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Foreward

This set of five workbooks constitutes a single, continuous
course to be offered to students of classes 6-10.  It is being
published in English for the benefit of those outside the state of
Uttarakhand who do not know Hindi.  As explained in the brief
account of the history of the course that follows, it has not yet
been possible to introduce the full five year course for lack of
space in the prevailing school curriculum, but only the 6th to
8th class portion.

Using these workbooks as a general model, it should be
possible to design similar courses for any region of the country.

We hope to receive comments from readers of this English
version.  The course is an on-going experiment, and efforts are
continually being made to improve it as we go along.

Almora Lalit Pande
January, 2012 Director

Uttarakhand Seva Nidhi
Paryavaran Shiksha Sansthan
Almora (Uttarakhand)
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COURSE HISTORY

This course is the outcome of the collaboration between 1986 and 2000 of the Mirtola
Ashram, Dhauladevi Block, District Almora, the Uttarakhand Environmental Education
Centre, Almora, the Gandhi Intermediate College, Panwanaula, Dhauladevi Block, District
Almora, the Department of Education, Government of Uttar Pradesh (Uttarakhand after
2000) and the Department of Education, Ministry of Human Resources Development,
Government of India, New Delhi.

The idea of an environmental education course in the schools and intermediate colleges
of the hill region of Uttar Pradesh was endorsed by the National Planning Commission’s
Task Force on Hill Development and by the Departments of Education, Governments of
India and Uttar Pradesh in 1986.  The Uttarakhand Environmental Education Centre
(UEEC) offered to implement the course.

The initial version of the course was designed for students of classes nine and ten.  In
1987 it was offered in the Gandhi Intermediate College, Panuwanaula.  Between 1988 and
1992 forty more schools and intermediate colleges volunteered to participate in the project.
Five-day, in-service teacher-training camps were held every year in June at the Gandhi
Intermediate College. Later, in 1998, these camps were transferred to the USNPSS training
center in Almora.

In 1991-92 a major stocktaking was done by all the participants with the result that
the course was recast as a five-year course for classes six to ten.  A slot in the junior high
school (classes six to eight) curriculum was found and the revised course was taken up by
junior high schools, high schools and intermediate colleges.  By 2002 the combined number
of all these had increased to 1000.  No slot however, could be found for the ninth and tenth
class part of the revised course, and the sixth to eight class part was revised to make a self-
contained course.  A course for the plains region of the state was made.  These courses were
introduced from July 2002 as an optional subject in all schools and intermediate colleges in
the State in a phased manner, as rapidly as teachers could be trained.  The major
responsibility for the administration of the course (the printing of workbooks, in-service
teacher training and examinations) was taken over by the Department of Education from
the UEEC in that year. Master trainers in the District Institutes of Education and Training
were trained by UEEC staff in 2002.

In 2008 the course was expanded by incorporating subject matter had earlier featured
in the agriculture course, and the hill and plains versions were merged.  This revised
course was made a compulsory part of the curriculum in 2009.
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TO TEACHERS AND PARENTS

The modernisation of our country has brought us many benefits.
Compared to 50 years ago we are healthier and better educated today.
Roads and telephones make travel and communications easier and faster.
There are many manufactured goods in the market to make life easier and
more enjoyable.  Farming is more productive where there is irrigation and
food production has increased greatly.

Along with these benefits we now realise that many serious problems
have arisen.  Factories, cars, trucks and buses are causing severe air
pollution in our cities.  The wastes from our factories and cities are polluting
our waterways.  Both air and water pollution are causing many new diseases
and aggravating old ones.

In the rural areas of our country forests are rapidly disappearing
resulting in a lack of fuelwood and fodder, and giving rise to soil erosion.
In hill areas the loss of forests also causes water sources to dry up.  In
addition to deforestation and soil erosion, the fertility of our soil is
decreasing where modern agricultural practices have been taken up.  Wells
in the plains are going dry due to the excessive pumping of ground water
to irrigate crops.  Pesticides are polluting our soils, ground water and food,
which adversely affects our health.

The increasing awareness of these problems leads us to the conclusion
that modernisation in its present from cannot be sustained.  If our
environment – our air, water, land and forests – is harmed there can be no
real modernisation or development.  We must find solutions to these
problems and apply them in our daily lives and livelihood pursuits.

Most of us are not fully aware of these problems; they hardly existed
when we were children. Nor do we understand how our own actions give
rise to them.  In this course children are made aware of these environmental
problems and helped to acquire the knowledge and skills that are needed
to solve them.

This school programme also provides an opportunity for parents to learn
along with their children.  Further, parents have an indispensable role to
play in the course; indeed, the course can only be effective if parents
contribute some time and effort to helping their children learn.  In many
cases parents can share their traditional knowledge and skills; these are
being forgotten but they can help us solve many of our current
environmental problems.
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As teachers we too have much to learn about environmental problems
and how children and parents can be helped to deal with them.  Indeed,
learning about the environment is a collaborative effort of teachers,
students and parents.  All are equal partners in this learning process.

The name of this course is ‘Our Land, Our Life’ and it deals with the
problem of land and forest degradation, with ways of rehabilitating them,
and with managing them for high and at the same time sustainable
production.  Our main natural assets in Uttarakhand are land and forests,
and our development will depend primarily on managing them well.  Most
of our children will remain in the village and it is our duty to ensure that
they have the motivation and the means (knowledge and skills) to make a
comfortable and secure future for themselves.

Some of our children will, of course, leave their village or the state to
earn their living.  For them too this course of is valuable.  Everywhere in
our country, and indeed in the world, environmental education in some
form or other is now a part of the school curriculum.  Increasingly, a
knowledge of environmental problems and their solutions is required for
employment.  The nature of environmental problems and the means of
solving them vary with location but the principles are the same everywhere,
North, South, in the city and in the village.  The challenge is similar to
that of language education: language differs in different parts of the
country, but in all schools learners are expected to be proficient in their
regional language (i.e., in reading, writing and speaking).

In this course children do much of their learning outside the classroom.
They study the village first-hand, collecting information and data,
analysing it, and experimenting with new ways of land, forest, crop, water
and animal management.  The table of contents of this workbook indicates
the variety of topics they study.  They work in small teams and they will
ask you, their parents, for help and information.  You may also help them
by questioning them about what they are doing and why.  As teachers you
will teach them the concepts they will need and guide them in their work.
Encourage them to ask you questions.  You are partners with them and
their parents in this learning exercise.

We hope everyone – parents, teachers and children – will enjoy this
course.  Send us your suggestions, through your school principal, for
improving the course in the future.
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SUGGESTIONS TO TEACHERS
FOR CONDUCTING THE COURSE

This course extends over five years, classes six to ten.  The subject matter
topics of the course are: land, water, trees, crops, compost, animals, fodder,
fuelwood, people and ecosystem.  Students gain knowledge, concepts and
skills, step-by-step as the course proceeds.

The village ecosystem is the central theme of the course.  Subordinate
themes are: species diversity, species adaptation, sustainability, community
and carrying capacity.  The village community an integral part of the
village ecosystem.  Students learn these concepts through practical work.

The contents of the course are presented in a workbook format.  As more
emphasis is given to the exercises they are placed before the boxes.

The objective of, and procedure for, each exercise is explained at the
beginning of the exercise. Notes for the teacher are also given in some
exercises where it seems necessary.  Most exercises are accompanied by
one or more boxes.  Boxes explain concepts, give detailed directions for
doing the exercise, give necessary background information, and clarify
concepts through stories.

A village is the laboratory in this course.  Students undertake a thorough
and systematic quantitative and qualitative study of a particular village
over a period of five years.  Therefore at the beginning of class six a study
village is to be selected, in which, students will work continuously for five
years (classes six to ten).  Every new batch of students entering class six
will be assigned a new study village.  About one-fourth of the exercises will
be done in the study village; the rest will be done in the school campus or
classroom.  In class ten, exercise 50, 51 52, 53 and 57 must be done in the
village.

A block of four periods (about one-half day) will be needed for village
visits.  This will have to be arranged with the headmaster/principal.  Before
starting the course it will be necessary for you to visit the study village to
meet the residents and explain the course to them and to request them to
provide their help and support.  Without their participation the course
cannot be carried out effectively.  Their participation will take the form of
helping students with their investigations and sharing local, traditional
knowledge with them.  By participating in the course the residents will
learn about their village from a different point of view.
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For doing practical work the class should be divided into about ten teams
of two to five students each.  The purpose of forming teams is: to help
students learn team work; to obtain several estimates of each parameter;
to ensure that all students participate; and to make the class easier to
manage.  The averages of the estimates of a given parameter from the
several teams can be calculated in the classroom after the village visit.

Teachers are urged to adopt a discussion mode in conducting the course.
Students already know many things about their local environment.  The
role of the teacher is that of a discussion leader, helping to bring out what
students know, to express their opinion/ideas, and to provide the concepts
that are necessary for discussing facts/opinions in meaningful ways.

There are important differences between high and low altitude villages
in land, water, trees and crops.  In the boxes examples from both have
been included.  Students in all schools should study all the boxes, even if
the examples are from a different altitude zone than their own village.
The mountains and plains of Uttarakhand are interconnected and all
students should learn about their entire state.

At the beginning of the year prepare an annual calendar of the course,
indicating the month for doing each exercise.  Some exercises can only be
done at definite times of the year.  For example, the exercises on measuring
fodder consumption and milk yield are season bound.
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Date: .................... Code : Ecosystem 3
Month: April

EXERCISE 49

MANAGING THE VILLAGE ECOSYSTEM
INTRODUCTION

Making our village ecosystem healthy and keeping it healthy requires
all our knowledge and skills.  Is also requires good management.  In this
exercise and the boxes that go with it we will learn what good management
is and how to practise it.  Before taking up the exercise itself carefully read
Boxes 49-1, 49-2 and 49-3.  Your teacher will set aside one or more class
periods for discussing these.  The exercise will consist of visits to your study
village to interview the members of year assigned households, the village
panchayat panches, president of the Mahila Mangal Dal, and visits to the
Block headquarters to interview the BDO.

FOR THE TEACHER
Begin by taking up Boxes 49-1, 49-2 and  49-3  in the classroom.  This

will be followed by visits to the study village and the Block headquarters.
You will have to arrange for the various interviews in advance.



QUESTIONS
The following are some of the questions you might ask various people.

You may have questions of your own that you would like to ask.  Make a
list of these here:
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1. Are there any rules governing the grazing of animals in the common
portion of the village support-area (civil bhumi, panchayat van, benap
bhumi).  If so, who made the rules?  Do you think that they are good
rules?  Or do you think that these rules need to be changed?  How?
Who would change them?
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2. Does everyone follow the rules?  If not, why not?  How to ensure that
everyone follows the rules?
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3. Is there a Mahila Mangal Dal in your study village?  If so what does it
do?  That is, what projects does it pursue and how?
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4. Is there a van panchayat in your study village?  If so, how does it
function?  Does it have a role to play in ensuring a healthier village
ecosystem?  Do you think it is playing that role?

6



5. What is the role of the gram panchayat in organising and managing
village community activities including the management of village
resources according to the Indian constitution?  How should it function?
What improvements in the functioning of the gram panchayat of your
study village can you suggest?  What activities, programmes and
projects do you think should be discussed by the gram panchayat of
your study village?

Teacher’s signature:....................
Date:...................
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BOX 49-1

WHAT IS MANAGEMENT?
In the past four years you have collected data about many features

of your study village.  In class six you were introduced to the concept
of the ecosystem.  A village is an ecosystem — an interacting mutually
dependent set of entities.  A model of this ecosystem has been
constructed.  The main component entities or parts are support area,
cultivated land, domestic animals and people.  The model shows the
various interactions among these.  It is a graphic model, drawn on a
sheet of paper.  It helps us understand the actual ecosystem more
deeply than we otherwise could.  It helps us organise and interpret
the data we have collected.  We can draw conclusions about the best
ways to manage the various component parts.  For example, it can
help us answer the question: what is the best way to increase the milk
yield of our buffaloes?  Or: how much area of our support-area must
be planted with trees to meet our fuelwood requirement?  All these
things you will do this year with respect to your study village.

By the term ‘management’ we mean: what we do to our village
ecosystem, how  we do it, and when.  There are two aspects of
management _ the technical and the organisational.  Up to now we
have been concerned primarily with the technical aspect, that is, with
what trees to plant, how to harvest them, how to make gulley plugs,
smokeless chulhas and how to recycle human wastes cleanly and
efficiently.  This year we will also learn how to improve terraces, build
water storage tanks and how to make management plans.   We must
now consider the organisational aspect -- how the actual work of
management will be organised.  The village ecosystem belongs to all
residents collectively.  Proper management is everyone’s responsibility
(and the fruits of good management are for all to share equally).
However, there would be only chaos if everyone tried to manage
independently of others according to his/her own ideas, convenience,
capabilities and needs.  Individual efforts must be channelled and co-
ordinated to achieve mutually-agreed-upon objectives.  There must
be an overall plan.  Everyone must understand the plan, agree to it,
and be ready to co-operate with others to implement it.  To make this
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matter clear, we relate here some incidents that have occurred in some
villages which show what can happen if the organisational aspect of
support-area or water management is weak.

1. In a village in Almora District the residents had enclosed a
part of their support-area in the previous year, and also planted
tree seedlings.  Already the grass was thicker, and a system of
grass cutting was devised that would ensure an equal share of
dry grass to every family.  A few days before the date decided on
for the beginning of grass cutting it was discovered that a few
women had been surreptitiously cutting grass.  They were
questioned  why they had done it.  From their answers it was
found that they were not clear in their minds who would benefit
from the support-area rehabilitation programme.  They were
afraid they would be left out, and decided to grab what grass
they could.  The problem was that the programme had not been
widely discussed in the village.  In fact, the women were not
included in the discussions; the men decided everything.   Had
this problem not been remedied in time, it would have led to a
general scramble by everyone to grab as much as they could.
The new tree seedlings would not have long survived.

2. In the foregoing example, the problem could be solved by
further discussion among all residents.  When one member of
the village openly refuses to follow the agreed plan he/she can
be punished if the remaining members of the village solidly
support the plan.  Here is a story of a village in Chamoli district
in which the support-area management plan was saved by the
unity and determination of the majority.  An enclosure had been
made and tree seedlings planted.  A scheme was agreed upon
whereby dry grass would be cut, starting on a certain date.  Each
family would send one member each day who could cut one
headload.  In this way equal sharing of the grass was to be
ensured.  But on the first day of cutting, a prominent member
of the village sent two people from his family.  The members of
the other families opposed this unanimously, and, though there
was much unpleasantness for some time, successfully enforced
the rule of one member from each family.

9



3. Sometimes the challenge to an agreed management
programme comes from outside the village.  This happened in
the village of Khirakot in Almora district when a callous and
greedy mining contractor almost destroyed the village support
area and the people’s will to fight back.  Read about this in
Box 55-1 of this workbook.

4. In a village in Almora district a large pucca water storage tank
was constructed.  The fields of several families below the tank
were to be irrigated, and they planned to produce vegetables
for sale.  Money to build the tank had been given by a social
service organisation.  A visitor to the village one year later
found the tank empty and the surplus spring water flowing
down the gadhera as it had done before the tank was made.
There was no irrigation.  Disagreements had arisen over the
conveying of water to the fields.  For water to reach lower fields
pucca channels had to be made in the upper fields.  But the
owners of the upper fields refused to give up any of their fields
for the construction of channels.  The problem continues and
bad feelings have so increased that a solution of the problem
seems almost impossible.  This story unfortunately, does not
yet have a happy ending.

This year you will have an opportunity to consider the
organisational aspect of the management of support area and water.
There are also several interesting boxes for you to read on the theme
of management.  You will discuss your support-area and water
management  plans with the residents of your study village during
your annual Work Display Day.  They will probably have many
suggestions of a technical nature, for they know their village more
intimately than you do.  As for the organisational part, they will have
to say what is possible for them to do.  Hopefully, at the end of the
discussions, a more complete management plan will emerge that the
community can implement.  In recent years the threat of climate
change have become apparent.  You will participate in a village
meeting to discuss how this threat can best be faced by individual
families and by the community as a whole.
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BOX 49-2

WHY ARE WE TAKERS AND NOT
MANAGERS?

Village support area is made up of what we may call “common”
land and “private” land.  The former comprises civil/soyam land, benap
land, panchayat forest land and reserve forest land in which the
residents have rights.  Private support-area land includes private
ghasnis and the risers between terraces.  “Common” land is owned by
all the residents collectively, and all have equal rights of use.  “Private”
land is owned by only one family, and is used exclusively by that family.

We have noted that, in general, present yields of common land are
unsustainable.  On the other hand, if we consider private land we
find that yields are more or less sustainable.  Aside from the natural
fluctuations due to annual variations in weather, the yield of dry grass
from private ghasnis remains constant.  This is true also of fodder
trees on terrace risers and in family homesteads.  There are instances
of homestead trees that have been harvested for fodder every year
for the past 100 years or so, with no decrease in yield.  What can be
the reason for this difference between yields of common land and
private land?

The obvious difference is that with respect to common village land
we are merely takers; we simply take what we can get today.  With
respect to our own land  and trees we are managers.  Like all real
managers, our overriding objective on our own land is sustainability.
To achieve this we prevent grazing and fire, and we carefully regulate
harvesting.

In each of us there is both a ‘taker’ and a ‘manager’.  To understand
how this situation arose we must look back in time about a century.
Then all common land was village land.  It was legally part of our
support area.  The boundaries of each village were demarcated and
officially recognised.  The management of this land collectively by
the village community was possible, and, in general, was successfully
done.  At the end of the 19th century the British government
appropriated much of our village support area in order to manage it
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to earn revenue for the government.  We were no longer permitted
the use of this land; villages no longer owned this land.  It was termed
'reserve forest'.

At the beginning of 20th century, as a result of public agitations
against the creation of reserve forest, the government returned some
of the appropriated land to village as civil/soyam land.  However, the
land was returned not to village ownership, but only to village use.
This encouraged everyone in the village to be come a “taker” and
resulted in the gradual destruction of the tree cover of the land.

There is another legal aspect of civil/soyam land that more or less
dooms it to destruction.  Instead of the usual exclusive area of civil/
soyam land for each village, there are instances of one block of civil/
soyam land being shared by several villages.  Even if a village could
organise itself for the purpose of managing civil/soyam land, it would
likely run into the problem of which exact portion of the multi-village
civil/soyam land it is to manage.  Inter-village agreements of an
informal nature to partition such land among the villages concerned
are feasible, but if they are not given official recognition problems
can arise that make effective management impossible.

The other legal obstruction to the management of civil/soyam land
is that the right to use this land was not in fact given to villages, but
to individuals within villages.  Thus, the individual has a right to
use this land which no village organisation can legally deny him.  If
the village community formulates a management plan for its civil/
soyam land, the individual is not legally bound to confirm to it.  Of
course, if the community achieves real unity in this matter individuals
can be forced to confirm by means of witholding his/her share of
produce, fines, or social ostracism.

In the 1920s forest panchayats were legally constituted in some
villages in Uttarakhand and given ownership of some land that had
earlier been village land, but which had subsequently been taken
away and made into reserve forest.  This was a much more positive
move, but in practice there are several problems that hamper effective
community management of forest panchayat land.  One is that the
administrative provisions centralise too much power with
government, leading to red tape and corruption.  In some cases, multi-
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village forest panchayats were set up which are plagued with inter-
village disputes.  Finally, even single-village panchayats often do not
work for the long-term benefit of the community.  They are
unaccountable to the community, and the members use the produce
of the forest panchayat land for their personal benefit.

From the foregoing discussion it is clear that though there are
impediments to community management, civil/soyam land and forest
panchayat land, there are no legal restrictions.  With unity of purpose,
we can, as a community, manage this land and of course village benap
land too.  We have seen an example of this in Tangsa village (Box 25-
2).  In some villages, after managing all civil/soyam, forest panchayat
and village benap land well, it might be found that requirements of
fodder and fuelwood cannot be met.  Then, the residents may approach
the Forest Department for help.  In many such cases in the past the
Forest Department has set aside a convenient tract of reserve forest
for village use, and even helped in its rehabilitation.  One example of
this is in Toli village in Almora District. Of course, the Forest
Department will want to see beforehand that the village is capable of
managing more support-area land effectively.

It is also evident from the earlier paragraphs that the most
important requirement for effective support-area management is
unity among all the village residents.  With a strong village
organisation almost everything is possible, all obstacles can be met.
Without it, nothing.  An example of this is irrigation project in
Sukhomajari village that we read about in Box 30-4.  We will consider
this important topic of village organisation in Box 49-3.  “How are we
to manage?”.

One requirement for unity in the village is the principle of equal
sharing.  Every resident (in practice every family) must assume an
equal share of the work involved, and must share the restraint
required to make regulated harvesting possible; and every family
must obtain an equal share of the produce.  This last principle should
be extended even to families who cannot use the produce — a family,
for example, with no animals.  Such a family can sell their share.  In
this way all families will be ready to share the work of a community
project and abide by the community’s agreed management plan.

13



BOX 49-3

HOW ARE WE TO MANAGE ?
In Box 49-2 it was said that we must become managers of our

support area.  No longer can we remain mere takers.  Management
means that we plan our activities and then follow the plan day to day.
The most important of these activities are: controlled, systematic
harvesting of fodder, fuelwood, stemwood and dry leaves, protection
of vegetation from grazing and fire, planting and tending tree
seedlings, the pruning and thinning of trees, and the channelling,
storage and use of surplus water.

The management of our village ecosystem is a collective
responsibility.  To achieve this, each of us individually must be
responsible.  If each of us is to govern his activities according to a
single agreed plan, we obviously need an organisation.  In fact, we
need an organisation even to make a plan in the first place, and to
secure everyone’s agreement to it.

What sort of an organisation do we need, and how will it function?
There are many examples for us to consider.  The women of Tangsa
(Box 25-1), Sukhomajari (Box 30-4), Khirakot (Box 55-1) and of other
villages who have organised themselves to manage their village
ecosystem.  They have shown us that to manage village ecosystem
successfully a village organisation must be representative in make
up and democratic in functioning.  Representative means that every
family is represented in the managing body, directly, by at least one
member.  The now numerous Mahila Mangal Dals are examples of
this.  In the past few years the new rules have been framed by
government for the functioning of gram panchayats and van
panchayats giving them more power and money for general village
improvement.  Ideally, every adult resident of a village should
participate in the managing body.

Such managing bodies are democratic because each family has a
say in their decisions.  This does not mean that there must be voting
according to formal rules.  These bodies actually function very
informally, and aim to secure a consensus on all issues discussed.  This
means that discussion must be conducted so that every participant
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has an opportunity to voice his/her opinion, and is also satisfied that
a majority view has been arrived at fairly.

For convenience, the managing body may designate a few members
to serve as an executive committee.  The duties of this committee would
be to make draft plans for discussion by the managing body and
oversee the implementation of the managing body’s decisions.    The
executive committee must regularly and faithfully report on its
activities to the managing body for information and discussion.  A
written record of all decisions reached at managing body meetings
and of action taken thereon should be made.

The principle of equal responsibility to contribute money, labour
and self-restraint to the achievement of the management plan should
guide the managing body’s work.  Also the principle of equal sharing
of the produce of the common land.  The unit of sharing should be the
nuclear family _ that is, a married couple and their unmarried
children.  Older couples, widows and widowers who are living
separately from their children should be considered to continue to be
a family, even when their children have formed their own families.
Punishment for not adhering to the agreed plan can consist in
withholding a family’s share of the produce.

The managing body may concern itself with matters other than
support area management _ in fact, with all matters that require
united action by all families.  Examples are: terrace remodelling, water
use, population stabilisation, community health care, fruit and
vegetable marketing, operating a mining lease, operating a balwadi,
and so on.

The managing body may want to seek financial assistance for
various community projects.  Proper utilisation of, and accounting
for, any such money is obviously essential.  Equally important is to
accept money only when it does not distort the aims and
implementation of the managing body’s plan, whether the donor is
the government, an NGO, or even a wealthy resident of the village
itself.  Most grants of money have strings attached.  They are available
only for the donor’s misconceived or impractical ends, or they are
motivated by the prospect of undue commercial advantage from the
village, or they are offered in order to meet some government
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department’s targets, or they are given on the understanding that
kickbacks will be given.  Try to avoid funds with such strings attached
to them.  After all, a great deal can be done with very little money.
Improved village ecosystem management requires labour, self-
restraint and co-operation more than it does money.
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Date: .................... Code : Water 5
Month : May

EXERCISE  50

MEASURING DOMESTIC WATER
CONSUMPTION

INTRODUCTION
In the mountain region of Uttarakhand where water sources are almost

entirely springs and seepages water scarcity in the hot, dry summer
months is common because the outflow from these sources greatly
decreases at this time.  In this part of the state it is thus necessary to
obtain water production and consumption data for the month of May at
which time water production is usually minimum.  With this data and
that obtained for the month of October (Exercise 21) when water
production is usually highest, we will get a complete picture of water
availability and use throughout the year.  In this exercise and the next
production and consumption data for your study village will be collected.

PROCEDURE
The procedure to be followed in this exercise is the same as for Exercise

21.  Record your data in Table 50-1, 50-2 and 50-3.

FOR THE TEACHER
This exercise is to be taken up if your school is in the mountain region of

the state.
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Table 50-1. Amounts of water fetched for different purposes in one
day in one household in the month of May

Purpose
Type

of
container

Capacity
of

container,
litres

Number
of

containers
fetched

Amount of
water

fetched
(cols 3 X 4), l

Total
water

fetched,
litres

Household
use

Animal
watering

Vegetables

(1) (2) (3) (4) (5)

      Total                xxx                 xxx

18

(6)



Table 50-2.Average amount of water used for different purposes per
household in one day in the month of May

x x x

x x x

Team
number

Name of head of
assigned family For

household
use

For
animal

watering

For
vegetables

(1) (2) (3) (4) (5) (6)

1

2

3

4

5

 Water fetched on day of visit, litre

19

Total

6

7

8

9

10

Total

Average



Table 50-3.Distance to water sources and time taken to fetch a
container of water (see question 2 and 3)

Team Name of Distance to Time taken Number of
number assigned  water source, to fetch one container of

household  metres containers of water fetched
water, min in one day

(1) (2) (3) (4) (5)

1

2

3

4

5

6

7

8

9

10

Total xxx

Average xxx
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QUESTIONS
1. From where was the water used by this household fetched?  Give the

name of the water source.

2. How far is the water source from the house?  (One kilometre equals
about 2000 steps).  How long does it take to fetch one container of water?
(To answer these questions take one of the household containers and
fetch water, noting the time and counting your steps.)  Enter your results
in Table 50-3 (columns 3 and 4).

3. How much time does it take a family every day, on an average, to fetch
its requirement of water?  To answer this transfer the total of column 4,
Table 50-1 to the appropriate space in column 5 of Table 50-3.  Total
column 5, and calculate the average.  Multiply the average value of
column 4 by average value of column 5.

4. Where does the waste water from this house go?  (Waste water means
water after it is used for washing and bathing).
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5. Are the answers to questions 1-4 the same as those for question 1-4 in
Exercise 21-1 or different?  If they are different, in what ways are they
different?  Why have those differences occurred?

Teacher’s signature:....................
Date:...................
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Date: .................... Code : Water 6
Month : May

EXERCISE   51

STUDY VILLAGE WATER SOURCES  2
INTRODUCTION

In the mountainious region of Uttarakhand state the water in obtained
from various water sources _ springs, seepages and rivers.  In this exercise
we will measure the rates of water production of all these sources (except
rivers) in the same way as we did in Exercise 22.

REQUIREMENT
One litre measure - one for each team

PROCEDURE
1. Follow the same procedure as in Exercise 22.  Do your calculation

on the blank space below Table 51-1.
2. Record your result in Table 51-1
3. Transfer the figures your have obtained for each water square from

Table 22-1 (Columns 2 and 3) to the columns in Table 51-1.

FOR THE TEACHER
This exercise is to be taken up if your school is in the mountainous part

of the state.  Take up Box 51-1 and 51-2 before taking up the questions in
this exercise.
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Table 51-1.Flow rates of all water sources in the study village in
the month of May

Team Name of Flow rate Number of
number water source litres/minute families using

(1) (2) (3) (4)
1

2

3

4

5

6

7

8

9

10

Note : If there are more than 10 water sources in the village, extend
this table by pasting in an extra page.
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Table 51-2.Flow  rates of all w ater sources in your study village in
the m onth of  October and M ay

Name of Flow rate Flow rate
Team water in October in May

number  source litres/minute litres/minute
(1) (2) (3) (4)
1

2

3

4

5

6

7

8

9

10

Note : If there are more than 10 water sources in the village, extend
this table by pasting in an extra page.

25



4. Calcutate the persistence of each water source and enter your result
in Table 51-3.  Show all your calculations in the space below.

Table 51-3 The persistence of water flow from the water sources of
the village

Team Name of Persistence of
number water source water flow, %

1

2

3

4

5

6

7

8

9

10

Note : If these are more then 10 water sources is the village extecd
this table by pasting inceuextrea page.
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QUESTIONS
1. Are there differences in the persistence of flow among the water sources?

If so, how do you explain them taking in to account the location of each
source?

2. Is there a shortage of water in the month of May?  Why?  What effect
does this have on the lives of the village residents?

Teacher’s signature:....................
Date:...................
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Box 51-1

THE NAULAS  OF CHAMI
Students of the Gandhi Intermediate College, Panwanaula (District

Almora) measured the water flow of all the water sources in nearby
Chami village.  They did this once every month for the year, beginning
in September 1989 and completing in August 1990.  They then
calculated the flow rate of each water source in litres per minute.

Let us look at their figures for three of these naulas.
Water flow rate, litres/minute

Month Dobe Agartana Dhakote
naula naula naula

September 10.0 2.0 2.5
October 6.0 1.0 1.5
November 3.5 1.0 1.5
December 2.5 0.5 1.5
January 2.5 0.5 1.0
February 2.0 0.5 1.0
March 1.5 0.5 nil
April 1.0 0.5 nil
May 1.0 0.5 nil
June 1.5 0.5 nil
July 1.5 1.0 nil
August 6.0 1.5 nil

When we look at the figures for these three naulas (see pages ??)
the first thing we notice is the size of the flow.  Dobe naula has a greater
flow than the other two in all months of the year.  We can conclude
that the size of the storage 'tank' for Dobe naula is bigger than the
others (see Box 22-2)
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The next thing we notice is that all the naulas are not equally
persistent.  ‘Persistence’ is defined as the flow in the month of May
as a percent of the flow in October.  For Dobe naula the persistence
is:

1.0Persistence   =          x  100 =   17  percent6.0

The persistence of Agartana nanula is 50 percent.  For Dhakote
naula it is zero.  We can say that Agartana naula released whatever
water is has more slowly and steadily than the other two.

There can be two reasons why some springs are more persistent
than others. If the rock which makes up the storage tank of the spring
has many small cracks or pores, its stored water will flow out more
slowly than it if has only a few large cracks.

Another reason is that in some cases the amount of rain-water
soaking into the soil may be less for one naula than for another so
that its' tank’ does not fill up completely.  The reason for this can be
that the support-area has less trees and soil covering.
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BOX  51-2

A DEAD RIVER COMES TO LIFE
AGAIN

The Arvari River in the Aravalli hills of Rajasthan had been dead
for many years.  Only in the rainy season did it flow; the rest of the year
it was dry.  Hardly anyone could remember when it flowed year around.
And then in 1994 the river came to life again.  This was the result of
much hard work over a period of 15 years by the people living in the
villages of the river’s catchment. In this work they were inspired and
helped by a local voluntary agency, Tarun Bharat Sangh.

To understand why the river dried up and how it returned to life,
we must understand what a river is.  Rain water soaks into the earth
and appears again as springs.  These springs give rise to streams and
streams merge to form rivers like the Arvari.  Streams and rivers
also carry away the rain water that does not soak into the earth, but
this runoff occurs only when there is heavy rain.  In the dry season
all the water in streams and rivers comes from springs.  The only
exception to this is a few big rivers like the Ganga which begin from
the high Himalayas.  In the summer they contain melted ice water in
addition to spring water (see Box 18-2).  If springs go dry in the
summer, streams and small rivers also go dry.

The Aravalli hills are much smaller than the Himalayas.  They
are very old mountains, much worn down by natural erosion over
many millions of years.  Low hills are interspersed with broad valleys.
The rainfall here is about half what it is in Uttarakhand. When people
first settled in this area several thousand years ago, they made their
villages near streams and rivers.  In addition to meeting their
household needs and watering their animals, some water was used to
irrigate crops.  Where there was no stream or river nearby, people
dug wells to tap the ground water.

Slowly the forest disappeared due to the cutting of trees and the
grazing of domestic animals.  And slowly the amount of water in, the
springs, the streams and rivers decreased.  Finally they dried up.
Wells also went dry.   Water shortage caused much hardship to the
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people.  Their crops failed and there was no fodder or water for their
animals; sometimes there was not even enough drinking water for
themselves.  They started leaving their villages.  They went to big
cities where, if they were lucky, they found low-paid work.  Their life
in the city was hardly any better than in the village.

How did the people remaining in the villages in the Arvari
catchment bring the river to life again?  They realised that most of
the rainfall they received was rushing away in the monsoon – and
also carrying away a lot of fertile soil.  They decided to try to hold the
water where it fell.  They constructed check dams (Box 18-6).  These
stopped the rush of monsoon water and allowed it soak into the earth.
Slowly the springs started flowing in the dry season, and the wells
began to have water the year around.  And slowly the streams and
the river came to life.  As in olden days, there was again enough water
for people, animals and crops.  Families which had gone to the cities
began to return to their land.

Altogether the village people in the Arvari catchment built 15,000
check dams, including one 15 metre wide and 3 metres high.  The
w ork w as all done as shramdan (voluntary labour).  In addition they
paid one-fourth of the money costs of the dams.  Tarun Bharat Sangh
paid the rest.
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Actually, not all the check dams were new ones.  Many old broken
dams existed, so they were repaired.  The people realised that their
ancestors knew how to manage the water they received; somehow this
traditional knowledge had been forgotten.

They also realised that effective water management required them
to plant trees in the uncultivated areas of the village.  Check dams
alone were not a permanent solution.  They would fill up with eroded
soil in a few years and the monsoon rain water would again rush away.
They have started planting trees, and in a few years they should have
increased amounts of fodder and fuelwood as well as water.

There is one last chapter to this story.  When the river began to
flow year around, the Rajasthan Government claimed the river to be
government property.  By 1996 fish had returned to the river (some
as big as 50 cm in length and 5 kg in weight).  A fisherman asked the
Fisheries Department for an exclusive fishing permit for the Arvari
river, and it was granted.  But the people of the catchment said that
the river and fish belonged to all of them, and they did not let the
fisherman fish.  Government officials and police came to the villages,
threatening to arrest anyone who prevented the fisherman from
fishing.  All the people of the catchment then undertook satyagraha
(non-violent resistance) against the government.  Finally the
government cancelled the fisherman’s permit.  The people had won.
This story has been adapted from an article in the Resurgence magazine,
number 206, May/June 2001.
A few questions

1. Now that you have read this story, can you explain how the
construction of check dams and the planting of trees in the
Arvari catchment brought the river to life?  Use water flow
diagrams to explain.

2. Everywhere in India government claim that all water is
government property.  The people of the Arvari catchment
disagree.  Do you think they are right?  Why?

3. Are there any other lessons you can learn from the people of
the Arvari catchment?  If so, what?
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Date: .................... Code : Ecosystem 4
Month: June

EXERCISE  52

CLIMATE CHANGE
INTRODUCTION

In Box 40-2 we learned about the causes and effects of global warming.
It will affect all people everywhere and so it is necessary to ask ourselves
two questions:

1. What effect will it have on our village?  As we saw in Box 40-2 there
is almost certain to be an increase in the average annual
temperature.  In addition to this there may be a long term change is
the amount and pattern of rain fall.  In other words, the climate of
Uttarakhand will change _ and the change may be harmful in some
respects, and may be beneficial in other respects.  We must be
prepared for both.  In this exercise therefore we will speak of ‘climate
change’ instead of global warming.

2. What can we do to counteract or at least minimise the effects of
climate change on our village ecosystem?

There are two parts to this exercise.  First, each team will answer the
following questions.  Before attempting to answer them, you will ask the
members of your assigned household, and other village residents.  Note
down their answers.  Try to consult old people in particular since they will
be able to compare the climate when they were young and now.  (Remember
climate change can only be seen over a long period of time.)  Write down
your answer in the spaces provided.

For the second part of the exercise your teacher will arrange for a class
discussion.  Each team will be asked to present their answers to the class.
These will be compared and discussed.

FOR THE TEACHER
Review Boxes 17-3, 30-1, 40-2 and 43-1 before beginning this exercise.
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QUESTIONS
1. What changes have occurred in the climate of your village over the

past 50 years or so?  For example, is there more or less rain or snow?
Does spring come earlier or later?  Does the monsoon start earlier or
later?  Does the monsoon last for a longer or shorter time?

2. Are these changes harmful of beneficial?  In what ways?

3. How can we minimize or counteract the harmful effects, if any?
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4. How can we take advantage of the beneficial changes?

5. When there is an epidemic of flu or cholera or foot-and-mouth disease,
some people/animals succumb and others do not.  Why is this?  Does
this give you an idea about how we can avoid suffering from the harmful
effects of climate change on our village?
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After the class discussion, what are the best answer to the above
questions?  Write these down in the form of a short essay in the space
provided below.
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Teacher’s signature:....................
Date:...................



Date: .................... Code : Trees 11
Month : July

EXERCISE  53

TREE CARE - 3
INTRODUCTION

Devote some time this month to routine care of the tree seedlings you
transplanted in Exercises 16 and 41.

In your plantation you will have, perhaps, some trees three years old.
Also, some two years old.  How tall are these trees?

FOR THE TEACHER
Arrange some extra periods for visit to plantation area.
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In how many years more will they be ready for harvesting the first
time?

Who will take care of this project area now that you are completing the
course?  Outline the management plan you suggest for this area.

Teacher’s signature:....................
Date:...................
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Date: .................... Code : Land 6
Month : July

EXERCISE  54

STUDY VILLAGE SUPPORT-AREA
REHABILITATION PLAN  - 1

INTRODUCTION
Now that you have quite a bit of experience of support-area

rehabilitation, it is time to tackle a bigger task,  making a plan for the
rehabilitation of the entire common support area of your study village.
(That part of the village support-area that is privately ow ned _ around
houses and in and around fields  _ is not including in this project.)  Later,
this plan w ill be presented to the residents of the village  for discussion,
am endm ent perhaps, and hopefully for im plem entation.
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There are several steps involved in making a proper plan.  These are:
1.  Division of the support area into a number of suitable management

blocks.
2. Assessment of each block in terms of land class and the present status

of the vegetative cover.
3. Formulation of suitable management plans for each block, including

specifications for the numbers and species of trees and shrubs to be
planted.

4. Planning for the production of tree/shrub seedlings that will be
required.

Steps 1 and 2 will be taken up in the present exercise.  Steps 3 and 4 will
be taken up in Exercise 48.

REQUIREMENTS
1. Fawada - 10  i.e., one for each team
2. Kutali -10  i.e., one for each team
3. Iron rod (60 cm long) - 10  i.e., one for each team
4. Scale - 30 cm - 10  i.e., one for each team
5. White string or woolen yarn

PROCEDURE
1. If your village map (Exercise 1) was made in your study village,

repair it.  Be certain that it shows all the support area as recognised
in Exercise 37.  Make any other improvements that may be needed.
If your original map was constructed in your school premises, it will
now be necessary to make another map in the study village itself.

2. To rehabilitate the support area, and thereafter to manage it
effectively, it is necessary to divide it into blocks.  On the village map
demarcate separate areas,  using white string or woolen yarn.  Take
into account natural physical features such as ridges and gadheras
which can conveniently mark the boundaries of blocks.  Ignore small
areas of different land class within larger uniform areas; for example,
gadheras will often be a different class than the surrounding slopes.
All blocks need not be of the same size.
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Figure 54-1-1.On badly degraded sites such as this, regeneration must be
assisted by planting tree seedlings as these people are doing.
Note the gully plug at the lower left of the drawing, and the
lush growth of grasses on the soil deposited during the
previous rainy season.  This site has already been protected
for one year allowing some natural regeneration of grasses.

43



44



In deciding on the subdivision of the support area into blocks, invite
the members of your assigned household to join your class.

3. After demarcating blocks on the village map with string, number
the blocks (or assign letters or names).  Write these numbers or letters
or names on pieces of paper and place them in the map.

4. Make a fresh copy of your study village map and mark the
boundaries of the blocks on the opposite blank page.  Write the block
numbers in the map.

5. Your teacher will now assign one or more blocks to each team.  All
blocks are to be assigned.  Note  block assignments in Table 54-1.

6. Each team will go to its assigned block(s) along with their teacher.
Familiarise yourselves with the location on the ground of the
boundaries of your assigned  blocks.  Make neat sketches of these
blocks on next three blank pages.

Table 54-1.Block assignments for support-area rehabilitation and
management plan

Team  Block(s)
number assigned

1

2

3

4

5

6

7

8

9

10
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Make the following measurements and observations about each block
and record your results/findings in Table 54-2.

a. Calculate the area of the block.  Measure the length and breadth by
pacing.  With irregularly shaped blocks, divide the block (in your
map) into squares, rectangles and triangles.  Determine the
dimensions of each of these, calculate its area, and add together the
areas of all contained figures.  Do your calculations on the opposite
page.

b. Measure the length of the block boundaries.  (These may be written
in your  map in Exercise 45).  Record separately the length of
external and internal boundaries.  (An external boundary is the line
between your block and the land of another village, while an internal
boundary is between your block and another block and cultivated
land within the village.)

c. Determine the average land classification of the block.  For this place
the iron rod and tap it gently with a stone.  When the end of rod
comes to the underlying rock, mark the ground surface level on the
rod, withdraw it and measure the length of the portion that went
into the soil.  This will tell you the soil depth.  (This will not be
necessary if your village is in the plains.)  Write this figure on the
opposite blank page, add all the figures and calculate the average.
In class I land the soil is more then 75 cm deep; in class II land it is
10-25 cm deep; in class III land it is less than 10 cm deep.  The average
figure you have calculated will be the average class of the land of
your block (Box 23-5).  There may be some with a areas  land class
within the block different from the average (as for example on ridges
and in gadheras).  Determine these and note in your map.  Estimate
the approximate area of each class.  Also indicate areas of rock
outcrops, near-vertical cliffs, marshy areas, etc.  in the map and
estimate their areas.

e. Describe the type of vegetation, i.e., species of trees, shrubs, grasses;
predominant species, approximate ages of trees (i.e., 'young', 'prime',
'old'), and their condition (e.g., degree of lopping);  proportion of bare
ground, etc.

f. Are there any gulleys that should be plugged?   How many?   How
big are they?   Mark their location in your map.
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Table 54-2.  Information about assigned block

Block designation ———————————

 a. Area of block

 b. Length of boundaries

 c. Land class

 d. Description of existing vegetation

 e. Number and sizes of gulleys
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Table 54-2.  Information about assigned block

Block designation ———————————

 a. Area of block

 b. Length of boundaries

 c. Land class

 d. Description of existing vegetation

 e. Number and sizes of gulleys
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Table 54-2.  Information about assigned block

Block designation ———————————

 a. Area of block

 b. Length of boundaries

 c. Land class

 d. Description of existing vegetation

 e. Number and sizes of gulleys

Teacher’s signature:....................
Date:...................
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Date: .................... Code : Land 7
Month : August

EXERCISE  55

STUDY VILLAGE SUPPORT-AREA
REHABILITATION PLAN  - 2

INTRODUCTION
In this exercise you will complete the task, begun in Exercise 53, of

making a support-area rehabilitation plan for your study village.

PROCEDURE
1. The class will again assemble at your village map.  Invite the

members of your assigned household to attend.
2. Decide by general class discussion which blocks to allot to fodder

production, which to fuelwood and which to stemwood.  Here are a
few considerations to keep in mind.
a. Fodder production is best done on class I land, as far as this is

possible, since the best trees for fodder may not grow on class II
and III land.  Fuelwood and stemwood can be assigned to class
II and III blocks, and any class I land not needed for fodder.

b. If animal dung is presently being burnt as fuel in your village
(Exercise 35), plan to produce enough fuelwood to replace it as
soon as possible.  This will require the allotment of sufficient
class I land for fuelwood production.

c. If the stock of existing trees in the village support area that can
be harvested for fuelwood is very small, it might be wise to
earmark a few class I blocks for the production of fuelwood and
stemwood, even at the expense of fodder.  If the present stock of
trees is finished before new plantations of fuelwood begin
producing, there will be very great hardship in the village.

d. allot blocks to stemwood only if you think that fuelwood needs
and fodder needs will be met.

FOR THE TEACHER
Before doing this exercise take up Box 55-1.  devote one class period to

discussing the questions at the end of Box 55-1.
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e. In general, it would probably be best to allot blocks nearest
village residences to fodder.  The most distant can be allotted to
stemwood and those in between to fuelwood.  Fodder must be cut
and carried every day.

Record your decisions in Table 55-1, and in your map.  To indicate
the allotment of blocks in your map, use differently-coloured (for
fodder, fuelwood and stem wood) pencils to shade them.

3. Decide on the amount of walling that will be necessary for support-
area rehabilitation.  If grazing can strictly be controlled during the
rehabilitation process, it may be necessary to build walls only on the
outer boundary of the village.  If not, individual blocks, or maybe
groups of contiguous blocks, may also need to be enclosed.  Record
the class decisions on your map (in Exercise 54) with a dark-coloured
felt pen _ that is, indicate the positions of all walls.  Walls should
also be shown in the village map on the ground.

4. Next, each team separately should make, in broad outline, a
rehabilitation and management plan for the blocks assigned to it.
Before starting, read again Boxes 24-1, 24-2 and 24-3 .  Here are a
few specific suggestions:
a. Decide whether natural regeneration is to be followed, or assisted

regeneration (by planting grass seed or tree seedlings, for
example, or by cutting back plants of undesirable species like
lantana, hisalu, cactus).  A method of augmenting grass cover is
not to harvest dry grass in the first year of protection.  The grass
plants will drop their seed and will help build up soil humus
content rapidly.

b. How will existing trees be managed ?
Write down briefly your proposed management plan in Table 55-2
for each block assigned to your team.  Do not forget to mention how
you propose to manage the rehabilitated stands.

5. Decide which species of trees/shrubs to plant in your assigned blocks,
if you have decided that assisted rehabilitation is required.  You will
be guided by the land class and present tree/shrub cover of each
block.  Plan to plant all, or most, of the species already included in
your support-area rehabilitation project (see Exercise 26).  In fodder
blocks be certain to include evergreen as well as deciduous species.
Be certain also that you have, or can obtain, seeds of all the species
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Table 55-1.Allotment of blocks in the support area to fodder/
fuelwood/stemwood

Block
AllotmentTeam (for fodder/fuelwoodnumber /stemwood)

 (1) (2)  (3)
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you wish to plant.  List selected species for each of your assigned
blocks in Table 55-3.

6. After deciding which species to plant, the next step is to estimate
how many seedlings of each species will be needed for each block.
(This can be done in the classroom.)  Do this for your assigned block
as follows:
a. Decide on the planting rate in terms of numbers of seedlings per

nali.  Take into account the ideal spacing of trees/shrubs and
the approximate average number that are already present and
which you intend should be kept.  Do your calculation neatly on
the opposite page and write the result in Table 55-4.

b. Calculate the numbers' of seedlings that will be required for each
block
Number of seedlings  =   Area of block,   x    Planting rate,
required for block           nalis*    seedlings/nali

    * If there are rock outcrops in the block, estimate their area and
deduct it from the area calculated in Exercise 54.

c. Note that it will be necessary to raise 50 percent more seedlings to
cover the death of seedling in the nursery and during the first year
after transplanting in the field.  Add this figure to the number
calculated in b above, and write the total for the block in Table 55-4.

d. Apportion the total arrived at in c above among the various species
included in the mixture to be planted.  Write these figures in Table
55-4.
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Table 55-2.Brief details of rehabilitation and management plan for
each block assigned to our team

Block ————————

Block ————————

Block ————————
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Table 55-3.List of species of trees/shrubs to be planted in each block
assigned to our team*

Block Block Block

—————  —————  ————

 * Write the designations of blocks assigned your team in the spaces
provided at the heads of the columns.
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7. Calculate the area of nursery space that will be needed to raise the
seedlings  for your blocks.  Show all calculations on the opposite page.
Refer back to Exercise 25 for the method of calculating nursery space.
Write your results on Table 55-5.  (Remember that total space required
will be the area required by seedling bags multiplied by 3.)

8. Calculate the compost and soil requirements for producing the
seedlings required for your assigned blocks.  Show calculations on
the opposite page and write your results in Table 55-5.

9. Calculate the water requirements for raising the seedlings needed
in your assigned blocks.  This figure should represent the peak
period in the hot summer months (April, May and June).  At that
time each bag will need about 200 ml water every day.  This period
is also when spring flow, and hence water availability, is lowest.  Do
your calculations on the opposite page and write your results in
Table 55-5.

10.  Calculate the labour requirement for establishing the tree seedlings
in your block.  The following approximate average coefficients can
be used to estimate this.
a. Wall construction (height 1.2 m,

width 45 cm).  Including carrying = 1person/day/running metre
of stone and building the wall

b. Digging pits for tree seedlings = 25 pits/person day(30 cm X 30 cm X 30 cm)
c. Planting tree seedlings = 50 trees/person day

d. Chaukidari = 365 person days/
1000 nalis/year

e Maintenance (weeding, bush
clearance, pruning, wall and = 365 person days
path repairs) /1000 nalis/year

f. Raising seedlings in nursery = 6 person days,
per 1000 seedlings

Assume items a, b, c and f are done in the first year (September-August)
and items d and e every year thereafter.  Calculate two labour
requirements:  first year, and per year in subsequent years.  A person
day means one person working one day.  Thus if 10 persons work for
100 days, they will do 1000 person days of work.  Do your calculations
on the opposite page and write your results in Table 55-5.
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Table 55-4.  Planting rate and seedlings required for assigned blocks

Block Block BlockItem
—————— —————— —————

Planting rate,
seedlings per nali

Total number
of seedlings for
the block

*  In this column write the names of the species to be planted.
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11. Exchange data among terms to complete Table 55-6.

12. Since not all the blocks can be planted in one year, decide, in a class
discussion, the sequence in which blocks will be taken up for planting.
Record your decisions in Table 55-7.
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Table 55-5.   Various requirements for rehabilitating assigned blocks

Block Block Block
Item _________ _________ _________

Nursery
space,
m2

Compost
requirement,
qt

Soil
requirement,
qt

Water
requirement,
m3/day

Labour
requirement
(first year),
person days

Labour
requirement
(subsequent years),
person days/year
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Table 55-6.Requirements for rehabilitating the entire support area
of study village

Requirements
Labour

Block Nursery Labour (subsequent
space, Compost, Soil, Water, (first year), years), person

m 2 qt qt m3/day person days days/year
(1) (2) (3) (4) (5) (6)  (7)

  Total
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Table 55-7.Sequences of blocks to be taken up for rehabilitation and
planting

Blocks to be taken up for
Year rehabilitation and planting

during the year

1

2

3

4

5

6

7

8

9

10
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QUESTIONS
1. Where in the village could the nursery be located?  (Remember that

water is also needed.)

2. Would a tank be necessary to store water for the nursery?   If so what
size tank?  (Postpone answering this question until after you have
completed Exercise 56.)

3. Where will the soil and compost needed for seedling production come
from?
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4. How will the nursery work be organised?

5. How would the support-area rehabilitation and planting work (apart
from nursery work) be organised?
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6. After the rehabilitation work is finished, how would the routine
management be organised?

7.  How would the benefits from support-area rehabilitation (fodder,
fuelwood, stemwood) be shared by the village residents?

Teacher’s signature:....................
Date:...................

69



Box 55-1

THE WOMEN OF KHIRAKOT
Khirakot is a small village in Almora District.  The panchayat forest

was badly degraded and yielded very little fodder, fuelwood or dry
leaves.  The women of the village therefore decided to protect a part
of the forest from grazing and to harvest grass from it only by hand
cutting.  They had also planned to transplant tree seedlings in this
protected area the following monsoon season.

Meanwhile a business man from Kanpur obtained a lease for
soapstone mining in the reserve forest adjacent to the village.  He
also set up a mill on the road side to grind the soapstone to powder.
He employed men from the village to work in the mine and mill.

The women soon realised that the mining was rapidly destroying
their livelihoods.  Mine debris was being spilled down the mountain
side in to their carefully preserved patch of forest.  ‘The forest we
were nurturing was now only stones’, said one.  Also the narrow paths
to the reserve forest were over run by horses carrying soapstone
from the mine from the mine to the mill, and every day the women
had to wait hours for the horses to pass before they could get to the
reserve forest to cut fodder and fuelwood.  And when the rains came,
the dust from the mines washed down in to their fields, making a
thick crust on the surface which made it impossible to plough them.

Attempts by the men to reason with the contractor failed.  The men
stopped working in the mine and built walls to prevent the horses
from using the paths but became frightened when the contractor filed
a criminal case in court.  However, the women had decided ‘either the
mine will remain or us’.  They collected money from each household
and sent the men to fight in court.  The case was to drag on for two
years and cost the village Rs 5,000.

Meanwhile, the women resorted to direct action, physically stopping
the work at the mine.  Said one:  “We would catch hold of the workers,
implements and not let then dig.  We asked them to kill us first, bury
us in this mountain before they could touch it", said another.  A third
put it simply:  "The mining was destroying our lives, our children's
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Figure   55-1-1 This drawing shows the damage done to village support-
area by careless limestone mining near Dehradun.  The
mine spoil was simply spilled down the slope, rendering
it barren.  Many limestone mines in this area have now
been closed by government because of the damage they
were doing -as a result of protest by local people
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future.  How could we let it continue?”
The contractor countered with hired goondas who terrorised the

villagers for days.  Said one woman. "They stoned our houses.  We
were scared to go out at night because the contractor's men would
prowl around the village".  Another recounted: "One man even showed
us a revolver".   Kuntidevi's son's cloth shop was burned down and
she recalls: "Only we know how fear- filled and difficult those day were
for us".

Sometimes theirs resolve was shaken by doubt.  "The contractor
said the government had asked him to mine in this area.  How can
the government be wrong?"   At other times their resolve was shaken
by the fear of authority.  "People said the contractor held Delhi in the
palm of his hand.  But they persevered.  Whenever the contractor
tried to revive production by hiring Nepali labourers or women from
other villages, the Khirakot women would disrupt work.  The contractor
finally offered them ownership of the mine.  But the women were not
to be diverted from their aim.  "We want our forests. Our fodder and
our fields"

The District Magistrate, on a visit to the village was shown the
destruction the mine had caused.  He was moved by what he saw and
recommended that the lease be cancelled.

Finally, late in 1982 the mine was officially closed.  The women of
Khirakot settled down to repair the damage.  They filled in the pits,
built a protective wall to prevent further debris falling in to their forest
and fields, and planted oak trees in their protected forest.

(Adapted from an account given in The State of India's
Environment, 1984-85, published by the Centre for Science and
Environment, New Delhi page 178)
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DISCUSSION
The successful protest by the women of Khirakot raises some very

important issues that you might like to discuss.
1. Why do you think that the people of Khirakot valued their forest

more than the jobs in the soapstone mine?
2. Should all mining in the hills of Uttarakhand be banned?
3. Is it possible to mine for soapstone, magnesite, etc, without

harming the environment and the livelihood of the local people?
How?

4. Why should a businessman from Kanpur have been given a
lease for mining at Khirakhot and not the people of Khirakot?

5. Ground soapstone is used to make talcum powder.  The factories
to make talcum powder are located at Kanpur and other
industrial centres.  Why could the people of Khirakot not set
up a factory to manufacture talcum powder?
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Date: .................... Code : Water 7
Month : October

EXERCISE  56

VILLAGE WATER-USE PLAN
INTRODUCTION

The residents of almost every village in Uttarakhand agree that water
is scarce in their village.  By the term ‘scarce” they mean:

1 The amount of water produced by springs during the day time is
inadequate to meet their needs.  This is particularly true in the dry
season.  Their needs are for household use, watering animals, and
growing vegetables in the garden, and irrigating their crops.

2. Even if water is adequate in theory, it may not be easy or even possible
to use it all.  This is because the water may be available at a lower
attitude than the place where it is needed.  For example, a crop
growing in a field 30 m above a perennial stream may in a bad year,
die due to lack of water.  A family may not be able to grow vegetables
in the summer because the time required to carry water from the
nearest spring is too great.  Water may be surplus just after the wet
season and during the winter and it flows away unused.
In this exercise you will examine critically the possibility that more
of the water produced by the springs in your study village could be
used.  In many cases this is possible using tanks, where necessary,
and pipe lines.

PROCEDURE
1. Write down here the flow rates of your assigned water source (Exercise

22 and 51 in the months of October and May in terms of cubic metres
per day (i.e. per 24 hours)
Month Flow rate, m3/24 hours
October .......................................
May .......................................
Show calculations on the opposite page.

FOR THE TEACHER
Take up Boxes 56-1 and 56-2 before doing the exercise.
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2. Visit the site of your team’s assigned water source. Answer the
following questions:

a. Is all the water produced by this water source used at present? If
not, approximately how much is used? Estimate this quantity by
taking into account the numbers of families that fetch water from
this source (Exercises 22 and 51) and for how many hours a day the
flow is used/collected for irrigation. (Use the opposite page for
calculations.)

b. Setting aside for the moment present water use, consider all
possibilities for the use of this water, assuming tanks for collection
and pipelines for delivery.  Do this for the months of October and
May both.  How much water could be used? Where? How much?

76



c. Does the water from your assigned source belong to any particular
family or families, or to the village as a whole?  If the water can be
used only by a certain family or by certain families, it may be
necessary to modify your answer to question b above.

d. What size (s) of tank(s) would be needed for your plan?

e. Where could the tank(s) be located?

f. How would water be delivered to the point(s) where it would be used?
That is what size and length of pipe would be needed?  Would the
pipeline need to cross any gadhera(s)?  How would it be carried across
this/these gadhera(s)?
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Now make a copy of the map of your study village on the following
blank page and show in it all the details of your plan.
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3. When all teams have completed theism individual plans, it will be
necessary to harmonise  all of them in to one overall village plan to
avoid duplication and to ensure, as far as possible, that all
households and fields are covered.  Assemble at your village map.
One member of each team will then present to the class his/her team’s
plan using the map.  Note down the plans of every other team, in
your map on the following page.  There may be duplication or
avoidably left out households and fields.  Remedy these as far as
possible.  (Do not forget to provide for the village tree nursery).  If
the village is large, it might be convenient, if possible, to divide it
into sectors for the purpose of water-use planning.  Make a fair copy
of the final plan on thefollowing blank pages.
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QUESTIONS
1. Water may be available for the irrigation of some fields and not for

others, according to your plan.  How can all families of the village benefit
equally from the implementation of your plan?

2. Who will build the required tanks and pipelines?  Who will manage the
system?  Who will do the repairs to the system?

Teacher’s signature:....................
Date:...................
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Box  56-1

A FEW GUIDELINES FOR MAKING A
VILLAGE WATER-USE PLAN

In Exercises 22 and 57 you probably found that spring flow in your
study village declined between October and May.  The result of this
may be that water was insufficient to meet household requirements
during the hot summer months precisely when those requirements are
greatest.  The residents may also have to fetch water from more distant
springs during the hot summer months.  Although water is scarce at
this time, all the water produced by the spring may not, however, be
collected; water which flows at night is usually lost.  To collect this water
a tank is needed.  Take the example of a spring with a flow rate of 1
litre/minute in the month of May.  The residents collect water say, from
6 am to 6 pm, and carry it home.  The total amount of this water is 1 x
60 x 12 = 720 l.  An equal amount is produced at night, between 6 pm
and 6 am, and it is not collected by anyone.  If we were to build a tank 1
m x 1 m square and 1 m deep, the total 720 l of water that is now wasted
could be collected at night and we could fetch it home next day.  Water
supply would double.  Further, if we were to attach a long pipe to the
tank all the water produced in 24 hours could be delivered to our house,
or a point near our house -- provided that our house is at a lower altitude
than the spring.

Now further suppose that the same spring produces 5 l/min of water
in the month of October.  We need only 1440 l/day for household
purposes.  Therefore, at that time, (5 x 60 x 24) - 1440 = 5760 1/ day
would be surplus to household needs.  This could be used to water
tree seedlings in a nursery or irrigate crops -- again provided the
nursery or crop field is lower than the spring.  A tank 2 x 2 x 2 m in
size would be big enough to hold all the water produced by the spring
in one day in the month of October.

For irrigating crops a tank is otherwise necessary because a flow
rate of 5 l/minute is insufficient for effective flooding of field.  The
rate must be increased to at least 200 l/min.  This can only be done if
water is collected in a tank and then conveyed from the tank to the
field by means of a channel or large-diameter pipe.
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The foregoing simple theoretical examples demonstrate the general
principles involved in making the fullest possible use of the available
water in a village.  In Exercise 54 you will determine how the water
produced by each spring in your study village can fully be used.  In
short, you will answer the following questions about each spring.

1. Can the water of this spring be used?  How much of it can be used?
2. For what can it be used?
3. Where can it be used?
4. What will be needed by way of tanks, pipes and channels to use

it?
Suppose you find that the water of 6 out to 10 springs in your study
village can be used.  The use of the water of all these six springs must
also be coordinated.  That is you must make an overall village water-
use plan.
Calculation of water production

The first step is to calculate the flow rate of each spring in terms of
cubic meters per day for the months of October and May.  You have
already determined flow rates and expressed them in terms of l/min
(Exercise 25).
Calculating water requirements
1. Household use

You have already calculated the average water consumption per
household in your study village in liters/day in the month of October
and May (Exercises  22 and 50).  Convert these figures to cubic
metres.
After support-area rehabilitation all animals will be given water
at stall.  What would be the water requirement for these?   At
present grazing animals are not watered at stall.  Assume that
the total water to be given at stall when all cattle, goats and sheep
are stall-fed will be double the present amount.   You will calculate
the numbers of animal’s unit’s per family in Exercise 55.  For the
present exercise assume the amount of water that will be required
to water animals at stall will be double the present, measured
amount.
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Next decide if water consumption in the house and in the garden
would increase after the water-use plan is implemented. If you
thing it would increase estimate approximately by how much.
Now considering all the forgoing i.e.
a. Current water consumption rate;
b. Increased water required by animals at stall;
c. Possible increases in water consumption in the house and

garden;
Estimate expected total water requirement per family pre day
(cubic meters) after support-area rehabilitation and
implementation of the water use plan.

2. Tree nursery
Take the figure for water requirement calculated in Exercise 48
(Table 48-6).  This figure is for the month of May.  For the month of
October assume water consumption will be ½ this rate.

3. Crop irrigation
Household water supply and tree nurseries have priority.  If water
is surplus to these needs, crop irrigation can be done.
Experiments done at the Vivekananda Institute indicate that the
yield of wheat can be approximately doubled on an average of all
years (i.e. both good and bad rainfall years) if the crop is given
two irrigations --one at sowing time and another about 6 weeks
after sowing -- each of 5 m3 per nali (i.e. 25 mm depth of water).
Using these figures we will say that 5m3 of available spring water
per day in the month of October is enough to irrigate one nali
par day.  Since the optimum sowing period for wheat in any village
is not more then one month 30 nalis can be irrigated with an
availability of 5 m3 spring water per day.  Subsequent irrigations
would be at longer intervals since spring flow declines after
October.  It should in most cases be possible to give a second
irrigation of 5 m3/nali within 6 weeks of the first irrigation.

Another simple theoretical example
Let us imagine a village of 20 households and 3 springs as depicted

schematically in Figure 56-1-1.  Spring number 3 is closest to the
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houses and at present all the residents carry water from this spring.
However, it is lower down the slope than the house and water must
be carried uphill.  Springs 1 and 2 are further away and a gadhera
lies between each of these springs and the house.  However, bother
these springs are higher than the houses, and by building 4 small
tanks and laying pipelines, water could be brought to the houses to
a tree nursery and to fields for irrigation as shown in Figure 56-1-1.
This represents the situation in the month of October.  Water from
spring 1 flows into the first (highest) of a series of 3 tanks.  The
overflow pipe form this tank leads to the second tank.  From the
second tank water overflows into the third tank.  This arrangement
ensures the priority of household and nursery over field irrigation.
Pipelines cross gadheras supported by angle-iron posts or brick
masonry pillars.  There is enough surplus water to irrigate 146 nails
of wheat.  The situation in the month of May is depicted in Figure
56-1-2.  At that time the water form springs 1 and 2 is only
approximately enough for domestic use and tree nursery.  Had there
been significant surplus water at that time, it could have been used
to irrigate spring-sown paddy or mandua.  Irrigation water can be
used in either season for growing vegetables for the market, but the
area would be less then that calculated for grain crops as vegetables
need more water.
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Box 56-2

HOW TO BUILD A PLASTIC-LINED
WATER COLLECTION TANK

Cement masonry tanks are expensive to build, and they often crack
due to the settling or sliding of the soil under them, or due to earth
tremors.  Plastic-lined tanks cost ¼th  as much and do not crack.  The
method of constructing such tanks is described in this box.
Site for building a tank

Tanks can be built on terraced land, as in the drawing in Figure
56-2-1.  A well-established terrace is needed, and it must be at least 6

Figure 56-2-1.  A 3m x 6m plastic-lined irrigation tank
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m width.  A terrace with deep soil is preferable.  A tank 3 x 3 m in area
and 2 m deep, for example, will hold approximately 8 m3 water.  If a
pit 2 m deep cannot be dug for the tank because of the underlying
rock, a shallower tank will have to be made, but of a larger area.  Thus
to obtain a volume of 8 m3 where depth can only be 1 m say, the area
of the tank will have to be increased to about 3 m x 5 m (see Table 56-
2-1).

If a tank is to be built in the support area, a terrace large enough
for the tank must first be constructed.  It must be 6 m wide and long
enough to accommodate the tank to be built with at least 2 m to spare
at either end.  The terrace should be constructed before the wet season
begins and the excavated soil allowed settling during the wet season.
The terrace should be sloped slightly inwards, say about 10 cm,  and
also sloped slightly from one end to the other.  The method of
determining slopes in terraces in described in Box 56-3.  Make a
provision for the safe disposal of surplus rainwater at the lower end.
Plant grass slips or seeds on the loose soil at the outer edge of the
terrace at the beginning of the rains.  Excavation for the tank should
begin only after the rainy season ends.  During the rainy season, check
that surplus rain water flows form the terrace as intended.  Note any
defects in this regard, and correct them after the rainy season and
before beginning to dig the pit for the tank.
Excavation of  tank pit

Tanks can be made of any dimensions, but a width of 3 meters will
be found adequate for tanks with a storage capacity ranging forum 6
to 30 m3.  Widths greater than 3 m require wider terraces than are
usually not available, or which are costly to make.  In this box the
construction of a tank 3 x 3 x 2 m is described.  If more storage capacity
is needed, tanks 3 x 6 or 3 x 9 m top dimensions can be built.  Table
56-2-1 gives the approximate capacities of tanks of various dimensions.
Tanks for domestic water supply must be covered to keep the stored
water clean.  A width of 3 m is the maximum width that can easily
and cheaply be covered.  (The construction of tank roofs described
later.)
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Table 56-2-1.   Ready reckoner for tank capacity, m3

Top Depth, m

Dimensions, m 1.0 1.5 2.0

3 X 3  6 7 8

3 X 6  13 17  20

3 X 9  21  27 31

Notes:
1 The capacity figures shown in this table are slightly less than the

calculated volume of the tank, because a tank is never filled to
the brim.  See construction details in Figure 56-2-5.

2. In a plastic-lined tank the inner sides slope outwards as shown
in Figure 56-2-3.  Therefore the area of the bottom is less than
that of the top.  Thus a tank 3 x 6 m at the top and 2 m deep will be
1 x 4  m at the bottom.  The volume of any tank is given by the
equation:

V = d  (At + Ab + aAt x Ab)3
Where:

V  = Volume in m3

d  = Depth of tank in m
At  = Area of the top in m2

Ab = Area of the bottom in m2
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Mark out a square 3 m  x 3 m (see Exercise 2) leaving 1 m space
between the tank pit and the back wall of the terrace, and 2 m or more
between each side of the tank pit and the end of the terrace.  Mark
each side with ropes held by pegs.  The general site layout is shown is
Figure 56-2-2.

Figure 56-2-2. Layout of tank site.  The terrace has been
remodelled to the required slope.  The tank pit
has been marked out with ropes prior to digging
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Leaving a space of about 10 cm inside the ropes, excavate the
earth to a depth of 2 m, sloping the sides all around inwards by 1 m
so that the bottom of the tank is approximately 1 m x 1 m.  When
this has been done the edges can be dug out to the lines marked by
the ropes, and the exact slope of the walls finalised at the same time.
To obtain the correct slope on the
walls and the correct depth, use a
wooden triangle, as:
Stand the triangle on its point, as
shown, on the bottom of the pit, with
the string exactly in the centre of the
upright wooden leg.  This leg will be
vertical, and the long side of the

1 m

2 
m2.24 m

3 m
3 

m

String tied to
a nail with a
weight at the
end

Grassed
waterway

Slop
e

Slope



triangle is the correct slope for the wall.  The pit will be the correct
depth when the short side of the triangle is level with the ground
surface. (For a tank 1.0 m deep make a triangle with sides 0.5, 1.0
and 1.12 m long, and for tanks 1.5 m deep make a triangle with
sides 0.75, 1.5 and 1.68 m long)

Pile up some of the excavated soil outside the ropes to form a low
bund 30 cm high and 60 cm wide at the top all around the pit.  This
soil should be rammed (with a balli, 5 cm in diameter and 2 m long,
preferably of oak) to consolidate it.  It can also be wetted to help settle
it.  The outer edge of the bund should slope at a gradient of 1:1 or 1:2.
Use a water level (Box 56-3) to ensure that the top of the finished
bund is at the same level all around.  Make a trough in the top of the
wall at the point where an overflow pipe will be fitted after the plastic
sheet is in place.  The trough should be made so that a 15 cm asbestos
cement pipe can be snugly fitted into it.  The finished pit is shown in
Figure 56-2-3.
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Figure 56-2-3.  Finished pit, ready to receive the plastic
sheet

Slope

Slope

Trough to receive
overflow pipe

Grassed
waterway

Installing the plastic sheet
The day before placing the plastic sheet in the pit, prepare the walls

and bottom.  Remove all projecting stones and roots.  Then cover them
with a layer of sieved soil (chikni mitti) 1-2 cm thick.  This will act as
a cushion for the sheet.  The soil used for this should be damp, but not
wet, so that it can be patted into place by hand.  Note that the walls
and bottom are not to be plastered.  The sheet must be installed the



next day, otherwise the soil layer may dry out and fall off. Rain will
wash all the soil down.

To line the tank, black polythene sheet (which does not deteriorate
in the sun) should be used.  The thickness should be 500 microns.
For information, regarding the procurement of plastic sheet contact
Uttarakhand Seva Nidhi Paryavaran Shiksha Sansthan, Almora.
The dimensions of the sheet for a tank 3 m x 3 m would be not less
then 6.5 m x 6.5 m (adding the width of the bottom, the length of both
sloping sides, and 50 cm extra all around.

The plastic sheet should be opened out and inspected for damage
before placing it in the tank.  This must be done on a surface free
from sharp points.  No one should walk over the sheet.  Lift the sheet
and examine it for holes from underneath.  Then fold, the sheet about
10 times beginning from the end.  Place the folded bundle on one of
the end walls of the tank and proceed to unfold it over the length of
the tank.  About six people will be needed to do this and to hold it in
place.  This operation must be done when there is no wind, otherwise
the sheet may be uncontrollable.  When the sheet has settled into the
tank, one person should go into the tank barefooted and arrange it.
At the corners the sheet should be carefully folded so that the edges
stay above the water as shown in Figure 54-2-4.  The sheet should lie
fairly loosely in the tank to allow for settling of the tank walls and for
contraction of the sheet in cold water.

   To hold the sheet down and to prevent wind from getting under
the edges, dig a small trench 15 x 15 cm around the top of all the walls
about 25 cm from the inside edge and burry the edge of the sheet in it.
Since people will need to walk on the walls after the tank is made, it is
best to place patal on top of the wall to protect the sheet.  Place a length
of 7.5 cm diameter asbestos cement pipe over the plastic sheet in the
trough prepared earlier (see Figure 56-2-3) to serve as an overflow outlet.
Be sure to cover the pipe with a large patal.

Since it is difficult to make a water-tight joint between the plastic
sheet and an outlet pipe, it is generally better to siphon water out of
the tank rather than to attempt to fit an outlet pipe at the bottom of
the tank.  However, the siphoning pipe must not be allowed to bang
against the walls or the bottom.  For this reason it is usually better to
leave the siphon pipe permanently in position, with a stop cock at the
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outside end to which irrigation pipes can then be attached, rather
than to restart the siphon each time water is drawn.  A 2 cm diameter
plastic pipe is suitable for siphoning water for domestic use.  For
irrigation a 5 cm diameter plastic pipe is recommended.  For delivery
of water to the field a 7.5 cm diameter reinforced ribbed plastic pipe
(which is flexible) can be used from the siphon pipe to the field.  Contact
the Uttarakhand Seva Nidhi Paryavaran Shiksha Sansthan, Almora
for information about the procurement of pipe.

If the plastic sheet gets a hole or tear in it, drain the tank until the
water level is below the damaged spot.  When dry, apply a piece of cloth
soaked in coal-tar paint, and allow the patch to dry before refilling the
tank.  For a large tear, insert a piece of cardboard behind the sheet.
Then put a coal-tar soaked cloth on the underside of the sheet as well
on the outside.  Press firmly against the cardboard piece.

If an animal falls into the tank, it will almost certainly make holes
in the plastic sheet.  To protect the tank, you must erect a strong fence
around it.
Roofed tanks

Roofed tanks to collect water for domestic use are made in the same
way as irrigation water tanks, except there is no earthen bund around
the top.  Instead a low mortared-brick wall is constructed.  This wall

Figure 56-2-4. The diagram shows the method of folding the
plastic sheet at the corners of the tank

95



supports corrugated galvanised iron sheets which cover the tank.  The
dimensions of the tank are adjusted slightly so that standard-sized 3
m x 83 cm G.I. sheets can be used.

When digging the pit for a covered tank, note the revised
dimensions given is Table 56-2-2.  These dimensions will give tanks
that can covered exactly by 4, 8 and 12 sheets (for tanks 2.5 x 2.5   m,
2.5 x 5.5 and 2.5 x 8.5 m, respectively).  Note that in covering the
tank, sheets are overlapped one corrugation so that the effective width
of each sheet is 76 cm.
Table 54-2-2.  Ready reckoner for capacity of covered tank, m3

Top dimension Depth, m
of tank pit, m 1.0 1.5

2.5 x 2.5 3.5 4

2.5 x 5.5 9 12

2.5 x 8.5 15 19

When the pit is dug, but before the cushion of sieved earth is applied
to the walls, level the edges of the pit to a distance of 25 cm all around
using a water level.  To accomplish this build up the lower, back, edge
with rammed soil until it comes to the level of the front edge.  Re-lay
the ropes that were originally used to mark out the edges of the pit.
Check that they form a perfect square.  Now lay a single course of
bricks all around, mortaring the joints using mortar containing 3 parts
of washed sand and one part of cement (Figure 56-2-5).  Keep the
bricks covered with wet gunny bags for 3-4 days to harden the mortar
properly.

Trim the walls of the pit all around to the line of the bricks, if
necessary, and then apply the cushion of sieved soil. Install the
plastic sheet.  The top edges of the sheet are folded over the lines of
bricks.
On top of the plastic sheet, and directly over the line of bricks, erect
10 cm thick brick walls, these walls should be centered on the lines of
bricks, as shown in Figure 56-2-6.  The back wall (near the terrace
wall) should be 21 cm high (3 bricks).  While the front wall should be
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Figure 56-2-5. Top view of tank pit(2.5 x 2.5 x 1.0 m) showing
course of bricks laid around edge
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28 cm high (4 bricks).  Thus the side walls decrease in height from
front to back by 7 cm.  Leave holes at suitable places in the walls for
water delivery and siphon pipes.  Leave one ventilating hole in each
side wall and one in the front wall, each 14 cm x 20 cm is size.  These
are fitted wire mesh, as is shown in Figure 54-2-6.  On each side wall
in the centre is a 23 x 23 cm pillar.  These pillars carry the angle iron
roof support.  The top edges of the walls should be covered with mortar
about 1 cm thick.  Place a string along the top of each wall to ensure
the top line is absolutely straight. Use 1:3 mortar and keep the finished
walls wet for 3-4 days to allow the mortar to cure properly.

To support the G.I. sheets a 50 x 50 x 6 mm angle iron 2.90 m long
is laid across the tank, supported at each end by a pillar in the side
wall.  At each end of the angle iron, a 9 mm hole must be drilled, as
shown in Figure 54-2-7 and fitted with a 9 mm diameter bolt 22-5 cm
long.  The bolt is embedded in the pillar.  After the angle iron is fitted,
the groove is to be filled up with mortar.



Before the angle iron is fitted, it must be painted with coal tar paint.
This will prevent rust.  The undersides of the G.I. sheets must also be
painted with coal-tar paint.  Note that only coal tar paint is to be used.

Figure 56-2-7. View of side-wall pillar of tank, showing the
fixing of angle-iron support.  Also a view of the
angle iron showing the position of hole
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Figure 56-2-6.   Side view of tank, showing end wall
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Other types of paint may have toxic chemicals in them which might
get in to the water.

Now place the G.I sheets on the tank walls so that their corrugation
are at right angles to the angle-iron support.  They should overlap
each other by one corrugation.  The sheets should protrude a little
atfront and back.  On the edges (sides of the tank) the last corrugations
should be turned down to close the joint between the sheets and the
tops of the walls.  Where the sheets meet the top of the front and back
walls, the small gaps formed by the corrugation must be filled with
mortar.  The sheets are held in position by placing a patal on each
end of each sheet.  The tank can then be opened easily for cleaning
and repairs.

If the G.I. sheets are sealed all around as just described, and also if
any gaps between the inlet or siphon pipes and the wall where they
enter the tank are plugged, small animals and insects cannot get in
the tank.  The fine wire mesh on the ventilation holes is very necessary
otherwise mosquitoes will breed inside the tank.  Since sunlight does
not get into the tank, algae will not grow.  If care is taken to keep the
water entering the tank clean, it will be quite clean and safe for
drinking and cooking when drawn out.

To drain away rainwater that falls on the tank roof, construct a
drain with patals or bricks along the back wall.  Slope it from one end
the other, and connect it with a drain running to the back of the terrace.

For tanks larger than 2.5 m x 2.5 m in size, additional angle iron
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Figure 56-2-8. Top view of 2.5 x 2.5 x 1.0 m tank showing
arrangements of angle-iron supports

Front wall Pillar

Single angle iron
each 2.9 cm long

Single angle iron
Double angle iron

9 mm x 5 cmDetail of jointing of
angle irons in

centre

Double angle irons
(each 2.95 m long)
bolted togather

Bolts here to hold
angle irons in place

Back wall

supports, runing from front to back, will have to be fitted, in the way
shown in Figure 56-2-8

The requirements of various materials for tank roofs of different
sizes are given in Table 56-3.

Larger covered tanks can also be constructed but welded angle-
iron trusses are needed to support the roof sheets.  A 40 m3 capacity
roofed tank which can collect and store rain water from the house roof
is described in the pamphlet ‘Cheep Tanks for Water Storage’ available
form the Uttarakhand Seva Nidhi Paryavaran Shiksha Sansthan,
Almora.  With this tank, water from the tank roof is also collected.
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Box 56-3

TERRACE IMPROVEMENT
In Boxes 18-4 we learned the proper design of terraces: they

should have a slight inward slope;  they should have grassed bund
at the front edge;  they should slope slightly from one end to the
other;  and finally, there should be grassed waterways at the ends of
the fields.  These features are necessary to minimize soil erosion
and to dispose of excess water (in heavy rains) safely.  Most terraces
in our village need some improvement to incorporate these good
design features.  This box explains how this improvement can be
done.

Remember too that to irrigate our fields effectively from tanks,
they must be improved to incorporate these same design features.

Next year we will consider how all the residents of the village can
co-operate to achieve the improvement of all the terraces in the
village.

Here is the general procedure for improving terraces that are at
present unirrigated.  Terraces presently irrigated from streams
usually do not need any improvement.
Step 1

To determine the present slopes of the terraces to be improved you
will need a simple device. It is made from two sticks each 2 meters
long and a piece of flexible, clear, plastic tubing (5-10 mm inner
diameter) 15 m long.  First place the two sticks side-by-side on a level
floor or patal.  Make a line around each stick (with a ball point pen)
130 cm from the floor.  Be sure that the marks on the two sticks
coincide. Tie the tube to the sticks as shown in the diagram on next
page.

Fill the tube with water until the level is 15-20 cm above the marks
on the sticks.  Be sure there are no air bubbles in the tube.  You will
notice that the water levels in the two ends of the tube coincide when
the sticks are side-by-side.  The device is now ready to use.
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Step 2
To use this device two people are needed, each with a 30 cm ruler.

Place one stick at the front edge of the field and the other at the back,
be certain that the spot where you place a stick is the same as the
immediately surrounding area. The water in the tube will adjust itself
to the horizontal; that is the water levels in ends of the tube will indicate
the horizontal. Measure the distance from the mark on the stick to
the water level in each end of the tube.
Let us say that you get the following result.

The terrace, at this place, slopes outward by 25-5 = 20 cm.
Measure the distance between the two sticks.  Say it is 4 m.  The

terrace slopes outward 20 cm is 4 meters, to 20/5 =4 cm per meter.
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Figure 56-3-1. This drawing shows a typical example of outward-
sloping terraces with no shoulder bunds.  The
rate of soil erosion from these is very high, and
their fertility is being gradually reduced.  Note
also, that the terraces have been made too wide
for the slope they occupy (see also Table 56-3-1)
thus necessitating and outward slope.



To determine the slope of a field end-to-end do this measurement
along the back of the field, starting from one end.  If the field is longer
than 10 m, repeat the measurement of 10 meter intervals.  Total the
individual readings from each measurement.  Thus if a field is 37
meters long, and you get the following readings:

First 10 metre = 12 cm
Second 10 metres = 8 cm
Third 10 metres = 9 cm
Last 7 metres = 40 cm

The average slope is  40/37  =  1. 1 cm/metre
Step 4

You are now ready to determine the slopes of your fields.  From
these you will know whether or not a field needs improvement and
will get an exact idea of how much soil must be moved to get the right
slopes.  An improved terrace should have a slope of about 2 cm/ metre
from front to back and 1 cm/metre from one end to the other.  Thus in
the preceding example of a terrace 4 m wide and with an outward
slope of 5 cm/m, or 20 cm in all, the following amounts of soil would
have to he moved.

The level of the field at the back edge would have to be lowered x cm,
and that at the front raised by x cm.

      x =   + 20 - (-8)    =  14 cm  2
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Plus 20 cm is the present outward slope and -8 (-2 x 4) is the inward
finished slope desired.  In practice a little more soil than this would
need to be moved from back to front because a bund has to be made at
the front edge.  This should be 40 cm wide and 15 cm high.

In a similar manner you can calculate the approximate depth of
soil to be removed and filled end to end.
Step 5

As the earth moving proceeds, check levels from time to time.
When work is completed and before the monsoon rains come, sow

grass seeds (Arundinella and Themeda are recommended) on the bund.
When the rains begin observe the terrace critically while it is

raining to see if water is moving as intented -- from front to back and
end to end.  If necessary carry out further improvement and repairs
after the first rainy season.

For 2-3 years, is will be
necessary to put most of the
compost allotted to the field
in the areas from which soil
has been dug out.

There are some terraces
that are too long to correct
the lengthwise slope
without having to carry soil
a great distance.  In such
cases it would be better to
break the terrace in to
several smaller ones by
making one or more new
grassed water ways.  For
example, the terraces in
this diagram are very long
and could be broken by a
new grassed waterway
(dotted lines) where there
was previously a gadhera.
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Where a new grassed waterway is made surplus water will flow
across one terrace and fall on the terrace below.  To prevent soil
erosion where the water spills over the edge of one terrace, and where
it falls on the lower one, special structures need to be made.  These
are called spillways and drop boxes, respectively they look like this:

The spillway is simply a patal about 50 cm wide.  The drop box is
made of ordinary walling stone on the bottom and sides, tightly-laid
but without cement mortar.  It should be about 60 cm square on the
inside, and about 30 cm deep.

Many terraces on poor-quality upland have an excessive outward
slope (see Table 56-3-1).  The reason for this is that the terraces were
made too wide and the back part of the terraces could not be dug deeper
because the underlying rock was encountered.  Soil depth in most
poor-quality upland sites is very little (Table 56-3-1).  The relationship
of slope angle, soil depth and maximum terrace width are given is
Table 56-3-1.  These relationships hold good where terraces have an
inward slope (2 cm/metre) and where the risers have a vertical to
horizontal ratio of 2:1.
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The specifications for terrace width given in Table 56-3-1 are useful
when new terraces are being made.  Here we are concerned, however,
with remodeling existing terraces that are too wide to permit an inward
slope.  The only practical solution to this problem is to shift soil from
the back of the terrace to the front to obtain the desired inward slop,
however much bare rock is exposed at the back.  This will reduce the
width of the field is which crops can be grown but that field will at
least be saved from soil erosion and loss of fertility.

Table 56-3-1.  Maximum width of terraces, meters

Slope angle, Soil depth, cm
degrees 100 50 25

10 11.1 5.6 2.8

20  5.6 2.8 1.4

30 3.4 1.7 0.9

40 2.4 1.2 0.6
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Figure 56-3-2. The terraces shown here are classed as poor-
quality upland (as are those in Figure 56-3-1)
but they have been remodelled to give them a
slope from front to back and also from one end
to the other.  Shoulder bunds have also been
made.  (The grassed water-way at the lower ends
of the terraces is not visible in this drawing).
The rate of soil erosion is greatly reduced so
that crop yields will not decline in the future.
These fields can also be irrigated if water is
available.
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Date: .................... Code : Fodder 6
Month : November

EXERCISE  57

SUPPORT-AREA REHABILITATION
PROJECT GRASS YIELD - 3

INTRODUCTION
The grass plants of your project area will be ready for counting and

harvesting.  Do these operations in the same ways you did them for the
past two years (Exercises 34 and 46).

1. Estimate “percent plant cover” and write your estimate here:
      Percent plant cover =  ...................................
2. Next count the numbers of plants in a sample area.  Record your

results in the appropriate spaces in Table 57-1.  Transfer your team’s
data to Table 57-2.  Complete Table 57-2.

3. Finally harvest all the grass in your assigned area, weigh it, enter
your figure in Table 57-3 and complete Table 57-3.

4. Compare three year results, taking the help of Table 57-4.

FOR THE TEACHER
Make arrangement of extra periods for field work.
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Number of Total of
total plants nine sections =

Numbers of Total of
non-grass plants nine sections =

Numbers of Themeda Total of
plus Arundinella nine sections =
grass plants

Table 57-1.  Numbers of plants in sample area
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Table 57-2.  Data on plant cover of sample area

No. of Percent T & A
Percent Themeda No. of No. of No. of Total grasses grasses

Team plant and other total non- no. of in as %
no cover Arundi- grass grass grass plants plant of all

nella plants plants plants cover grasses
plants

(1) (2) (3) (4) (5) (6) (7) (8) (9)
1

2

3

4

5

6

7

8

9

10

Total

Average

Notes for completing Table 57-2.
1. The figure for column 5 is obtained by subtracting the figure in column 6 from the

figure in column 7 (i.e., Column 5  =  Column 7 –  Column 6)
2. Column 4  =  Column 5  –  Column 3

                       Column 5
3. Column 8   =   —————    x    100

                       Column 7
                       Column 3

4. Column  9    =  —————    x   100
                        Column 5
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Table 57-3. Weights of fodder cut from project area

Team Weight of  fodder
number cut by team

1

2

3

4

5

6

7

8

9

10

Total
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Table 57-4.  Comparison of three years' results

Percent Percent T and A as Yield of dry
Year plant grasses in a percent of fodder,

cover plant cover total grasses kg/nali
(1) (2)  (3)  (4) (5)

8th class

9th class

10th class
(this year)

QUESTIONS
1. Define the terms species, population and community.

2. Using your data form Exercises 34, 46 and 57 describe how a plant
community changes with changed environmental conditions.
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3. What is the practical significance of the changes in the grass
community in your project area?

4. Explain the changes you have observed in your plots in terms of the
concept of ecosystem health.

Teacher’s signature:....................
Date:...................
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Date: .................... Code : Ecosystem 5
Month : November

EXERCISE  58

ESTIMATING THE CARRYING CAPACITY
OF OUR VILLAGE ECOSYSTEM

INTRODUCTION
The objective of good ecosystem management is to restore the health of

the ecosystem and then to maintain it.  Or, we can say that the objective is
to obtain the highest sustainable level of productivity.  After ensuring this
it is essential that the number of people in the village community does not
exceed the carrying capacity of the ecosystem.  If the carrying capacity is
exceeded, the rate of harvesting will probably the greater than its level of
sustainable production, thus leading to support-area degradation.  In this
exercise you will estimate the carrying capacity of your study village after
the support-area rehabilitation you have made (Exercises 53 and 54) is
fully implemented.

Carrying capacity will be calculated in terms of fuelwood and fodder.
Both these will increase when the support-area is fully rehabilitated.  We
will estimate approximately how much of these will be produced at that
time.  Adequate amount of food grains and milk are essential for human
health, and we know that the production of these will increase with support-
area rehabilitation, but there are no simple, reliable methods of estimating
how much they will increase.
PROCEDURE

1. In Table 58-1, column 1, list all the support-area blocks that are to
be devoted to fuelwood and fodder production in your rehabilitation
plan (Table 54-1).  Also transfer data on area and land class of your
team’s assigned blocks from Table 53-2 to columns 2, 3, and 4 in
Table 58-1.  Complete columns 2 and 3 by exchanging data with
other teams.

2. Estimate the likely future productivity of each of your assigned
blocks by the method described in Table 58-1.  Enter these figures
in column 5 in Table 58-1, and exchange data with other teams to
complete the column.
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3. Calculate the total annual production for each blocks by multiplying
the figures in column 2 and 5.  Enter your result in column 6 or 7.
Complete columns 6 and 7 by exchanging data with other teams.
Total columns 6 and 7.
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Table 58-1.Estimated production of fuelwood/fodder in different
blocks

Block Area, Land Special Productivity Production Production
No nalis class1 features2 kg/nali of fuelwood, of fodder,

kg kg
(1) (2) (3) (4) (5) (6) (7)

Totals

(1) Note relative areas of slopes and gadheras (if any) and their land
class separately.

(2) Note here bare patches, landslide debris fans, seasonal, water-logged
areas and other areas which are significantly different from the main
portion of the block.
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4. Assume that in future the total requirement of fuel of the entire
village (calculation 9 of Exercise 35) will be met by fuelwood only.
That is, assume animal dung will all go to the compost pile, and that
all crop residues now used as fuel will be used as animal bedding (to
reduce the amount of dry fallen leaves from support-area), or be put
directly in the compost pile or used as mulch.  Now compare this
figure with that for the fuelwood production when the support-area
is rehabilitated (total of column 6, table 58-1).  Will the expected
production be enough to meet the requirement?  Or will there be a
surplus?  Will the human population of your study village increase
over the next 20 years?  If so, by how much?  Will the production still
be enough to meet demand?  After answering all these questions,
will the allocation of blocks to fuelwood, fodder and stemwood be
alright, or not?  You can revise your allocation now, if you think
necessary.  Write up your answers to all these questions below.  Be
sure to give your reasoning for each answer.
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5. Assume that in the future green tree-leaf fodder  will be fed to all
village animals during the dry seasons (October to June) according
to the recommendations given  in Box 46-1 (Page 98).  Calculate the
amount that would be required.  (Divide this figure by three to put
in an air-dry equivalent basis.)  Compare this figure with that for
the expected future production of green tree-leaf fodder after the
village support-area plan is implemented (total of column 7 in Table
58-1).  Will there be  enough tree-leaf fodder, or not?  If not, what will
you do?  Write your answers to these questions below, and give your
reasoning for each.
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Teacher’s signature:....................
Date:...................
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BOX 58-1

ESTIMATING FUTURE SUPPORT-
AREA TREE PRODUCTIVITY

In Box 16-3 we learned how trees manufacture food in the form of
glucose and how that glucose is used to make wood in the branches,
stems and roots and in the growth of leaves.  The question now before
us in this exercise is : how much food do trees produce each year?  Or,
we can say, how many kilogramme of new wood and leaves do they
produce each year?  If we can answer this question we can estimate
the future productivity of our village support-area in terms of fuelwood
and fodder per nali/year.

The most important factor determining the productivity of trees is
the depth of the soil in which they are growing.

In Box 22-5 we read that chir pine trees in pure stands grew faster
and attained larger size at an age of 50 years than those on class II
and III sites.  Thus they produced more wood per year.  The exact
figures reported by the forest department is as follows.

Weight of wood Average weight of
Land harvested at wood produced per
class year 50, kg/nali year, kg/nali

I 9,250 185
II 5,150 103
III 3,150 63

These yield figures were calculated by adding the weights of all
the trees harvested at 50 years, and the weight of all thinned trees
and lower branches cut from time to time.

The figures for mixed-species stand might be somewhat different
from those, but since we have no data for such stands we will use these
figures for pure-stand chir pine for them as well.  We will assume these
same yield figures for trees managed for fuelwood production (see Box
28-1).  Since trees managed for fodder production (see Box 28-2) use
almost all their food for the production of leaves, we will further assume
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these same figures for the production of fodder on a dry-weight basis.
One kg air-dry fuelwood is equivalent to approximately 3 kg of fresh
leaf fodder.  Thus the production figures for fresh fodder leaves from
fodder trees on class I, II and III land would be 555, 309 and 159 kg,
respectively.

Keeping the foregoing assumptions, definitions and data in mind,
we can now consider the method of calculating support-area fuelwood
and fodder production.

The support-areas of most villages are too large and non-uniform
to be dealt with as one unit.  It is thus usually convenient to divide
the support-area into blocks, such as you have done in Exercise 53.

Taking a simple theoretical example, let us say that the common
support-area of a particular village has been divided into four blocks,
A, B, C and D.  The areas of each of these blocks measured and also
its land classification.

Block Area in nali Land classification
A 60 III
B (slope) 300 III

(gadhera) 100 I
C 500 I
D 300 II

These data are entered in Table 58-1 (columns 2 and 3) and the yield
factors for fuelwood or fodder are entered in column 4.  The figures for
productivity of each block in terms of fuelwood or fodder are obtained
by multiplying the figures in columns 2 and 4.  Depending on which
of these blocks is devoted to fodder and which to fuel, the annual total
village support-area fodder and fuel production can be calculated and
compared with the total village requirement 20 year hence.  (It will
probably require 20 years for all the tree stands to be planted and
come into full production,)

A further word is necessary about the yield factors chosen in this
example.  You will notice that class I land in block B (gadheras) and
in block C are assumed to be different.  In the gadheras the soil is
deep and rich in humus.  It is certain to be more productive than the
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soils on the slopes, and hence a higher yield factor figure is assumed.
In the  case of class III land, the slopes in block B are entirely covered
with soil.  In block A, however, soil erosion has been unusually severe,
leaving only a very thin layer of soil in most places, and much thinner
than on the slopes of block B, even though both were class III sites.
Hence the lower figure assumed for block A.
Table 58-1-1. Calculation of future fuelwood or fodder

production from village support-area

Area Land classi- Yield Annual
 Block in nalis fication factor kg/ production

nali/year of fuelwood/
fodder

   (1) (2) (3) (4) (5)

A 60 III 50 3,000

B
Slopes 300 III 75 72,500

Gadheras 100 I 200 20,000

C 500 I 175 87,500

D 300 II 125 37,500



WHAT I HAVE LEARNED THIS YEAR
Each of you will write a short essay (about 300 words) describing

what you have learned this year in your ‘Our land Our life’ course.
You should emphasise those things which you enjoyed learning most,
and why you enjoyed them.  Are there any particular topics you would
like to learn more about?  Why?  What topics did you not like, or
which you think will not be useful to you in the future.  Why?  In
writing this essay you can also mention things that you learned in
previous years.
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Teacher’s signature:....................
Date:...................
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WELCOME
WORK DISPLAY DAY

CLASS  TEN

TOPICS FOR DISPLAY

It is time to hold your annual work display day.  This year you have
done a lot of work that can be useful to the people of your study village in
managing their village ecosystem.  These are topics that you can display.

1. Village ecosystem health (Exercise 49).
2. Water sources and water consumption (Exercise 50 and 51)
3. Study village water use plan (Exercise 56)
4. Study village support-area rehabilitation project results (Exercise

57)
5. Study village support-area rehabilitation plan (Exercise 54 and 55)
6. Climate change and our village ecosystem (Exercise 58)
Topics 2-5 are very large and it is suggested that two teams work together

on each of them.  One team can handle topic 1 and topic 6.
The group of one or two teams that will handle a given topic will plan

the display.  Write down the details of your plan on the following blank
page.  In a general class meeting, present your plan to the whole class.
Make any improvements that might be suggested.  Write the revised plan
on the second blank page.  Submit it to your teacher for final approval.
Then proceed to prepare your display.  February should be a good time to
hold your Work Display Day since people will have relatively less work in
their fields at that time.
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A FINAL WORD

Your course is now finished, but do not think you have
nothing more to learn.  The task of learning as much as
you can about your village ecosystem has just begun; it is
a lifelong task.  We learn by asking questions, and trying
to answer them.  Answering questions gives us new
knowledge, new understanding.  Great knowledge and
understanding of natural processes and our interaction
with them helps us to live in harmony both with nature
and within our community, and to obtain what we need
for reasonable comfort, health and security.
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