir 22,224 2,070 34 2,104 9.47
Karnataka 19,177 3,360 248 3,608 18.81
Kerala 3,887 1,128 - I,128 29.02
Madhya Pradesh 44,284 16,620 193 16,813 37.97
Maharashtra 30,776 5,640 1,015 6,655 21.62
Manipur 2,236 602 —-—- 602 26.92
Meghalaya 2,249 70 753 823 36.59
Nagaland /,653 80 208 288 17.42
Orissa 15,578 6,620 173 6,793 43.61*
Pun jab 5,036 100 113 312 4,23
Rajasthan 34,221 3,410 179 3,589 10.49
Sikkim 730 -—- -— - -—
Tamil Nadu 13,007 2,090 144 2,234 17.18
Tripura 1,048 605 m—— 605 57.73
Uttar Pradesh 29,44 4,080 1,052 5,132 17.43
West Bengal 8,875 I, 160 23 1,183 13.47
Total States 316,841 62,154 5,899 68,053 21.48
Union Territories
Arunachal Pradesh 8,538 5,140 14 5,154 61.67
Mizoram 2,109 769 - 769 36.46
Tthers 1,290 880 21 901 69.84
All U.T.'s 1,937 6,789 35 6,824 57.17
"t =~Indila e 328,778 68,943 5,934 74,877 22.77

*Landsat data from November 1975--
forest lands covered oniy 31.7% o
kllometers (4,896 thousand hectares).
was highland forests, Including diptoca
mangrove: 12.3%; and conifers forest an

teak: 1.8% (IBRD 1977),

f total

wet season In Orlssa=--indicated that
land area or 48,965 square

The breakdown by forest type
rpss: 17.6%; lowland forest, Including

omalles, Including casuarine and

49/

1977-78
(state
admin,)

146
2,176

2,894

6,610
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2. TROPICAL SEMI-EVERGREEN FORESTS

in the southern area these occur only in the molst Western Ghats.
Typically occurring deciduous species are are Xylia and Terminalia,
but evergreen Dipterocarpus, Balanocarpus, and Hopea also occur.
Bamboos are usually present.

tn the narthern areas these are found in the moderately heavy to heavy
rainfall areas of Assam and Bengal, extending down the east coast of

the peninsula to Puri In Orissa. The forest Is dense-storeyed high forest
(24=36 metmrs) with evergreens (chiefly Syzgium, Cinnamomum, Magnol!aceae,
and Artocarpus) predominating, particularly in the lower canopy, but with
a mixture ot deciduous trees, particularly Terminalia spp., Tetrameies,
and Stereospermum. Bamboos are often absent.

3. TROPICAL MOIST DECIDUOUS FORESTS 23,303,000 hectares

Neariy half of Andaman Islands (lying In the Bay of Bengal well off the
coast of the Deccan Peninsula) are covered with tropical molst deciduous
forest with species such as Pterocarpus dalbergiodes and Terminalia spp.

South Indian moist deciduous forests.occur In all parts of the southern
area with medium rainfall. These closed high forests (30-36 meters or
more) are found in Madhya Pradesh, Gujarat, Maharashtra, Mysore,

Karnataka, and Kerala. They include the important teak-bearing forests
(Tectona grandis). Other Important species are Terminalia sg», Pterocarpus
spp., and Lagerstroemia spp.. Bamboos are not necessarily present.

North Indian Tropical Moist Dedicuous Forest occur in Uttar Pradesh, Bihar,
Orissa, West Bengal, Assam, and Madhya Pradesh. These forests are quite
similar to their southern counterparts, but in this area sal (Shorea robusta)
replaces teak as the ecologically characteristic and economically most
important species. Sal has proved to be more tenacious and generally more
resistant to human encroachment than other species because of its features
such as coppicing power, resistance to burning, regeneration under burning
and grazing, and adaptability to soil and site conditions, and longevity.
Planned forest management has intenstified its dominance in this area.

4. LITTORAL AND SWAMP FORESTS

Littoral forests, also designated as beach and dune forests, are distributed
all along the coast, wherever permitted by a fair width of sand beach.

The most chartacteristic species is the tall evergreen but very light
foilaged Casuarina, which often fringes the sandy beaches. In the Andamans
Manilikara |ittoralis occurs in Its place.

Very little of the great tidal swamp forests of the Ganges and Brahmaputra
Delta now falls within Indian territory. Considerable tidal swamp forest
occurs In the mouths of creeks and short rivers, while remnants occur at
the estuaries of the Mahanadi, Krishna and Godavari rivers on the East
coast but very Ilittle In the creeks on the West Coast. The most dominant
species of these forests are mangroves (Rhizophoraceae), which are almost

Gt
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confined to these areas; their preferred habitat is the newly deposited
mud banks that are daily submerged by the tides. Only a few species of
palms occur.

Mangrove scrub occurs in the river deltas along the edge of tidal waterways
on sheltered muddy coasts from Gujarat to Bengal and occupies a large pro-
portion of the Western Sunderbans, while actual mangrove (Rhizophora)
forest Is more common on the muddy coasts of the East Coast of Bengal.

Also falling within this grouping are Tropical Freshwater Swamp Forests
(ralrly dense evergreen closed forests=--|5-30 meters high--dominated by
Myristica magnifica) which occur In tropical hill valleys In the Himalayan
and other regions and in low lying sites In the Brahmaputra Val ley.

Tropical seasonal swamp forests with species such as Altingla excelsa,
Machiulus gamblei, and Szygium cumini, occur In the Ganges and Brahma=-
putra Valleys, while tropical riparian fringe forests dominated by
Terminalla ar juna and Lagerstroemia species are found along the banks
of most of the largest streams In the hilly tracts.

2.5.1.2 Dry tropical forests (groups 5 to 7 on map)
5. TROPICAL-DRY DECIDUOUS FORESTS 29,154,000 hectares

Southern Tropical Dry Deciduous Forests occur throughout the Indian
peninsula with the exception of the molster Western Ghats: Madhya
Pradesh, Gujarat, Maharashtra, Andrha Pradesh, Karnataka, and Tami|
Nadu. |t merges into thorn forest wherever the rainfal| drops below
750 mm. In the climax type the upper canopy Is closed but not dense;
typical height ic from 13 to 20 meters.

There are two basic types: those In which teak (principally Tectona
grandis) occurs and those non-teak bearing forests where Anogeissus

and Terminalla, accompanied by Dlospyros, Boswellia and Sterculia,
dominate. Bamboos are often present; the chief species is Dendrocalamus.

Northern Tropical Dry Deciduous Forests occur throughout northern India,
except In the overly molst eastern parts and In the overly dry eastern
parts; the most extensive occurrences are in Uttar Pradesh, Bihar,

Orissa and Punjab. The upper canopy Is light but fairly even and con-
tinuous In the climax form but in actual occurrence the canopy is usually
broken and irreguiar; the forest is rarely over |5 meters in height.

Although teak and other southern species do not occur In these forests.

The most common types, which are also common to the moist deciduous

forest and the dry thorn forest are: Anogeissus latifola in association

with Buchanania lanzan, Sterculla, Bauninia spp. and poorly grown Terminalia
tomentosa. Three types of sal (Shorea robusta) forest occur: dry Siwalik
sal forest; dry plalns sal forest; and dry peninsular sa! forest. Only

one speclies of bamboo occurs.

6. TROPICAL THORN FORESTS 5,236,000 hectares

Southern tropical thorn forests occur in the dry benlnsular tract ' -
(v
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to the lee of the Western Ghats from the extreme south up to !ndore
and Bhopal. They are most important in Maharashtra, Andra Pradesh,
Karnataka, and Tam'' Nadu. .

These are open low forests dominated by thorny usually hardwood speciles,
particularly Acacia spp.; tree helght is usually from 6 to 9 meters.
Apart from Acacia and related genera which are most charactersitic

in these forests, there are fleshy Euphorbiae, while Capparis and
Opuntia are also of frequent occurrence.

Northern tropical thorn forests occur In the semi-arid regjons of

Uttar Pradesh, Madhya Pradesh, and in the major portion of the semi-arid
regions of Punjab, Rajaputna, and northern GujJarat, including Saurashtra
and Kutch.

As true desert vegetation, these forests differ from thelr southern
counterparts In thelr generally small size (4.5 to 10 meters in height).
Acacias are characteristic but less predominant and Eurphorbias are

less widely distributed. Thorny Mimosae are of general occurrence

with a number of other species, most predominantly Prosopis spicigera.
Thorny Mimosae occur through with a number of other speclies of which
Prosopis spicigera is the most general. Capparis decidua is the most
conspicuous trees.

Northern tropical thorn forests are further subdivided into desert

thorn forests (Punjab, Rajasthan, and Gujarat, with dominant types

such as Prosopis spidigera, Salvadora oleoides, Acacia senegal, and

Acadia planifrons), ravine thorn forest (throughout northern india

regions with rainfall of between 500 and 1000 mm) with dominant specles
such as Acacia leucophloea, Prosopis spicligera, Capparis decidua),

and desert dune scrub in southern Punjab and Rajasthan , with occurrences
of Prosopis spicigera, Calllgonum polygonoides and other desert vegetation.

7. TROPICAL DRY EVERGREEN FORESTS 75,000 hectares

Low ftropical dry evergreen forests of from 9 to 12 meters In height but
forming a complete canopy, are found only on the Karnataka coast;

the most dominant species are Manilkara (Sapotaceae), Mimusops elengi,
and Memecylon edule.

2.5.1.3 Montane subtropical forests (groups 8-10 on map)
8. SUBTROPICAL BROADLEAVED HILL FOREST 287,000 hectares

Southern subtropical broadleaved hill forests are native to zones of
about 1000 m and 1,700 m on the higher hills of southern India, and
also above 1,000 m on the higher hills of Central India.

Eugenia (Szygium) are characteristic genera and Lauraceae are very
generally present, while Memecylon and other Melastomaceae usually
occur.

These forests occur mostly on steep hillsides In South India and the
Western Ghats; throughout the rest of the peninsula thelr habitat ig

g
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mostly hilltops; where these are relatively flat the areas have been
completely stripped of tree growth, heavily grazed and burnt, leaving

(Quercus and Castanopsis) which are usually present and often form
an Important part of the crop. Other temperate genera are Alnus, Prunus,
and Betula. A few Dipterocarps occur. Pines are absent.

Kha;\ subtropical wet hij) forests, dense evergreen fcrests rarely ex-
ceeding 20 meters in height, occur In the upper slopes of the Khasi,
Jaintia and adjacent hills In Manipur, Tripura and Assam. Dominant
species are oaks (Quercus spp), Bellschmiedia, Saurauja, and Engel-
hardtia.

In many parts of +he Khasi and adjoining hills, repeated shifting
cultivation with felling and burning, have cleared and greatly altered
the original fores+ cover. Climax forest has been replaced by open
grassland with scattered trees adjoining pine forest or broadleaved
evergreens, sometimes wi+h pines. On the Naga Hills are treeless
grassy nlll tops (Champion and Seth 1968:265).

SUBTROPICAL PINE FORESTS 3,740,000 hectares

,000 meters and 1,800 meters extending on ridges down to 600 meters,
and up to 2,300 meters on southern hillsides. This pine forest does
not occur in Kashmir.

In the Khasi, Naga, and Manipur hills, forest of Pinus iInsularis
occurs at similar altitudes.

Pine is the predominant species in these forests and creates an environment
inimical to most bruadleaved trees; Quercus Is the most typical broadleaved
associate along wirth Rhododendron, Lyonia, and Syzygium cumini.

Some of the Upper or Himalayan chir pine areas have been heavily grazed
and occasionally burnt prior to enclosure, leaving a dense grass cover
(Champion and Seth 1968:273).

SUBTROPICAL DRY EVERGREEN FORESTS 173,000 hectares
These low practically scrub forests of small-{eaved evergreen trees and
scrubs occur In the Bhabar, the Siwalik hills and the foothills of the
Western Himal ayas, extending up the main valleys to about 1,000 m.

Predominant species Include the olive (Olea cuspidata) and Acacias
(Acacla modesta), as well as Dodonaea viscosa.

nay
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2.5.1.4 Montane temperate forests (groups 11=13 on map)

MONTANE WZT TEMPERATE FORESTS 1,613,000 hectares

Southern montane wet temperate forests of low height (about 6 meters)
occur In the higher hills of Tamil Nadu and Kerala.

Important tree growth includes Ternstrcemiaceae and Eugeniae, along with
Melloosma, Eurya, Symplocos, and Lauraceae. Rhododendron nilagiricum
is common and conspicuous.

Northern montane wet temperate forests--cloused evergreen high forest
rarely reaching heights above 25 meters=--occurs in the eastern Himalayans
from Eastern Nepal eastwards on the higher hills of Bengal and Assam

from 1,800 meters to 3,000 meters.

Oaks and chestnuts characterize the forest at higher altitudes, while
laurels (Lauraceae) are abundant and more numerous than oaks at lower
levels. Also present are Magnoliaceae, Engelhardtia, Schima as well as
map les (Acer), Prunus, and Ulmus.

In the Eastern Himalayas, forests have suffered varyingly from clearing
for uncontrolled shifting cultivation, which has pushed the forest back
along the periphery of permanent settiement. At the higher altitudes
grazing and graziers have affected the forest, and fires through bamboo
brakes have led to the replacement of a good deal of the forest with
pure bamboo. Much of the forest has been destroyed as a result of the
extension of potato cultivation (Champion and Seth 1968:285).

HIMALAYAN MO!ST TEMPERATE FOREST 2,725,000 hectares

This forest, extending along the whole length of the Himalayas between the
subtropical pine forests and the sub-alpine formation with a rainfall
between about 1,000 and 2,500 millimeters, is found in Khasmir, Himachal
Pradesh, Punjab, Uttar Pradesh, the Darjeeling district of of Bengal,

and Sikkim at altitudes from about 1,500 meters up to 3,300 meters.

This forest area is characterized by the prevalence of conifers, the chief
genera being Ables, Cedrus (Deodar), Picea, Tsuga, and Pinus. Cupressus
and Taxus also occur. The coniferous forest tends to be open, with

tree heights ranging from 30 to 50 meters. Among the broadleaved tree,

of Increasing occurrence in the eastern part of the range, several

species of Quercus predominate, while Rhododendron also occurs. Temperate
deciduous trees include Acer, Corylus, Aesculus, Prunus, Ulmus, Carpinus,
and Betula. The oak forests are usually of low height (10 to 20 meters).
Dwarf bamboos occur extensively in some areas.

HIMALAYAN DRY TEMPERATE FORESTS
These forests occur in the Inner ranges of the Himalayas, where the

southwest monsoon Is weak and where such precipitation as occur comes
mainly as snow in the winter months.
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These are esentially open forests, exhibiting closed canoples only In some
areas. Conlferous trees are the dominant species; broadleaved trees, of
only occasional occurrence, attaining only poor heights. Xerophytic
shrubs are common., The most characteristic conlfers are Cedrus deodora,
Pinus gerardiana, and Juniperus, but Ables and Pinus walllchlana occur

at higher elevations. Proadleaved trees are represented by xerophytic
species of Acer, Fraxiiaus, and Quercus.

2.5.1.5 Sub-alpine forest (group 14 on map )
14. SUB~ALPINE FORESTS

The topmost tree forest of the Himalayas, these forests are typlfled by
small crooked trees or large shrubs with patches of coniferous overwood.
The tallest tres are conlfers, usually Ables, but Juniperus also occurs,
as well as Plnus wallichiana. Larix occurs In a restricted area.

The largest deciduous tree is Betula utilis, while Quercus semecarpifolia
is found In the outer moister reglons. Rhododendron also occurs.

2.5.1.5 Alpine scrub (group 15 on map)

I5. ALPINE SCRUB
Several types of alpine scrub assoclations occur beyond the tree line
In the higher reaches of the Himalayas: Birch-Rhododendron scrub forest

dominated by Rhodendron and Betula utilis, Dwarf Rhododendron scrub,
Dry Alpine scrub, and Dwarf Juniper scrub.
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2.5.2 UTILIIZATION OF FORESTS

The table on page 56a shows production of wood and forest products as
reported by the FAO for 1961-65 and 1976. The table on page 56b indicates
the production of timber and fuelwood for each Indlvidual state and union
territory for the 1973-74 fiscal year. The striking discrepancy between
these two tables with regard to fuelwood production (FAQ figures Indlicate
between 90% and 92% of wood production as fuelwood for both 1961-65 and
1976, while the table on page 56a indicates on 62.5% of production as
fuelwood) Is considered under 2.5.2.2.2.

Forest area per capita In Indla, using recent population figures, comes
to only about 0.1T hectares, as compared to the world average of 1.08.
If forest area remains at Its present level per caplta forest area would
drop to 0.07 by the year 2000. However, if loss of forest areas by
removal of fuelwood and the depradation of forest by |ivestock grazing
should continue, this per capita figure will be even lower. Average
addition to forest area by reforestation per year Is only 0.5 cubic
meters per hectare, below the world average of 2.1 cubic meters per
hectare.

2.5.2.1 Forest ownershlp and production

Government is the largest timber producing agency In the country.
Forests are owned by the State (95.0%), by corporate bodies (3%), and
by private Individuals (2.0%) (Lal 1977:75).

Forest lands in India fall Into three broad groups: reserved forests,
owned and operated by the government; protected forests, which are owned
by the government but may be used by private Individuals for wood and
grazing; and unclassed or clvil forests, under the general control! of the
forest departments, which may be used by the general public (Thapar !975:
10).

I'n accordance with goals established under the Fifth Five Year Plan
(1974-79), State Forest Corporations have been established In many of

the Indlan states. |n Uttar Pradesh, where the corporation was established
In November 1974 with the stated purposes of Improving logging practices
and replacing a contract system that had allowed serious exploitaton

of workers; it is reported to have played an important role is ensuring
falr wages to torest workers, providing them also with services such

as food and medical facilities. By providing jobs for graduates In sclence
and commerce, the Uttar Pradesh Forest Corporation has helped to relieve
the unemp loyment problem among the educated population. It Is expected

to provide more jobs for this group as It extends its activities Into

new areas (Indian Forester 1978:884-886).

2.5.2.2 Forest products

2.5,2.2.1 Industrial wood

Important economic species include coniferous trees, which cover some
3,765,000 hectares, and various broadleaved species, of which teak
and sal are the most frequently expioited. As indicated by the table on

™
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page 56a, most of Indla's industrial wood consists of hardwoods. About
163 of India's forests are inacessible. Of the remaining 84% anywhere
from 45% to 63% are felt to be currently exploitable (Lal 1977:76; Thapar
1975:6).

Given the skewed distribution of present forest lands in India, It is not
surprising that certaln areas account for larger amounts of the value of
forest produce than others. In 1970-71 Madhya Pradesh, with 14.7% had

the highest share of values of forest products, Andrha Pradesh was next
with about I3%, and Jammu and Kashmir next with 12.3%. Other states

in which forests play an important economic role are Mahashastra, Karnataka,
Uttar Pradesh, and Himachal Pradesh. Madhya Pradesh, Jammu and Kashmir,
Himachal Pradesh, Andrha Pradesh, and Uttar Pradesh accounted for as much as
64% of the total value of forest produce in 1970=71. About 799 of the
value of this forest produce came from ma jor forest produce (timber and
fuelwood), and the remainder from minor (bamboos, canes, gums, resins,

dyes, tans, lac, fibers, floss, and medicinal plant materials) (Thapar

1975:6-7).
2.5.2.2.1.1 Industrial woods
feak_

Four States account for about 90% of the area under teak In India: Madhya
Pradesh with 3,119,000 hectares; Maharashtra with 1,404,000 hectares;
Gujarat with 1,176,000 hectares; and Karnataka with 1,000,000 hectares
(Thapar 1975:6).

sal

Sal (Shorea robusta) is found predominantly in Madhya Pradesh and Bihar,
which together account for 80% of sal forests (Thapar 1975:6).

conifers

Conifers are most predominant in higher altitudes of Himachal Pradesh,

Jammu and Kashmir, and Uttar Pradesh (Thapar 1975:6). Important coniferous
species include: deodara (Cedrus deodora), which is valued as a construction
timber; Pinus roxburghii (Chir pine), the second most valued construction
timber, which is also used as a source of resin; and Abies pindrow (fir)

and Picea smithiana (spruce), used for the pulp and paper industry.

bam\oo

Found throughout most of the country, bamboo, valued for its industrial
uses, occurs in heavy concentrations in Assam, Tripura, Maharashtra, Madhya
Pradesh, Mysore, and Orissa.

2.5.2.2.1.2 wood products

sawnwood

There are approximately 3,000 saw miil units in the country with capacities
ranging from 10 to 200 tons per day. Sawmills are increasingly being opened

A
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In the varlous forest department of indla so as to Increase rational utillization
of wood (Lal 1977:77).

The greatest part of the products of sawmllis Is used for railway ties,
construction, furniture, plywood (especially tea chests), agricultural
equipment, and for wooden handicrafts. The demand for sawnwood has
Increased as sawnwood, rather than the more traditional roundwood,

has been increasingly used for house construction.

Other important products are pulp and paper, the production of which has
increased substantially since 1961-65, plywood, veneer sheets, particle
board, and fiber board. Bamboo continues to be the ma jor sources of

raw material for the paper industry in India (Varma 1978:129). Another
significant. forest Industry is the match production, which consumes an
estimated 250,000 tons of timber annually. Soft-wood plantations are
being planted In several states to meet the growing needs of this Industry,
which is expected to grow along with the Increase In population (Thapar
1975:19). The match industry, which started in 1922, has a mechanized
and a non-mechanized sector. By one recent count there were six large
factories producing about half the supply of matches in the country;

the remainder were manufactured by the small sector. The Industry is
said to suffer from logistical problems (Thapar 1975:19).

2.5.2.2.2 Fuelwood

According to the most recent FAO statistics about 90% of the wood used in
India is fuelwood. Indian sources, however, tend to place the percentage
much lower: the Times of India 1977 Yearbook, for example, places It

at 60%. A consideration of fthe discussion contained in Sharma |197¢(

makes it clear, however, that this lower percentage applies only t. -e-
corded sources of firewood. Sharma estimates that over 90% of *he /uel-
wood used annually comes from unrecorded sources. By his calculations,
for example, 203,000,000 cubic meters of fuelwood were consumed in 1970~
71 (about 95% of total wood production for that period), only 12,090,000
cubic meters of which--about 6.3%--came from recorded sources (Sharma
1978:209-210).

By one recent report (Indian Forester 1979:241), the present fue! wood
needs in India are 233 million cubic meters per year, while the Planning
Commission has projected the estimated demand at 256 mil!ion cublic meters
by 1980 and 300 millicn cubic meters by 1990 (Indian Forester 1979:241).,

In his review of the Indian fuelwood situation, Sharma presents several
disturbing facts. Fuelwood requirements by 1980 will be as high as
256 million cubic meters, most of which will come from non-recorded
sources. People In rural areas consume fuel In the proportion of
about 9%5 of non-commercial fuels--not only firewood but also bagasse,
wastes from saw milis, cowdung, paddy husk, and some vegetable and
food wastes--to only 5% for commercial fuels. By his estimate, wood
already produces some two-fifths of the total energy consumed In India
as a whole.

Furthermore, It is not expected that other fuels will quickly replace
such non-commercial fuels, particularly firewood for heating and cookling 1o
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Furthermore, It is not expected that other fuels will quickly replace
such non-commercial fuels, particularly firewood for heating and cooking
purposes, particularly not in rural areas where no commercial source

of domestic energy Is available. The rural energy neads met by fire-
wood include: cooking and lighting, operation of pumps for Irrigation
and drinking water, and energy for. the deveiopment of agro and village
Industries (Sharma 1978:206).

In Sharma's judgement, the "unrecorded sources" of firewood, which
include not only wood from community lands, farm lands, and waste lands,
but also wood either poached from forest reserves or removed by wood
gatherers In excess of their removal privileges, are rapidily depleting.
Writing In the mid-1970's Sharma emphasizes that fuelwood supply is
already lagging behind demand and predicts a crisis In fuelwood supply
by 1980-81.

Environmental writer Erik Eckholm reports that for the state of Gu jarat

alone 4.8 milllon tons of fuelwood were consumed in 1975, only 200,000

tons (about 4.2%) of which was extracted from forest reserves. The remainder
of this wood was taken from community lands, Imported from other states,

or poached from reserves. The Increasing shortage of fuelwood in Gu jarat

is evident in soaring prices not only for flrewood but also for wood

poles used in housing construction (Eckholm 1979:20-21). In other areas

such as parts of the Himalayan reglon of Uttar Pradesh people are forced

to walk as far as five miles to gather their dally firewood needs (Agarwal
1978:16).

2.5.2.2.3 OQther forest products and functlions

Nonwood forest products include grass and leaves for cattle, traditional
medicines, foods, and assorted barks and leaves. In Haryana, for example,
i’ e barks of the babul tree (Acacia arabica), used for tanning, and katha,
an important ingredient for befel leaf (pan) are Important revenue

earners from the state's forests (Sharma 1978:18).

It cannot be forgotten that forests, apart from their functions as sources
of wood and other products, also serve as wildlife habitat and as water-
shed protectors. As Erik Eckholm points out, the forasts of Madhya
Pradesh, the nation's most heavily forested state, serve the neighboring
states by protecting the headwaters of five major river systems. He

cites the observation of a colonial Inspector general of forests that

if Mad“ya Pradesh were to cut down all of Its strategic forests "it would
actually do more harm to other states than +o its own" (Eckholm 1979:17).

2.5.3 Deforestation

Population increases in India, and the need to feed, clothe, and provide
domestic fuel for this growing population have put tremendous pressures
on India's remaining forest lands, leading to deforestation in many
areas. Forests are also used for grazing of animals, and trees are often
lopped for fodder (Sharma 1978:208).

By one estimate about 4.0 miliion hectares of forest area have
been lost during the past two decades; about half of thls was iost
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to agriculture, while the remainder can be accounted for by river valley
schemes and the relocation of persons displaced by those schemes,
Industry (over 120,000 hectares), and road construction (about 57,000
hectares) (Bandhu and Bhardwa] 1979:216; WER March 26, 1979:4),

Forest fires present another threat to forest resources; records for
indicate that between 1968-69 and 1972=73 an average of about 258,000
hectares of forest per year were lost to fires (NCA 1976:vol. 9:381).

In Jammy and Kashmir, for example, it was reported that of the some
21,037.44 square kilometers of forest area, some 5,683.11 square kilometers
was deforested as of 1969, chlefly as a result of fuelwood exploitation
(Bandhu and Bhardwaj 1979:229-230). In Uttar Pradesh, the last three
decades have seen the loss of 16,000 kilometers of forest to cultivation,
and of an additional 1,120 square kilometers for dam, reservoir, and road
construction (WER, Nov. 6, 1978:5). All indications are that the extent
of deforestation may, In fact, may be much greater than shown by officlal
figures: "...even In the protected areas one finds considerable tracts of
small shrubs that have gone through tremendous qualltative changes which
have remained unrecorded and unnoticed, while it Is not uncommon to find
vast areas of open grounds which support only shrubs although they were
formerly forested and are still counted as forests In official statistics
because of the unrecorded deforestation"(Parikh 1977:194).

Recent satellite studies in Orissa have indicated a large deviation between
Forest Department statistics and actual forested areas. Whereas forest
department statistics indicated that over 43.6% of the state was In

forests as of 1972-73, Landsat findings from 1975 placed the forest area at
only 31.7% of the state's territory (see page 49).

The grim outlook for Madhya Pradesh, Indian most heavily forested state
s summarized by Erik Eckholm: "Already, according to a recent field
survey, the annual cutting of firewood and timber exceeds new growth

in twenty-six of the state's forty-five districts. |f current trends
persist, sixteen of thase deficit districts will be virtually bereft

of trees within twenty years; more than half the state wil! be devoid
of trees within fifty years" (Eckholm 1979:17).

effects of deforestation

Rapid deforestation has a tendency to change eco-systems, leading to erosion
as well as to changes In the climatic conditions. The exploitation of tree
growth on farm lands and community lands for fuelwood has not only exhausted
fuelwood suppliies but aiso led to accelerated erosion (Sharma 1978:207).

In parts of the Himalayan areas, removal of protective forest cover has
drastically reduced the water holding capacity of the areas, and ralins,
rather than being held by vegetation and the humum of the forest floor,

are swept away, carrying with them miilions of tons of silt. Streams
consequently dry up once the rainy season ends and drinking water shortages
occur, forcing women to walk long distances to gather water (Bandhu and
Bhardwa] 1979:253-254). Furthermore, much of the silt blocking India's
hydroelectric dams comes from this source (Sharma 1978:207).

Deforestation iIn the Himalayan region of states such as Uttar Pradesh
has been linked to the Increasingly disastrous flooding both in the
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Himalayas and In the Gangetic valley. The Director of Forestry In the

of Uttar Pradesh, In discussing the unprecedently severe flooding of
1978, attribued the problem to the combined effect of rapid draining of
denuded catchment areas and the sliting of rivers, with consequent loss
of carrying capaclty-<both of which can be directly traced to deforestation
(WER: Nov. 6, 1978: 5), To complicate matters, however, India's flooding
problems can be accounted for not simply by deforestation within it+s own
boundaries but in Nepal, where many of its rivers origlinate. Adequate
controi of the problem would therefore necessitate cooperation between
Nepal and India and involve massive reforestation programs In each
country (WER: Nov. 6, 1978:5),

In Jammu and Kashmir state, deforestation, resulting from heavy felling
of trees, gathering of fuelwood, overgrazing in forests, and clearing

of forest lands by nomadic peoples for cultivation, as well as from over-
grazing of pastures and other practices, has led to the denudatlon

of hilltops, reductions in wildllfe numbers, erosion, and consequent
silting of water bodies. (Bandhu and Bhardwaj 1979:231), :

I'n Rajasthan's Udalpur district, which differs from the remainder of that
otherwise arid and sparsely forested state In supporting a comparatively
luxurient vegetation, human pressures by growing numbers of tribesmen,

who depend forest resources for their livelThood, have stripped the
hillsides near the city of Udaipur, making reforestation efforts Imperative
(Bandhu and Bhardwa] 1979:235-236).

In the Himalayan state of Himachal Pradesh, where forests play an Important
role In supplying timber for construction, fuel for domestic purposes, and
fodder for domestic animals, there has been heavy clearing of forest lands
to supply more agricultural land for the growing population. Because the
soils are poor, however, erosion follows rapidly upon forest clearing;
heavy grazing by domestic animals iIn forests and village waste lands
exacerbates the problem enormously (Bandhu and Bhardwa] 1979:252-253).

Excessive runoff during the monsoon months and Insufficient water supply
during summer from rivers, wells, and springs are recurrent problems which
could be significantly alleviated throught afforestation of watersheds;

It has been urged that forest policy emphasize adequate reafforestation of
watersheds and the designation of such forests as protective forests
(3andhu and Bhardwaj 1979:220).

2.5.4 Forest policy

The Indian National Forest Policy was first announced In 1952. |+ called
for about one-third of Indian territory under forest cover: 60% in the
mountalins and 20% in the plains. The policy stressed the promotion of
village forests, and moves Inspired by this policy attempted to promote
tree-consciousness among the people, Including an annual tree festival
called Vanamahotsava (Eckholm 1979:14).

Forestry has been a component of India's five year plans. Under the
Fifth Plan (1974-79), the chief objective of forest policy was to secure
optimal benefits from fores+ resources, existing or to be created.
Environmental conservation was to be an Important consideration here.
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The second objJective was to meet the requirements of the nation and
torest Industries to achieve self-sufficlency In forest products.

The plan also urges increased exports of forest products to earn foreign
exchange and increase employment opportunities (Sharma 1978:28).

It has recently been reported that the government, alarmed by large
losses of forest areas Is planning to revise its forest policy by
considering environmental effects before allowing river valley clearing
projects. Furthermore, the National Commission of Agriculture has
suggested that the consent of state legislatures should be required for
essential deforestalton (WER March 26, 1979: 4),

A recent draft for a revised Forest Poiicy, prepared by a sub-committee
of the Central Board of Forestry, has the following salient features:
(1) emphasis on the need to manage forest resources for aiding economic
progress In the country, with particular attention to tribal welfare;
this includes attention to recreational and touristic activities that

do not damage natural habitats and other forest resources; (2) in view
of the fact that only about 22 to 23% of Indian territory Is under forest
cover--as opposed to the 33.3% recommended In 1952-=the revised policy
recommends that State Legislature approval be required for the diversif-
ication of forest areas to non-forest uses; (3) forests are classified
into: state forests; community and village forests; forests on other
lands; and private forests and tree groves; recommendations are made
concerning the regulation, containment, and replacement of shifting
cultivation; (4) the role of forests In environmental conservation,
production, social benefits (recreation, grazing, agriculture, timber,
fuel wood, minor forest production) Is treated at some length;

(5) the financing of forest development activities through institutional
finance Is proposed; areas identified as requiring urgent allocation of
resources are: watershed protection; nature and environmental protection;
development of communicatinns; forest-based Industries; export pro-
motion and import substitution; and recreation and domestic needs;

(6) emphasis is placed on the need for a uniform forest law with
adequate enforcement mechanisms; the need for efficient forest admin-
Istration is detailed; because forestry is an Important source of

emp loyment, the formation of cooperative and labor societies is also
recommended; (7) the Involvement of the school and college community

in forest management policy implementation Is also recommended; also
recommended are: nature conservation and environmental preservation

as school and college subjects; uniform forestry education for forestry
officers; a comprehensive analysis of long-terms needs for forest recsearch
programs (Bandhu and Bhardwa] 1979:215-217).

2.5.6 Forest plans

As of 1975 about 70.4% of the India exploited and exploitable forests
were covered by forest plans, designed to ensure the scientific, planned,
and useful exploltation of the forest resources. Because ina state

owns most of the forest land (about 93-95%) the responsibility for
developing such plans Is a state responsiblity (Thapar 1975:9).
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2.5.7 Forest preserves and forest plantations

Man-made forests (afforested areas) comprise about 2% of the total forest
area of India. These forests are concentrated In the south and south-
eastern part of the country In Karnataka and Taml| Nadu, where the major
species are teak and eucalyptus. Plantings in the northern regions,
particularly Uttar Pradesh and Bihar, are chiefly of bamboo and sissoo
(Thapar 1975:9). Up to 1968-69, the most ptanted specles, in descending
order of importance were: teak, eucalyptus, conifers and soft woods,
cashew nut, bamboos, sisso, babul, khair, casuarine, wattles, sal,
rubber, and sandal (Thapar 1975:62).

Reforestation efforts fall under several categories: economic plantations
for Industrial and comercial use, plantations of quick growing species,
and tarm forestry-cum-fuelwood piantations (Sharma 1978:13). Under the
Fourth Plan is was found that plantations of fast-growing species entailed
the highest expenditure per hectare (Rs. 743), economic plantation for
industrial and economlc use slightly less (Rs. 704), and fuelwood
plantations considerably less (Rs. 568 per hectare).

2.5.7.1 Social forestry

The government has expressed Increasing concern over the declining
real Income of the 72% of the Indian populaticn in the agricultural
sector of the economy; one facet of the effort to improve this
situation is the establishment of a chaln of rural cottage industries
based on the raw material, such as trees, that can be made avail!able
local ly.

The social forestry program calls for the planting and protection

of trees on waste land, mainly within established agricultural areas,
including margins of roads, rallways, Irrigation channels, and ITving
areas as well as the planting of tree crops on portlons of small farms
and village commons land unsuitable for other crops (World Bank 1979:
53). In the draft sixth plan, the social forestry program is considered
in terms of its beneflts in yields of firewood, land conservation, and
the production of raw materials to form the basis for emp loyment in
cottage iIndustries (World Bank 1979:53).

As recognized in the draft plan, which sets no quantitative targets for
land area planted or for production, difficult organizational problems
are Involved In the planting and protection of trees in scattered small
areas. It is emphasized that in order to succeed, strong local support
from local government, Panchayats, and voluntary organizations will

be indispensable, as well as Forestry Department assistance in the

form of provision of proper seedlings and technical support. Most states
still lack the Institutional framework for a successful social forestry
program. |t has been suggested that such programs could benefit from
Inclusion In the general extension service, particularly where Forestry
Departments are able to provide Inputs and technical support (World
Bank 1979:53)

Recent statistics for Uttar Pradesh Indicate that about 14,000 square
kilometers (1,400,000 hectares) of culturable wasteland would be Immedlafely‘

By
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avallable for such plantings plus an additlon 3,000 square kllomters

along roads, canals, and rallway tracks, on vacant mounds of village

tanks, and on village common lands, etc.  Although tree planting over

much of this area Is considered a troublesome proposition, a number of
useful species sultable for planting and useful for suppiying raw materials
for cottage Industries have been identified. These include: mahua

(Madhuca latifolla), neem (Melia azadirach), kanji (Pongamia pinnate)

aonla (Phyllanthus emblica), babool (Acacla arablca), mulberry (Morus alba),
arjun (Terminalla arjuna), sisso (Dalgergia slsso), dhak (Butea monosperma),
keo-~baboo! (Leucaena glauca), august (Sesbanla grandlflora), sirsa

(Alblzzia lebbeck), and species of eucalyptus (Bandhu and Bhardwa j
1979:221=222).

Cottage Industries based on such social forestry operations

might Include: rearing of sllk worms on. the leaves of mulberry and

arjun; village dalry Industries based cn leaf fcdder from trees such

as keo-baboo! and august; paper pulp Industry based on quick growing
species such as august; match production using poplars and arru (Allanthus)
In latitudes above 28 degrees north; oi! extractions from the seeds

of mahua, neem, and kanji; productlon of furniture, windows, doors,

and bullock carts using species such as babool; canning operations

based on the frults of the mango, guava, and aonla; tanning using the

bark of baboo! and arjun (Bandhu anmd Bhardwa] 1979:223-225).

Cost estlimates for soclal forestry operations run as high as Rs. 5,000
to plant a hectare of 1,000 trees of economlc value. Costs are high
because of the difficulties of raising trees In some marginal areas.

The envisioned program for Uttar Pradesh would, by this calculation,
require an investment of Rs. 50,000,000 to plant a total of 1,000 square
kllometers during the course of the sixth five year plan. In a pilot
project at Bihar, the Ford Foundation established a cost of Rs. 7,400
per hectare to plant mulbery and arjun for silk worm rearing (Bandhu

and Bhardwaj 1979:222-225).

Besides the creating of jobs, other benefits, arlsing to a large extent

from the contribution of forests to soll conservation and watershed pro-
tectlon, are expected from soclal forestry: prevention of air pollution;
decrease in the Intensity of floods; an anticipated 10% rise in the
productivity of agricultural land; creation of habitat for birds and

small wild life; an Increase In underground water sources; a decrease

In waterlogging as a result plantings along canal banks (Bahdhu and Bhardwaj
1979:225) .

Advocates of the social forestry program, emphasize above al | the
opportunitlies it offers for employment of the rural poor. The Director

of the Soclal Forestry Program In Uttar Pradesh has estimated that the
scheme of raising village forests over about 1,000 square kilometers
would provide employment over a flve year period to about half a million
people now living in extreme poverty. He concludes: "...it+ Is clear that
1f we want to stem the tide of rising poverty and all that goes

with 1t there is no éscape from implementing a programme of planting
trees and ralsing village forest on a mass!ve scale particularly

in thickly populated areas where there are very few forests and
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a large number of villagers are living below the grinding poverty llne,
by making available necessary funds and by creating an etfective
organization to Implement Is, so that a chaln of rural cottage Industries
could be established"(Bandha and Bhardwa] 1979:225-226), :

2.5.7.2 preservation plots

Preservation plots are miniature reserves that serve to protect representa-
tive areas of the chlef types of forest and of exceptional trees of
Indla. Although the first preservation plot was set aside as early as
1905 In the sal forests of Bihar, major moves In this direction were

only taken after the meeting of the Third Silvicultural Conference in
1929. By 1939, the date of the Fifth Stivicultural Conference, 112

plots had been laid out In different areas; this conference recommended
that actlon be taken to designate further plots, with the objJect of

(1) preserving examples of existing forest as far as possible In thelr
present form and (2) preserving such selected forest plots from all forms
of injury, so as to permi+ progression towards the climax form. As of
1974, when the first extensive survey of these plots was comp leted,

there were 138 preservation plots throughout the country (163 In natural
forests and 25 In plantations) covering an area of 8,422.35 hectares
(8395.18 In natural forests and 22.17 In planatations). Sizes of plots
ranged from 0.01 hectares in Himachal Pradesh to 4,000 hectares in Assam.
Thirteen of the states and union territories have no plot (Preservation
Plots...1975: Preface, I).

2.5.7.3 the chipko movement

An Interesting grass-roots attempt to save India's dwindling forest
resources Is the Chipko Movement among the hill people of Uttar Pradesh.
Led by a disciple of Ghandi, Chandi Prasad Bhatt, the Chipko ("hug

the trees'") movement, with headquarters In Gobeshwar, cons!st+s most |y

of literate or semi-literate people who are concerned not only because
they must travel increasingly further distances to gather firewood

for domestic uses but also because they recognize the relationship
between the deforestation and soll erosion and drying up of water resources.
Although the Chipko movement has focused its efforts on the prevention

of further tree cutting (its most famous victory was achieved when

a group of women, In the face of armed opposition, prevented a logging
company from cutting down a forest by refusing to let go of the trees),
Its leaders also look to the future, advocating a rational forest policy
that will take human needs Into consideration. Among other things

they argue for more small-scale participation In forestry operations

and the establishment of small-scale local Industries based on forest
products to enable local people to reap more of the economic beneflts
from the forest resource Instead of simply earning small sums as lumber Jacks
for large logging companies. They belleve that Increased earnings
resulting from these and other Job opportunities will enable peop le

to afford fuels other than wood for cooking and heating purposes, a
development that would be doubly beneficial, taking some of the pressure
off the limited forest resources and relleving people of the drudgery of
lenthy wood-gathering expeditions. For the short range, however, leaders
of the Chipko movement are calling for the development of cheap devices
to make wood carrying less difflcult (Agarwal 1978:16=19),
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2.6 WILDLIFE

2.6.1 Wildlife resources %

India has a great diversity of fauna corresponding to its diversity of p

hy=-

sical and climatic conditions. There are an estimated 500 species of mammals,
1,200 species of birds, and some 30,000 Insect species as well as abundant

fish life and reptiles (Indla, Min. of Inf. 1978: 4).

2.6.1.1 mammals

Among the cat species are: the snow leopard of the Himalayas (Panthera
unclial); the Asiatic Iion (Panthera leo persica), once common throughout
the plains of the Ganges and Into fhe desert zone of Rajasthan but now
limited to the Gir Forest in Gujarat; the Indian tiger (Panthera tigris)
--the national animal of India=-, whose habitat has covered much of
peninsular India and areas of the north and north east; and the leopard
(Panthera pardus), which was once widely distributed throughout most of
india but Is now found only in sanctuaries. There are also the clouded

leopard (Neofelis nebulosa), the golden cat (Felis temmincki), the jungle

cat (Felis chaus), the fishing cat (Felis viverrina), the Rusty spotted
cat (Fells rubiginosa), the marbled cat (Fells marmorata), the lynx
(Felis lynx), Pallas's cat (Felis manul), and the caracal (Felis caracal

Deer and antelope’ species Include the rare Kashmir stag or hangu!

).

(Cervus elaphus hanglu), about 250 of which are left in the forests around

the Vale of Kashmir; the swamp deer or hardground barasingha (Cervus du-
vauceli branderi), about 3,000 of which remain in Isolated marshes

and open woodland in the east, northeast, and north of the country;

the brow-antlered deer or t+hamin (Cervus eldl), limited to about

25 individuals In the marshlands of Manipur State; the musk deer
(Moschus moschiferus) a unique Indian species, of the moist mountalnous

forests of the north; the blackbuck or Indian antelope (Antilope cervicapra),

scattered occurrences of which are found throughout its earlier range,
which had included almost the whole of present-day India with the
exception of the northeast; the diminutive mouse deer or Indlan chevro~--
tain (Tragulus meminna); the Chousingha or four-horned antelope (Tetra
cerus quadricornis)--the only four-horned mammal and a uniquely IndTan
species found in hilly areas In southern India; ; the chinkara (Gazella
gazella); the nilgal (Boselaphus tragocamelus), falrly common in

Bihar and Madhya Pradesh; the sambar (Cervus unicolor), a forest

deer found throughout the southern Peninsula; the chital (Axls axis),

a quick-breeding species stil]| surviving In large numbers Tn most

of the southern peninsula; and the muntjac or barking deer (Muntiacus

*The Inventory of Indlan widllfe presented here represents a synthesis of
several sources: Putnam 1976; India. Indian Board of Wildi1fe 1970;
Krishnan 1975; and Mani 1974, '
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munt Jak), confined to the hil]| forests In the southern reninsula,

Wild goat and sheep species include: the markhor (Capra falconeri),
about 250 of which make their home in Indla's Himalayan foothills;

the Himalayan tahr (Hemltraqus Jemlahicus), a shaggy goat thinly scatter
betwsen Kashmir and Bhutan; the Nilgirl tahr (Hem! traqus hylocrius),
about 1,000 of which inhabl+ steep cliffs In the Western Ghats In Kerale
and Tamil Nadu; the ladakh urial (Ovis , which survives In scattered
herds along the upper Indus in the Himalayas; the ibex (Capra ibex);

the Assam takin (Budorcas taxicolor taxicolor, occurring In the mountalin
of Assam; the serow (Capricornls sumatraensis); and the bharal or blue
sheep (Pseudols nayaur) of the HImalayan areas.

There are two varleties of wild asses: Equus heminous klang==the
kiang, and Equus hemionus kKhur--the Indian willd ass, now limited to
something over 700 individuals In the Rann of Kutch in Gujarat,

Wild ruminants include the gaur or Indian bison (Bos gaurus), an

animal whose numbers have been greatly reduced by domestic Ilvestock
diseases such as rinderpest; Its greatest concentrations are now In

the low-elevation hill forests of the south; and the wild buffalo
(Bubalus bubalis) (the source of most strains of domesticated Indian
buffaloes), about 2,000 cf which stil] survive In jungles and riverine
marshes mostly in Assam, but also in Orissa, Andrha Pradesh, and
Madhya Pradesh. The wild yak (Bos grunniens) survives In small numbers
In remote mountain areas on Indla's border with Tibet.

The larger ungulates are represented by the Aslatic elephant (Elephas

maximus), found In the hiil forests along the Western Ghats In the South
in the interior hill-forests of Orissa and 8ihar, in similar habltats

In Uttar Pradesh, as well as in West Bental and Assam. By a

recent estimate about 7,000 of these animals, which have also been
domesticated, remain in the wlid. The great Indian rhinoceros
(Rhinoceros unicornis), whose habltat had extended to the whole Ganges
basin, is now limited to about 900 Individuals 1n Assam, 700 of which
are In Kaziranga National Park.

The sloth bear (Melursus ursinus), the only bear of the Indian peninsula,
Is becoming Increasingly rare in this area; It is found In parks and
sancutaries in Tamll Nadu and Maharashtra. Not a bear, but rather a
relation of the raccoon is the red panda (Allurus fulgens), which

occurs in the Himalayas.

The many monkeys include: the bonnet monkey (Macaca radiatal); the
Rhesus monkey (Macaca mulatta); the liontalled macaque (Macaca sl lenus),
with about 500 Tndivuals surviving In the evergreen forests of the
Western Ghats in Tami! Nadu and Kerala; the capped langur (Presbytis
plleatus) of Assam; the common langur (Presbytis entellus); and the
NTIgirl langur (Presbytis Johal). The golden langur, a rare species,

Is found only on the Bhutan border. The hoolock (Hylobates hoolock),

a small gibbon, Is confined to the rain forest of the northeast.

Do
&5
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Common throught the southern peninsula s the small Indian civet
(Viverricula indica), which is found in open deciduous forest and scrub
Jungles and is also found around villages; found In similar areas is
the common paim clvet (Paradoxurus hermaphroditus). The common mon-
goose (Herpestes edwardsi) I1s also common in open scrub areas throughout
the peninsula, while the stripenecked mongoose (Herpestes vitticollls)
occurs most frequently in deciduous forests along the Western Ghats.

The binturong (Arctictis binturong), another types of civet, was listed
among the species threatened with extinction by the Expert Committee in
1970.

The wild pig or boar (Sus scrofa cristatus) occurs throughout India;
in the peninsula Its most common hablfat Is open forests, from which
it makes raids into cultivated fields. The pygmy hog (Sus salvanius),
however, is limited to belts of marshy grassland In Assam and the
Himalayan foothills; because sightings of this animals are so rare,
the 1970 Expert Committee |isted It as presumed extinct,

Wild canine speclies also occur in India. The striped hyena (Hyaena
hyaena) occurs in both forests and In rocky bush country in the southern
peninsula, but is also widely distributed throughout the rest of the
country, including the Rajasthan Desert. A well-known scavenger whose
howling has been one of the common features of the nighttime hours in
India, the jackal (Canis aureus) occurs throughout India; in the peninsula
Its presence has been noted particularly around villages on the forest's
edge, while in the desert area of Rajasthan it dwells in caves, where
the wolf (Canis lupus) is also found. The dhole or wild dog (Cuon alpinus),
- found chiefly in forests in southern India, has often been considered
a nuisance animal and therefore the object of government bounties.

The smallier mammals of India Include the large brown flying squirrel
(Petaurista petaurista phillippensis), the Indian giant squirrel (Ratufa
indica), the Indian porcupine (Hystrix indica), the Indian hare (Lepus
nigricollis), the hispid hare (Caprolagus hispidus), the hog badger
(Arctonyx collaris), many bats, and large numbers of rodents, which are
especially common In the desert areas of India, where their assaults

on the sparse vegetation are cited as a cause of desertification

(NCEPC 1977).

2.6.1.2 birds *

The abundance of colorful bird 1ife includes the peacock, the national bird.
In the forests and wetlands are found pheasants, geese, ducks, mynahs,
parakeets, pigeons, cranes, hornbills, and sunbirds.

The abundance of bird Iife In India Includes some |7 orders and 63 famiiies,
and 1,200 species, Including (by order and common English designation):
Podicipitiformes: grebes; Pelecanlformes: palicans, cormorants, darters;

¥This brief outline of Indian birdlife is from Salim All, The Book of Indian
Birds, 10th edition (revised and enlarged). Bombay: Bombay Natural History
Society, 1977. The most recent exhaustive work Ia this area Is contained In
Salim All and S. Dillon Ripley, Handbook of the Birds of India and Pakistan,
10 volumes, Oxford University Press, 1968-74, G
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Ciconilformes: herons, egrets, bitterns, storks, Ibises, spoonbillis,
and flamingoes; Anser!formes: ducks and geese; Falconlformers: hawks,
vultures, and falcons; Galllformes: pheasants, jJunglefowl, patridges,
eand qualls; Grulformes: button and bustard-qualls, cranes, rails, coots,
and bustards; Charadi!formes: Jacanas, oystercatchers, plovers, curlews,
"whimbrels, godwits; painted snipe, stilts, avocets, stone curlews, coursers,
gullis, and terns; Columblformes: sandgrouse, pigeons, and doves; Psittaci-
formes: parrots; Strigiformes: barn owls and owls; Caprimulglformes: night=
Jars; Apodlformes: swifts and crested tree swifts; Coracilformes: king=
fishers, bee-eaters, rollers, hoopoes, and hornblils; Piciformes: barbets
and woodpeckers; and Passer|formes: pittas, larks, swallows, shrikas,
orloles, drongos, swal iow=shrikes, mynas, crows, tree plies, cuckoo-shrikes,
minivets, loras, bulbuls, babblers, fiycatchers, warblers, thrushes, chats,
robins, tits, nuthatches, pipits, wagtalls, flowerpeckers, sunbirds, white-
eyes, house and ye!lowthroated sparrows, weaver birds, munias, rosefinches,
and buntings.

Although each part of the country has Its own most common specles, the

most common birds throughout the country are the sparrow and the house

crow, followed by mynas and bulbuls. The common peacock (Pavo cristatus),
the Indlan national bird, Is found In dense scrub and deciduous jungle

both on plains and in the foothllls through India and occurs local ly

up fo 5000 feet in the Himalayas. The rarest birds include the mountain
quail (Orphrysia superciiliosa), Jerdon's courser (Cursorius bitorquatus),
and the Pinkheaded duck (Rhodonessa caryophyllacea). These birds are con-
sidered endangered as are also the great Indian bustard, a large heavy
groundbird whose range once included most of the Peninsula and the
Indo~Gangetic plain but which now occurs only In scattered locatation

In grasslands In western Indla; the western tragopan (Tragopan me | anocephalus),
a type of pheasant Iimited to the Western Himalayas In Himachal Pradesh;

the Siberlan white crane (Grus leucogeranus), once a regular winter

visitor to much of the Ganges but now seen only In Keoladeo Ganga Sanctuary;
and the white-winged wood duck (Calrina scutulata), a rarely seen Inhabltant
of secluded jungle areas of Assam.

2.6.1.3 reptiles

The rivers and lakes of India provide habltat for crocodiles and gharials,
the latter of which are unique to thelr order. Endangered are the gavial
or gharial (Gavialis gangeticus), formerly common In the Ganges and Brahma-
putra Rivers and thelr tributaries but now severely depleted by hunters.
An lInvestigation In 1973 along some 5,000 kIlometers of waterways formerly
serving as habltat for the gavial uncovered only six In the course

of three months. The mugger crocodile (Crocodiius palustris), once

common throughout india, even in the larger lakes of the Indlan Desert,

Is also listed as an endangered specles as Is also the once widely
distributed estuarine crocodile (Crocodylus porosus), which Is now

IImited to mangrove areas of Orlssa and the Sunderbans of West Bengal
(Singh 1976: 540).
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Probably the most famous of the India reptiles is the deadly cobra
(Naja naja), which along with the kralt (Bungarus caerulus)

Is among the most deadly polsonous snakes In The world. Other common
poisonous snakes ere Rusells viper (Vipera rusellli ruselii), found In
dense jungle hills, open plains, and paddy fields, and the saw=-scaled
viper (Echis carlnatus), a denizen of arld, rocky, and sandy regions.
The Indian dosert has some 18 species each of |izards and and snakes,
the most common of which is the viper (E. carinatus).

2.6.1.4 1Insects

Among the estimated 30,000 species of Indlan Insects are the malaria-
carrying mosquito and the destructive moths and locusts. The desert
locust (Schistocerca gregaria) is the most voracious destroyer of

greenery, swarms of about one square kilometer in size being .capable
of destroying 200 to 300 tons of vegetation in a day (NCEPC 1977:26).

2.6.2 Utilization of wildlife

Wildlife and wildiife areas today serve as tourist attractions. Trade
in wildlife products such as skins and feathers, etc. Is a practice
which continues despites severe restrictions. Wildlife also serve as
a8 source of products such as traditional medicines. Wildlife are
certainly a source of food, especially for tribal groups, but no in-
formation on this practice could be found.

Elephants in the past have been captured as beasts of burden, and there
are indications that this practice still takes place (Putnam 1976).
Forest agencles in the Indian states still use elephants In timbering
operations in national parks. An estimated 30 to 35 are in use at
Mudumali Park in Kerala. Elephants and other wildlife all serve as
tourist attractions. In some parks, tamed elephants are used to
transport tourists through the parks (Personnal communication: Inter-
national Division of the U.S. Park Service).

2.6.3 A brief history of wildlife conservation in India

India Is said to have had a long tradition of wildlife protection and con-
servation. In ancient times, for example, forests and their wiid inhabitants
were protected as part of religious practice, and activities such as hunting,
fishing, or felling of trees were forbidden in the vicinity of a ftemple.
Later this respect for nature was translated into laws. As early as the reign
of Chandra Guptas in the third century B.C. regular game laws were enforced
through the agency of a regular forest nrganization headed by a superintend-
ent. Afforestion was considered essential, while wild animals and fores”
products were strictly protected. Even the king=--the one person permitted

to hunt-~limited his activities to one elaborate hunt each year. This
protection of wildlife and forests continued over the centuries, becoming
more complex under the Guptas (400-600 A.D.), during whose period of
ascendancy the king himself was prohibited from kKiliing certain specles

such as the peacock (Mani 1974: 362-363).

s 8
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The deterloration of forests and consequent declines In wildllfe have been
traced to the onset of Moslem rule from the eighth century A.D. onward,
during which period conservation laws and practices fell into neglect,

to be revived only with the coming of the era of Moghu! rule In 1526 A.D.
Ouring the 16th and 17th centurles hunting became a fashlionable sport
among the ruling Moghul class, with elephant, llon, tiger, buffalo, wild
goat, and blackbuck the most prized animals, With the coming of the Euro-
pean colonists to Indlan, another element was introduced onto the scene,
as items such as panther-heads and skins, rhinoceros horns, and elephant
tusks became prized trophies for British officers to ship home to England
(Mani 1974: 364-365); later, however, the British colonial government

also Introduced the laws for wildlife protection which formed the basis
for recent legisiation in this area.

The 18th and 19th centuries also saw The beginning of massive environmental
changes such as the clearing of forests areas following the foundation

of Calcutta in the 18th century. The reclama*ion of swamps fand for
Industrial development and the extension of agricultural activity and

human settlements Into the areas surrounding Calcutta led to the disappearance
from these areas of animals such as the Javan rhino, the wild buffalo,

the swamp deer, the barking deer, and the fishing cat (Manl 1974: 365-366).

The factor of human Influence on the disappearance of species has
Intensified In importance since the period just preceding and following
Independence in 1947. This has been a period of rapid population growth
during which the Indian population has nearly doubled, undergoing an
Increase of nearly 300,000,000 persons. The Increase of population alone
has created pressure on wildlife habitat. But other factors have also
come into play. According to one observer of the situation: "...the cult
of civil disobedience, propagated by political leaders during the freedom
struggle and regularly practiced by diverse parties since then, has had
the result of generating a...contempt for all laws, Including forest and
game protection laws, so that kiTling of wildlife flourishes comp [etely
unchecked, particularly because there Is a flourishing export market for
Such goods (Mani 1974:366). It has been estimated that this disregard
for law and a growing skepticism towards religlous taboos and customs
combined with the used of modern weapons has resulted in the loss of
wildlife habitat since the beginning of the 1950's equivalent to or

even greater than that experienced during the entire previous course of
Indian history (Mani 1974:366).

2.6.4 Endangered and extinct specles

"The wildlife of India," reported an Expert Committee on wiidlIfe and
national parks In 1970, "is approaching extinction." This problem

Is reported to have become especially severe with the onset of Wor I d

War || and to have increased considerably after Independence was achieved
in 1947: "Crop protection and self defense were common excuses used for
widespread massacre, and unrealistic shooting rules and Ineffective
conservation laws did the rest" (India. IBW 1970: 29).

As Is clear from the brief review of indian wildlife presented above,
many species of Indian animals have experienced drastic reductions in
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their numbers. Others have completely disappeared or are on the brink

of extinction. Among the species now recognized as extinct In India

are the cheetah (Acinonyx Jubatus venaticus), the Javan rhinoceros
(Rinoceros sondaicus), and the Sumatran rhinoceros (Rhinoceros sumatrensis),
Other animals such as the hispid hare (Caprolagus hispidus) and the

Pygmy hoa (Sus salvanius) were categorized as "presumed extinct" by the
expert committee in 1970, which also llsted the chinkara, the sloth bear,
and the leopard as locally extinct in many of Its earlier habitats

(India. Indlan Board of Wildlife 1970).

The Iist of animals now considered endangered Is presented on pages 72a
and 72b. This list is drawn from three sources: from the 1979 edition
of the U.S. Fish and Wildlife Servica !ist of Endangered and Threatened
Wildlife and Piants; from the list of animals considered endangered or
extinct by the Indian Board for Wildlife in i+s 1970 report Wilidlife
Conservation in India; and the IUCN Red Data Book List of threatened
and endangered mammals. [t should shou!d be noted that some of these
animals may In fact already be extinct.

2.6.4.1 Causes of depletion

changes in and destruction or habltat

The 1970 report of the Expert Commission on Wild!ife I1sts changes in
habitat as the chief factor leading to the reduction of wildlife numbers.

This has come about because of the loss of land under forest and the en-
croachments of industrial and other commercial enterprises on reserved
lands or close to sanctuaries. In many cases, government authorities
have ceded large tracts of land within reserved forests or have permitted
grazing, fuel collection, and other practices (India. Indian Board for
Wildlife 1970: 3),

Development projects such as hydroelectric Installations and multi-purpose
dams have also brought about deforestation and loss of wildlife habitat,
while marshy areas have been drained without concern for their importance
as waterfowl| reserves and breeding places. Furthermore, natural wildlife
habitats have been altered as native forest areas have been planted

with exotic species such as eucalyptus and wattle. Increases of human
activities within or close to wildlife areas endangers wildlife hablitat
through the pollution of air, soil, and water that may result in the
deaths of large number of animals, birds, and fish. The dangers to
wildlife from increasing use of pesticides constitute a problem as well.

The construction of dams and artificial canals, along with hunting

are said to have been responsible for the serious reduction In numbers of
the Indian gavial. This crocodillan reptile was also killed by flsherman
who caught it in their nets (Salvadori and Florio 1978:175).

As human habitat pushes closer to remalining wildlife areas, conflicts

arise between agricultural interests and those of wildlife, which may

enter cultivated fields or pose a threat to the Ilves of farmers and

their families. Much wildlife has been destroyed by farmers using crop
protection guns to drive animals off their flelds. I+ has recently been
reported, for example, that more elephants are now shot as a crop pro- O
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ENDANGERED SPECIES OF INDIA

fw: species listed in the 1979 reprinting of Endangered and Threatened Wild!|[fe
anc Plants of the U.S. Fish and Wildlife Service
ib: listed In by the Indian Board of Wildllfe (1970)

r: listed in the IUCN Red Book as endangered In Indla (applies only to mammais)
!

sl: animals listed in Schedule | of the Indian Wildlite Protection Act 1972:
hunting forbidden
stl, s'll: animals Iisted In Schedules Il and ||| of Indian Wildlife Protection
Act: hunting permitted with and under the conditions specified in a |license.
Schedule Il and 11| membership is Indicated only for those animals already on
other lists,
MAMMAL S
fw b r si Great Indian rhinoceros Rhinoceros unicornis
fw r Sumatra rhinoceros Didermocerus sumatriensis
fw r sl Asian elephant Elephas maximus
fw r sll Seladang (Gaur) Bos gaurus
fw r sl Wild yak Bos grunniens mutus
ib r sl Aslan buffalo Bubalus buballis
fw Ib r si Wild Asian Ass Equus hemionus
sl Takin or mishm! takin Budorcas taxicolor
sl Tibetan gazelle Procapra picticaudata
fw b r sli Eld's brown-antlered deer/thamin Cervus eld]
fw slll Hog deer Axis (Hyelaphus) porcinus annamiticus
fw ib r sli Swamp deer Cervus duvaucel i
fw b r sl Kashmir stag Cervus elephus hanglu
Ib r sl Himalayan musk deer Moschus moschi ferus moschiferus
ib r sil NIlgigl tahr Hemitragus hylocrius
b sl Bharal Pseudois nayaur/Ovis nahura
sl Ovis ammon/nyan Ovis ammon hodgson|
b slll Indian ibex Capra ibex
ib slll Chinkara Gazella gazella bennetti
ib sl Blackbuck Antilope cervicapra
fw Ib sl Urial or shapu Ovis vignel
ib r sl Markhor Capra falconer]
Gibbons Hylobates spp.
fw ib sl Hylobates hoolock
fw ib sl Capped langur Presbytis plleatus
fw Entellus langur Presbytis enet.'us
ib r sili John's langur Presbytis johnii
ro sl Golden langur Presbytis geel
r Snub-nosed langur Rhinopithecus roxellanae
fw b r si Lion-tailed macaque Macaca silenus
fw Stump-tailed macaque Macaca arcytoides (listed as Assam)
fw b r sl Leopard Panthus pardus
fw 1Ib r sl Tiger Panthera tigris
fw ibe s Cheetah Acinonyx jubatus
fw b r sl Snow leopard Panthera uncia
fw b r sl Asiatic lion Panthera leo persica
ib r sl Clouded leopard Neofells nebule::
sl Leopard cat Felis bengalensis
b sl Golden cat Felis temmincki
b sl Fishing cat Fells viverrina
b sl Rusty spotted cat Felis rubiginosa
b sl Marbled cat Felis marmorata g\

ib s| Lynx Felis lynx
ib sl PZIIasT'caT zelis manul
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MAMMALS (cont) .
1 sl Caracal Felis caracal
fw sll Asiatlc wild dog(Dhole) Cuon alplnus
ib si Indlan wolf Canis lupus
slll Tibetan wolf Canls lupus
sl Malabar large-spotted civet Vivvera megasplia
ib sl Binturong Arctictis binturong
sl Spotted linsang Prionodon pardicolor
fw sl Hispid hare Caprolagus hispidus
fw Ib sl Pygmy hog Sus salvanius
b sl Hog badger Arctonyx collaris
sl Loris Loris tardigradus
sl Slow loris Nycticebus coucang
ib slll Sloth bear Melursus ursinus
ib sl Red panda Ailurus fulgens
sl Pangolin Manis crassicaudata
ndus dolphis Platanista Ind!
fw b sl Dugong Dugong dugon
BIRDS
fw sl Great Indian Bustard Choriotis nlgriceps
fw si Pink-headed duck Rhodonessa caryophy! lacea
fw sl White-winged wood duck Cairina scutulata
fw Relict gull Larus relictus
fw sl Blyth's tragopan pheasant Tragopan blythiti
fw sl Sclater's monal pheasant Lophorphorus sclateri
fw sl Western tragopan pheasant Tragopan melanocephalus
fw sl White-eared pheasant Crossoptilon crossoptilon
fw ib sl Great White Crane/Siberian Crane Grus leucogeranus
b sl Crimson tragopan Tragopan satyra
b Peacock pheasant Polypiectron bicaloratum
b Bengal florican Eupodotis bengalensis
b Large pied hornbill Anthracoceros malabaricus
b sl Mountain quall Ophrysia superciliosa
ib sl Jordon's courser Cursorius bitorquatus
sl S8azas Aviceda jeordoni and Aviceda leuphotes
sl Cheer pheasant Catreus wallichli
sl Great Indian hornbill Buceros bicornis
sl Lammergeier Gypaetus barbatus
sl Narcondom hornbill Rhyticeros (undulatus) narcondami
sl Peafowl Pavo cristatus
sl Whitebellied sea eagle Hallaetus leucogaster
REPTILES
fw ib sl Mugger crocodile Crocodylus palustris palustris
fw sl Gavial (Gharial) Gavialus gangeticus
fw Bengal Monitor Varanus bengalensis
fw Yellow monitor Varanus flavescens
fw Desert monitor Varanus griseus
fw Indian python Python molurus molurus
fw River terrapin (Tuntong) Batagur baska
fw Flap-shell Indian tortoise Lissemys punctata punctata
fw Indlan sawback turtle Kachuga tecta tecta
fw Indlan softshell turtle Trionyx gangeticus
fw Peacock softshell turtle Trionyx hurum
fw Spotted pond turtle Geoclemmys (=Damonia) hamiltonii No.India
fw Tgree-keeled Astan turfTe Geoemyda (=NTcorla) Tricarinata Cent.lIndis
b si Estuarine crocodi le Crocodl! lus porosus

G
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tection measure than by poachers (Elephant Conference 1979).

commercial expioltation

Much of Inaia's wildlife, particularly leopards and tigers, were killed
In large numbers because of the value of their skins and furs. This
activity has now been banned; however, as wildllfe habltat Is destroyed
and human settlements come progressively closer to wildlife sanctuaries,
the danger of loss of wildlife from the activities of professsional
hunters and poachers increases. Animals have been trapped, netted,
poisoned, and shot for their meat, ivory, horn, fur, or feathers. Motor
vehicles with spotlights have been used for hunting both within and
outside of forests. Village shikaris (hunters) are said to have kept
watch at waterholes where they have killed every animal regardless of
legal restrictions. Because there have been no provisions for wildlife
provection in such areas, the destruction is reported to be most severe
in uncultivated wastelands, although large scale trapping has also taken
place on seashores and other areas. Poachers has also been a ma jor prob-
lem even in wildlife sanctuaries and national parks. Furthermore, there
is evidence that crop protection guns intended to frighten off animals
encroaching on cultivated fields are used for outright destruction

of animals as well. Illegal removal of wood and other plants from forests
also contributes wildlife depletion (India. Indian Board of Wildllfe
1970).

grazing

Grazing of livestock within forest areas and even within sanctuaries has
created problems not only because wildlife must compete with cattle and
other domestic animals for the limited food supply but also because
livestock may transmit disease to wild animals. In 1968, for examp le,
large numbers of gaur (wild ox: Bibos gaurus) in Mudumalai and Bandi-
pur Sanctuaries were killed off by rinderpest contracted from domestic
cattle grazing in the area.

2.6.5 National parks and reserves

As of 1971 the IUCN Iisted |4 national parks and wildlife sanctuaries
meeting the criteria of size, supervision, etc. necessary for inclusion

on its list; this number had been ralsed to 16 on the 1975 IUCN list.

A recent listing (April 1979)--presumably from Indian government sources--
includes 20 national parks, 190 wild |ife santuary covering a total

of some 62,050.882 square kilometers (6,205,088.2) or less than 2%

of total Indian ferritory (see table, page 74). There are also some

24 zoological gardens. '

Density of population in India has prevented the government from declaring
nature reserves of any great size. India's largest Wildlife Sanctuary
(129,500 ha.) is small compared with some of the larger parks and sanctuaries
in countries such as Brazil, Cameroon, Colombia, Chile, Ghana, Indonesia,
Kenya, Tanzanla, and Uganda.

ol
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NATIONAL PARKS AND WILDLIFE SANCTUARIES BY STATE AND UNION TERRITORIES
Sourca: Natlonal Parks and Sanctuaries in India (MImeographed). April 1979.

Sanc- area In
Natl. tuar- square

state Parks les kllometers
Andra Pradesh I3 8,683.10
Andaman and Nicobar 4 20.00
Arunachal Pradesh 4 3,000.57
Assam ! 6 1,315.00
8ihar 14 4,401.39
Goa, Daman and Diu 3 353.00
Gujarat 2 5 6,834.58
Haryana ! 1.20°
HAimachal Pradesh i 26 2,286.30+
Jammu and Kashmir 4 196.80+
Karnatka 3 15 5,750.58
Kerala | 6 2,299.00
Madhya Pradesh 3 21 11,277.75
Maharashtra 4 8 4,276.76+ 67.977 at Borivili
Manipur | 25,00
Meghalaya | 85.00
Mizoram | 180.00
Nagaland [ 202.00
Orissa 13 2,803.00
Pun jab 4 249.40
Rajasthan H |,548.00+ +2825443 bighas)
Sikkim ! 850.00
Tami| Nadu | 6 2,045.77
Uttar Pradesh 2 Il 4,833.62
West Bengal 12 3,564.05
TOTAL 20 190 62,050.88

The chief difference between a National Park and a Sanctuary lies In the method
by which they have been created: National Parks by an Act of the State Legis-
lature and Sanctuaries by an executive order. Although protection for
animals is more strictly maintained in National Parks than in the Wild

Life Sanctuaries, a certain amount of human encroachment on the park

areas is almost unavoidable for both types of area. According to a IUCN
assessment of the situation in 1971, exploitation of forests In conjunction
with forest management and replanting was not excluded by the granting

of National Park status and livestock grazing, although prohibited

In the parks, was difficult to suppress. Parks, however, contain certain
areas known as Inner santuar!es (abhayaranya) in which strict protection

is maintained (IUCN [97!: 259-260).

State governments receive central government funds for the lmprovemenf
and development of national parks and sanctuaries.

The establishment and administration of national parks Is constitutionally
reserved to the Individual Indian states. Nevertheless, the central govern-

A
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ment, !n an effort to ensure some uniformity among parks and to guarantee that
parks eutablished by states would meet certain criteria, proposed In 1957

a Model Bill for the constitution of Natlonal Parks to serve as the basis

for enactments by state legislatures. 1964 saw both the preparation of a
National Parks Policy and the Issuance of Standards for National Parks In
India under which only those areas conforming to standards lald down by the
central Indian Board for Wild Life (under the Ministry of Agriculture)

would be eligible for upgrading to National Park status by state legislation.

The central government body concerned with parks and wildlife Is the Indian
Soard for Wildlife under the Inspector General of Forests within the Minlstry
ot Agriculture and Irrigation. The Board was responsible for arriving at

the officlal definition of National Park for India. There are also

State consultative bodies with functions similar to those of the India

Board for Wild Life. Most of them employ a State Wild Life Officer; some
have established a WIldlife Department as distinct from the State Forest
Department.

2.6.5.1 Selected national parks and wildlife santuarles (see also map, page 75a)

Bandipur National Park (Karnataka) [1977 IUCN L1st+] PROJECT TIGER
Established: 1941: the Park offers total legal protection
Slze: 874.20 km2 (IUCN 1977 states 5,695 ha.)
Animals: elephant, sloth bear, tiger, leopard, sambar, chital, munt jac,
gaur; abundant bird Iife Includes peafowl and jungle fowl;
most of the best-~known Indian snakes occur.

The gaur herd was much reduced by rinderpest in 1969.

Bandhavgarh National Park (Madhya Praesh)
Established: 1968 (still in the development stage)
Area: 105 km2 (also reported as 165.00 or 267.75 km2: IUCN 1977 It1st)

Animals: tiger, panther, gaur, chital, sambar, nilgal, sloth bear,
barking deer, wild board and upland birds. The park is re-
ported to be the home of white tigers.

Sorivili National Park (Maharashtjra) [1977 IUCN List]
Established: 19697
Size: ca. 69.30 km2
Animals: leopard, munt jac, monkeys; plentiful birdllfe

Chandraprabha Varnassi Sanctuary
Established:
Size: 78 km2
Animals: nilligai, plg, chinkara, sambar, and chital; since 1957 it has
been the home for the Indian Ilon, brought from the Gir Forest
in Gujarat,
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Map Indicates: those areas designated as natlonal parks; those areas recognized by
the IUCN on its 1977 Iist*; other areas mentioned on the IUCN 1977 list; and other
parks shown on the map accompanying Putman 1976,
W.5.= N.P.= National Park; W.S.=Wildiife Sanctuary; S.=Sanctuary

JAMMU AND KASHMIR
1. Dachlgam W.S.

HIMACHAL PRADESH
2. Rohla N.P.

UTTAR PRADESH
3. Corbett N.P.*
(PROJECT TIGER)
4. Dudwa N.P.
5. Govind Pashu Yihar W.S,
6. Kedarnath S.
7. Chandraprahba S.

SIKKIM
8. Khangchandzoanda (7) N.P,

ARUNCHAL PRADESH
9. Namdata W.S.

ASSAM

10. Kaziranga N.P,*

11, Manas W.S.*
(PROJECT TIGER)

12. Sonal Rupal W.S.

13. Lakhawa W.S.

MANIPUR
14, Keibul Lamjao N.P,

WEST BENGAL

13, Jaldaperas W.S.*

16. Mahanadi W.S.

17 Sanchal W.S,

18. Sunderbans Tigcr Reserve
(PROJECT TIGER)

BIHAR

19, Hazarlbagh W.S.*

20, Palamay W.S.
(PROJECT TIGER}

ORISSA
21. Simillpal W.S.
(PROJECT TIGER)

GUJARAT

22. Glr Forest N.,P.*
23, Valavadar N,P.

24, Nal Sarovar Bird S.
25, Wiid Ass Sanctuary

RAJASTHAN

26. Ranthambore Tiger Reserve
(PROJECT TIGER)

27, Sariska W.S.*

28, Keoladeo-Ghana Bird S.*

29. Vanvihar W.S.

30. Darrah W.S.

31, Jalsmand W.S.*

32, Mt. Abu W.S.

MADHYA PRADESH

33. Kanha NP, *
(PROJECT TIGER)

34, Bandhavgarh N.P,

35, Shivpurl N.P,*

MAHARASHTRA

36. Taroba N.P.*

37. Pench N.P.

38. Nawegaon N.P.

39. Borivlil N.P.*

40. Melghat
{Lhakna=ko!kaz)W.S.
(PROJECT TIGER)

ANDRHA PRADESH
41, Pakhal .S,
42, Tadwal W.S.
43, Kawal W.S.
44, Kolleru Pellcanary

KARNATAKA

45. Bandlpur N.P,*
(PROJECT TIGER)

46, Bannarghatta N.P,

47, Nagerhole N.P,

48. Ranganthittoo Bird S.

49, Dandell W.S.

KERALA' =
50. Eravikulam Ramjallay N.P,
51, Perlyar W.S.*

TAMIL NADU

52. Guindy N.P,

53, Mudumalal W.S5.%

34, Point Calimere

353, Vendanthanga! Water Bird S.

QG
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Corbett National Park (Uttar Pradesh) L1977 1UCN List] PROJECT TIGER
" Established: 1935 as Halley National Park; renamed In 1957
Size: 525.47 km2
Animals: tiger, leopard, sloth bear, elephant, chital, sambar, hog deer,
munt jac, wlld pig, hyaena, Jackal; crocodlle Crocod! lus palustris
and gharlal Gavlalis gangeticus; red Jungle-fowl, peafowl,
black partridge F. francolinus; osprey Pandion hallzetus;
many song blrds,

Dachigam Sanctuary (Jammu and Kashmir)
Established:
Slze: 145.00 ; 142.45 km2 (1979 I1st)
Animals: Hangul/Kashmir stag; black bear; plg; brown bear; baboon;
serow; musk deer

The park Is heavlly grazed by sheep--as many as 2,200 as of 1975 de-
splte regulations placing the permissible number at 800--and also
suffers from grass burning and large quantitlies of pedestrian and

motor traffic, all of which disturb the populations of some 200 Hangul .
The presence of 15 Indian army Infantrymen within the park has re-
sulted in the end of poaching activities (Jackson 1977:103).

Dandeli Wild Life Sanctuary (Karnataka)

Established: 1955

Slze: 874.20 km2 (IUCN 1977: 5,729.07 km2)

Animals: elephant, bisons, panther, tiger, sambar, chital, sloth
bear.

[Keoladeo] Ghana Bird Sanctuary (Bharatpur, Rajasthan) [1977 IUCN List]
Established: 1956
Size: 29.00 ha
Animals: bird sanctuary: Siberlan crane, cormorants, storks, spoon biti,
quails, coot, heron, teal, terns, etc.; as well as sambar,
chital, black buck, wiid boar, civet, etc.

The sancutary has breedoming waterbirds from July to October and
migrants from Sepember through March. The Sanctuary is the principal
winter refuge of the Siberian crane,

Gir Forest National Park(Gujarat) CIUCN 1977 List]

Established: 1965--with full sanctuary status

Slze: 140.40 km2 129,500

Anlmals: the last remaining habltat of the Asian Ilon (about 200 lions and
cubs) Panthera leo persica,; also leopard, sambar, wild pig, sloth
bear, hyaena, niigal Boselaphus tragocamelus, chinkara G. Gazel
bennetti, chital or spotted deer A. axls, four-horned antelope
Tetracetus quadricornis; many blrd specles including large numbers
of peafowl.

Local grazing actlivities have constituted a major threat to the Park

and Its anlmals. In 1970, some 500,000 head of cattle and some 4,800

people llved within the Park area. According to the IUCN's 1977

ITsting of parks and reserves, thls sltuation was slowly changing.

S
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Hazaribagh Wildlife Sanctuary (Bihar)IUCN 1977 List]

Established: 1955

Size: 186.36 km2

Animals: tiger, leopard, sloth bear Melursus ursinus, muntjac, wild pig,
hyaena H. hyaena, sambar Cervus unicolor; birds,including
peatow! Pavo cristatus, red Jungie-fowl Gallus gallus, green
plgeon Crocopus phoenicopterus, and partridges

Jaisamand Wildllfe Sanctuary (Rajasthan) [IUCN 1977 List]
Established: 1955 (Under the Rajasthan Wild Animals and Birds Protection Act
of 1951])

Size: 52.67 km2

nimals: tiger, leopard, sloth bear, sambar, chital, four-horned antelope,
"chinkara, wild plg; grey partridge Francolinus pondicerianus,
spurfowl, quail, migratory duck in winter, minivets, and other
woodland birds.

>

Jaldapara Wildlife Sanctuary (West Bengal) [IUCN 1977 List]

Established: 194]

Size: 104.64 km2

Animals: great Indian rhinoceros, leoparu, sambar, barasingha or swamp
deer, a few elephant, tiger and bear. Abundant birdl]fe includes
peafow! and jungle fowl,

Kanha National Park (Madhya Pradesh) [1UCN 1977 List]

Established: 1935: raised to status of national park in 1955; area
extended in 1964,
Size: 318.26 ha.
Animals: |Indian swamp deer, chital, black duck (?), Indlan bison, sambar,
and various carnivores; nearly a hundred species of birds.

Kaziranga National Park (Assam) [IUCN 1977 List]
Established: 1908 (National Park status since 1974)
Size:  430.00 km2. plus a no-shooting buffer zone of 16,825 ha.
Animals: great Indian rhinoceros, elephant Elephas maximus, buffalo, hog
deer, muntjac, swamp deer or barasingha Cervus duvaucell, wild
pig Sus scrofa, tiger, leopard Panthera pardus, bear

Rhinoceros poaching, which has been a serious problem In the park,
Is reported by the IUCN in its 1977 I'1sting of parks and reserves
to have been brought under controf.

Manas Wildlife Sanctuary (Assam) [IUCN 1977 List] PROJECT TIGER
Established: 1928, enlarged in 1965
Size: 80 km2 [IUCN 1977 List states 271.95 km2]
Animals: Great Indian rhinoceros Rhinoceros unicornis, buffalo Bubalus
bubalus, gaur Bos gaurus, hog deer Axis porcinus, munt jac
Muntlacus munt jak, black bear Selenarctos thibetanus, tige-
Panthera tigris; plentiful birdlife
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NolghafILhakna-kolkaz[ Wildlife Sanctuary PROJECT TIGER

Estab!ished:

Size: 387,58 km2

Animals: tiger, sioth bear, samhar, barking deer, four horned antelope,
wild boar, chital. Plentifyl bird |ife.

Mudumalal Wild Life Sanctuary (Tamil Nady) CIUCN 1977 List]
Estabiished: 1940
Slze: 321.16 km2 (more recent 29,500 ha.)
Animais: elephant, gaur, tiger, leopard, sloth bear, chital, munt jac,
sambar, four-horned antelope, hyaena, monkeys, squirrels,
Jackal Canis aureus, Jungle cat Felis chaus, wiid plg, otter

L. lutra, crodecile, python P. molurus; plentiful birdiife In=-
cludes peafow!l, grey Jungle fowl, partridges and spurfow!l Gallo-
perdix sp., many birds of prey, and song birds.

Nagarhole Natlonal Park (Karnataka) (228 km from Mysore via Mercara)
Established: 1955
Slze: 571,55 km2
Animals: wild el phant, deer, panther, jackal, occaslonally a tiger.

Palamau Wildlife Santuary (Bihar) PROJECT TIGER
Established: 1976 :
Size: 979.27 km2
Animals: elephant, tiger, panther, leopard, wild board, barking deer,
gaur, chital, sambar, pea-fowl,

Periyar Wildlife Sanctuary (Kerala) [IUCN 1977 List]
Established: 1940
Size: 777.00 km2 [perhaps only 67300 ha)
Animals: wild elephants, Indian bison, sambar, stray panther, tiger

Ranthambore Tiger Reserve (Rajasthan) PROJECT TIGER
Established:
Size: 392.20 km2

Animals: Tiger, panther, hyena, jungle cat, civet, sambar, chital, nilgai,

bear, wild boar, partridge, green pigeon, red spurfowi, etc.

Rangathittoo Bird Sanctuary (islets In the Kaveri river in Karnataka)
Established:
Slze: 26.70 km2
Animals: a variety of storks; breeding places for herons; also white
Ibis, Indian dartar, cormorant, aid cattle egret.

Sarisika WildlIfe Sanctuary (Rajasthan) [IUCN 1977 List]
[ ]

Established: 1955; redeclared in August 1958 under the Rajasthan Wild
Animals and Birds Protection Act 195]
Size: 195,00 km2

>

capensis, porcupine Hystrix indica, hyaena; peafowl, spurfowl
and many other species of birds.

nimals: Tiger, leopard, sambar, chinkara, wild pig, four~-horned antelope,
nilgai, chital, paim civet Paradoxurus hermaphroditus, small Indian -
civet Viverricula Indica, caracal Fellis caracal, ratel Melllivora

Slel



Shivpuri National Park (Madhya Pradesh) [IUCN 1977 List]

Established: 1955 as Madhya Bharat National Park; new name as of 1959

Size: 156.00 km2 .

Animals: sambar, chital, nilgal, chinkara, the Indian tiger, sioth bear,
hyaena, four-horned antelope, blackbuck, wild plg; numerous
birds;

Simlipal Tiger Reserve (Orissa) PROJECT TIGER
Estabiished:
Slze: 2,770.00 km2 (IUCN 1977)
Animals: tiger, rhesus monkey, porcupine, wild dog, sloth bear,
hyena, elephant, wild boar

Sunderbans Tiger Reserve (West Benga!)
Established:
Size: 2,585 km2
Animals: tiger, different species of aeer, wild bear, estuarine crocodi les,
Gangetic dolphin; the reserve Is the only known habltat of the
goliath heron (Ardea goliath).

Poaching has been a problem In the reserve.,

Taroba National Park (Maharashtra) CIUCN 1977 List]

Established: 1935, upgraded to national park In 1955 -

Size: 116.54 km2 plus a 15,000 ha protected zone surrourding the park
In which shooting Is prohibited

Animals: tiger, leopard, sambar, chital, gaur; crocodiles

Vedanthangal Bird Sanctuary (54 miles south of Madras)

Established:

Slze: .30 km2

Animals: breeding place for white ibis, night heron, spoon b!!, open bill
stork, Indian dartar, grey heron, egret and two specles of cormorant.

Wild Ass Sanctuary, Rann of Kutch (Gu Jarat)
Establlshed:
Size: 4,840 km2
Animals: wild ass

2.6.5.2 MAB [Man and the Blosphere] Reserves

The Indian Government has not yet officially designated areas to serve

as Biosphere Reserves under UNESCO's MAB Program. The Indian Mab National
Committee, under the aegis of the Department of Science and Technology
(Ministry of Science and Technology), however, has undertaken preliminary
Investigations of |2 areas which have potential as reserves. These are:
I} an area of the Nilgiri Range and the Mysore Plateau in Kerala; 2)
Khangchendzonga National Park in Sikkim; 3) Nanda Devi Sanctuary in

Uttar Pradesh; 4) Simplipal and Jeypore Hil| Forests in Orissa;
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3) Kanha National Park in Madhya Pradesn; 6) the North Islands of

the Andamans and the Jarawa Tribal Reserves In the Anadman and Nicobar
Islands; 7) Namdapha in Arunachal Pradesh; 8) Lalichipri in Arunachal
Pradesh; 9) Pakkul in Arunachal Pradesh; 10) Tawang In Arunachal Pradesh;
1) Walong In Arunachal Pradesh; 12) Sunderbans In West Sengal

(India. MAB National Committee 1979).

2.6.5.3 Project Tiger

initiated In 1972, Project Tiger, undertaken In cooperation with the

Worid Wildlife Fund, Is a Rs. 5,000,000 scheme to save the threatened
Indlan tiger, whose numbers as dropped to as low as 2,000, at all costs.
Nine areas were selected for intensive protection and restocking with
natural prey. The effort Is considered notable because It emphaslzes

the protection of total bliotypes rather than an isolated species (Blological
Conservation, vol. 5, no. 3, July 1973). The project Is thus helping

to preserve not only the tiger but also such endangered specles as

the wild dog, the leopard, the sloth bear, the swamp deer, the four-horned
antelope, the Indian gazel!s, the crocodile, the gavial, the capel

langur, the golden langur, and the great Indian one~horned rhinoceros
(Jackson 1977:99),

The areas designated for Tiger preservation are: Manas In Assam; Palaumau
In 8ihar; Simlipal In Orissa; Corbett In Uttar Pradesh; Ranthambhor in
Rajastnan; Kanha in Madhya Pradesh; Malghat In Maharashtra; Bandipur in
Karnztaka; and Sunderbans in West Bengai. Each of these widely

scattered reserves represents a dl fferent habitat, within which an area of
not less than 300 square kilometers Is to be maintalned as a central

area absolutely free from human influence. Other features of the program
are the Improvement of communications within the preservation areas; Im-
provement in the protection of both flora and fauna; the eviction and re-
settlement of villagers from the reserves; and Improved fire protection
and general habitat Improvement. The effects of the program are clear

In a marked rise in tiger population within the areas from as iittle

as 27 to 32 in Malghat to as much as from |7 to 50 In Similipal.

(Jackson 1977:98),

2.6.5.4 Qther conservation programs

Other programs operating with funding from the World Wildlife Fund in-
are a project designed to study the general ecologlical, physiological,
a behavioral aspects of the Asiatic wild dog (Cuon alpinus), a pack
hunting animals whose attacks on endangered deer and antelope species
have caused It to be daclared as vermin subject to shooting or de-
struction in many Ind!an states. The study is designed to examine the
role of the wild dog as a predator Important in keeping down the popu-
lations of some animals whose Increaseeanumbers might otherwise damage
vegetation both within and outside the forest (Jackson 1977: 111),

In the Dachigam Sanctuary near Srinagar a Worid Wildlife Fund grant
has been used to study the habits and ecology of +he Hangul or Kashmir
stag, whose habitat Is threatened by several factors: sheep farming
within the sanctuary, grass burning, pedestrian and motor traffic, and
untii quite recently, poaching (Jackson 1977:103-104). In this
sanctuary sheep grazing within the area of the sanctuary Is the most
serious threat to not only the survival of the Hangul or Kashmir stag -
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but also the stablity of the ecosystem. Although It has been agreed

that 800 Is the absolute Iimit for the number of sheep which can safely
graze the area, 2,200 were still being grazed In Dachigam in 1975 (Jackson
1977:103-104).

In the wetlands and marshes of the Tibetan plateau region of Ladakh,

a joint World Wildllife Fund/Bombay Natural History Society team lad by
Salim All has studied the fauna and ecology of the area, with special
emphasis on the black-necked crane (Grus nigercollis) and the barhead
goose. This wetland area Is threatened by the increase of human actlvity
in the form of various development around villages on its edges (Jackson
1977:112).

In December 1976 the first crocodile bank was inaugurated under the
auspices of the Worid Wildlife Fund India and the Madras Snake Park
Trust at Vadanemeli, Tamll Nadu. Set up with World Wildlife Fund
support at a cost of Rs. 200,000 the bank was scheduled to begin with
about 150 crocodiles representing the three species of endangered Indian
crocodiles (Jackson 1977: 107).

2.6.5.5 public opinion and conservation education

According to a 1976 Gallup poll only 46% of the people of India would
ke to see more done to conserve wildlife and threatened species:
this compares with 97% in the U.S.; 89% in Western Euopre; 85% In
Japan; 75% In Africa; and 94% In Latin America (Norman Myers. 1979.
The Sinking Ark. New York: Pergamon Press.) :

The World Wildlife Fund in July 1976 initated a youth movement under

the name "The Nature Clubs of !India" designed to: "expose children to

the importance and beauty of the natural environment, to produce an emotional
and intellectual involvement with Its preservation, and to provide insights
into the meaningful interrelationships between the various sub jects--geo-
graphy,botany, zoology, etc.--to which a child Is exposed through the
traditional school curriculum." The launching of the program, In three
tanguages--English, Marathi, and Gujarati--and in two states, was

assisted by messages of encouragement from from the Prime Minister and

from ministry officials of the two states: Maharashtra and GujJarat,

The program uses various types of materials and approaches, Including
photographic exhibtitions, television and radio shows, advertising in

a large number of périodicals, and "Nature Orientation Camps." One camp,
with the theme "Conservation for Rurual Development," covered a 10-day
period and reached over 500 persons who will ultimately be working as
teachers or administrators on the village level (Jackson 1977: 108=!]1).

\ ‘D‘Z.
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2.7,

COASTS AND BEACHES
The resource

India's coastline stretches some 5,700 kilometers, a distance almost
equally d. . ided between the coastal zone of the Arabian Sea to the west
and the 3ay of Bengal to the east. Large stretches of this coastal zone
remain undeveloped or poorly developed. There are extensive stretches
of swamps such as the Sunderbans in West Bengal and the Rann of Kutch

In Gujarat. Fishing Is the major economlic activity along the coast.
Exploltation of petroleum resources Is Just beginning., There are some
centers of recreatlonal activity and a few sea resorts along the coast,
but the potential for such centers Is felt to be much greater than

has been realized til now. It Is expected, however, that with contlnued
development of both coastal and marine fisherlies that fishing harbors
and fishing complexes wll! multiply, while oll and mineral development
will bring additional activity to the coastal zone (NCST 1975:195).

It Is anticipated that simultaneous development of recreationai, flshing,
and minera: resources wil| generate conflicts that will call for a
unified policy for the proper planning, management, and control of

the coastal zone (NCST 1975:196),

As of 1975 research into and exploltation of coastal resources as well
as coastal zone management were still nct well developed. In its 1975
report on India's marine resources and potential the Panel on Marine Re-
sources of the Natlonal Committee on Science and Technology stated:

"1t has been the conviction of all those who have participated in the
preparation of this document and the various planning group reports that
a time has come when our country must ¢lve serious and systematic attention
to our marine environment and to the potentia! resources of the oceans.
This will require a national commitment to take the necessary steps to
stimulate marine exploration, sclence, technology and financial Invest-
ments on a vastly augmented scale" (NCST 1975:9).

2.7.2 Harbors and ports

India has ten major and more than |50 intermediate and minor ports
scattered along its coastline.

Major ports are Bombay, Calcutta Cochin, Kandla, Madras, New Mangalore,
Mormugao, Paradip, Tuticorin, and Visakhapatnam, Bombay, the largest
port, handles about a fourth of Indla's foreign trade. Calcutta Is the
largest terminal port in South Asla.

The some 160 Intermediate and minor ports handle both coastal and
overseas traffic. lp an effort to encourage the development of such
ports, the Fifth Plan has set aside Rs 100 million.

Coastal activities related to port and shipping are ship=-bullding and
ship-repairing. As of 1975 there were five major ship yards, the
largest being at Vis=khapatnam In Andhra Pradesh, while a sixth yard
was being developed at Cochin. Repair facl!itles were avallable at
I'l Tocations, the largest at Vlisakhaatnam (NCST 1975:22).

\0D
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2.7.3 Fisherlies (see 4.7)

2.7.4 Minerals, oll, and water: non-llvlng resources of the sea

2.7.4.1 OQOtf-shore ol!

Exploration for off-shore o}l has been the functlon of the O} and Naturai
Gas Commission (ONGC) at Dehra Dun, which in 1973 began driiting for

oil In theq Bombay High structure In the deep waters oft the western coast
of the ccuntry. Production from the first two development wells began

In May 1976, and there zre now three more drilling units operating In the
Bombay High area. These offshore flelds are expected to produce 10 million
metric tons of oll per year beginning In 1980,

2.7.4.2 Minerals

Seawater s seen as an excellent source of minerals such as salt, potassium,
magnesium, and bromine, while mineral-rich beach sands have been found on the
coasts of Kerala, Tami| Nadu, Maharshtra, Andhra Pradesh, and Orissa.

Most of India's salt output comes from the evaporation of seawater In

the Gulf of Kutch in Gujarat and the drier coasts of Tami| Nadu and Maharash-
tra, while beach sands of the southwest coast are exploited for both

monazite and ilmenite. Oredging for iime sand Is carried out In the shallow
areas off Jamnagar in the Gulf of Kutch, with a production of over one
mitlion tons In 1971, and about 94,000 tons of ITme shells were dredged

from Vimbanad Lake In Kerala during the same year(NCST 1975:19).

Indications of other coastal minerals have been found, but as of the time
of the National Committee on Science and Technology's sectoral report on
marine resources In 1975, there had been [Tttle at+empt to survey them and
no effort to explolt+ them. Among these are ferro-manganese nodules

of 2.5 centimeter size and "appreciable" guantities of nickel and cobalt,
which have been sampled at different locations In the deeper part of

the Indlan ridge in the south-east Indlan Ocean. Also reported have

been offshore occurrences of calcareous deposits sultable for chemical

and cement production In bottom samples In the area of the Andaman

and Nicobar Islands, as well as off the coast of Kerala and the Laccadive
Islands (Lakshadweep). Other minerals reported are phosphate nodules and
barium concentration off tho west coast and Laccadive Islands and chromite
In the sea floor rifts in the Indlan Ocean. As of 1975 there had been [Ittle
effort to survey most of the offshore mineral resources and no ef forts

to explolt them (NCST 1975:7).

2.7.4.3 Use of seawater

2.7.4.3,1 desalinization

Studies of desalinlzation of seawater have been carried out by the Bhabha
Atomic Research Center, Division of Desallnation and Effluent Englineering
In Bombay and the Central Salt and Marine Chemicals Research Institute

In Bhavnagar, Gujar, the latter of which has several pllot plants In
operation with capaci+ies varying from 80 to 30,000 I1ters per day.
(Varma 1978:25; NCST 1975: 214),

VoK
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2.7.4.3.2 algal resources

Ssaweeds form the basic raw materials for products such as agar agar,
algln, and carcgeneen. An Industrial unit at Ahmedabad was, as of 1975,
producing about 200 tons of sodium alginate from naturally occurring
seaweeds, while several units had been established with the capacity for
producing about 50 tons of agar agar per year, The area exploited for
raw materials for agar agar has been the coastal area of Ramanathapuram
Oistrict In Tamlii Nadu, which was showing signs of depletion of natural
supplles of agarophytes as of 1975, thus threatening the supplies of

raw materials for this industry (NCST 1975:214).

2.7.4.3.3 sea water Irriculture

Work on the use of sea water for agricultural irrigation is being carried
out at the Central Salt and Marine Chemlcals Research Institute at
Bhavnagar in Gujarat (NCST 1975:214).

2.7.5 Coastal zone problems

2.7.5.1 Sea erosion

Sea erosion occurs at different places along the some 5,700 kilometers of

India's coastline but Is of a serlous nature in a length of about 320 kilometers

In Kerala on the west coast as well as In Orissa and West Bengal on the
east coast. Other problem areas are the Bomb~:' coast and the coast of
Tami| Nadu in the area of Tirshander and Mauras. The average loss of
land per year has been reported to be about two to five meters (NCST
1975:192,197).

Action egainst this erosion were Initlated .under the First Five Year Plan
and by the end of the Fourth Plan, a length of 100 kms on the Kerala coast
had been brought under protection at a cost of about Rs. 177 million.
Special financial assistance totalling Rs. 140 million was provided

to the Government of Kerala during the 1972-73 and 1973-74 fiscal years

to enable better progress under the Fourth Plan. Under the Fifth plan
about Rs. 200 milllon has been marked for anti-sea eroslion measures;

in 1974-75, however, only Rs. 10 million was actually expended for

these measures; an outlay of Rs. 30 million had been proposed for 1975-76
(Lal 1977: 71),

2.7.5.2 Sittation

The problem of siitation Is most urgent In harbors where depths must be
maintalned. Harbors have succeeded In maintaining their depths by dredging
(NCST 1975:192),

*

Active In the study of coastal erosion and siltation are the Central Water
and Power Commission, the Geological Survey of Indla, the National Institute
of Oceanography on +he central level and Institutes such as the Hydraullc
5tudy Department of the Calcutta Port Commissioners and the Kerala
Engineering Research Institute at Peechi on the state and local level. With



8s/

U.N. assistance, a Coastal Engineering Research Centre has been estabiished
at tha Central Water and Power Resesrch Station in Khadakvas!a(NCST 1975
1G24,

2.7.6 Marine poliytion

Marine pollution problems In Indla are not yet great but can bs expected
to grow as economic activity In coastal zones Increases. Sources of
pollution are domestic wastes from the ccastal population and waste from
coastal Industries, which togethei add an estimated 150 cublc kllometers
ot waste to the sea each year. Added to this Is Inland domestic and
Industrial waste carried to the sea by rivers--by one recent estimate
still only 5% of the waste reaching the sea. About 34,000 tons of
agricultural chemicals and about 10,000 tons of synthetic detergents
are used each year in Indla; It has been estimated that as much as

25% of these wil! enter the marine coastal environment (Bandhu, Bhard-
wa] and Bhat 1979:107-108). Ol spills pose a threat to coastal recreational
and flshery resources. An estimated 750~1,00 +ons per year of tar-like
material from spilis and washings In the heavily-travelled Arablan

Sea are daposited along the beaches of Indla's west coast during the
mansoon months (Bandhu, Bhardwaj and Bhat 1979:108) .

Marine pollution Is reported to be severe only in cerialn areas such as,
for example, Bombay, where the inorganic phopshate content of of fshore
waters have increased about 50% during the last twenty years (Bandhu,
Bhardwa] and Bhat 1979:109). Other heavily polluted areas are the
Hoogly estuary downstream from Calcutta and the outlets of the Krishna,
Godavari, Canveri, Cooum, and Calliyar Rivers on the peninsula (Bandhu,
Bhardwaj and Bhat 1979:86).
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2.8 FISHERIES

India Is presently the worid's seventh largest fishing nation In terms of
total fisheries production. its fishing areas Include a coast Iine of 5,700
kllometers, an economic zone extending 200 miles beyond territorial

waters, rivers, lakes, estuarine waters, reservoirs, and a cultivable

intand flsheries area of about 1.6 miilion hectares. According to FAQ
statistics for 1977, about 363 of total catch Is from Inland and the
remainder from marine fisheries.

2.8.1 Inland fisherles

Statistics for Inland fisherles are reportedly not as accurate as those

for marine fisheries, but In recent years inland fisherles have accounted

for as much as 40% of total catch, and these fisheries continue to grow

as the government stresses programs of fish cuiture In tanks and reservoirs.
In its 1977-78 report, the Oepartment of Agriculture (Ministry of Agriculture
and Irrigation), the central government agency respon?jble for flsheries,
states that "the scope for Increasing production s afmost unlimited by
virture of the large areas still requiring to be brought under fish
capture/culture as well as the possibllity of Increasing the yleld levels"
(India. Dept. of Ag. 1978:114).

Inland flsheries, as review by the National Commission on Agriculture,

may be broken down Into two basic groups: freshwater fisherles and brackish
water flsherles. Within both of these groups are capture fisheries--those
relying on natural stocks--and culture fisheries-=those requiring stocking
of seedfished followed by periodic harvesting. As already mentioned, the
growth In culture fisheries, the major emphasis on flsheries development
during India's five-year plans, has been responsible for the growth

of Iniand fisheries production from 218,000 tons in 1951 to 690,000 tons
In 1971 and 930,000 tons iIn 1977. In contrast to the culture fisherles,
capture fisheries are much more susceptible to adverse effects of f loods,
droughts, construction of dams, and water pollution (Indias NCA 1976:

vol. 8:1-6),

In contrast to the catches of India's marine fisheries, the entire yleld
of Inland fisheries goes towards direct human consumption,

2.8.1.1 Freshwater Inland fisheries

2.8.1.1.1 Riverine fisheriles

Indla has an estimated 29,000 klilometers of potential fisherles In Its
main rivers and tributarlies. As covered In section 2.3, India's rivers
are divided into two buslc groups: the Himalayan Rivers and the rlvers
of the Southern Peninsuia. The Himalayan Rivers (the Indus, Brahmaputra
and Ganges systems), because they are snow-fed contrast with the rainfed
rivers of Peninsula In having rellable year~-round flows; for this reason
they also have considerably more flourishing fisherles.

In the plains the riverine systems are characterized by warm water fisherles,
while those In high altitudes have cold water fisheries.

VoL
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Source: FAQ Yearbook of Fishery Statistics 1977
1972 1975 1977

FRESHWATER FISHES misc. 665,800 850,000 930,000
D1 ADROMOUS FISHES
Hilsa=1lke Shads Hilsa(=Paralosa) spp 13,700 18,398 23,073
MARINE FISHES |

Indian Sardinella longiceps 125,400 182,819 208,874
Oll=Sardine
Clupeoids NEI Clupeoidei 71,200 117,233 205,544
Croakers,Drums NE| Sclaenidae 39,100 115,402 103,612
Bombay=duck Harpadon nehereus 51,500 106,842 90,292
Hairtails, Trichlurldae 36,300 63,060 82,336
Cutlassfishes

Indian Mackerel Rastrelllger kanagurta 121,200 49,604 73,636
Anchovies NE| Engraulldae 29,600 42,925 57,205
Ponyfishes Leiognathlidae 32,600 55,816 56,783
(Slipmouths) NEI
Cartltaginous 45,200 69,092 65,985
Fishes misc,
Butterflshes, Stromatel dae 18,900 26,731 37,707
Sea catflishes Arlus(=Tachysurus)spp 41,200 72,868 52,337
Jacks,Trevallles Caranx spp. 26,900 23,684 33,552
King Mackerels NEI Scomberomorus spp 21,200 20,584 24,711
Tuna-llke fishes Scombroidel 6,000 10,365 22,612
Percolds NEI Percoldae 14,400 34,722 20,050
Wol f-Herrings Chlrocentrus spp 9,800 12,385 19,825
False Trevally Lactarius lactarius 6,600 12,180 14,558
Threadfins Poiynemidae 7,100 14,696 13,604
Flatfishes NEI Pleuronect | formes 9,400 ' 13,311 12,030
Plke-Congers NE|I Muraenesox spp. 4,400 5,694 8,708
Goatfishes Upeneus spp. 5,900 2,637 6,599
Lizardfishes NEI Synodont I dae 4,500 i4,782 6,481
Carangids NE| Carangldae 3,200 4,517 4,798
Barracudas Sphyraena spp. 2,400 2,246 3,359
Mullets Mugi | Idae i,500 3,340 2,219
Hai fbeaks Hemlrhampus spp. 700 2,099 1,516
Flylng flshes Exocoetidae 1,400 1,853 991
Unicorn-Cod Bregmaceros macclellandl 5,500 1,102 372
Pompanos Trachlinotus spp 0 67 53
Pomfrets
Marine Flshes mlsc. 42,400 109,170 98,179
SHRIMPS ,PRAWNS , CRUSTACEANS
Shrimps&Prawns NEI| Natantia 159,700 237,804 206,€85
Marine Crustaceans Crustacea 1,690 22,173 36,868
NEI
Marine Mol luscs Mol lusca 1,000 7,789 14,486
NEI .

FOTAL 1,637,300 2,328,000 2,540,000

08
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Narmwater fisheries

Warmwater fisheries account for tha byl of riverine fish production in
Indla. The catch is mainly carps, catflishes, feafer-backs, murrels and
hilsa or Indian-shad. The most favored fish aro the major Indian carps:
(catla, rohu and mrigal), which are present in the warm water fisherles
of the Himalayan rivers byt nearly absent from those of the rivers

of the peninsyla. Fishing is done by a variety of methods: shore-selnes,
boat-seines, gllt-nets, hook and line fishing, and variouys types of
traps, Fishing Intens|ty along rivers varies wi+h conditlions such as

the veloclty of the current, the terraln of the river bed, etc., and
this variance has hinderad the generation of rellapble statistics on
riverine fish production, However, figures compiled by CiFRI (the Central
Intand Fisheries Research Institute near Calcutta) indicate that the
average catch per fisherman |s a low 150 kilograms per vear (India,

NCA 1976:vol. 8:5-6),

Problems

Problems have occurred because of overfishing in certain areas, On the
lower Godavar! (peninsula), for example, It was noted that fish stocks

had declined because of the use of overly-fine meshed netting by fisherman
determined to make up thelr catch no matter how small the fish and despite
the long-range ef fects of this practice on fish stocks (india. NCA 1976:
vol.8:6),

As of the early 1970's no studies had been conducted on the effect on
riverine fisheries of reduced water flows resulting from damming of rivers
for river valley projects. Among other effects of such projects i+ has
been conjectured that dams might effect the fmportant shad fisheries

that are found In almost all of the Indlan rivers by reducing the spawning
stretches of this migratory fish ({ndia: NCA 1976: vol. 8:8).

Coldwater fisheries

Streams and lakes In the high altitudes comprise the cold water fisheries,
whose production s considerably less significant +than the warm water
fisheries of the lower elevaitons, The most important species are the
mahseer (species of Barbus, ircludlng 8. pultitora, 8. tor, and B. mosai),
the snow trout, (specles of Schlzothorax and Oreinus), and varlous

exotic specles of trout, fncluding the brown trout (Saimo trutta fario)
and the ralinbow trout (Salmo gairdneri), both valued sport fish. Although
developmental work In cold water fisherles has concentrated chiefly on
the exotic trout specles, the Natlional Commission on Agricuiture has
pointed out the advantages to be gained by the development of indigenous
cold water fisheries as well,

Problems

The production of snow trout In high fakes has been adversely affected
by the Introduction of the mirror ¢ rp (Cyprinus carplio var specularis)
(India. NCA 1975 10=-i1), ©

™
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2.8.1.1.2 Reservolir fisheries

Extensive reservoirs, intended In the first instance for irrigation or
hydropower generation, have been formed by the impoundment on rivers.
These reservolrs=-accounting for some 3.9 milllon hectares of waterspread
area by 1976--are also important areas for Iinland fisheries development,
Because the indigenous fish in most of the raservoir consist of predators
such as Wallago attu, Mystus specles and Channa species, trash flshes
such as speclies of Ambassls, Oxygaster, and Barilius, and species of
minor carps, It has been recommended that reservoirs be stocked with

the Indian major carps. Fisheries thus Inltated attain thelr beneflts,
however, only when the carps reach the phase of natural breeding and
stocking Is no longer necessary; according to the National Commission

on Agriculture "the natural breeding of major carps In reservoirs is

the most Important factor In the context of Increasing fish production.”
A noticeable increase in production has occurred on the Bhavanisagar

and Stanley Reservolirs in Tamil Nadu, where stocked carps have reached
the breeding stage (Indla. NCA 1976: vol. 8:12-13),

°roblems

In some of the states, the authorities controlling the reservoirs
intended exclusively for domestic water supply have not allowed fishing
because of fear of contamination. |+ has been pointed out, however,
that fisheries could be deveioped on such reservolrs without causing
deterioration of water quality (Indla., NCA 1976: vol. 8:14-15),

2.8.1.1.3 Ponds and tanks

Freshwater fish culture has been practiced In ponds and tanks (smal|
Impoundments of water mainly for Irrigation purposes) for centuries,
chiefly in West Bengal, Bihar, Orissa, and Assam, where the rivers
have been rich sources of spawns of Indian major carp that can be
collected in large quanities during the summer monsoon months. After
Independence in 1947, fish culture activities expanded considerably
under the Five Year Plans and campalgns designed to increase food production,
Of an estimated |.5 milllon hectares of culturable waters, about 1.0
million had been brought under £!sh culture by 1972, Production from
these waters has tended to be low, mainly because of a shortage of
seedfish, but it is now thought that increasing Improvements In fish
culture technulogy should eventually lead to maximization of fish
production per unit water area.

2.8.1.1.4 Ox-bow lakes

Ox-bow lakes are long, narrow and bent courses of waterspreads which
were formely beds or river of streams which have changed thelr courses.
Because most of these are connected by channels to nearby streams,
carps and other fish can enter them during floods, and these lakes have
in fact yielded gnod quantities of fish. For a variety of reasons, in=-
c'uding siltation and blocking of mouths and connecting channels, many
6f these ox~bow {akes, which occur In Bihar, West Bengal, Assam, and
Utrar Pradesh, have fallen Into neglect, are now covered with aquatic

WO



water weeds, and yield only small quantities of fish., it has been
suggested that these lakes could be converted into freshwater fish-
tarming ponds, each of which could beccme an source of occupation for
several tish farmers (India. NCA 1976: voil. 8:17-18),

2.8.1.2 Brackish water tisheries

2.8.1.2.1 Estaurine fisherles

Estuarine flsheries include the output from the mouths of rivers, the
large brackishwater lakes, the abundant tidal creeks and backwaters alcng
the coast, and the coastal canal systems., Estuarine waters have an
estimated spread of 2.6 million hectares. Although waters are saline,
they are not as saline as seawater and during rainy season experience

a sharp decrease in salinity, becoming in some cases nearly fresh,
(india. NCA 1976: vol. 8:18-19),

Important estaurine systems are the Hooghly-Matlah estaurine system In
West Bengal; the Mahanadl estuarine system in Orissa; the Godvari estaurine
system in Andhra Pradesh; various estuaries in Tamil Nadu; coastal

|akes such as Chilka Lake in Orissa and Pulicat Lake on the border

of Talil Nadu and Andhra Pradesh; the backwaters of Kerala; and the
deltalc estuaries of the Narbada and Tapi Rivers; and hundreds of coastal
streams on both the east and west coasts of the peninsula. The most
Important yields of these various systems are prawns and various fish,
including mullet, Bombay duck, and catfish. Although most of these
fisheries are capture fisheries, fish culture in brackish waters is a
long-standing practice in India, mainly In the Sundarbans area of West
8engal and in the paddy fields along the edges of backwaters in Kerala;
by one estimate about 12,000 hectares of the total 1.42 milllion hectares
of coastal saline swamps are under brackish water cuiture (lIndia.

NCA 1976: vol. 8:45).

Problems

Problems with estuarine fisheries include sedimentation at river

mouths which restrict the inflow of water, restricted dralinage from

river systems, and a decline in fish numbers resulting from indiscriminate
catches of large quantities of brood fish and jJuveniles (lIndia. NCA
1976:19-21),

2.8.2 Marine fisheries

Marine fishing has a long history among the coastal peopie of indiz.

Marine fishing potential of the Indian continental shelf has been

estimated to be as high as 2.4 million tons, including 0.7 million tons

from demersal and 1.7 million tons from pelagic fisheries (India. NCA
1977:404), while the ocean waters beyond are said to contain vast, still
unexplored resources (NCST 1975:235). Although the total catch of marine
fisheries has increased from 0.68 metric tons in 1961 to some (.6 million [n
1977, it still falls short of the stated potential.

The marine fisheries are characterized by the presence of a large number

A
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of specles. In terms of catch Quantities, the most Important species are
the oll sardine (Sardinella longicepss, exploited along the west coast
between Ratnagirl in Maharashtra and Quilon In Kerala; the Indian mackere|
(Rastre!l!iger kanaqurta), found on both coasts; Bombay duck (Harpodon
nehereus), which Is the focus of a major flshery along the northwast
coastal area of Maharashtra and GujJarat; lesser sardines, mostly in
Tam!! Nadu, Kerala, and Andhra Pradesh; species of sharks, skates, and
rays, occurring all along the coast!ine; sllver bellles, mainly in

Tamit Nadu, Andhra Pradesh, and Kerala; sclaenids; catfishes; pomfrets,
most of which are caught in Gujarat and Maharashtra; seerfish; nerch;
polynemids; tunas; and jackfish. Only a negligible portion of the cateh
has consisted of deep sea fish. Various crustaceans (prawns, lobsters,
and crabs) constitute ar Important part of India's fishery resources.
Prawn fisheries are concertrated chiefly along the southwest coast,
particularly In Kerala, where penaela prawns are found; non~penaeld
prawn fisherlies are found along the Maharashtra coast. Research efforts
have also brought about the discovery of deep water lobsters and prawns,
Important shell~fisheries are the chank and pearl oyster flsheries of
the Gulf of Mannar, the edible oyster fisherias of the estuaries and
backwaters of the east coast, and the brown and green mussel flsherles
In Kerala and other lccations along the west coast. Recent finds have
been signiflcant concentrations of edible squids and cuttle-fishes

'n the shelf waters along the southeast and southwest coasts (NCST
1975:246-247),

Fishing methods

The most intense fishing area is a coastal belt of approximately flve
miles in width. The bulk of the catch (about 60%) is landed by traditional
methods (shoreselnes, boatseines, gill-nets, and hooks and lines, using
catamarans, dug-out canoes, and plank bullt boats), but the number of
power boats has been increasing, growing from only 13 at the beginning

of the first Five Year Plan In 195] to about 14,400 by 1978, Progress

has also been made in developing deep sea fishiug capabilities.

8y March 1978, 30 trawlers were expected to be In operation, while

some 109 deep sea fishing vessels were scheduled for delivery by the

end of the March 1979 (|ndla. Oept. of Ag. 1978:114~]15),

Fishing harbors

The India government, under the Central Scheme of Landing and Berthing
Facllltles at Minor Ports, has completed sizeable flshing harbors at
Tuticorin (Tamil Nadu), Karwa (Karnataka), Kavaratti (Lakshadweep),

Port 8lalr (Andamans and Nicobar Istands) and Vizhinjom Stage | (Kerala).
Ten other harbors were either nearly completion are under construction

as of mid-1978 (India. Dept. of Ag. 1978:117~118).

Flsheries surveys and pro jects

The Exploratory Fisherles Project, Bombay, has been conducting exploratory
surveys with the object of charting the fishing grounds and explorling

the commercial possibilities of deep sea fishing, During 1977-78, the
project operated 23 steel trawlers, which resurveyed an area of about 20,000
square kilometers,

s
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With a view toward development of deep sea fisheries, the government of
Indla, in conjunction with the government of Poland, chartered a large
freezer trawler during the 1977-73 fiscal year, surveying the northwest
coast of Indla and landing 500 tons of fish In 1500 hours of actual
fishing. The project, which has helped to Introduce certain Important
marine fishing methods, has raleased bulletins describing the results of
Its resources survey along both the west and coasts of India and the

the Andeman Islands (India. Dent. ot Ag. 1978:116=117),

2.8.3 wutilization of *he fish caich

Almost the entire cotch of Inland fish Is brought to market fresh,
either with or without Ice.

The marine catch, on the other hand, 1s not only sold fresh but Is
also processed Into different forms such as canned, frozen, and cured
products for human consumption and s used for the production of

fish meal, fish oil, manure, and other industrial products.

Indian exports of flsh products for one year In the early 1970's
totalied 52,279 tons with a value of 895.1 mil|ion rupees. 74% of +he
quantity of these exports and 84% of the value were accounted for by
frozen prawns while frozen frog legs and lobster +ails contributed
another 5% of the value, Processed fisti-product exports were (by

% of value): canned prawns (€.3%), cured or dried prawns (0.19%); fish

(0.87%), shark fins and fish maws (1.11%), fish meal (0.77%), ard miscel |aneous
products (1.87%)., Importing countries were Japan, the United States,

the United Kingdom, Au:s7ralia, Hong Kong, Sri Lanka, Malritius, Singapore,
iran, (taly, West Germany, Belgium, France, the Nether lands, and Canada

(Indla. NCA 1976: vol. 8:269).

2.8.4 water pollution and fisheries (see 2.3.4)

i
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2.9  MINERALS

2.9.1 Mineral resources and development®

Indla's mineral deposits are not significant when compared with other
large countries such ass the USSR, the U.S.A., and South Africa. By recent
tlgures, mining and quarrying supplied only 1.5% of total gross domestic
product, while the most ocent detalled emp loyment figures (1971) indlcate
that mining activities occuplied only about 0.5% of the total work force.

The development of India's mineral resources began in earnest In the
1960's, and mineral production In general continues to Increase annual ly,
The government, recognizing the need for proper exploration of mineral
resources has, through agencles sych as the Geological Survey of India,
actively pursued exploration for new mineral resources, and these efforts
have borne frult in the discovery of Important deposits of minerals such
as rock phosphatas, wolframite, dolomite, barite, bauxite, and coal.

The mid-seventies saw the discovery of additional reserves of coal, hematite,
copper ore, bauxite, magnetite, manganese ore, dolomite, and barite.
India still has not uncovered deposits of non-ferrous metals such as
nickel, tin, slilver, lead and zinc sufficlent to meet her needs, and
these must be Imported. Although assessments of mineral depos!ts are
stiil far from complete, avallable data Is felt to be adequate for the
formulation of national policlies for mineral exploitation and planning

of Industries based on these resources (Ray 1978),

The Importance which the Indian government has assigned to minerals develop-
ment i< Indicated by comparing the growth rate of the mining industryg (10.9%
from 1969-70 to 1974-75) with that for for other government owned Industries
(8.2%). Under India's present mineral policy, set forth in 1956, minerals

are divided into three categories forr purposes of regulation and control:

I) Schedule A minerals, whose development Is the exclusive concern of

the government, except where it Is already in the hands of the private

sector (apatite and phosphatic ores, beryl, chrome ore, coal and lignite,
copper, gold, gypsum, Iron ore, lead, manganese ore, molybdenum, nickel

ores, precious metals and their ores, atomic minerals, sulfur and its

ores, tin, tungsten ores, zinc ore, zircon, and vanadium ores; 2) all

other minerals (except the minor minerals), which will be progressively

state owned although private enterprise is expected +o help in thelir develop-
ment; 3) the minor minerals, whose development Is to be In the hands of the
private sector (Ray 1978:289-290).

India's mineral riches are not evenly distributed throughout the country,
The most concentrated area of minerals deposits s In the north-eastern
section of the Deccan Plateau--in Chota Nagpur(Bihar) and the ad Joining
areas In Orissa, West Bengal, and Madhya Pradesh. Mineral production

I's dominated by the states of Bihar, Orissa, RaJasthan and Madhya Pradesh,

*This and the following sections are based on Ray 1978; India. Ministry of
Inf. and Broadcasting 1978; and Lal 1976. Figures for reserves are derived
mainly from Ray 1978; production figures for 1976 are from India. Ministry
of Inf, and Broadcasting 1978; production figures for 1977 are from the
1978-79 edition of the Europa Yearbook.
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DISTRIBUTION OF METALLIC F.INERAL DEPOSITS (Ray 1978)
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although significant contribytions also come from Maharashtra, Karnataka,
Andrha Pradesh, Assam, and West Bengal. Locations of major mineral deposi
are indicated by the maps on page 93,

2.9.2 Metallic minerals

lron

Iron ore Is presently India's most important mineral product, India
belng, In fact, one of the world's ma jor iron ore producers. Estimates
of total Iron ore reserves run as high as 28,110 million tons. These
are comprised of hemat|te, magnetite, limonite, and sliderite. The
largest measured reserves are in the Iron ore zone of Blhar and Orrisa
and in Madhya Pradesh.
Production(1976): 43,443,000 tons of ore; value Rs. 828,864,000.
Use: Iron ore production Is used as the basis for Indla's Iron and
steel Industry and Is also exported, chiefly to Japan. Iron
ore accounted tor 4,1% of total exports In 1975/76.

anganese Ore

The major producing state for manganese ore are Orlssa, Karnataka,
Madhya Pradesh, Maharashtra, Andhra Pradesh, and 8lhar, which together
account for more than 95% of natlonal production. Total recoverable
reserves for these areas were estimated at 88.8 million tons In 197]
Estinates of total manganese reserves run as high as 180 mi!lion tons,

Production(1976): 1,760,000 tons of ore; value: Rs. 156,892,

Use: Manganese ore |is processed at 7 ferro~manganese plants;

a major part of the output is exported.

Chromi te

Although chromite (chrome iron orc) deposits occur In Orlssa, Karnataka,
Andrha Pradesr, Maharashtra and Blhra, Orissa supplies the largest

part of the present output. Total reserves of chromite are now placed
at 13.8 million tons, 90% of which are In Orlssa.

Production(1976): 402,118 tons; value: Rs. 193,924,000.

Use: About half Is exported and half Is processed to ferro-chrome.

Cogger

Copper ore, total reserves of which may run as high as 333 million
tons, Is found mainly In Bihar, Rajasthan, Andhra Pradesh, and Madhya
Pradesh. Of some 208.8 mi!|lon tons of measured reserves, 122.2 miliion
tons are located in Rajasthan and 74.7 In 8lhar,
Production(1976): 2,380,000 tons of ore; Rs. 217,041,000.
28,845 tons of copper concentrates;

Use: Copper Is processed Into refined copper, meeting (1973) about

14% of the country's copper needs. Copper Is Imported In large

quantles: 55,173 tons In 1973,

(Y
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Lead and zinc

Indian has only Iimited reserves of lead and zinc, total reserves coming

to about 85 millions tone, mostly In Rajasthan but 81so In Andhra Pradesh

and Gujarat. The Zawar mines In Udaipur, Rajasthan, have been the chief

source ot lead production.

Production (1976): 15,858 tons of lead concentrates; value: Rs. 31,830,000.
45,322 tons of zinc concentrates; value: Rs, 81,070,000.

Use: Lead .and zinc are refined Into concentrates. Both are used for

Indla Industrial needs; nelther is exported.

Bauxite

Although bauxlite (the chief raw material for aluminun) deposits have

been identiflied In most states, significant reserves occur In Blhar,

Gujarat, Madhya Pradesh, Maharashtra, and Orissa, which together account

tor about 77% of the estimated 356 million tons of reserves,

Production (1976):1,448,000 tons; value: Rs. 41,399,

Use: India's bauxite covers its needs for aluminum production; some
bauxite (about 2.1% In 1973) s exported.,

Gold

—

Although gold deposits are found In one field in Andrha Pradesh and two
tields In Karnataka, the latter of which Is the only gold producing

state. About 4 million tons of reserves were estimated to remaln as
°£r$332;ion (1976): 3,132 kllograms; value: Rs. 160,572,000.

Nicke!

Nickel reserves are limited +o about 15 milllon tons of nickel bearing

ore at Sukinda In Orissa
No production.

2.9.3 Refractory minerals

Stllimanite

A huge reserve of high quality siilimanite has been located In Assam.
In addition, about I3 million tons are estimated to occur In the beach
sands of Kerala and Tami| Nadu, while an estimated 230 milllon tons
with 3.5% sillimanite have been found In Orissa. India is sald to have
the world's richest deposits of this mineral.

Production (1975): 8,116 tons; value: not avallable.

Use: Internal use and export(about 5% of production in 1973),

Kyanite

Important reserves of kyanite (about 7 miillon tons) occur In Blhar,
where the deposits In Singhbhum may be the largest in the world. Other
reserves are found In Karnataka, Maharasthra, and Orissa.

Production (1976): 48,331 tons; value: Rs. 16,100,000

Use: internal use and export (aboui+t 32% of production In 1973),

(R
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Graphlte

Known reserves of about 49 milllon tons of graphite occur In Kerala,
Andhra Pradesh, Karnataka, Jammy and Kashmir, and Gu jarat.
Production (1976): 39,425 tons; value: Rs. 4,075,000

Magnesite

india has the world's sixth largest reserves of magnesite. Major reserves

are in Tamil Nadu (44 milllon tons of recoverable magnesite) and Uttar

Pradesh (110 mi{lon tons by a tentative estimate), but Important reserves

also occur In Karnataka and in Blha-,

Production(1976): 329,647 tons; value: Rs. 29,914

Use: Major production Is used the manufacture of refrectory bricks for
steel work; some (about 7.4% in 1973) is exported.

2.9.4 Fertilizer minerals

Exploration In different parts of India has led to the discovery of
Important reserves of phosphorites in Uttar Pradesh, Rajasthan, and
Madhya Pradesh--an estimated 150 miilion tons. Commerically important
Jeposits of apatite (another source of phosphates for fertilizer pro-
duction) are found In both Bihar and Andhra Pradesh. Pyrite, a source
of sulfur for fertilizers and other chemicals, occurs In several locations,
with economically Important deposits in Blhar, Rajasthan, and Karnataka.
Deposits of gypsum--an estimated 1,216 million tons==occur chiefly
In Rajasthan and to a much lesser extent In Gujarat and Tami! Nadu;
gypsum s used for both agricultural and construction purposes.
Production(1976): phosphorites: 644,119 tons; value: Rs. 70,108,000
apatite (1976): 38,180 tons; value: Rs. 7,373,000
pyrite(1976): 51,95 tons; value: Rs. 12,727,000
gypsum (1976): 727,000 tons; value: Rs. 13,770,000

Use: Production of fertilizers.

2.9.5 Other minerals

Mica

Economically Important deposits of mica are found In Andhra Pradesh, Bihar,

and Rajasthan. Indle produces some 75% of the worid mica (Dutt 1973:42).

Producflon(1976)Epro»'slonal]:9,356 tons of crude mica; value: Rs.19,757,000.

Usa: Mica insulation brick manufacturing units using mica waste are located
in Rajastan, Bihar and Andhra Pradesh; exports of processed mica=-
almost Its entire output--came to 20,918 tons in 1973,

Dlamonds and gemstones

The only dlamond producing areas in the country Is the Panna diamond belt,
which stretches across parts of Madhya Pradesh and Uttar Pradesh.
In the south is a diamond field spread over several districts in Andhra
Pradesh. Indian mineral production also includes emeralds, and garnets.
Production(1976): diamond: 20,487 carats; value: Rs. 9,987,000

emeralds: 825 carats;.

garnets(gem): 3,570 kilograms.
Use: Internal consumption and export(3.1% of tota! exports in 1975/76).

e
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Limestone and other bullding raterials

Limestone, used for a wide scope of purposes, including bullding materials,
chemicals, fertilizers, and !ime, occurs throughout the country, but high
grade deposits suitable for cement manufacture are more abundant In the
southern and western regions, whicn together produce about 2/3's of the
country's cement. The best reserves are the Vindhyan |imestones of the
Son Vailey of Sihar but good reserves are present in Andhra Pradesh,
Mysore, Tami| Nadu and Gujarat. Other important building materials

are the peninsu'!ar granites, the Himalayan and Andhra slates, the marbles
of Rajasthan and Jabaipur, and the purple Vindhyan sandstones (Dutt 1973:42)
Limestone production (1977): 30,201,000 tons

Use: Dcmestic cement production

Dolomi te

Production(1976): 1,862,000 tons; value: Rs. 48,324,000
Use: Domestic cement production.

Rare Minerals

The beach sands of Kerala and Tamil Nadu are a source of radioactive
monazite, a mineral which contains thorium (convertable into atomic fuels),
uranium oxide, phosphate and a large percentage of rare earth oxldes.

Total reserves have been estimated at about one million tons.
Ilmenite is also found in the beach sands of Kerala and Tami| Nadu; re-
serves are estimated at from 100 to 150 million tons. Reserves of uranium

are estimated at 76,000 tons; they occur in Blhar, Himachal Pradesh,
and Uttar Pradesh.
Production (not avaliable)

Salt

Most salt production comes from the evaporation of seawater in the Gulf
of Kutch In Gujarat and on the coasts of Tami| Nadu and Maharasthra. The
remainder comes from the Sambhar and Didwana lakes In Rajsthan. Rock
salt comes only from the Mandl district in Himahacal Pradesh (Dutt 1973:
42),

Production(1976): 4,438 tons of rock salt; value: Rs. 754,000.

2.9.6 Fuel Minerals

Coal

Coal occurs in a number of states, although only West Bengal, Bihar,
Madhya Pradesh, Maharashtra, Andhra Przidesh, and Assam have signiticant
minable reserves. Recent estimates of total reserves run as high as
83,674 million tons; however, reserves of coking coal suitable for
metallurgical processes are estimated at only 21,000 tons, most of

which are found In West Bengal and Bihar.

Production (1976):101,036,000 tons of hard coal; value: Rs. 7,103,892,000
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Lignite

-Lignite (brown coal) deposits occur in Gujarat, Jammu and Kashmir,
Rejasthan, and Tami! Nadu. Of the estimated 2,100 milions tons of reserves
about 2,000 milllon are found In the Neyvell lignite deposit In Tamil
Nadu.

Production (1976): 3,895,000 tons; value: 184,806,000

Petroleum

Proven petroleum reserves occur In the onshore flelds In Assam and
the Cambay Basin In GujJarat (about 700 miliion tons of which about 200
million are recoverable), while the off-shore reserves In the Bombay
High are estimated to contain over 800 miliion tons, with recoverable
reserves of up to 200 milllon tons. Additional potential oll-=bearing
areas are located In Tripura; Manipur; West Bengal; Punjab; Himachal
Pradesh; the coastal areas of Tami| Nadu, Andhra Pradesh, and Kerala;
the Andaman and Nlcobar Island; Lakshadweep; and offshore areas on
the continental shelf,

Production (1976) 8,430,000 tons of crude oll; value: Rs. 2,316,564,

Natural gas .
Production(1976): 1,514,000,000 cubie meters; value: Rs. 52,770,000.
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2.10 AIR AND THE ATMOSPHERE (see also 3.3.1)

Ale poliution problems come from several sources: industrial and
domestic fires; burning of petroleum and coal for thermal power pro=-
duction; and emissions from automobliles. In those areas of the country
affected by wind erosion, there are high levels of particulate matters
in the air during the dry season,

Pollution from automobiles Is a problems of urban centers such as

Calcutta and Bombay. Because many Indla automoblles operate Inefficiently,
they pollute at a rate estimated to be two to three time higher than

that of automobliles In developed countries. It has been found, for
example, that the carbon monixide level in Calcutta Is higher than

that In New York (Parkikh 1977:190).

Burning of fueis also creates pollution problems, Indian coal, for
example, while relatively low In sulfur has an ash content of anywhere
from 109 to 40%; par+ticulates from the burning of this coal result In
health problems (Parikh 1977:190). In the countryside, the burning of
both wood and dung is reported to cause severe alr pollution, which can
be harmful to health. Furthermore, the burning of firewood and charcoal,
the major domestic fuels In rural Indla, contribute heavily to the
carbon dioxide load In the atmosphere (UNEP '376:22-23).

Monitoring of the alr In seven Indlan citles (Ahmedabad, Calcutta, Delhi,
Jalpur, Kanmpur, Madras, and Nagpur) over a five year period ending

in July 1970 by the MNational Environmental Engineering Research Institute
(NEERI) revealed that none of these citles exceeded permissible levels
(as establlshed by forelgn governments) for elther sulfur dixide or
nitrogen oxides, while all of the citles with the exception of Madras
exceeded average permissible levels for suspended particulate matter
(Parikh 1977:190).

APA
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3.0 THE ECONOMY OF INDIA

3.1 Genera! economic indicators (Worid Bank 1979)

GNP per capita(1977): $150

Average annual growth rate: 1.3%

Average annual rate of Inflation (1967-70: 6.99
1970=77:8.9%)

Currency and rate of exchange: the Rupee (Rs).
January 1979: Rs. 8.212=US$|

Indla is ranked 16 among the 37 nations designated as low Income by the
Yiorld Bank. It Is also one of the 45 countries considered by the U.N,
as most seriously affected by recent adverse economic conditions.

EMPLOYMENT BY SECTOR GROSS DOMESTIC PRODUCT BY SECTOR
(1971) (1974-75)
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3.2 Poverfx

By & recent World Bank estimate over one-third of the world's poor Iive

In Indla and more than 80% of these belong to the rural households of
landless laborers and small farmers (Worid Bank 1979:v). Under the

new Draft Plan, which uses nutritional requirements as the basis for

its definition of poverty, an estimated 46% of the population was below
the poverty line In 1977/78 (a figure which the government hopes to reduce

e,
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to 388 by the end of the plan period) (World Bank 1979:17).

As mentioned above, the Incidence of poverty In Indla |s highest among
agricultural labor households and small cultivators, who make up more than
one fourth of the rural population. Just under halt of the rural-labor
households belong to scheduled castes or tribes. As conslderod in more
detai! below, despite various efforts, agricultural labor and smal |
cultlvator households are Increasing faster than ruyral households as a
whole. Furthermore, oreliminary findings of the Rural Labor Enquiry for
1974/75 would seems to Indicate that over the last decade there has been
a decline in the average earning of rural laborers In real terms as wel |
as an Increase in ths number of dzys that rural laborers have been

dle because no work could be found (World Bank 1979:57). )

The Improvement in the standard of living of the poor depends on the overal |
growth of the aconomy, particularly on an increase In agricultural pro-
ductivity, as well as on the expansion of opportunities for emp loyment In
urban areas. Higher industrial and agricultural growth are expected not
only to create new Jobs and permit Informal sharing of Incomes but also

to facilitate the implementation of special programs and projects designed
to benefit the poor directly (World Bank 1979:57).

Government programs to alleviate the situation of the rural poor, have
fallen into three basic categories: land reform; the extension of rural
credit; and Integrated rural development,

The World Bank's recent assessment of the situation emphasizes that

past schemes directed at relieving rural poverty, although successful in
many Individual cases, have, "In the context of the total economy and
society" been |imited and disappointing in both scope and success; the
result has been a widespread cynicism within the country about the possibi-
ITties for the outcome of new programs. Pollitical will, therefore,

Is Judged to be as Important as actual poverty~combatting mechanisms,

In determining the success of such programs (VWor|d Bank 1979:58).

Development plans

India's first flve-year development plan, issued in 1951, focussed

chiefly on agriculture and frrigation. The two subsequent plans emphasized
heavy Industry and transport. The fourth plan, drastically revised after
running Into Insurmountable problems including a crop fallure In 1966/67,
falled to attain jts goals for foodgrain and steel production but succeeded
In achieving a 12% per annum rate of growth of exports (in value terms)

and a decline in dependence on foreign aid. The draft fifth plan (1974-79),
released in December 1973, called for a 5.5% annual growth rate for the

five year period beginning in Apri! 1974. Under this plan, the final version
of which was released in September 1976, Indlia was able to achlieve a growth
rate of 3.9 percent between 1974 and 1978. The Economic Intelligence

Unit attributes what I+ calls +he "great success" of thls plan to 25%

growth in exports and a low import demand combined with large remittances
from Indians overseas (Economic Inteliigence Unit 1978: 20).

The draft sixth plan (1978-83), issued in March 1978, sets an annual growth

\ 2.3
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target of 4.8%. Its major goals are: |)the removal of unemp | oyment and
significant unemployment, to be obtalned by a program creating 49 million
man years, 23 of these In agriculture and 9 In industry, predominantly
cottage Industry; 2)an appreclable rise In the Ilving standard of the
poorest sectlons, Including a redistributive pollicy geared to the rura!
poor; and 3)state provislon of "basic needs," including drinking water In
100,000 villages, communlty health workers, I1teracy for 66 million
adults and basic nutrition and housing (Economic Intelllgence Unlt

1978: 20).

Public sector expenditures under the SlIxth Plan (1978-83) by Sector
(Economist Intelligence Unit 1978:21)

Agriculture: 86,000 12,49
of which
agriculture: 58,000 8.4%
rural development 20,000 2.9%
Irrigation and flood
control: 96,500 13.99
of which
ma jor an medlum
Irrigation ©72,500  10.4%
minor Irrigation 17,250 2.5%
Industrydminerals:
of which
vl lagedsmal |l scale 14,100 2.0%
lar geAmedum 72,520 10.5%
fertilisers&pesticides 16,880 2.4%
Energy,sciencedtech. 208,000 30.0%
of which
power 157,500 22.7%
petrolaum 25,500 3.7%
coal 18,500 2,7%
Transportdcommunications 105,620 15.3%
of which
rallways 33,500 4.8%
P&T,telecommunications 20,950 3.0%
roadséroad transport 29,230 4,2%
Soclal Services 93,550 13.5%
of which
education 19,550 2.8%

healthdfamlly welfare 20,950 3.0%
housing,urban develop-

ment and works 25,400 3.7%
water supply 15,800 2,3%
soclal welfare,

nutrition and labor
welfare I'1,850 1.7%

TOTAL 693,800 100.0% R RPN



103/

The plan size Is Rs. 1,162, 60% of which is accounted for by public sector
outlays (Rs. €93,800). The outlay for agriculture and Irrigation (26.3%),
while signiticantly larger than under the fifth year plan (21.7%), is less
then In earlier plans. However, total rural outlays are higher: 43.1%, as
compared with 37.1% under the fifth plan.

One of the major amphases of the plan Is combatting of poverty, Including
measures for: ralsing employment; land reform; Improving the supply of
credit for weaker sections of the soclety; public distribution of essential
goods; and speclal programs to asslst backward areas and to provide for
basic needs (World Bank 1979:17).

3.3.1 Foreign Assistance

All Indian development plans have relled heavily on forelign asslistance.
The chief channel for this aid Is the Ald-Indla Consortium, organized
under the sponsorship of the World Bank !n 1958, The members are Austria,
Belgium, Canada, Denmark, France, Great Britaln, Italy, Japan, the
Nether lands, the United States, West Germany, and IBRD/IDA. For the
perlod 1973-75, Indla received $1.097 billion from all sources=-about
$1.87 per caplita (Kurian 1978:642).

3.4 Agriculture

LAND UTILIZATION (1974-75)
(diagram covers 3,041,000 square kilometers--92.5% of total 3,287,782 square kilometers)
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Agriculture continues to be the dominant economic sector of Indla,
accounting tor about 40% of Gross Domastic Froduct in recent years,
occupying as much as 72% of the working population, and accounting

tor over 50% of land uti!ization In the country. Agriculture also supplies
raw materials for a large section of Indlan Industry and a substantial
portion of the country's exports.

Indla tarming, however, Is characterized by traditional farming methods
and low unit ylelds for aslmost every crop. For example, in 1976 India,
#Ith the world's largest hectarge planted to rice (some 38,600,000
hectares), produced some 46,000,000 tons less rice than China, where
total rice hectarage was 35,391,000.

3.4.1 Tanure and type of farming

The prevalling type of farming Is carried out by sedentary farming engaged
In the cultivation of cereals, although flbers, sugarcane, ollsead, and
market gardening are equally important In some areas of the country,

Most Indlan farmers are smal lholders. According to the Agricultural Census
of 1970/71, about 70% of all operational holdings consisted of two hectares
and less; these holdings, however, accounted for only 21% of the total
cultivated area. Furthermore, although only 4% of holdings were larger
than ten hectares, these large holdings accounted for 31% of the total
Cultivated area. This Imbalance Is also reflected In rural assets
statistics, which show that In 1971/72, the poorest 109 of the ruratl house-
holds owned only 0.1% of the total assets, while the richest 10% owned

over half of the total assets (Wor!d Bank 1979: 58). This pattern appears
to have continued unchanged. The National Commission on Agriculture

has reported (1976) that "the concentration of land In the hands of

more affluent farmers...continues to be Intact." Despite indications

that at least some states nave succeeded in proportionally reducing the
numbers both of the totally landless and of large landholders, the

actual number of poor farmers and laborers appears to be growing. During
1961-70, the number of holdings below one hectare increased by about

51%, from 23.6 million to 36.6 million, and the number of agricultural
laborers Increased by about 75%, from 27.1 million to 47.5 million

(Wor !d Bank 1979:57-58),

Not only are holdings predominantly small, but they are also frequentiy
fragmented Into small non-contiguous plots, partially as a result of In-
her itance practices and partially because farmers often prefer to plant
two different crops on two different types of solls or in two different
planting seasons. This situation creates several problems, among whlich
may be mentloned the awkward necesslty for farmers to move from one

plot to another, difficulties In irrigation, and constralnts on the use
of modern implements (Dutt 1973:48).

Consollidation of these small holdings, a possible answer to the problem,
has become wldespread only In Punjab, Haryana, and Uttar Pradesh. Tractors
are become more common, especially on consolidated holdings, but Indian
agriculture stiil relies heavily on drought animals such as bullock and
buffaloes for ploughing and carting (Dutt 1973:48).

3.4.2 Crop land and irrigation

Although the crop land per capita remains high In Indla as compared with \
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most other Aslan countries, the pressure on population on land has

beon Increasingly telt, particularly since the option of sdding new

crcp land becomes smaller each year. Although tre amount of total lrrigated
land has increased considerably since the 1950's, annual growth of

total cropped land declined from 1.7% in the 1950's to maintaln a growth

of about 0.5% per year since 1956] (Wor 1d Bank 1979:58). Increased
production, therefore, will depend more on an Increase In Irrigation

and on the use of modern machinery and fertilizers than on the extension

of agricuylture to a greater land area.

Irrigation has Increased dramatically since the 1950's; in recent years
as much as 24% of agrlicultural land has benefitted from irrigation and
this proportion Is expected to grow (see sectlon 2.3.3,2 for a detalled
discussion of Irrigation and I+s problems). As of 1975 about 18% of

the net cultivated area was being double=-cropped.

3.4.3 Harvasts

There are two harvest seasons In Indla: kharlf (autumn or fall) and

rabl (spring). The kharlf crop, sown with the onset of the monsoon rains

in June and July and harvested in the fall, consists principally of rice,
millets, malze, Jute, seasamum, and cotton. Kharlf crops are essentially
those of the floodplains and areas under tank irrigation (Dutt 1973:48).
Rabl crops, sown shortly after the end of the monsoon ralns In October

and November are harvested In March and Aprll. They include wheat, bar ley,
pulses, linseed, rape, and mustard. These crops, grown on doabs (tracts

of land between two rivers) and uplands are conslderably more dependent

on Irrigation than are the kharif crops (Dutt 1973:48).

Exceptions to this general two-harvest pattern are crops in the warmer
half of the southern peninsula, particularly Tamil Nadu, where rains
fall principally #rom October +o December, and sugarcane plantings
(Dutt 1973:43).

3.4.4, Jse of fertilizers and pestlicldes

India farmers have traditionally used fert!lizers such as animal dung
and other organic materlal, but much of this materlal is now burnt for
fuel,

Use of inorganic ferti|lzers (hereafter simply referred to as fertillizers)
has been on the Increase, however; demand for such fertllizers increased
by about 21% per year during the latter half of the 1970's, reachlng
5mlllion nutrient tons In 1978/79 (as opposed to only 400,000 tons

In 1961/62). For the most part, fertilizer use has beesn concentrated

In a few districts (i6% of the districts consume some 50% of the fertillzers)
and has been associated wlth irrigated agriculture rather than with the
some 75% of the farmland where ralinfed agriculture Is practiced.

Recent efforts in Karnataka have Indlcated, howaver, that ferti|izer

use can also be Increased in rainfed areas. Increases In fert!!lzer

use are dependent both on efflcient systems for transportation and
marketing of these products and the abl ity of the farmer to pay for -
them; 1t Is hoped reductions In the prices of fertilizers will lead

to Increased use. In additlon, increased assistance to the farmer from

2.1 )
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agricultural extension services could increase both the use of fertilizers
and the etfliciency with which they are used (Wor!d Bank 1973 :50-51),

India dces not presently produce Inorganic fertliizers in quantities
sufficient to cover her needs, although production has been Increasing,
rising from 1,427,000 tons In 1974 to 2,680,000 tons In 1977; tertlilizer
used In .976~77 came to 3,411,000 tons. Ferti!izer Imports accounted
for 8.41 of the value of imports in 1975~76, the last year for which
tigures could be found (India. Ministry of Information and Broadcasting
1978:211); Europa Yearbook 1979).

Nitrogenous fertillzers accounted for 72% of the Inorganic fertilizers
used in 1976-77, phophatic fertillzers for 18.6%, and potassic fertl!lizers
for 9.3% (India. Ministry of Information and Broadcasting 1978:211).

Attempts are also being made to develop local manure resources, and
schemes for urban compost, sewage and sullage utillzation, rural compost
and green manuring, mechanical compost plants, and gobar gas plants

are In operation. The Fifth Plan called for the establishment of

35 compost plants. About 6,000,000 hectares are now covered by green
manuring. Ouring 1974-75 about 24,000 hectares were under sewage
irrigation (india. Ministry of Information and Broadcasting 1978:211),

Use of pesticides for the 1976-77 year was anticipated at 49,874 tons,
an Increase of 5,000 tons over 1975-76. A target of 60,000 tons was
fixed for 1977-78. During 1976-77 an area of 886,600 hectares was
treated, equally divided between aerial and ground spraying; this was
double the area covered in 1975-76 (India. Min. of Information and
Broadcasting 1978:213). Pesticides In use in 1975 included: DDT
(India was the world's largest user), BHC, lindane, aldrin, toxaphene,
parathion, malathion, pyrethrum, carbamates insecticides, sulfur,

lime sulfur, copper compounds, dithlocarbamates, 2,4=D, triazine,
bromides, and various rodenticides (FAO Production Yearbook {976).

3.4.5 Qther types of farming

Shifting cultivation continues to be practiced by tribal people In the
forests of Assam and the sub-Himalayan slopes, the less~accessible parts
of Central India, and the slopes of the Western Ghats (Dutt 1973:48),

Plantation agriculture is carried out in two areas: (1) the slopes along
the Brahamaputra Valley in Assam and the Valley slopes in the inner
Himalayas and the Siwallk foothills in Dar Jeeling, where tez Is the
chief crop; and (2) the slopes of the Western Ghats in Kerala and Tami!
Nadu, where in addition to tea, coffee and rubber are also grown (Dutt
1973:48).

3.4.6 Principal crops and growing areas (see map of crop areas and table,
pages |06a and 106b)

Indlan agriculture is characterized both by a wide variety of crops and
by a preponderance on food crops over non-food crops. Foodgrains (Including
pulses) presently account for 77% of cropped area; all non=-food grain
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MAJOR CROPS OF INDIA

(Source: Minlatry cf Agriculture end Irrigetion as cited In
Ares In thousends of hectares: production In thousands of metric toas
Reporting period: July Ist to June 30th)

1979-1976
Pro~-
Area duction

FOODGRA NS

Cereais

RTce 39,479 48,740
Wheat 20,454 28,848
Sorghum( Jowar ) 16,092 9,504
Ca*-tall 1,571 5,736

mitlet(Bajra)

Malze 6,031 7,256
Small millets 4,672 1,924
Finger millet 2,630 2,797
(Ragl)

Bar ley 2,802 3,192

Total Coreals 103,727 107,995
Pulses

Chick pess(Gram) 8,320 5,879
Pigeon peas (Tur) 2,671 2,099
Dry beans,dry peas, 13,463 5,061

lentlis and other

pulses

Total pulses 24,454 13,039
NON=-FOODGRA INS

0i| seeds

Groundnuts 7,222 6,754
Sesame seed 2,170 479
Rapeseed and 3,339 1,936

mustard

Linseed 2,119 598
Castor deans 375 143

Total oll seeds 15,225 9,910
Fibers

Cotton(lint) 7,350 5,950%
Jute 585 4,440%»
Kenaf (mesta) 330 1,474
Plantation crops

Tea(rade) 363 487
Coffee n.a. 93
Rubber n.a. 136
Vegetables,Frults,Condiments, Splices
Potatoes 622 7,306
Chillles (dry) 740 520
Miscel laneous crops

Sugar cane gur 14,413

2,762
cane 140,604

Tobacco( leaves 622 7,306

1976=1977
Pro-
Ares duct lon
38,541 41,917
20,921 29,010
15,772 10,524
10,751 5,853
6,000 6,361
4,680 1,752
2,496 2,045
2,241 2,344
101,372 99,806
7,974 5,424
2,566 1,725
12,443 4,212
22,983 1,361
7,043 5,264
2,279 422
3,129 1,551
/1,888 419
496 179
14,835 7,835
6,885 5,839*
737 5,353#%
352 1,746
364 512
n.a. 84
n.a. 145
620 7,171
782 419
15,847
2,866
153,007
620 7,17t

"cotton: thousands of bules of 170 kg each
*#jute: production in 7housands of bales of 180 kg each

Europs Yeardook 1979 )

1977-1978
Pro-
Aras duction
40,001 52,617
21,203 31,328
16,273 11,818
11,035 4,71
8,700 5,947
4,740 2,113
2,622 2,904
1,993 2,309
103,597 113,807
8,253 5,45]
2,623 1,888
12,660 4,459
23,536 I,798
7,175 6,069
2,306 486
3,534 1,618
1,951 504
540 256
15,506 8,933
7,815 7,103%
" 795 5,338%%
361 1,780
n.a. n.a.
n.a. n.a,
n.a. n.a.
664 8,153
766 468
18,778
3,220
181,628
664 8,153



MAJOR CROP ZONES AND CROP ASSOCIATION REGIONS

(Source Dutt 1973: paga 51)

n' »’ ”o* 2onm
1. Rice 7. Greundnut
2 Milet 8 Cocenut
3 Whest 8. Shitting
- o N
o TN & Cotton ants
- / N & Maze
. . Regions
~ ., A -Rice T -Tee
“"' P4 Mi~Millet $ -Sugsrcene
{ 3 ( W —Wheat J —duie
- . G -Gram Sp ~Spices
[ "\ o\ C —Corton To-Tobecco
MR Cv ™M -Mgize P —Potato
3 Gr-Groundnut Mg Market
/ Q‘-'\ Co-Caconut gardening
{' @n ) \ 0 =Oileseds He —Hovticulture

Zones are Identified on the basis of their first ranking crop
(nos. 1-8) or on the basis of type of cultivation (9 and 10).
Within these zones, crop association regions--marked off by

the dotted lines-are Identified on the basis of second and third

ranking crops (indicated by letters).
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Crops account for the remaining 23%, Only 17% of the land Is occupled

by the main non=-food crop: fibers and ollseeds. In terms of the overall
vaive of agricultural production foodgralns account for 55%, non=foodgrain
crops for about 25%, Iivestock and dalrying tor 15%, forestry for 3%, and
tishing tor 1% (World Bank 1979:52). The principal crops are shown

on the table on page 107a. Principal growing areas within the country

are indicated by the map on page I07b,

Not indicated on the table on page 107a are substantial quantities of
vegetables and melons, lncludlng:.cabbages, tomatoes, caullfiower, dry
onlons and garlic (India is the world's largest producer of both), green
beans, and green peas. Fryits Include grapes, pears, peaches, plums,
oranges, lemons and limes, grapefruilt, apricots, bananas (Indla Is the
world's largest producer after Brazil), mangoes (India accounted for
79% of world production in 1976), pineapples, cashew nuts (india
accounted for 41% of worid production in 1976), walnuts, and coconuts
(FAO Production Yearbook 1976). Among the frults, mangoes, bananas,
and guavas are grown throughout the country; oranges In Maharashtra,
West 3engal, and Assam, while the western Himalayan areas of Kashmir
accounts for the temperate frults such as apricots, pears, and peaches
(Dutt 1973:53),

Four distinct larger crop growing regions based on climate have been
fdentified: the Himalayan zone, the dry zone, the suyb-humid zone, and
the wet zone. The Himalayan zone, only 7% of which is cultivable, has
rainfall levels varying from 1000 to 25000 mm; principal crops are
wheat, maize, rice, market-gardening, Including potatoes and fruits,
and tea. The dry zone (Punjab, Haryana, Rajasthan, western Gu jarat,
and the southern plateau In the |ee of the Western Ghats) receives

less than 700 mm of rain; dominant crops are millets and wheat but
gram, maize (in the northwest), ofl seeds, and cotton are also grown.
The sub-humid zone , with a rainfall of from 700 to 1250 mm (the Upper
and Middle Ganges Plain and the eastern half of the peninsula plateau
through to Tami! Nadu) is the most heavily cropped areas of the country;
major crops are wheat, sugarcane, rice, gram, maize, millets, cotton,
groundnut, ollseeds and tobacco. Wheat is the chief cereal In the upper
Ganges Plain, millets and wheat on the Plateau, and rice In the coastal
region and the middle Ganges Plain. The wet zone (annual rainfall of
more than 1250 mm) includes the northeastern section of the peninsular
plateau, the Ganges Delta, the Brahmaputra Valley and the West Coast
plain; rice Is the dominant crcy through this zone byt ol lseeds, gram,
millets, jute, teah, sugarcane and spices are regionally important
(Dutt 1973:49), .

Under the Draft Sixth Plan emphasis Is put on mixed farming Incorporating
both foodgrain and non-foodgrain crop production, animal husbandry,
poultry, and forestry. It Is felt that non=food grain agriculture,
because It Is generally less land intensive +han foodgrain production,
offers better prospects for faster and larger growth of income for

very smail landowners and for the employment of landless labor. |+ Is
expected that this emphasis could help to meet domestic demand for
products such as ol Iseeds while only minimally reducing the amount of
land marked for foodgrain production. Cotton production is particularly
marked for rapid Increase under the plan; this Is to be brought about

\5\_



108/

by propagation and Introduction of new hybr id seeds, the encour agement of
cotton growing on Ilightly Irrigated areas, and the expansion of plant
protection and pest control (World Sank 1979:52),

With regard to exports, tea and Jute (more preclisely jute manufactures)
are *he most Important crops, but tobacco and sugar, of which Indla Is
the world's largest producer, are also of Importancs,. Cotton fabrics,
based both on Indian grown and Imported cotton are also significant
exports,

3.4.7 Llivestock

LIVESTOCK AND LIVESTOCK PRODUCTION (Source: FAO Production Yearbook)

NUMBERS ( thousands PRODUCTION (in thousands of metric tons)
of heads)
sfaugh=- butter
1975 1977 tered meat milk* 4ghee eqqs  wool skins
,457 181,092 70
Cattle 179,45 ’ 8,424 295.5
570%
Buffaloes 59,853 60,398 tie 16,500
Goats 69,032 70,060 2715 708 70.2
Sheep 40,000 40,352 17 greasy 35.6
32,7
clean
20.4
Pigs 8,048 8,732 63
Camels 1,150 1,150
Asses 1,000 1,000
Horses 900 900
Poultry 141,000 143,000 104 ] 85

%3l| sources

cattle

Indta cattie, by FAO estimates, account for some 15% of the world's cattle
population. Only small numbers of these cattle are slaughtered, thelr main
use being as draft animals or for milk. An estimated 42% of the cattle

in the country are draft animals. However, because of bad feeding,

the conditions under which they are kept, and their widesprsad status

as sacred animals limits, thelr usefulness as both milk and draft animals
I's not as great as it might be (Economlst Intelligence Unit 1978:12).

Dung from cattle and other animals Is used both for fuel and as fertilizer.
Because of acute shortages of fuelwood, particularily in non-forest

areas, cowdung, a valuable manure, is burnt for fuel. By one estimate,

as much as 400 million tons of dung (wet welght) are used for fuel each year
in India (Indian Forester 1979:24]).

buffaloes

There are about seven Indigenous breeds of buffaloes. Buffalces are

considered more advantageous than cows because they are less expunsive
to malntain and because their milk is richer In fat content and 5
therefore more suitable for production of butter and ghee (Lal 1977:120).

VB2
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sheeg

Sheep are kept mainly by poor farmers and nomadlic shepherds; they are
concentrated mostly in the arid zones with low rainfali and form a

ma Jor source of income for people in these areas (Lal 1977:180). Most

of the sheep stock is low In productivity of both wool and mutton (Lal:
1977:180). Most of the wool produced by indian sheep Is coarse and

I's used in the manufacture of carpets, druggets, and coarse blankets.
Better quality wool must be Imported to supply the woolen textile Industry
(about Rs, 210,000,000 per year) (Lal 1977:180).

goats

Goats, one-sixth of the total world population of which are in India,

are the major source of animal protein In India, accounting for some

37% of meat production In 1976, Goats also supply miik, skin, mohair,

and dung. Although goats are found throughout the country, about 6,070,000
are found in the hot arid zone of the northwest, while large numbers

also occur in Uttar, Pradesh, Blhar, and Madhya Pradesh (La| 1977:181;
NCEPC 1977:33), Important because of their yields of high quality

hair are the Himalayan goats of Jammu and Kashmir, Himachal Pradesh,
Punjab, and Uttar Pradash,

goulfrx

Poultry numbers In India are small in comparison with more developed
countries--only about 26 chickens per 100 persons. Furthermore, the
annual laying capacity of Indian hens is small--about 60 smal | eggs
in a year, as compared to 180 large eggs from Amercian breeds such as
the White Leghorn (Lal 1977:181). Despite a steady increase in eqg

availability of eggs in Indla Is estimated at only 12 per person per
year (Lal 1977:181).

pigs

Pigs constitute only a smal| percentage of total livestock in India,
and pig meat represented only about 8% of meat production in 1976.

A model piggery has been set up at Gannavaram in Andrha Pradesh,

and efforts are being made to set up programs in the Northeastern
states, where plg meat is a popular food; these include a scheme in-
volving production through small and marginal farmers and agricultural
laborers in 10 districts (Lal 1977:18]).

Indla earns foreign exchange (some Rs. 70G,000,000) through the export
of hides, skins, wool, and other animal products (Lal 1977:179).

camels

Camels are concentrated in Rajasthan and Haryana, with lesser concentrations
in Gujarat. They are used for tilling and hauling and can also serve .-
as sources of milk (Singh 1974:289). 5 B

|53
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3.4.7.1 Overgrazlng

Overgrazing of domestic animals Is a serious problem throughout much of
Indie, although problems tend to be greatest in the mountalnous areas,
where large numbers of sheep and goats are responsible for deforestation
and consequent soll erosion, and In the arid zones.

In the arid zone of Rajasthan, where !ivestock population exceeds human
population, density of |ivestock (cattle, buffaloes, sheep, goats,
camels) Is much higher than In other parts of the country--more than 25
Iivestock per hectare of permanent pasture and grazing land (NCEPC 1977:
33). Here Increases In |ivestock numbers has led to a shrinkage of
cropland and the extension of agricultural to marginal iand. Domestic
animals, particularly sheep and goats, have contributed to depletion

of vegetal cover on stabllized dunes, aggravating desertification
problems (NCEPC 1977:41). The Ilvestock pressure has led to over-
grazing, deforestation, and explolitation of the woody bliomass of the
region, resulting In extensive removal of vegetation, wlth consequent
erosion hazards (NCEPC 1977:45).

3y
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Industry

Industrial manufacturing contributes some 14% to the Indian GOP.

Its rate of growth between 1969 and 1973 was 4.2%, down from 9 % per

year during 1961-65. Within the period of the Fifth Plan (1974-79), however,
annual growth has averaged 6.0%(Economist Intelligence Unit 1978:13).

In terms of absolute output, India is one of the ten largest industrial
countries outside of the Communist bloc; however, it is among the least
productive if judged by per caplita industrial output (Kurfan 1978:645),

The government has played an increasingly larger role In industrial
development. As of i974 there were 122 central government public
corporations, accounting for over 50% of the value in large-scale
manufacturing (Kurian 1978:645).

Industrial production is centered in nine states, which together

account for 90% of industrial output: Maharasthra, West Bengal, Tamil
Nadu, Gujarat, Uttar Pradesh, Bihar, Andhra Pradesh, Karnataka, and
Madhya Pradesh. According to the 1970 industrial survey, there were
62,833 establishments employing over 10 workers each (small scale)

and 13,598 employing over 50 workers each (large scale). Of the ten
dominant industrial groups, the largest is textiles (about 10.2% of
reporting plants). Other industries are Jute, sugar, paper and paperboard,
photo paper and films, iron and steel, engineering and machine tools,
drugs and pharmaceuticals, and petrochemicals (Kurian 1978:645).

Industries fall into two groups: an organized and an unorganized sector.
The organized sector is subdivided into large-scale and small scale in-
dustries, with the large scale accounting for 27% of all industrial plants,

84% of aggregate emp loyment, and B84% of the aggregate gross value of
outout. The unorganized sector includes cottage industries, handicrafts,
and most service industries (Kurian 1978:645).

Large industrial operations include the iron and steel industry, with

major plants in Rourkela and Durgapur in West Bengal, and Bhilai in

Madhya Pradesh. The oil refinery in Mathura (Rajasthan), scheduled for
opening in 1978, has a capacity to process 6 million tons of crude oil

per year; it is intended to process principally Iraqgi oil piped 1,600 kilo-
meters from the Gulf of Kutch. Among important agro-industries are

cotton textiles, with 703 mills in operation at the end of 1976; the

sugar Industry, with 271 factories producing 48,142,000 tons of sugar

in 1976=77; and the the jute industry.

Jespite growth in the large industrial sector, village and small industries
continue to play an important role throughout India. An estimated 20,000,000
people are engaged in these industries, about 9,000,000 of whom are in the
handloom Industries. Under the Draft Sixth Plan, as under earlier plans,
strong emphasis has been placed on the small-scale Industrial sector,
particularly as a means of creating jobs. The village and small=-scale
industries program has set the goal of 6.8 miiilon full=time Jobs created
during the plan period. Strong emphasis Is being placed on the handloom
industry; efforts here involve upgrading the productivity of hand!ooms

and the quality of inputs and the creation of new export markets (World
Bank l979:vlil¥.
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5.3.1 Industrial pollution

Water pollution from industrial operations has been considerad in

section 2.3.4. As pointed out there, such poliution Is not Iimited to
urban areas, since sugar mills, which are among the heavier polluters,

are located in rural areas. Despite the growing danger of water poliution
from industry, however, water pollution today arises above all from
domestic sources, which have recently been estimated to account for

as much as 90% of the total pollution ioad (JPRS 73682, June 14, 1979:

5).

Industrial air pollution arises from industrial operations such as
fetilizer production, sulphuric acid plants, refineries, thermal power
plants, synthetic fiber production, and aluminum smelting. Thermal
power plants, one of the major sources of air pollution, cause problems
mainly through emissions of sulfur dioxide and flyash. In industrial
centers such as Kampur, Calcutta, and Bombay, pollution from smoke is
particularly severe. |In many cases, industries are located in

highly populated areas, where dangers to human health are high

(Johnson and Johnson 1977:section [1.1). In Delhi there were, by a
recent count, about 24,000 Industries in residential and non-industrial
areas(WER June 4, 1979:6). Recently there has been a controversy over
the location of a 3,600-ton per day fertilizer plant just south of
Sombay on the west coast of India, which according to environmentalists
opposing its establishment would add to the pollution level in this
city, already said to be the most polluted in the country (WER January
15, 1979:1), '

3.6 Energy sector

India has several basic sources of energy: electricity produced by hydro-
power, thermal sources such as coal burning, and nuclear power plants;
energy produced by petroleum and natural gas; and energy from non-commercial
sources such as firewood and charcoal, cattle dung, and crop residues.

elecfricifx

Of the estimated 91,282 gigawatt hours of electricity generated by
India's utilities in 1977/78, 55% were produced by thermal installations
burning coal or petroleum, 41.6% by hydropower installations, and 2.5%
by nuclear power plants (see table on page 33). Of the estimated 68,963
gigawatt hours consumed during the same period 68.9% was consumed by
industry, 14.4% by agriculture, and 23.2% by other users (World Bank
1979:97).

Part of the effort to develop rural areas has involved extending the rural
electrification network as rapidly as possible. The percentage of

villages receiving electricity from the grid has, accordingly, increased
from 0.5% in 1950/51 to just over 38% In 1977/78 (World Bank 1979:86).

The number of electrified pumpsets used In minor irrigation projects

for agriculture has risen over the same period at an average annual ,
rate of 2i% from 21,000 to over 3.3 milllon. With regard to rural industry,
use of electricity in such establishments rose from 1.2% in 1960 to
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5.4% In 1970, the last date for which flgures could be found(World Bank
1979:86).

Since 1970/71, growth Iin the electric power sector has not been able to

meet demand, and shortagas of electricity have consequently become quite
widespread, with serlous Impact on the economy at large. The greatest
aeticits have been In the Horthern and Northeastern Regions. The effects

of these shortages have fallen most heavily on the Industrial sector, which
relies heavily on electric power, and Industrial output has suffered accordi
The effects of electricity shortages on the agricultural sector have

been ralatively minor because In most states agricultural supply Is
provected as a matter of policy (World Bank 1979:100-101),

non=-commercial fuels

Non-commercial fuels, which In 1970/71 accounted for 48% of total energy
consumed and 85% of household energy, are used more heavily In rural
than In urban areas. The 20% of the Indian population Itving in urban
areas accounted for an sstimated 17% of non-commercial energy use in
1970-71 (Henderson 1975:27),

As of 1970/71 the estimated breakdown for non-commercial fuel use was:
66% in charcoal and firewood; 15¢ in dried cow dung; and 20% In vegetable
wastes* (Henderson 1975:27).

According to recent estimates of all total energy uses in rural india,
non-ccmmercial sources Including human labor, bullock work, f!rewood
and charcoal, cattle dung, and crop residues account for 89.5.% of

all energy uses; 73.7% of these non-commerclial fuels are flrewood,
cattle, dung and crop residues. Petroleum and natural gas accounted
for 3.1% of energy use, electricity for about 7.4%, soft coke for

.23 (UNEP 1976:23),

problems and alternatives

Problems arising from the heavy use of firewood as a domestic fuel have
been considered in section 2.5.2.2.2. Heavy use of cattle dung as a fuel
means that 1t is not being as widely used as a fertilizer; this means
either that no fertilizers are not being used or that expensive chemical
fertilizers must be used instead.

Although electrification is being Increasingly extended to rural India,
electrification may be prohibitively expensive for some remote areas far
from the grid system. Furthermore, the introduction of electricity often
does not remove pressure from the non-commercial fuels such as wood;
rather, It has tended to serve as a replacement for kerosene, a fue! which
has risen in cost along with generally rising petroleum prices (Henderson
1975: 168).

*Calculated on miiifon fons of coal replacement; in units of mi|!lions of
tons the breakdown was: firewood and charcoal: 126 (54.1%); dried cow dung:
68 (29.2%); vegetable wastes: 39 (16.7%) (Henderson 1975:27), '
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A promising source of energy for rural areas Is gobar gas, whlch Is
derived from cow dung and other natural wastes by anaerobic fermentation.
Such gas, which Is composed of 55% methane and 45% carbon diox!de by
volume, can be used for cooking, Ilghting, and as a fue! for operating
pumpsets. Furthermore, the residue left atter gasification is a good
organic fertilizer. Gobar gas plants can be operated on a small scale
with a gas output as low as two cubic meter per day. One problem with
this energy source is that only a small minority of rural families own
the minimum number of cattle required to supply gasification units
(Henderson 1975:168-69),

Other potential energy sources are urban and industrial wastes; solar
energy, which has good possibilities, particularly In India s arid areas;
geothermal energy, which might be derived from hot springs In areas such
as the north-west Himalayan ranges, the Namada Sone Valley, the Damodar
Valley, and the west coast; and wind milis, which could be used for
household energy in those areas of Rajasthan, Gujarat, Maharashtra,

and Gujarat where wind speeds are over 10 kilometers per hour (Lahiri

and Nagarajan 1977: 239-240). Of these sources, the Indla government
appears to have been most actively pursuing the development of solar
energy. As of early 1979 some 21 Institutions within Indla were reported-
ly engaged in research and development work on solar energy (WER Aprl|
23, 1979:6),



4.0 ORGANIZATIONS WITH INTEREST IN ENVIRONMENT AND NATURAL RESOURCES

India has no single central body charged with environmental conservation,
Rather these functlons are scattered among various ministries and departments
which are responsibie for taking environment matters into consideration

when they formuylate thelr programs., Furthermore, India has a federal

system of government in which the primary responsibl!ity for most matters
relating to environment and natural resources falls to the state governments
(see 4.2).

At the union (central) level, however, there is a National Committee

on Environmental Planning and Coordination, functioning under the Department
of Science and Technology, charged with reviewing environmental matters,
including policy formulation, and advising the government in thls area.
Simllar bodles keep a close watch on environmental matters at the state
level, and some state goveraments have established Departments of the
Environment (UNEP 2NAP 1978:6).

4.1 CENTRAL GOVERNMENT ORGANIZATIONS

4.1.i Planning and Coordlinating Bodles

4.1, National Committee on Environmental Planning and Coordination
(NCEPC)
New Delhi

Established: 1972 (under the Ministry of Sclence and Technology)

The NCEPC was set up to identify, investigate, and propose solutions for
the problems of improving the human environment In the context of the
groath and distribution of populaticn and economic development. To
accomplish these goals the NCEPC is to review, formulate, and promote
policies and programs covering development projects, physical planning,
legislation, administrative procedures, education and public Information,
and research (India. NCEPC. 1976:4).

In pursuance its research goals, the NCEPC has established the Environment
Research Committee (ERC) and the Indian Natlonal Man and the Biosphere
Reseach Committee (MAB) to assist the Department of Sclience and Technology
in fostering and supporting research work in various areas of environmental
concern (India. NCEPC. 1976:5).

The NCEPC is Involved, among other things, In major reserach work In
ecology under UNESCO's programme MAB programme, The committee Is
engaged in research involving environment and ecology, human settlements,
mass transit and water pollution control.

4.1.1.2  Planning Commission

The Planning Commission Is Instrumental In the production of India's

Five Year Plans, which have guided Indla's development since the eariy

1950's. The draft sixth plan (1979-84) for the first time includes

a section entitied "Environmental Planning and Coordination." Various
divisions of the Commission are: Agriculture and Rural Development, \’Eﬁ%
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Employment and Manpower Planning, Industry and Minerals, Village and Small
Industries, irrigation and Command Areas Development, Land Reforms, Plan
Coordination, Power and Energy, Sclentific Research, and Statistics and
Surveys. The Pianning Commission, which approves al! State and federal
development projacts involving financial support from the central govern=
ment, will not cleor projects found unacceptable from an environmental
standpoint ((UNEP ROAP 1978:6).

4.1.2 CENTRAL GOVERNMENT MINISTRIES (Names of Ministries are as of mid-
Decamber 1979, at which time there were 30 ministerial posts.)

4.1.2.1 MINISTRY OF AGRICULTURE AND IRRIGATION

4.1.,2.1.1 Department of Agriculture

The Department comprises eleven wings: Crops; Plan Co=-ordination;
Forestry; Adminstration and Coordination; Budget, Finance and Accounts;
Land and Water; Land Reforms; Agricultural Census; Inputs; Animal
Husbandry; and Fisheries.

National Commission on Agricul ture

Constituted on August 29, !970, the Natlonal Commission on Agriculture
was charged to "examine comprehensively the current progress of Agri-
Culture in India and to make recommendations for its improvement and
modernisation with a view to promoting the welfare and prosperity of

the peopie." It was directed to investigate and report on a) crop
production, land and water development; b) animal products, fisheries,
and forestry; c) research, education, and training; d) organization

and supporting measures; e) employment and manpower; f)other aspccts
such as land reforms and speclal area programs. The findings of the
Commission and its recommendations are contained in a massive |5 volume
report published in 1976 and summarized in an abridged report, which
followed in 1977(see India. National Commission on Agriculture. 1976 and
1977). The material contained in the report is based on data already
avallable through the Ministry of Agriculture and Irrigation as well

as on Information generated by the Commission itself. The report general ly
reflects the situation as of 1973-74,

4.1.2.1.1.1 Forestry Wing

Inspector General of Fore.ts  (Sharma 1978: 219)
(acts as ex-officio Additional Secretary to the Government of India
in all forestry matters)

Various deputy and assistant Inspectors are concerned with forests

in general, wildiife, forest Industries, and forest statistics, while
technical officers are assigned responsibilities for forest planning

and Industry. The Division of Forestry and Wildl1fe, the director of

which is also the Director of Wildlife Preservation, has particular
responsibilities In the area of wildlife conservation; It is the agency
responsible for the Implementation of the CITES (Convention on International
Trade In Endangered Species) Treaty, to which India is a signatory.

\Hﬁi@
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4.01.2.0, 01,1 Central Beard of Forestry (Sharma 1979;: 219)

The C8F Is composed of the ministers in charge of forests in the states
and Unlon Territories, the Secretary to the Department of Agriculture
and the Inspector General of Forests. Under the Chairmanship of the
Minister of Agriculture and Irrigation, the board meets annually to
consider policy and other forest related matters at the natlional level .

4.1.2.1.1.1.2 Indian Board for Wild Life

Established: 1952

An advisory body, the !ndian Board for Wild Life meets once every quarter

to consider and make suggestions concerning policy regarding wildllfe

and wildlife conservation. The Board has set up four wings for Investigating
problems of management of I) Z00s, 2) birds, 3) flsheries, and 4) flora.

In 1970 the Board commlissioned an expert committee

to produce a report concerning national parks and wildlife sanctuaries

and to develop a wildllfe conservation policy for India (Indian Board

for Wildlife 1970).

4.1.2.1.1.1.3 Forest Research Centre

4.1.2.1.1.1.4 Forest Research Institute and Col leges
Gehra Dun

The Institute and Colleges represent the main center for research In forests
and forest products. There are four regional centers at Jabalpur, Coimbatore,
Bangalore, and Burnihat. Research conducted by the Institue has covered
Eucalyptus hybrids and the introduction of tropical pines. The Institute

has succeeded in producing Eucalpytus hybrids which are promising for large-
scale plantations.

In the area of training, the Institute and Colleges serve as training
centers for the South-East Asia Reglons. During 1977, for example, there
seven foreign students for of ficers! training and 23 students in the range
officers! course (Indla. Dept. of Agriculture 1978:123).

4.1.2.1.1.1.5 Forest Research Laboratory

4.1.2.1.1.2 Divislion of Soll and Water Conservation
Etablished 1956

The division Is Involved in planning, coordinating, and monitoring the
Central Sector Programme of Sol! and Water Conservation on a national
scale, including the arid and semiarid reglions of the country,

Research programs have Included pilot projects for developing integrated
technology for ravine reclamation In Rajasthan, Gujarat, Madhya Pradesh,
and Uttar Pradesh; soll conservation In the catchments of multipurpose
river projects; collaboration in the planning processes of the Drought

R
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Prone Ares Programme implemented In the arid anc semiarid regions of
the country where research findings for integrated area development
are being applled (Paylore 1977:58).

4.1.2.1.1.2.1 All-India Soi! and Land Use Survey Organization (Paylore 1977:58)
New Delhi

Centered In New Delhi, the Organization has four Regional Centres (at
Oelhi, Caicutta, Nagpur, and Banagalore) and three sub-centres at Ah-
medabad, Hyderabad, and Ranchi. The Organization has the strength of
80 sanctioned field parties with ancillary supervisory and minister]al
statt (India. Dept. of Agriculture 1978:54).

The Organization conducts rapid reconnaissance surveys for identification
of priority watersheds in the catchments of selected river valley pro-
Jjects and detalled soil surveys in priority watersheds In order to pro=
vide scientific data for planning and implementation of soil conservation
works. During 1977, furthermore, detailed soll surveys were carried out
in problem-prone areas such as the ravine lands of Kotah and Pukharayan
(Uttar Pradesh) and salt-affected areas of Etah (Utter Pradesh) (India.
Dept. of Agriculture 1978:53-54),

4.1.2.1.1.2.2 Soll Conservation, Research, Demonstration and Training Centre
Dehra Dun

Established in the 1950's by the central government Soil Conservation Board
(an organization which has since been abolished) as one of a group of nine
regional centers, the Centre at Dehra Dun (Uttar Pradesh) now has administrative
responsibility for six additional centers: Kota (Rajasthan); Agra (Uttar
Pradesh); Chandigarh; Ootacamund (Tamil Nadu); Bellary (Karnataka); Vasad
(Gujarat). Among the research problems dealt with by the Dehra Dun Centre
have been: erosion control In the Himalayas, stabilization of land slides,
development of techniques for crop production, and establishment of pastures
and forestry (India. NCA 1976:vol.5:270-71). In 1977 the Centre's work
included continuation of Its studies on soil and water losses; this involved
collecting about 400 run-off samples from six gauging stations installed

in an experimental watershed of the Center (India. Dept. of Agriculture
1978:54-55) ,

4.1.2.1.1.2.3 Central Soil Mechanics Research Station
New Delhi

4.1.2.1.1.3 Fisheries Wing

The wing Is the main organization dealing with fisheries at the national
level. Under the Wing are:

Deep Sea Fishing Organization

Bombay

=conducts offshore and deep sea exploratory surveys; has a number of
substations all along the coast

R
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lnfoara*ed Fishery Project (Indo=-Norweg!an Prcject)
Cochin
EstablIshed: 19%7

The Project ~..ducts exploratory survey work and is also engaged in
the demonstration of modern fishery technology for the use of the

Industry by carrying out diversifled fishing, processing, and marketing
activities (NCST 1976:234)

Central iInstitute of Fisheries Education
Bombay
Establ ished: 1961

Provides post-graduate education In fisheries mainly to District
Fisheries Qfficers drawn from varlous State departments.

inland Flsheries Training Center
Barackpore
Established: 1947

Provides training to middie-level fisheries executives-~chiefly as nominated
by State fisherles departments--in In!and Fisheries.

Central Inland Fisheries Research Institute
P.0. Barrackpore
West Bengal 743101

Established in 1947, the research conducted by the Institute includes:
freshwater aquaculture; estuarine, riverine and lacustrine capture
fisheries; brackish water fin and shellfish culture; frog farming;

weed control; water pollution; economics of inland fisheries practices.

Reglonal Training Centers for Intand Fisheries Operations
Agra

Provides training for Inland Fisheries Operatives deputed by State govern-
ments,

Central Institute of Fisheries QOperatives
Cochin, Madras

Training in manning deep sea fishing vessels.

Pelagic Fisheries Project

4.1.2.1.1.4 Directorate of Plant Protection, Quarantine and Storage

4.1.2.1.1.5 Agricultural Research and EducéTion Wing

4.1.1.2.1.6 Food Wing
4.1.1.2.1.7 Rural Development Wing

National Institute of Community Development

Vw3
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4.1.2.1.1.8 Central Ground Water Board (CGWB)

During 1977-78 the activities of the CGWB Including systematic
hydrogeologlical surveys, deep groundwater exploration, short-term water
supply Investigations, and hydrogeological laboratory studies In various
parts of the country. The CGWB also constructed tubewells on a deposit
basis (India. Dept. of Agriculture. 1978:47-48) . .

Special groundwater Investigations undertaken In recent years have Included:

1) study of a pilot project on Induced recharged In the Suhaon area of
Ballia district in Uttar Pradesh;

2) detailed investigation on groundwater potential and preventive measures
for salt water Intrusion at Sriharikota, Nellore district in Andrha
Pradesh;

3) mlcro-hydrogeological surveys for groundwater resoruces development [n
Monghyr district (Bihar) and Nadla and Murshidabad districts (West Bengal);

4) monttoring the extent, nature, and effects of surface and groundwater
pollution from discharge of industrial wastes In the Damanganga and Kotar
rivers in Daman and Gujarat.

Systematic hydrogeological surveys during 1977 (up to October) covered an
area of 24,854 square kilometers. Within the same period reappraisal studies
covered 41,949 square kilometers, ninety-six boreholes and fourteen deposit
wells were drilled, and 57 short~term water supoply Investigations were
conducted (iIndia. Dept. of Agriculture 1978: 48).

In addition to It+s research efforts, the GGWB provides In-service tralning
for officers of Central and State governments |n various aspects of hydro-
geology and water-wel | drilling techniques.

4.1.2.1.2  Department of Irrigation

4.1.2.1.2.1 Central Board of Irrigation and Power

4,1.2.1.2.2 Central Water Commission

The Commission has conducted detalled studies on appraisal and
promotion of Irrigation facilities in drought-prone areas and has
also worked with the Technical Advisory Committae on Agroclimatic
study in the Meteorological Department,

Water Wing

The Ganga-Brahmaputra Water Study

Vi



4.1.2.1.2.4 Indus Waters Commission
4.1.2.1.2.5 Indo-Bangladesh Joint Rivers Commissions
4.1.2.1.2.6 Ganga Basin Organization

4.1,2.1.2.7 Natliona! Flcod Commission
Established: July 1976

The Commission Is to study, in depth, the flood problem and pro-
tection measures as undertaken since 1954 with a view to recommending
a scientific comprehensive approach and high priority measures for
both flood control and protection. The Commission was expected to
submit its report within two years (Soil Conservation Digest, vol.

5, no. |, 1977).

4.|.é.2 MINISTRY OF CHEMICALS AND FERTILIZERS
4.1.2.3 MINISTRY OF EDUCATION, SOCIAL WELFARE AND CULTURE
4.1.2.4 MINISTRY OF ENERGY
Central Electricity Authority
4.1.2.5 MINISTRY OF HEALTH AND FAMILY WELFARE
Department of Health
Department of Family Planning
Directorate-General of Health Services
All-India Institute of Hygiene and Public Health
Committee on Urban Wastes (see Varma 1978:26)
Has made recommendations for studies relating to the use of sewage
for irrigation.
Central Public Health Engineering Organization
Set up to help state government in the preparation and execution of
their water supply and sanitation schemes and for glving technical
advice and guidance (Dal 1976:106).
4.1.2.6 MINISTRY OF INDUSTRIES
Department of Industrial Development
Department of Heavy Industry

Khadi and VIillage Industries Commission

Indian Institute of Handloom Technology



22/

4.1.2.7 MINISTRY OF PETROLEUM

Qil and Natural Gas Commission (ONGC)

Among other things, the ONGC conducts geophysical exploration and .
bottom topographic surveys and surveys sea bottom sediment.

4.1.2.8 MINISTRY OF PLANNING
Department of Statistics
National Sample Survey Organisation
4.1.2.9 MINISTRY OF SCIENCE AND TECHNOLOGY
Establ ished: 1971

The Department coordinates Sclence and Technology activity In the country,
including planning and provision of grants to research Institutions; holds
ministerial responsibilities of such autonomous bodles as the Counci | of
Scientific and industrial Research (CSIR) and the National Research Developme
Corporation (NRDC); and concerns itself with bilateral agreements on science
and technology with other countries.

The DST has taken the lead iIn promoting Indigenous technology and the adaptio
of modern technologies through in-house research and deveiopment efforts

in industry. As of the end of 1977 some 440 research and development
establishments covering both the public and private sectors were registered
with the DST.

Focused on the problems of small industries are seventeen state research
development and design committees set up jointly by the DST and the
Department of Industrial Development. These started functioning in 1973,

4.1.2.9.1 National Remote Sensing Agency (NRSA)

An autonomous body under DST the NRSA was set up for conducting surveys
of various natural resources using satelllte imagery, scanner data from
aircraft, and serial photography. The laboratory is located at Hyder-
abad, and the Research Flight Facility with three aircraft and equipment
Is at Bangalore. The Indian Photo Interpretation institute at Dehra
Dun, formely part of the Survey of Indian, has come under the NRSA since
July 1976.

The Fifth Plan allots Rs. 6.39 crores to the NRSA.

4.1.2.9.2 Natlonal Information System for Science and Technology (NISSAT)

NISSAT was set up by the DST with the broad objectives of interlinking

and coordinating a large number of informatliopn sources, systems and services
into an effective decentralized information network involving standardized
and mutually compatlible systems for collection, storage, processing, and
dissemination of Information. The Fifth Plan calls for the establ ishment of
four sectoral Information centers and six regional Information centers.

WMo
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The outlay for NISSAT under the fifth plan is Rs 1.60 crores.

4.1.2.9.3 National Committee on Sclience and Technology (NCST)

The NCST is the top body for advising the government on ail matters
relating to planning and promotion of science and technology.

The NCST prepared in 1973 the first Science and Technulogy Plan, which
places emphasis on areas such as natural resources, fuel and power, oil
and natural gas, petro-chemicals, fertllizers, groundwater, minerals,
heavy engineering, and machine tools, mining, steel and metal lurgy
Industry and utilization and recycling of wastes. (indla, Min. of
Information 1978: 76). The NCST was reponsible for a major survey

of Indla marire resources, compieted in 1975 (NCST 1975).

4.1.2.9.4 Counclil for Scientific and Industrial Research (CSIR)
(see 4.3.1.5 below)

4.1.2.9.5 National Research Development Corporation of India (NRDC)
New Deihi

Set up In 1953 to serve as a Iink between research and industry
(India, Min. of Information 1978:78).

4.1.2.9.6 National Committee on Environmental Planning and Coordination
(NCEPC)
See 4.1.,11,

4.1.,2.10 MINISTRY OF STEEL AND MINES
Indian Bureau of Mines
4.1.2.11 MINISTRY OF TOURISM AND CIVIL AVIATION

Indian Meteorological Department

Organized on an all-India basis in 1875, the Department now collects
and process a variety of meteorological data from 1,163 observatories.
In conjunction with the Indian Institute of Tropical Meteorology
(11TM) at Pune, the Department conducts fundamental and applied re-
search relating to weather forecasting, aviation climatology, agri-
cultural meteorology, hydrology, space research, air pollution, seis-
mology, radio meteorology, and instrumentation. ||TM also conducts
experiments in weather modification.

With regard to arid and desert area, the Meteorological Department Is
carrying out research on various aspects of desert meteorology with

special reference to the Thar Desert. The Drought Research Unit of

the Department conducts systematic studies on all climatic aspects of
chronically drought prone areas of the country; these cover agro-cl imatology
of drought, drought predictions, fluctuations In the aerial extent of
drought, and snyoptic features associated with drought, dusi storms, and
rainfall trends (Indla. NCEPC 1977:5]).
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Marine meteorological activities include monitoring of temperature and
salinity, compilation ot wave and swell data, and air-sea Interaction
studies (NCST 197%).
4.1.2.12 MINISTRY OF WORKS AND HOUSING
National Water Supply and Sanitation Programme
Central Selsmological Laboratory
4.1.2.13 MINISTRY OF ATOMIC ENERGY
Department of Atomic Energy

Atomic Minerals Divisidn

The Division performs tracer studies for siitation in harbors, sea
pollution, and offshore exploration of atomic minerals.

4.1.3 CENTRAL GOVERNMENT ORGANIZATIONS NOT AFFILIATED WITH MINISTRIES

4.1.3.1 CENTRAL BOARD FOR THE PREVENTION AND CONTROL OF WATER POLLUTION *

Established under the Water (Prevention and Control of Pollution) Act
1974 in September 1974, the Board functions as the Central Board at the
National Leve! and as a State Board for the Union Territories. The
Board works in cooperation with State Water Pollution Contro! Boards, |5
of which had been established as of early 1979.

The Board Is essentially a pol icy-making body whose functional planning
decisions are assisted by a Water Resources and Quality Control Committee,
which Is In turn assisted by two subcommittees: the Quality Advisory
Committee and the Technical Services Advisory Committee.

The Board consists of a full time Chairman, five officials nominated by
the Central Government as its representatives, five persons from the
members of the State Water Pollution Control Boards as nominated by the
Central Government, three non-official persons nominated by the Central
Government to represent the Interests of agriculture, fisheries, industry,
trade or other interests, two persons representing government-owned,
managed, or operated companies or coporations, and a full time member
Secretary.

The stated objectives of the Board include: advising the central government
on matters concerning the prevention and control of water polliution; pro~
viding technical assistance and guidance to State Boards; coordinating the
activites of tha State Boards and resoiving disputes among them, training
personnel in the water pollution control fieid, collecting and compiling
data on water pollution and water poliution control measures, laying down
standards for water quality of streams or wells; and planning a nation-wide

*The Information presented here is taken ‘rom the the 1977-78 Annual Report of
the Board (CBPCWP 1978).
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program for the prevention, control and abatement or water pollution,

The Board's personnel as of March 31, 1978 totalled 55 persons, up 30 psrsons
trom the previous year. Thae Board's expenditures for 1977-78 came to

Rs. 21,260,000, of which Rs. 5,980,000 was for adminlstration. Funds
acquired under the Water (Prevention and Control of Poliution) Cess Act,
which became effective April |, 1978, are expected to improved the Board's
tinancial position. This Act provides for the levy and collectlion of a cess
on water consumed by persons carrying on certaln Industries and by certain
authorities, with the end of augmenting the resources both of the-Central
Board and of the State Boards for the Prevention and Control of Water
Poltution,

In 1977-78 +the Board was in the course of establishing a mobile laboratory
and procuring the equipment necessary for Its operation.

As reviewed in Its 1977-78 Annual Report, the Board has experienced difficuities
In carrying out its functions because of Inadequate accomodations, which
prohibit It from establishing a laboratory and setting up demonstrations

plants (CBPCWP 1978:26).

Actlvites of the Board, as reported in its 1977-78 annual report (India
CBPCWP 1978:8-14), Include:

preparation of comprehensive industrial survays

Four types of industries (ferilizers, man-made fibers, fermentation,
and textiles) were initiated in 1977 with the ob ject of compiling
data on location, production, capacities, processes used, present
status of pollution control measures, the manner of disposing of
wastes, etc. Speciallzed committees were appointed for covering
each of the four classes of industrial activity. The completed
documents, scheduled for publication during 1978-79, would provide
a basis for the development of realistic effluent standards.

Inter-state Yamuna River Project

The project, being carried out by the Central Board In col laboration
with the State Boards of Haryana, Madhya Pradesh, and Uttar Pradesh,
I's designed to assess: the pollution potential In the Yamuna River
basin arlsing from all types of human activities; its Impact ~

on the river water quality at various points; and the present

status of water quality along the river, Sixteen monitoring points
along the river from its origin to its confluence with the '
Ganges at Allahabad were monitored for characteristics such as 80D
and ammonia content. The project report was scheduled for publi=-
cation by September 1978,

classification and zoning of fresh and sea waters

This effort, scheduled for completed during 1978-79, involves the
classification of waters by designated uses (from drinking water to
Irrigation and industrial water for fresh waters and from salts pans
and water sport to navigation and controlled waste disposal for
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sea water).

establishment of a grid for water quality mon | toring

The three-ievel monitoring program, being developed in cooperation
with State Boards, forsees the establishment of a total of 200
stations for monitoring at the global, national, and state levels.

preparation of a coastal pollution map of the country

Initiated in April 1977, this project has as Its objectives the
preparation of coastal pollution maps showing: significant pollution
in both existing and potential fishing grounds; and existing waste dis-
charges into coastal waters and the quantities of pollutants. These
maps would then form the basis for recommendations for future siting

of Industries In coastal areas. The final report of this project

was schedued for December 1978,

training programs, conferences, education

Four training programs sponsored by the Central Board and conducted
in collaboration with various institutions involved 94 participants
between December 1977 and April 1978. Areas covered were: water
qual ity management; iegal and economic aspects of water pollution;
training in environmental pollution control; and aquatic ecology.

The Board also held varlous conferences and seminars, including a
meeting In September 1977 of +he Charmen and Member-Secretaries of
the State Boards to review progress In the Implementation of the
Water Pollution Control Act of 1974,

Mass education efforts iIncluded participation in the Agri-Expo
1977 in New Del!hi in November and December 1977, at which the
Board exhibited a working model I'llustrating water pollution con-
trol and distributed a pamphlet describing the activities of the
Central Board.

planning guides for industrial establ ishments

Initiated in September 1977, the object of this project Is the
development of guidelines for Industrial locations so that compatible
Industries from the waste treatment point of view can be sited
together and the development of procedures for sharing of waste
treatment costs, etc. among such industries. The project Is scheduled
for completion in March 1979,

water quality criteria

This projecr Is collecting information on water quality criteria around
the world with the ob ject of preparing Indian standards for receiving=-
water quality. : . ‘

The Central and State Boards have evolved a permit system for various
effluent sources such as industries.
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4.1.3.2 Geological Survey of India

Calcutta

The geological survey Is responsible for all Investigations pertalning
to geological sciences except for exploration and exploitation of oll
and natural gas. The survey collects bottom sediment samples and
Investigates bottom topography for the exploration of mineral deposits
(NCST 1975),

Arid land research Is carried out by the Survey through its Quaternary
Geology, Geomorphology, and Environmental Geology Division. Six specific
arid zone projects cover: Sand Advance, Desert Evaluation, Lake Salinity,
the Luni Basin, the Ghaggar Basin, and the Rann of Kutch (Indla. NCECP
1977:49). On the basis of extensive field studies, the Division produced
the first Geohydrological Map of India in 1969.

4.1.3.3 Indian Standards Institute (151

4.2

Through its appropriate committees, the 1S| lays down quantified water
pollution standards, some of which have already been adopted, others
of which are being devlioped.

STATE AND LOCAL GOVERNMENT FUNCTIONS

India is civided into 22 state and 9 Union territories, the latter of
which are administered by the president through administrators.

The states and Unions territories are grouped into four zones, each with
a zonal council: Northern, Western, Central, and Southern. For the
Northeastern states there is a Council similar to a zonal council.

Within states the principal subdivision is, for most states, the district,
headed by a district collector. In large urban centers, there are local
self-governing bodies known as corporations; smaller cities and towns are
headed by municipal committees or boards. Corporations have relatively
more autonomy than municipal bodles, which are closely controlled by
appointed executive officers. Municipal functions include roads, water
supply, drainage, public health, education, and parks (Turian 1978:638).

Rural areas have a three tier system of parchayati raj at the village,
block, and district level. The viilage panchayats, elected directly

by the villagers, are responsible for agricultural production, rural
production, rural industries, medical relief, grazing grounds, village
roads, irrigation tanks, wells, and sanitation. These panchayats have
thelr own powers of taxation. As of 1974, there were 219,896 panchayats
covering 412.8 million people. The block panchayats or panchayat
samiti, chosen from among the members of panchayats In |00-village de-
velopment blocks, coordinate the work of panchayats and are responsible
for local projects. There were 2,863 of these panchayat samiti in 1974,
At the top of the rural local government organization is the zilla
parishad, consisting of the presidents of the panchayat samitis, the
the members of the state legislature and Union par!iament respresenting
the area, and district officers (Turian 1978:638).

\5)
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Under the Indian constitution, the following matters are delegated
exclusively to the State Governments:

--forests

=-preservation of water quality

==solid waste disposal

=-=land use

--industries, in general

==public health and sanitation

=-agriculture, including protection against pests, plant diseases,

water

In the statas, the Irrigation Department and the State Ground Water Board
are the organizations that deal with water for irrigation purposes. Water
supply is basically the concern of municipal officials. As of late 1978
there were 15 state Boards for the Prevention and Control of Water Pol lution
(see 4.1.3.1),

forests

State Forest Departments through their Chief Conservator of Forests are
responsible for regulating the exploitation of forest resources. In
some areas, Forest Corporations bear this responsibility,

The Forest Department in each State I's headed by a Chief Conservator

of Forests assisted by various levels of Conservators of Forests,
usually charged with forest management within specific areas or
circles. Divisional Forest Areas are in charge of forest divisions and
Range Officers, assisted by deputies and Forest Guards are assigned
specific beats (Sharma 1978: 220).

wildlife

Wildlife in most states Is the responsibility of the Forest Department.
A few states such as Uttar Pradesh, West Bengal, Karnataka, Rajasthan,
Madhya Pradesh, Orissa, Jammy and Kashmir, and Gujarat have State level
officers to head the wildlife organization. These states also have a
few Deputy and Assistant Conservators of Forests and protective staff
to deal with wildlife sanctuaries. Most state have no administrative
organization to Implement the provisions of the wild birds and animals
protection Acts In non-forest areas (NCA 1976:vol.9:319-320) .

soil

Soll conservation activities in the states are carried out as one of the
activities either of the Agriculture Department or the Forest Department.
According to the report of the National Commission on Agriculture, however,
the capabilities of soll conservation officlials within these departments
are limited. The Commission repcrted, for example, that with the exception
of the the state of Uttar Pradash, there was no specialist staff either

at the State or divisional leve! able to make proper assessments of sol |
and moisture conservation measures or help farmers solve problems of

soll deterioration and water waste. Furthermore, most states were found
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to lack the planning body to collect and complle data on the problems,
achlevements and benefits of solls conservation (India. NCA 1976: vol.
5:266-67.

In most states there are Soil Conservation Boards, model led after the
now detunct Central Soils Conservation Board. These boards attempt to
avert solls problems by coordlinating ‘the activities of all departments
directly or indirectly involved in the conservation and management of
solls and water resources within the States; representatives from
these departments constitute the. boards! membership (India, NCA 1976:
vol. 5:267).

alr Gualifx

The Mctor Vehicle Departments of state governments are responsible for
the control of air poliution from vehicle exhaust emissions,

solid waste disposal

Solid waste disposal is the responsibility of municipal authorities,
corporations, and other local bodies. Their functions are governed

by appropriate municipal legislation, usually under the State Municipal
acts,

fisheries

Each of the State governments has a directorate of flsheries responsibie
for the development of marine as vell as of inland fisheries and the pro-
motion of the fishing Industry. The directorates are headed by Directors
of Fisherles assisted by specialists at the headquarters and by fleld
staffs in the districts. Fishermen training centers and staff training
centers are also run by State Fisheries directorates for the purpose of
providing training to personnel up to a certain level (NCS+t 1975: 234).

MAJOR RESEARCH INSTITUTES

By a recent count there are more than 129 national laboratories for scien=-
tiflc research as well as a network of more than 200 other laboratories

and research Institutions. Under the University Grants Commission,

a Scientific Research Counci] has been established to promote research in
the Universities. Government allocations for sclentific research Increased
about a hundred fold between 1950-51 and 1976=77. Under the Fifth Plan
(ended in 1978), about RS. 1,570 crores were projected for scientific
research.

Indian science policy, as adopted by a parliamentary resolution as early

as March 1958, is guided by objectives which Include, among others, securing
for the people of the country the benefits from the acquisition of sclen-
t..Ic knowledge and Its application. Among the aims set forth In +he
resolution are the encouragement of Individual initiative for the
acquisition of scientific knowledge and the fostering of programs to train
sclentific and technical personnel to meet the needs of flelds such as
science and education, agriculture, industry and defense. (Indin, Min, of

J\
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4.3.1 Research organizations under the Ministry of Science and Technology

The Department of Science and Technology under the Ministry has
administrataive responsibility for:

4.3.1.1 Survey of India
Dehra Dun

Geodetic and Geophysical Surveys
Include tidal observations and geomagnet ic measurements.

4.3.1.2 Natlonal Atlas Organization
Calcutta

The Orgar.ization has published a detalled forest atlas of Indla

with the technical support of the Forest Research Institute at Dehra

Oun and with assistances from the Ministry of Agriculture and Irrigation,
the Central Forestry Commission, the State Forest Departments, the

Indlan Board of Wildlife, and wildl]fe wardens throughout the country.
The atlas indicates forest distribution, forest types, locations of
#itdllfe and wetlands, and locations of economic activities. Maps
covering annual rainfall, annual temperature, solls, and rock types

are also Included (Das Gupta 1975).

4.3.1.2 Natural History Museum
New Delhi ‘

4.3.1.3 Botanical Survey of Indla,
Calcutta (with four main centers in Calcutta)
Indian Botanical Garden
Central Natlonal Herbar|um
Industrial Sectlon of the Indlan Museum
Central Botanical Laboratory
There are seven regional centers: Al lahabad, Coimbatore, Dehra Dun,
Jodphur, Pune, Port Blair, and Shillong.

Among other things the Botanical survey Is working on a detalled In-
ventory of the flora of the desert regions of India (India. NCEPC 1977:51).

4.3.1.4 Zoological Survey of India
Calcutta

With headquarters in Calcutta, the Zoologlical Survey, established In 1916,
has regional stations at Dehra Oun, Jabalpur, Jodhpur, Madras, Patna,
Port Blalr, Pune, Shillong, and Solan.

From Its base In Jodhpur the Desert Regional Station conducts field studies
within both Rajasthan and Gujarat relating, which Include an extenslive and
Intensive faunistic survey of the area, with particular reference to desert
fauna, wildiife, and fossils of the region. Particular focus Is on Insects,
I'tzards, snakes, and bats (Paylore 1977:60). The staff of the Jodphur
station consists of 4 chief scientists, 3 sclentific asslstants, 8 technical



personnel, 6 ministerial personnel, and Il supporting statt (Paylore 1977:61).

The Survey's publications Include: Records, Memolrs, Occasional Publ ications,
Fauna ot India, and the Bibol iography of Indian Zoology.

Independent institutions receiving research assistance from DST:
Indian Association for the Cultivation of Science, Calcutta
Bose !nstitute, Calcutta
Raman Research Institute, Bangalore
Birbal Sahni Ins*itute for Palaeobotany, Lucknow
Wadla Institujte of Himalayan Geology, Dehra Dun
Maharaskira Association for the Cultivation of Science, Bombay
Padmaja Naidu Himalayan National Zoological Park, Dar jeel ing

Grants to: Indian National Science Academy, New Delhi
Indian National Science Congress Assoclation, Calcutta

4.3.1.5 Council of Scientific and Industrial Resear:h (CSIR)

With a network of laboratories and research institutions the CSIR is a
major ,Instrument of scientific ana industrial research under State sponsor=-
ship. |t supports research in universities and other centers of learning.

National laboratories functioning under CSIR fall into 3ix discipline groups:

Physicai and Earth Sciences
Chemical Sciences
Blological Sciences
Engineering Sciences
Information Sciences

Fiber Technology

4.3.1.5.1 National Environmental Engineering Research Institute (NEERI)
Nagpur

Formerly the Central Public Health Engineering Research Institute, NEERI
malntains fields centers are at Ahmedabad, Catcutta, Delhl, Hyderabad, Jaipur,
Kanpur, and Madras.

The Institute carries out research In sanitation, disposal of sewage and
industrial wastes, industrial hygiene, and pollution, Furthermore, under
World Health Crganization (WHO) sponsorship, NEERI has carried out

pitot studies on the need for preventive maintenance of water distribution
systems with particular emphasis on the prevention of waste (Varma
1978:25).

The Institute has recommended reuse of water for cotton textile mills
and chemical and pharmaceutical industries to conserve regular water
supplies (Varma 1978:26).
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4.3.1.5.2 National Institute of Oceanograghz

Dona Pauls
Caranzalem PO, FIN 403301
Goa

The Divisions located at the iInstitute's headquarters In Goa cover:
physical oceanograph (Including coastal Oceanography and coastal zone
management), geological oceanogra hy (Including surveys for minerals and
oil), chemical oceangraphy (including desalination technology and the
chemical aspects of pollution), and biological oceanography (Including
ecology of estuaries, mangroves, coastal aquaculture, and protection

of the environment)

The Regional Centre at Cochin specializes in blogeography, ecology and
systematics of zooplankton, and coastal oceanography. The Regional Centr
at Sombay studies ecology, coastal aquaculture, and oollution, and
conducts hydrographic surveys,

4.3.1.5.3 National Geophysical Research Institute
Hyderabad

4.3.1.5.4 National Chemical Laboratory
Pune

Performs research on desalinization

4.3.1.5.5 Central Salt and Marine Chemicals Research Institute
Bhavnegar, Gujarat

operation with capacities verying from 80 to 30,000 liters per day.
Technologles employed Include: solar distillation, flash distiilation,
elecfrodialysls, freezing, processes, and reverse osmosis (Varma 1978:
25). The Institute also works on deriving salt and other chemicals from
seawater, the use of seaweed for cattle feed, and the use of seawater In
irrigation,

4.3.1.5.6 Central Food Technological Research Institute
Mysore

Includes fisheries research.

4.3.1.5.7 Natlional Botanical Gardens
Lucknow

4.3.1.5.8 Industrial Toxicology Research Centre
P.0. Box 80
Lucknow

The Centre studies the harmful effects df subsfances‘encounfered In
Industry, agriculture, and mines. |+ performs experimental field in=
vestigations on environmental problems such as hazards due to Industral

et
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dusts, radioactivity, X-ray radiation, and pollution of water and food
resources.

As recently reported, a National Pollution Study Centre near Lucknow
Is being set up under the directlion of the lndusfrlaT*Tbxlcology Re-
search Centre at the cost of one million dollars, It is expected that
within five years the center wil| have a range of facilities to test

under natural conditions the effects of toxic and persistent chemicals
on animals, insects, plants, aquatic systems, soil, and bacterla.
(WER, May 7, 1979:8),

.5.9 Indlan National Sclentific Documentation Centre
New Delhi

Indien Council of Agricultural Research
New Dalhi
Established: 1929

The ICAR is the national body for coordinating research, education, and
extension education in the fields of agriculture, animal husbandry, and fisheries
sciences.

The Department of Agricultural Research and Education in the Union Ministry
of Agriculture and Irrigation provides administrative support to ICAR and
coordinates the work of central and state agencies.

The ICAR functions through a network of 30 wel | equipped and wel |-
staffed research institutes, a Directorate of All=India Sol! and Lang
Use Survey, 21 agricultural universities, S| all=Indian co~ordlinated
projects and a few other institutions.

The ICAR offers fellowships and scholarships to attract good students
into agriculture.

An Important project presently In progress under the [CAR |s the All-|India
Co-ordinated Project in Dry Land Agricuiture, which Involves 23 research
centers in an effort to produce new technology to improve agriculture
production in rain-fed areas ((nd]a. Min. of Information 1978:90).

Its various Institutes throughout the country are carry out research
related to irrigated agriculture. The ICAR is coordinating research

on water management, sol | salinity and cropping patterns on an all-

India basis. The extensive studies carried out by ICAR as well as by
Agricultural Universities and a numerous research stations "have not

only revolutionized Irrigated agriculture in the country but have also
helped considerably in the efficient and economic use of water by evolving
sound soil and water management practices" (Varma 1978: 34). This research,
as described by Varma 1978 includes water use efficlency studies relating
to water app!ication methods; Irrigation scheduling; reducing percolation
losses In rice; selection of sultable crops; drainage studies; and Increased
efficiency in water conveyance and and distribution.

DT
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4.3.2.1 Central Arid Zone Research Institute (CAZRI)
Jodhpur

Established: 1959

Functioning as one of the Institutes under the ICAR, CAZRI is engaged in
Investigations and pilot experiments on various aspects of arid zone probiems.

Functioning units of CAZR! are the Basic Resources Survey Divislon; the

Plant Studles Division, which concentrates on the improvement of plant re-
sources of arid and seml-arid areas; the Division of Animal Studlies, with
speclallization In the improvement of anima) products and the centrol of desert
rodents; the Division of Soll-Water-Plant Relationships, which studies the
principles of soll-water-plant relationships as a basis for improving pro-
duction under desert conditions; the Division of Economics and Extension,
which conducts soclo-economic surveys and assesses factors such as nomadic

human resources; the Division of Extension and Training; and the Division
of Wind Power and Solar Energy UtilTzation (india. NCEPC 1977:47-48) .

CAZRI has Central Research Farms at Jodhpur and Pali, and afforestation
and experimental units at Kailana, Blkaner, and Jaisalmer, and twelve
range management sub-statlons totalling 1030 hectares located In seven
districts (under different agrociimatic conditions) of Western Rajasthan,

The Institute has extensive laboratory space, Including separate laboratories
and equipment for each of the chief sclentists in the fields of soll science,
plant physiology, geomorphology, hydrology, geology, cartography, analytical
and organic chemistry, silviculture, agronomy, agrostology, horticulture,
animal ecology, and animal nutrition and physiology. Equipment Includes

a spectrophotometer, a nitrogen analyzer, a refrigerating centrifuge, cold
and warm temperature-control |ed germination chambers, and geopt rsical
Instruments for selsmic surveys of groundwater (Paylore 1977:49).

CAZR! has a library of 10,000 volumes, recelves 330 periodical publications,
and has a herbarium of desert flora.

As of 1976 CAZR| staff consisted of 94 sclentists, 24 research fellows,
132 field and technical personnel, and 72 administrative personnel .
(Paylore 1977:48).

CAZRI's budget for 1976-77 was Rs. 8,431,000. The Institute has recelved
fellowship grants under the UNESCO Major project for Arid Lands Research
and also receives Colombo Plan ald from Australia (Paylore 1977:48).

4.3.2.2 Central Soil Salinlty Research institute

The Institute conducts research on various problems associated with the
incidence and contro! of salinity under various |and use conditions in the
arid and semi-arid zones (|India. NCEPC 1977:49)

4.3.2.3 Central Sheep and Woo! Research Institute and similar Institutes

The institute carries out pilot studies with demonstration units for

153
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extension work on various aspects of Improvemant and promotion of |ivestock
breeding, production of wool, and management of grassliands. Also under the
ICAR are the Indian Grassland and Fodder Research Institute, the India
veterinary Research Institute, and the Natlional Dairy Research Institute,
all of which conduct research relating to grassland, fodder, and dairy
development (India. NCEPC 1977:49).

4.3.3 Other government-affi||ated research centers

See the followlng sections above:
4.1.2.1.1.1.4: Forest Research Institute and Colleges
4.1.2.1.1.2.2: Soil Conservation Research, Demonstration, and Training

Centre
2.1.1,3 Central Inland Fisheries Research Institute
2.1.1.8 Central Ground Water Board
|

National Remote Sensing Agency

Indian Meteorological Department

Central Soard for the Preventlon and Control of
Water Pollution

4.1.3.2 Geological Survey of Indla

156
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4.4 Higher Education

According to the 1977-78 edition of the Indian reference manual, India had
105 universities, 9 institutes of National importance, and 10 institutions
deemed to be Universities, These Unlversitles, most of which have been
established since Indian Independence in 1947, were set up under laws
passed either by the central parliament or by state legisiatures. Most of
the universities have large numbers of affiliated undergraduate col leges:
Calcutta University has 218, Madras University 157, and Gujarat Unviversity
for 136. The most prestigious universities are reported to be Calcutta,
Bombay, Madras, and Delhl. ’

The University Grants Commission, established in 1953, promotes and coordinates
university education and also determined and maintains standards of teaching,
examination and reserach In the universities. It Is authorized to enquire

into the flnancial needs of the universities and to make grants to them

(India. Ministry of Information 1978:53). :

4.4.1 Sclentific and technical education

Technical education Is provided by state vocational and technical schools
at the secondary and higher secondary levels. Such training includes:
agriculture, englineering, forestry, medicine, anlimal husbandry, and
primary school teacher training (Indian. Ministry of Information 1978:53).

Five university level national Institutes provide facilities for high
levels of education and research In engineering and technology. These
Institutes, all of which are called Indian Institute of Technology

and which are located at Kanpur, Bombay, Bharagpur, Madras, and New
Delhi, admit some 7,200 students annual ly to undergraduate courses.

In addition, the Indlan Institute of Sclence at Bangalore admits some
2,00 students each year to post-graduate studies and some 1,500 research
scholars, and some 60 other engineering colleges and university departments
offer facilities for post-graduate courses and research, admltting

about 2,500 students annually (India. Ministry of Information 1978:

53).

A scheme for rural education was Initiated in 1956 with the aim of pro-
viding post-secondary education to rural youth and inspiring them with
a spirit of service to the community and sympathy for the rural way

.of life. It was also intended to prepared them for careers in the
rural development programs of both state and central governments. To
advise the central government on the development of rural higher education,
the National Counci! for Rural Higher Educa*ion was set up. As of 1977-78
10 rural institutes were functioning: Coimbatore and Gandhigram in
Tamil Nadu; Udalpur In Rajasthan; Biroull in Blhar; Bichpuri in Uttar
Pradesh; Amravati, Gargoti and Wardha in Maharashtra, Taranur in Kerala,
and Indore In Madhya Pradesh. Most are affillated to state universities
(India. Ministry of Information 1978:56).

4.4.1 Selected educational Institutions with programs in or interests relating to
natural resources and environment :

Most Indlian Universities have programs in sclences, Including zoology and
botany, as well as in other fields of interest for environmental and
natural resources development. The scope of this report does not permit
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of a detalled account of these activities. The following Iist mentions
educationa!l and quasi-education institutions whose activities or curricula
are directed toward education or training In environmental matters. These
names have been derived from Quigg 1973, USAID/New Delhi 1979, Tryzna and
Coan 1976, and other sources. This |ls+ Is In no way to be considered
exhaustive,

All=india Institute of Hygiene and Publlc Health (Tryzna and Coan 1976)
I'10 Chittaranjan Avenue
Calcutta

Establ ished: 1932

Trains public health doctors, englineers, nurses, etc. Major areas of
course work Include environmental health (medical and engineering),
water treatment and supply, and waste treatment and disposal. Students
are given the opportunity to survey urban and rural problems In field
centers covering large populations (Quigg 1973:49).

Centre for Environmental Planning and Technology(CEPT) (USAID/New Delhl 1979:16)
University Road
Navrangpura, Ahmedabad

The Centre was established to provide an Integrated approach to training,
education, and research in architecture, environmental planning, and
technology. The Centre has two schools, the School of Planning and

the School of Architecture, whose facultles work together to develop

an Interactive and comprehensive education and research program,

CEPT has provided consultancy service for, among other, the Hyderabad
Urban Development Authority and the government of Gujarat to prepare and
Integrated environmental Improvement plan for the tribal areas In the
Panchmahalas district.

Indlan Institute of Tropical Meteorology (ELC 1978)
Hamburg House

Ganeshkind Road

Poona 5

The Institute offers research work for doctoral candidates. This involves
éreas such as short-range and medlum-range prediction, general clrculation
of the atmosphere, climatology, cloud seeding, and alr pollution (Quigg
1973:50).

Indian Instltute of Management (]IMA)
Vastrapur
Ahemedabad

The Institute speciallzed In applied education with the primary objective

of Improving management practices. It engages In research and education

on the management of agricuiture and conducts programs In rural development,
tralning for rural and agricultural development, and agriculture and
forestry management (USAID/New Delhi 1979:21).

V(o)
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Iindian Institute of Technology (Tryzna and Coan 1976)
Kanpur
Uttar Pradesh

Sanitary and environmental engineering research. The clivili englineering
department offers a program focusing on water and wastewater treatment,
design and operation, industrial water and waste treatment, environmental
sanitation, air pollution, blochemistry, and microbiology. Research is also
conducted in most of these flelds. This program was established In 1966
(Quigg 1973:50).

Jadavapur University
Oepartment of tnvironmental Research
Calcutta 700 032

University of Jodhpur
Centre of Desert Studies
Jodhpur, Rajasthan

Kerala, University

Ecology Inland Water Course
Beach Road

Trivandrum 7, Kerala

National Council of Educational Research and Training
N.I.E. Buildings, Mehrauli Rd.
New Delhi

As reported In 1973, curriculum was being developed with the aim of in-
cluding the concepts of environmental conservation in blology, social
sciences, physics, chemistry and geography courses. Students are

to be teachers already In training (Quigg 1973: 51;.

School of Environmental Sciences
Jawaharlal Nehru University
New Delhi

The school engages in education and research to: train skilled manpower for
state and central government; provide environmental aducation for teachers
in state schools and training for technical staff of industries; and to
offer consultation in the design of development projects (USAID/New Delhi
1979:38) .

School of Planning and Architecture
Indraprastha Estate
New Delhi 110 002

Areas of interest are: urban parks and gardens, landscape deslgh) ahd
environmental assessment. , : _
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4.3 NON=-GOVERNMENTAL ORGAN!ZATIONS

There are a large number of non-government organizations In India which
take an Interest in environmental matters. The I1st below Is derived
mainly from a Iist of organizations participating In In Werld Environment
Day Ceremonies In 1978 (ELC 1978). Further information on these organiza-
tlons and their activities was available for only a few groups.

Groups are listed in alphabetical order. Some of these organizations
might appropriately appear under research Institutes as well,

Actlion for Food Production (AFPRO) (USAID/New Delhi 1979:10)
Community Centre

Satdar jung Development Area

New Delhi-=110015

AFPRO is a non-profit, joint-service agency established to coordinate,
support, evaluate and give technical advice to food production projects

of church-reiated and secy':. ~oluntary agencies working in Indla. The
organization has five departments: water resources development, agriculture,
Ilvestock, finance, and technicali Information service.

All-india Animai Welfare Assoclation (ELC 1978)
16 Dadsbhoy Manzi|

Congress House

Bombay 400 004

All-India Institute of Medical Sciences
Ansari Rd.
New Delhi 110 016

Among pertinent areas covered by the Instiute are environmental health
and noise monitoring.

Andrha Pradesh Natural History Society (ELC 1978)
Dept. of Zoology

Andrha University

Visakhapatnam (A.P.)

Appropriate Technology Development Association
P.C. Box 311

Ghandi Bhawan

Lucknow 22 6001

Aravaly Geographers (ELC 1978)
Dept. of Geography

SBSH New Campus

University of Udalipur

Udaipur 313 00!

Assam Valley Wildlife Soclety (ELC 1978)
c/o Pertabghur Tea Estate
Darrang 784 175
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Assoclation of Soll and wWater Conservationists and Trainees
Denhra Dun

Publishes the Soil Conservation Digest.

Auroviile Centre for Environmental Studies (ELC 1978)
Pondicherry 2

8eauty Without Cruelty (ELC 1978)
4 Prince of Wales Drive

Wanowrie

Poona 411 00!

Bihar Natural History Soclety (ELC 1978)
Biological Park
Near Raj Bhavan Patna 1

Birdwatchers Society (ELC 1978)
Ismail Yusuf College

Jogeshwar|l

Bombay 400 060

Bombay Civic Tru-.t

Jehangir Art Gal;lery, Ist Floor
Mahatma Ghandi Road

Bombay 23

A member of the Trust is on the Board of Directors of the Environmental
Liaison Centre in Nairobi.

Bombay Environmental Action Group (ELC 1978)
c/o Department of Botany

Institute of Science

Bombay 400 032

Bombay Natural History Society (ELC 1978)
Hornbil! House

Shahid Bhagat Singh Road

Bombay 400 023

Tha Society is a member of the |UCN.

Founded in 1883, the Bombay Natural History Society has been an active
force in the field of wildlife conservation In 'ndia. In recent years

its activities have included conferences with state legislators to

discuss important issues invoiving wildlife and the environment. |+

has also published significant books pertaining to wildlife; these ®
include the numerous editions of The Book of indian Birds and M. Krishnan's
survey of India's wildlife between 1959 and 1970 (Krishnan 1975).

Bose iInstitute (ELC 1978)
93/! Acharya Prafulla
Chandra Road

Calcutta 700009

Founded in 1917, the Institute performs research in biology, cyfogene*lcs,
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mutation, physiological genetics, biochemistry, chemistry of plant products,

radlation, and nuclear physics,

Calcutta Metropolitan Planning Organization (ELC 1978)
!8 Rabindra Street
Calcutta 700 00!

The Organization Is engaged In regional and city planning.

Community Science Center (ELL 1378)
Gujarat Unlversity Campus
Navrangpura, Ahmedabad 9

Oar jeeling Natural History Society (ELC 1978)
Dar jeeling
West Bengal

Delhi Birdwatchers Society (ELC 1978)
3=A Tis January Marg
New Delhi 110 Q11

Environmental Awareness Assoclation (ELC 1978)
Dept. of Botany, SBSH
Udaipur 313 001

Ethology Society (ELC 1978)
c/o Zoology Department
Madras, Christian College
Tambaram

Tami! Nadu

Family Planning Association of |ndia
| Jeesvan Udyog, Dadabhai Naoroji Road
Bombay 400 00!

The Association published Planned Parenthood Monthly.

Family Planning Research 1cademy (ELC 1978)
A-19 Empire Mahal

Dadar T.T.

Bombay 14

Friends of Indian Wildllfe (ELC 1978)
1906 Dr. H.C. Sen Road

Fountain

New Delhi 110 Q06

Friends of the Trees (ELC 1978)

Organizations with this name are found In New Delhi, Cutrorim Gon, Cochin,
Bangalore, Punalur, Rajklot, Secunderabad, Bombay, Delhl, Amravatl, and

Ahmedabad.
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Friends of Wild Animals and Birds (ELC 1978)
c¢/o Mr. P.V. Panat

Janki Nivas 35 Gokhale Road North

Dadar

Bombay 400 028

Gandh! Peace Foundation (ELC 1978)
221/3 Deendayal Upadhiaya Marg
New Delhi 110002

Gorakhpur Environmental Action Group  (ELC 1978)
Dep. of Botany

University of Gorakhpur

Gorakhpur 273 00! (y.P.)

Green Canopy (ELC 1978)
Malakpet

Hyderabad (A.P.)

High Range Game Preservation Association (ELC 1978)
Nettigudi Estate
Munnar P.0. 685612

Horticultural Society of Saurashtra (ELC 1978)
5 Col lege Wadi
Rajkot 360 00!

Indian Association for the Cultivation of Science (ELC 1978)
Jadavpur
Calcutta 700 032

Indian Association for Water Pollution Control (ELC 1978)
c/o Central Public Health Research Institute (NEERI)
Nehru Marg

Nagpur 3

The objective of the Association is the advancement of fundamental
knowledge and practical know-how in water pollution research and
control.

Indian Council of Ecological Research (ELC 1978)
c/o Botanical Survey of India

14 Madan Street

Calcutta 700 013

Indian Environment Society (ELC 1978)
c¢/o Mr. Desh Bandhu

Department of Botany

Swami Shraddhandand Col lege
University of New Delhi

Al ipur

Delhi 110 036

The Society appears to be one or the more active non-government en=-
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vironmental groups In India. Among other things, the Society, In
cooperation wiih the Center for Education in International Management
and the United Natlions Environment Programme (UNEP) organized a

series ot seminars on Enviornmental Management Education, held in

Dar jeeling, Udalpur, and New Delhi during the first half of 1978.
Papers presented at these meetings covered topics such as envioronmenta
Impact assessment, marine pollution, wildlife conservation, natura
conservation, and problems In urban air pollution control (Bandhu,
Bhardwaj and Bhat 1978).

Since 1978 the Soclety has been publishing a perlodical entitied Huntin
In_the Sun. Scheduled to appear three time a year, the publication aim
to stimulate and excite interest in the environment among the general
public. Also designed to promote environmental awareness In indla

was the establishment of a Youth Division of the Society In 1977,

Indian Human Ecology Councl |
8 Darya Ganj
New Delhi 1100002

Indian National Science Academy (ELC 1978)
8ahadur Shah Zafar Marg
New Delhi 110 00!

Indian Society of Naturalists (INSONA) (ELC 1978)
Oza Building

Salatwada

Baroda 90 001

Indian Society of Naturalists (ELC 1978)
c/o Maharaja Fatesingh Zoo Trust

Indumati Mahal

Jawaharlal Nehru Marg

Baroda 390-00!

Indian Youth Organization for Environmental Studies and
Conservation (ELC 1978)

Nizamuddin West

New Delhi 110 013

Indian Youth Population Coalition (ELC 1978)
33-8, First Cross Street

Shastri Nagar

Madras 600 020

Indore Eco Society
Botany Department
P.M.B. Gujarati College
Indore, M.P. 452 00|

Institute of Davelopment Studies (1.D.S.)
Manasa Gangoiri
Mysore 570 006

Conducts environmental studies.

YOu!



Institute of Sclence (ELC 1978)
15 Madame Cama Road
Bombay 400 032

Attillated with the University of Bombay, the Institute has since (97|
oftered a four-month Interdiscipiinary program, focusing on water pollution
control, A Bachelor of Sciences Is required for admission (Quigg 1973:50).

Institute of Town Planners India (Tryna and Coan 1976)
4-A Ring Road, Indraprastha Estate
New Delhi 1

City and regional planning.

The tnstitution of Engineers (ELC 1978)
Environmenta!l Engineering Division

8 Gokhale Road

Calcutta 700 020

Established: 1920 (Institution of Engineers)

The Environmental Engineering Division of the Institution of Engineers
publishes the Environmental Engineering Division section of the Journal
of the Institution of Engineers, one recent Issue of which contalned
articles dealing better rural sanitation, expansion of urban water
supply sytems, and environmental pollution in Kashmir (Journal of the
Institution of Engineers, vol. 59, pt. EN 1, October 1978).

The Institution of Public Health Engineers (ELC 1978)
24, Netaji Subhas Road
Calcutta 700 001

International Commission on Irrigation and Drainage (ELC 1978)
48 Nayaya Marg

Chanakyapuri

New Delhi 110 021

International Society for Tropical Ecology
Department of Botany

Banaras Hindu University

Varanasi 221005

Khadi and Village Industries Commission (ELC 1978)
Gramodaya 3, Irla Road

Vila Parle (West)

Bombay 400 056

Local Action Group for Environmental Education (ELC 1978)
c¢/o Vikram A. Sarabhai

Community Science Center

Navrangpura, Ahmedabad 380009
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Mahashastra Assocliation for the

Cultivation of Science (ELC)

Servants of Indla Society Bldg.
Agarkar Road
Poona 411 004

Mining, Geological, and Metallurgical Institute (Tryzna and Coan 1976)

29 Jawaharial Nehru Road
Calcutta l6

Moradabad Environmental Action

Group (ELC 1978)

c/o Department of Bofany
Hindu College
Moradabad 244 00|

National Council of University

Students of [ndia (ELC 1978)

=13 South Extension Part |
New Delhi 110 049
National Environmental Associat

fon  (ELC 1978)

206 Ashok Nagar
Udaipur 313 00l

Nature Conservation Society (EL
Daltongan

Pal amau

Bihar

Nilgiri Wildlife Association (E
49 Richmond Road
Bangalore 560 025

Public Service Engineers' Union

C 1978)

LC 1978)

(ELC 1978)

532/3 Galle Road
Kollupitiya

RUCTA Jt. Secretary (ELC 1978)
(Environmental Studies Campaign
Derashri Shikshak Sadan
University Campus

Udaipur 302 004

Saharanpur Environmental Group
c/o Department of Botany

M.S. Col lege

Saharanpur 247001

Science Club

c/o Mr. Bir Sarkar
10 Wood Street
Calcutta 700 016

Seva Mandir (K. Salnt) (ELC 19
Fatehpura
Udalpur 313 00l

)

(ELC 1978)

78)
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Soclety for Clean Environment (SOCLEEN)
"Garden Resort"

606, Sion-Trombay Road

Chembur, Bembay 400 071

The Society publishes Scavenger, a Journal featuring articles on poliution
and resource problems. It also participates In meetings deaiing with
poliution control and was instrumental in organizing, In conjunction

with the Indian Association for Radiation Protection and the Environmental
Mutagen Society of Indla, a one-day topical meeting in Bombay In June

1976 entitled "Protection from Modern [ndustrial and Environmental

Risks: Lessons from Nuclear Industry" (Scavenger. vol. 6, no. 2, April
1976, p. 29).

Society of Clean Citles (Tryzna and Coan 1976)
Raj Bhavan
Bombay 200 035

Soclety of Indian Foresters (Tryzna and Coan 1976)
P.0. New Forest
Dehra Dun

Professional organization.

Soil Conservation Society of India (Tryzna and Coan 1976)
Hazar ibagh

Publishes the Journal of Soi! and Water Conservation In |ndla,

Udaipur Environmental Group (ELC 1978)
c/o Dep. of Zoology

University of Udaipur

Udaipur 313 00!

UE Group (ELC 1978)
E I5, University Block
Shastri Marg

Ashkor Nagar

Udaipur 313 00!

Wild Life Preservation Soclety of India (Tryzna and Coan 1976)
6 Astley Hall

Dehra Dun

Uttar Pradesh

The Society s a member of the IUCN.

Wild!ife Conservation Society (Tryzna and Coan 1976)
Savinaya Society
Behind Patel Park
8havnagar 364 00|

The Society's goal Is "educating the public about the Importance of preser=-
vation of nature and natural resources, Including wildlife."
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World Wildllife Fund- India (ELC 1978)
Great Western Bullding

1st Floor

Opp. Llon Gate Clock Tower

S. Baghat Singh Road

Bombay 400 023

The Fund is-affillated with the World Wildiife Fund and Is a member
of the t r

Youth and Biosphere (ELC 1978)
8lock C, University Campus
Ujjain 456010

Youth and Family Planning Programme Counci| (ELC 1978)
P.0. Box 3850
New Delhi 110049
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3.0 LEGISLATION PERTAINING TO ENV IRONMENT AND NATURAL RESOURCES

Indla has a federal system of govermnment In under which legisiative
powers are divided amcng the 22 constituent states and the central (union
government in New Delhi. Legisiative power reserved exclusively for the
federal government are those relating to flelds such as defense, foreign

these areas central government leglislation prevalls |f conflicts should
arise. Legislative powers reserved to the states cover many areas realatec
to environmental and natural resources: agriculture, irrigation, nublic
health, and local government. The constitution provides, however, that
the central par!iment may legislate with respect to any subject either
during emergencies or when the sub ject assumes national importance. Furthe
if a state law Is Inconsistent with a federal law, the federal law is

to prevail and the state law, at least as regards the point of Inconsisten
Is declared void. The States are: Andhra Pradesh, Assam, Bihar, Gujarat,
Jammu and Kashmir, Kerala, Machya Pradesh, Maharashtra, Mysore, Nagaland,
Orissa, Punjab, Rajasthan, Tamil Nadu, Uttar Pradesh, and West Bengal .
There are in addition 9 union territories administered by the central
government,

Article 48A, the Directive Principles of Constitution, provides that
the "State shall endeavor to protect and improve the envlronment and to
safeguard the forests and wildlife of the country" (Hassan 1978:6).

5.1 General Environmental Legislation

Environmental Impact Analysis

There is no statute prescribing Environmental Impact Analysis; the Indian
government has stated, however, that In the absence of such a statute, they
carry out such analysis as a "policy" matter, without, however, further
elaborating on the specific features of that policy or how Intensely It is
applied (Hassan 1978: 15).

5.2 Water Legislation

Under the Indian Constitution (1949) the States have the exclusive powers
to both make and enforce |aws covering surface water and groundwater.
With regard to inter-state waters, however, the federal government |s
empowered to make regulations covering regulation and development of
inter-state rivers and river valleys, if such regulation is declared to
be in the public Interest. Although all major Indian rivers are also
Interstate rivers and thus subject to central government control, the
.Rlver Boards Act 1956 (see below) Is the only piece of legislation in
which the federal government has exerclised this power (Varma 1978:28).

There is presently no Indian legislation dealing with water resources

In a comprehensive fashion, but a Water Resources Act, mode!led after the
U.S. Water Resources Planning Act of 1965 is reported to be under con=-
sideration. Under this Act, water would be declared as a natlionai

asset and a organization to deal with Its development in an Integrated
and comprehensive manner would be established. Organizations set up
under the law would include a policy-making National Water Resourcas
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Council| and River Basin Commissions with responsibility for Integrated

river basin developments (Chaturvedi 1976:70).

5.2.1 Central Government iegislation

5.2.1.1 March 23, 1974 Water (Prevention and Control of Pollution) Act, no. 6.
(Lucknow Law Times, vol. 15, 1974)

The act sets up the comprehensive administratalve and tegal framework for
the control of water pollution In certain specifled Indian states and
territorlies which adopt this act by resolution. Chapter | sets commence-
ment dates and defines relevant terms. Chapters Il and I!! provide for
the establishment of a Centra! Soard as well as of state and joint

water pollution prevention and control boards and set forth membership
requirements, Internal proceedings, and rules of order for these boards.
Chapter IV detineates the powers and functions of boards in relation

to each other and central and state governments. Enforcement and legal
mechanisms for pollution control described In Chapter V include powers

to obetain information, insepction and monitoring, prohibition of dis-
charges, court actions, and appeals. Chapter VI provides for board
financing and for reprots applicable to administering the Act.

Chapter VI| lists penalties, and Chapter VIl contains miscel laneous
provisions.

State board functions include the establishment of water qual ity standards,
the development of state wide comprehensive programs for the prevention of
water pol!lution and the adoption of such remedial measures as are necessary
to prevent, control or abate water pollution. Central Board functions
include the coordination of state board activities, the compilation of
technical and statistical material on water poliution, the establishment
of pollution abatement standards in cooperation with the states, and the
technical assistance to the state boards. Pollution control measures in-
clude the establishment of control areas and the regulation of discharges.
Final considerations deal with penal sanctions and the powers of the local
and central authorities. (See IDHL, vol. 26,n0. | (1975)).

As of 1978 the Act had been adopted by thirteen of the 22 Indian states,
which had accordingly set up State Boards. The Central Board had also
been established (Varma 1978:28).

Implementation of the law is the responsibility of the Central
Water Pollution Control Board and Boards established by the individual
states.

Assistance in evolving quality standards under the act has come from
the Indian Standards Institution (Hassan 1978:21).

According to a 1978 review of the enforcement situation, implementation
of the act has been impeded by insufficlent resources, including lack
of laboratories, manpower, and funds (Hassan 1978:21).

5.2.1.2 Water (Prevention and Control of Pollution) Rules 1975

5.2.1.3 Water (Prevention and Control of Pollution) Amendment Act, 1978

‘\73
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5.2.1.4 Water (Prevention and Control of Pollution) Cess Act, 1977 no. 36

This law provides for the levying and collection of a cess on water
consumed by certain industrial enterprises and by local authorities,
The tax Is designed to increase the revenues and resources of the
Central Board and the State Boards for the Prevention and Control

of Water Pollution set up under the 1974 law. The law requires that
the rate of the cess be determined on the basis of the ncture of the
pollutants produced by the industry (Bandhu and Bhardwaj 1978:197),

5.2.1.5 The River Boards Act 1956

The act empowers the central government, in consultation with the State
Governments, to constitute River Boards for the regulation and devalopment
of Inter-state rivers. :

5.2.2 State government water legislation

About 75 state Irrigation statutes cover various aspects of irrigation
management and administration such as supply of irrigation waters, flood
control, construction of fleld channels on the Irrigation system, dralinage
and prevention of waterlogging, requisition of labor in emergencies, pro-
tection of irrigation works, and the role or irrigation panchayats (counc¢ils)
and other similar institutions in the administration of Irrigation systems.
The acts vary quite widely because of varying conditions (rainfall, solls,
topographic features, agricultural practices, etc.) in different parts of
the country (Yarma 1978:28).

Under the Mysore (Karnataka) Irrigation Act, for example, the State Govern-
ment must grant approval for the construction, control, or maintenance of
irrigation works. The state government Is to control! the construction of
wells in any area, and irrigation officers are to decide in the public
interest where Irrigation channels are to be constructed and what the most
suitable alignment for such channels is to be. Also Included are provisions
for regulating the supply of water from irrigation works, cultivation on
irrigated lands, and the cropping pattern in the Irrigated area. Under
this law, permission to use irrigation waters Is initlally granted for a
period not to exceed six years, after which permanent access to Irrigation
waters can be obtained. The state government is also empowered to assume
control of private irrigation works for the purpose of maintenance and to
levy a cess on the land benefited by the irrigation works it maintains.
Provision for the protection of irrigation works, Include specific pro=-
hibitions against mining and the excavation of wells in the vicinity of
irrigation works (Varma 1978: 28),

The legislative situation tends to be further complicated by the existence

In most states of a large number of laws covering various aspects of
irrigation management and administration. The central government irrigation
Commission had made several recommendations aimed at simplifying the legis-
lative situation. These include: the consolidation of state irrigation

laws ‘into a single law uniformly applicable to all regions of the State

and the issuance of central government laws to serve as a framework for .
more uniform state laws. A Model Irrigation Biil has, In fact, been pre-
pared and is being circulated among state governments, who are encouraged"
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to adopt the bill with changes that may be necessary to meet peculiar local
circumstances (varma 1978: 28).

Groundwater, the ownership of which remains undefined under present state
legislative provisions, is now consldered to belong the owner of the land*.
In order to extend the regulation over groundwater necessary for its In=-
clusion in overall water use plans, the central government, through a working
group consisting of Central and State representastives, has prepared for
circulation to the states a Model Bill on Ground Water that provides for

the establishment within each state of a Ground Water Authority to: regulate
the extraction and/or use of groundwater In any form In the certain areas;
grant permits to extract and use groundwater in certaln areas; reglster ex-
isting users; grant license for sinking wells; and make decisions on the can-
cellation of permits or licenses, Penalties for offenses against the law

are also stipulated (Varma 1978: 28).

5.2.2.1 Individual state legislation (selected examp les)
The [State of] Maharastra Water Pollution Prevention Act, May 1970
The Jammu and Kashmir State Canal and Dralnage Act 1963

Regulates use and control of water for irrigation and other purposes from
all rivers, streams, lakes and natural col lections of standing water.

West Bengal Notification No. 7. Regulations. Control of Water Pollution,
1957.

This notice prohidits discharje of any matter likely to cause pollution
fnto waters controlled by the Namodar Valley Corporation. Impeding the
flow of water so as to aggravare pollution problems Is also prohibited.
(See Calcutta Gazette, February 20, 1958, part I, pages 490-492),

Northern India Cana! and Orainage Act I3 of 1873 and Punjab State Tubewel |
Act 1954,

The Madras River Conservancy Act No. 5, 1884.
The Bombay Irrigation Act No. 7, 1879,
The Hyderabad Irrigation Act No. 24, 1960.

5.2.3 Water standards

Several water standards have been fixed by the Indian Standards Institute,
which has been publishing such standards since the mid-1960's. These
standards prescribe tolerance limits to gulde the Central and State
Government Water Pollution Control Boards and other authorities in

setting up rules on the discharge of effluents (Bandhu and Bhardwaj
1979:198; see also Saxena 1976:7-15).

1S1:3307-1965 and 1974 give the tolerance Ilimits for industrial effluents

*For a recent discussion of problems of groundwater rights and use of ground-
water for irrigation, see Veeman 1978,
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discharged on land for irrigation purposes.

1S1:7796~1963 and 1974 prescribe the tolarance for inland surface water,
rivers, streans, lakes, and reservolrs, Including rivers (ilable to
low seasonal flows) used for raw water for pubiic water supply, bathing,
tish culture, and irrigation purposes.

Other standards publlished by the Indian Standards Institute cover:
tolerance limits for inland surface waters sub ject to pollution; methods
ot sampling and testing for industrial ef fluents; tolerance limits

for various types of industrial effluents discharged into inland

surface waters; tolerance limits for industrial effluents discharged
into public sewers; tolerance limits for sewage effluents discharged
into inland surface waters; and guides for treatment of effluents of

the sugar cane industry, the pulp, paper and board industry, the tanning
industry, and the electroplating industry. Standards are constantly
being examined for revision and some already exist in revised form.
Other standards are circulated in draft form (methods of sampling for
industrial effluents), while standards for effluents from industrial
operations not already covered are in preparation (Saxena 1976:12-14).
Standards applying to sewage treatment and community sanitation have
also been published by the !ndian Standards Institute (Saxena 1976:14-15).,

5.3 FOREST LEGISLATION

5.3.1 _Central government legis!ation

5.3.1.1 The Indian Forest Act No. 16, 1927: An Act to consolidate the law
relating to forests, the transit of forest-produce, and the duty
leviable on timber and other forest-produce*

This Act is central government legisiation taken over from the British
at the time of independence in 1947. |t represents a consolidation of
the Indlan Forest Act 1878 and its amending acts. As noted below It
I's supplemented and amended by state legislation and by specific regu-
lations. India is said to be contempiating revisions in order to keep
abreast of recent developments (Hassan 1978).

Chapter 11 provides for the declaration of government forest or waste-
land areas as reserved forests and makes provisions for dealing with
activities already being carried on within such areas and for preventing
the initiation of new activities. These activities include shifting
cultivation within forest areas, which the State government may either
permit or prohibit either in whol!e or in part. Shifting cultivation
"shall in all cases be deemed a privilege subject to control, restriction
and abolition by the State Government." For the most part these forest
were to be reserved for the public benefit and private rights held

In the forests were to be settled, transferred or commuted (NCA

1976, vol. 9:350).

Acts prohibited In reserved forests include: making fresh clearings
where such.a right was not already held; setting fires or creating the
danger of a forest fira; trespassing or pasturing domestic animals;
quarrying; feiling, girdiing, topping, tapping or burning trees or
stripping bark; and hunting, shooting, fishing, etc. in contravention
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of state rules. Most of these acts may be allowed under permits issued
by the Forest Officer.

Chapter 111, Of Viilage Forests, permits the state government to assign
any village-community the rights of Government to or over any land which

. has been constituted a reserved forest; these are to be calied village

5.3.2

forests. Conditions may be stated In rules government these forests.

Chapter IV, Of Protected Forests, allows the state government to declare
government-owned forest or wasteland as protected forest. The government
I's to record and regulate private activities within these forests, but
they are generally open to private use for grazing, wood gathering, and
other activities. The state gcvernment is empowered, however, to suspend
the rights over any portion of one of these forests, provided that

these rights can be exercised elsewhere. Further any trees or classes

or trees can be declared as reserved, and some specified acts, including
quarrying of stone, burning of Iime or charcoal, the removal of any
forest produce, and the clearing of forest may be prohibited.

Penalties for offenses in protected forests apply to contraventions of
the provisions of state notifications dealing with reserved trees and
prohibited acts and to causing fires within the forests.

Chapter V, which deals with forest tand or wasteland not belong to the
government empowers the state government to regulate or prohibit "in

any forest of waste-tand" |) clearing land for cultivation; 2) pasturing
of cattle; 3) the firing or clearing of the vegetation, when it appears
that this prohibition is necessary for a) protection against storms,
winds, etc.; b) soil conservation on the ridges and slopes and in the
valleys and hilly tracts; c) the maintenance of water-supply in springs,
rivers, and tanks; d) the protection of roads, bridges, railways, and
other lines of communication; e) the preservation of public health.
Furthermore, such forest may be placed under a the control of a forest
officer or acquired by the government if this is felt to be the better
alternative.

Chapters VI through VI| deal with the regulation of forest production.
Chapter titles are : Of the Duty on Timber and Forest Produce; Of the
Control of Timber and other Forest Produce in Transit; and Of the
Collection of Drift and Stranded Timber. Chapter iX lists penalties
and Procedures, Chapter X states penalties for grazing domestic

animals in reserved forests or in portions of protected forest closed
to grazing, Chapter XI deals with forest officers, Chapter X!l deals
with the issuance of subsidiary rules by state governments, and Chapter
X111 contains miscellaneous provisions,

State leaislation

Prior to the formulation of the National Forest Policy in 1952, some

of the states came under the provisions of the Indian Forest Act, cther
states had forest regulations with the force of law, and some states

had no forest law at ali. In pursuance of the National Forest Potlicy,
some of the States enacted their own full scale forest Acts, and soma
extended the provisions of the Indian Forest Act to their own territories,
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making various amendments to adapt the law thelir own situation. The
National Agricultural Commission, which compared the Indian Forest Law
as amended by the states and the State Forest Acts, found that the basic
provisions are the same but that some of the State Acts take account of
present day problens and make specific provisions for thelr solution.
The Orissa Forest Act 1972, for example, allow no claims for shifting
cultivation in any forest !and designated as "reserved" (NCA 1976, vol.
9:359-3€3).

5.3.2.1 Indlvidual state legislation (this Is not an exhaustive |ist)

Act No. | of 1967. The Andhra Pradesh Forest Act, 1967.

Consol idates and amends the |aw relating to forest production and manage-
ment.

Mysore (Karnataka) Forest Act 1963 and rules (1969)
Orissa Forest Act 1972
Act No. 4 of 1962, The Kerala Forest Act.

The Madhya Pradesh Forests (hunting, shooting, fishing polsoning water, and
setting traps or snares In reserved or protected forests) Rules 1963,

The Forest ( Hunting, Shooting, Fishing and Water Poisoning) Rules,
1957. Under the Rajasthan Forest Act, 1953.

5.3.3 Additional legislation bearing on forests

The Cattle Tresspass Act 1871
The Land Acquisition Act 1894

5.3.4 Problems with existing forest legislation

As reviewed by the National Commission of Agriculture in 1976, forest
legislation In general suffered from several weaknesses, among t.em in-
compatibility of legislation among the states. The Commission st~essed
that rational forest development requires an effective all-India Act
which would leave states free to make subsidiary rules and regulation
to deal with any special situations. it also strongly urged that such
an act contain stringent preventive and punitive measures to ensure
that when a resource is allocated for development It Is not wasted.
With regard to deforestation, the Commission advised that provisions
should be made that no deforestation be permitted without the approval
of the State legislature and that where some diversion of forest land
is considered unavoidable provisions should be made to bring some other
areas under forests (NCA 1977:464-65).
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3.4 SOILS

There is no central government legislation relating to soll conservation,
but most of the States, acting on directives issued by the central govern-
ment, have enacted legisiation for conservation of both soil and water
resources. A major probiem with this state legislation Is a tack of
uniformity of the provisions from state to state, a problem which is most
acute when neighboring states have different provisions applying to the
same watershed. This is a factor which severely severely Ilimits the
effectiveness of soil conservation measures (Indfa. NCA 1976: vol. 5:269).

As noted above (5.3.1.1) Chapter V of the Indian Forest Act 1927 provides
for regulate private forest |and for the purpose of soil and water con-
servation.
The Kerala Land Conservation Act No. 8, 1959
The Hyderbad Land Improvement Act 19. 1953,
Madya Pradesh Act No. 10 of 1958,
Provides for the extension of the Madhya Pradesh and Improvement Scheme
Act 1957 to Union Territory of Manipur.

Act No. 4, to amend the Travancore-Cochin Land Conservation Act. 195],
1956.

The Travancore-Cochin Irrigation Act. 1956.
5.5 WILDLIFE ‘

5.5.1 Central government legisiaiton

5.5.1.1 The Wildlife (Protection) Act, no. 53, 1972

The act establishes a comprehensive federal regulation which is supported

by state agencies. The law identifies national parks, sanctuaries/reserves,
reserved forests, protected species, and regulates the sale, transport or
trade In protected animals (Hassan 1978:35). No parts of this law affect
the hunting rights conferred on certain tribal groups (scheduled tribes)

of the Anadman and Nicobar Islands.

Chapter |, Preliminary, defines terms and states the circumstances under
which the act extends to states

Chapter || empowers !)the central government to appoint a Director of Wild
Life Preservation and assistant directors and 2) each state government

to appoint a Chief Wild Life Warden and other Wild Life Wardens and
officers. State governments are to appoint Wiid Life Advisory Boards
consisting of, among other persons: the minister in charge of forests;

two members of the state legislature; the Chief Conservator of Forests;

the Chief Wild Life Warden; and not more than 15 other officials interested
In the protection of wildlife. The duty of these boards is to advise

the state government: in the selection of areas to be declared as

sanctuaries, National Parks, game reserves, etc.; In the formulation of

Y
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the policy in granting licenses and permits under the act; in any matter
relating to the amendment of schedules; and in any other matter relating
to wildllife protection.

Chapter 111 lays down ryles for the hunting of wild animals. Five
Schedules (lists) are established: animals on Schedule | may not be
hunted at all (see section 2.6.4 above); animals on Schedules || (Special
Game), IIl (Big Game), and IV (Small Game) may be hunted only under,

and in accordance with, the conditions specifled In a license; to be
Issued by the Chief Wild Life Warden of the state or other authorized
official. Schedule V contalins those animals designated as vermin,

for which no restrictions apply (common crow, common fox, fruit bats,
Jackal, mice, rats, voles). The central government is empowered to add
animals to the schedules or transfer animals from one schedule to another;
The state governments may add any Schedule I, 111, IV or V animals to
Schedule I, and may transfer animals from any schedule, except Schedule |
and Schedule I, part 11, to any other schedule.

Holders of licenses are, among other things, to keep a record of their
kills or captures. Quite apart from the provisions otherwise stated
Schedule | animals may be hunted |f declared by the Chief Wild L]|fe
Warden to be dangerous to human [ife or to be disabled or diseased

beyond recovery; Schedule 11/, ', and IV animals may be kilied for
the same reasons as well as |f they have become a danger to property,
including standing crops. Wounding or killing an animal in self-defense

s no offense; animals thus destroyed become property of the state.
Special permits may be Issued for animais captured for educational,
scientific, or collection purposes. Hunting of young females of wild
animals is prohibited. The State government is to declared closed seasons.
Hunting of certain types Is prohibited (e.g., with airplanes, with

fires or artifical lights, with explosives or chemicals).

Chapter IV provides for the delcaration by state governments of sanctuaries,

national parks, game reserves, and closed areas:

Sanctuaries are to be declared by State governments in areas deemed worthy

of protection. Entry into these areas is restricted, although tra-

ditional rights, including residence, within areas declared as sanctuaries

may be retained; provisions are made for the government to acquire land

within these areas. Permits may be obtained for entry into sanctuaries for

scientific purposes, photography, tourism, or transaction of business
with persons living within the sanctuary. Hunting Is generally pro-
hibted within a sanctuary but may be allowed under special conditions
under permit issued by the Chief Wild Life Warden, the State official
who exercised general control over the sacnturies.
National parks are declared by the State government for areas considered
in need of protection because of their ecological, faunal, floral,
or geomorphological Importance, and their boundaries, once established,

may not be altered without a resolution passed by the state legisiature

(this does not, however, apply to sanctuaries). Provisions for the
government to acquire land or to deal with rights already held within
areas declared to be national parks are laid down. "No person shal |

destroy, exploit or remove any wild life from a National Park or destroy

or damage the habitat of any wild animal or deprive any wild animal of

2,0
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its habitat...except under and In accordance with a permit granted by
the Chlet Wild Lite Warden and no such permit shall be granted unless
the State Government, being satisfied that such [an acfg...ls necessary
tor the Improvement and better management of wild I1fe therein,
authorises the Issue of such permit." No grazing of domestic animals
is permitted.

Game reserves: The state government may declare any area as a game
reserve; hunting within such areas requires a license Issued by the
Chief Wild Life Warden, g

Closed areas: The state government may declare any area closed to
hunting for a specific period state in a notification.

Chapter v, Trade or Commerce In Wild Animals, Animal Articles, and Tro-
phies, declares all wild animals and all parts of wild animals hunted
contrary to the provisions of the act to be state government property,
which may not be held, sold, destroyed or damaged. Persons are to
declare wild animals or wild animals products In their possession.

The sale or transfer of certain wild animals or wild animal products
is regulated, and a license is required for dealing in trophy and

animal articles. No captive animal may not be purchased, receive, or
acquired without a license. Provisions of this chapter apply across
the board to schedule | animals and varying to Schedule 11, 11!, and

IV animals; they do not apply to those animals defined as vermin.

Chapter V| describes the powers of enforcement personnel and |ists
penalties. The stiffest penalties are for offences involving animals
on Schedule | and Part || of schedule || or for offenses Involving
hunting in sanctuaries or National Parks; these are no less than six
months but up to six years imprisonment and a fine of not less than
500 runees (as of 1974) for a first offense and no less than one
year Imprisonment and a fine of not less than [,000 rupees for a
second of fense.

5.5.1.1.1 Orders under Wildlife Protection Act 1972

The India government, acting under this legislation, issued in January
1978 an order banning trade in most wildlife for which there are over-
seas markets; this order has been subsequently strengthened to further
timit trade in live wild animals, which is now restricted to 2| species
of birds and a single mammal--the striped squirrel Trade in wildllfe
products is also severely restricted (IUCN Bulletin, vol. 10, no.8/9,
1979: 71).

5.5.1.2 CITES (Convention on Trade in Endangered Species)

India is a signatory of the CJTES treaty. Implementation is In the
hands of the Divison of Forests and Wildllfe of the Department of
Agriculture.

5.5.2 State government legislation

As of April 1975 the central government Wildlife Act had been adopted
by ail states except Assam, Nagaland, and Jammu and Kashmir.
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5.6 FISHERIES AND FISH

5.6.1 The Indian Fisherlies Act 1897

Prohiblts the destruction of fish by explosives in inland waters and on the
coasts. Penalty: up to two-months in prison or a fine or up to Rs. 200.

Prohiblts fishing with poisons, lime, or other noxious materials.
Penalty: up to two months in prison or a fine or up to Rs. 200.

State governments may make certain rules covering selected streams or other
waters that are the property of the state as well as other streams or
waters, with the consent of their owners. These rules may prohibit or
regulate: the use of fixed engines for the capture or fish; the construction
of weirs; the use of nets with a mesh below a minimum size; the

capture or sale of all or any kinds of fish during any closed season.

They may also also prohibit all fishing In any specifled waters for

a period not exceeding two years,

5.7 COASTS AND BEACHES

Act, no. 80 of 1976: The Territorial Waters, Contlinental Sheif, Exclusive
Economic Zone, and other MariTime Zones Act 1976

Territorial waters extend twelve nautical miles off the coastline; the
contiguous zone extends |2 nautical miles beyond the line of territorial
waters; the continental shelf ""comprises the seabed and subsoll of the
submarine areas that extend beyond the |imit of its territorial waters
up to ...two hundred nautical miles from the coast"; the exclusive
economic zone extends two hundred miles from the coast. Any area of

the exclusive zone may be declared a designated area with which the
central government has: 1) sovereign rights for the purpose of exploration,
exploltation, conservation, and management of the natural resources,

both tiving and non-living; 2) exclusive rights and jurisdiction for

the construction, maintenance or operation of artificial Islands, off-
shore terminals and other structures, etc. necessary for the economic
exploitation of the zone; 3) exclusive Jurisdiction to authorize, regu-
late and control sclentific research; 4) exclusive jurisdication to
preserve and protect the marine environment and to prevent and control
marine pollution; 5) such other rights as are recognized by international
law (Hassan 1978:32).

5.7.1 Marine Pollution

India has adopted no leglislation Implementing the International Convention
on Prevention of Pollution of the Sea by Oil 1954, and has seeminglv

taken no action relating to the 1969 |nternaitonal Convention of Civil
Liability for 0il Pollution Damage, the 1969 International Convention
Relating to Intervention on the High seas In Cases of 0il Pollution
Casualities, or the 197! International Convention on the Establishment

of an International Fund for Compensation of OIl Pollution Damage

(Hassan 1978:23-25).

The indian Merchant Shipping Act, 1958

Controls marine poliution and prohibits discharges on the high seas
(Hassan 1978:25). ‘\Qagln



159/

5.7.2 Coastal zone management

5.8

5.9

Such legislative coverage as there Is |s provided by individual coastal
states of the federation; Indla is sald to be now feeling the need for
a national policy (Hassan 1978:32). :
MINERALS LEGISLATION

The Mines Act 1952

The Mines and Minerals (Regulation and Development) Act 1957

Mineral Concessioqs Rules 1960

Petroleum Concessions Rules {949

Coal Mines Requlations 1957

Metalllferous Mines Regulations 196

AIR AND THE ATMOSPHERE

5.9.1 Central government legislation

5.9.

According to a recent review of legislation in Asian countries, the
laws of India are almost "oblivious to Industrial pollution"

(Hassan 1978: 26), al though the "nuisance" provisions of general laws

may be applicable to air pollution control, Some Indian states have
Smoke Nuisances Acts. There appears to be no law specifically providing
for the protection of the atmosphere from chemicals and other industrial
discharges (Bandhu and Bhardwaj 1979:198).

Although no such law has been put into effect, there are reports that
the Ministry of Works and Housing had referred to an expert committee
the preparation of an alr pollution control bill, a draft of which al-
ready in existence as of 1976 (Saxena 1976:9) .

Indian Motor Vehicles Act (1939)

Section 70 confers legal powers to the State governments to make rules
regarding emissions of smoke, visible vapor, sparks, ashes, grit+ or
oll and the noise caused by vehicles. No regulations appear to have
been made (Hassan 1978:28)

Smo¥e Nuisances Act of 1908 (Bandhu and Bhardwa] 1979:198)

2 Standards

The Indlan Standards Institute has prepared a number of of standards

on methods of sampling and measurement of air and alr pollutants, and work
has been taken up on emission standards. It is not clear under what
legislation or under what clrcumstances these standards would be applied.

\BD
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Standards, some of which were Issued as early as 1968, cover methods for
measurement of air poliution from dustfall, sulfur dioxide, radioactivity,
suspended mstter, hydrogen sulfide, oxidants, polynuclear aromatic hydro-
carbons, and mass concentrations of particulate matter. Oraft standards
covering smoke emission levels from diesel vehicles and pollution from
Inorganic fluorides were in circulation as of 1975, while preliminary
draft standards were In preparation for measurement of lead in alr and
preliminary work was being conducted on the preparation of standards for
emission from industrial plants, Including phosphatic fertilizer plants,
nitrogenous fertilizer plants, petroleum refineries, petro-chemical
operations, and synthetic fiber plants (Saxena 1976:11-12).

LAND USE AND LAND REFORM

Land Use

According to a 1978 review of Indian environmental legislation, India
has a federal land use law for Federal Territorles and various
Planning Acts for the States (Hassan 1978: [8).

Land reform

The Indlan government has adopted a natlonal policy on tenancy reforms
aimed at conferment of ownership rights on cuitivating tenants, and
legislative provisions have been made in most of the states to conform
to this policy. Major features of thie program embodied In this legis-
tation have been: abolition of interrediary tenures; tenancy righ+s;
fixing of ceiling on land holdings; and consolldation of holdings

(NCA 1977: 679).

HAZARDOUS SUBSTANCES, PESTICIDES, ATOMIC ENERGY

HEALTH LEGISLATION (Including hazardous substances and pesticides)

Drugs (First Amendment) Rules, 1964. Lays down standards for insecticides

and disinfectants.

The Insecticides Act, no. 46, of 1968 to control poisonous substances,

Including insecticides

Regulates the import, manufacture, sale, transport, distribution and use
of Insecticides with a view to preventing risk to human beings of animals
and matters connected therewith.

The Central Government is authorized to appoint a Central Insecticides
Board to advise on technical matters related to control of pesticide use.

A registration committee, whose members other than the chalrman are
appointed by the government from among members of the board, Is responsible
for licensing pesticides for manufacture und import after testing them

for safety and effectiveness. The government is also authorized to

appoint Insecticide Inspectors with powers of entry and may make regu-
lations on packaging, labeling, manufacture, import, distribution,
transport, storage and use of pesticides, as well as other regulations

to Implement this act. State governments may make additional regulations

Vi
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which are not In conflict with this act. It is probibited to manu-
facture or sell any pesticide without a license Issued by an officer
appointed by the central government. Pesticides controlled by the act
are listed In the schedule.

The law Is primarily health and safety oriented and takes no significant
consideration of environmental hazards (Hassan 1978:30"

The Afomic Energy Act 1962, no. 33 to provide for control over radioactive
substances or radiation generating p =nte,

The Prevention of Food Adulteration Act 1954

Jhe Act provides certain controls over toxic substances; it Is primarily
health and safety-oriented, rather than directed towards environmental
mental hazards (Hassan 1978:39) '

The Factories Act 1948

The Act provides certaln controls over toxic substances--primariiy
health and safety oriented rather than considering environmental hazards
(Hassan 1978:39) .

Fertilizer (Control ) (Amendment) Order, 196l
-modifies superphosphate standards.

5.12 SOLID WASTE MANAGEMENT
Solid waste management is generally the reponsibllity of local bodies
and municipalities and is covered by local legislation in India
(Hassan 1978:31),

5.13 Monuments and cultural matters

5.13.1 Antiquities and Art Treasures Act 1972

Ancient Monument and Archaeological Sites and Remains Act 1958
(from Hassan 1978:43).
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