SR-47

SOIL AND WATER CONSERVATION WITH
SPECIAL REFERENCE TO N.E. REGION

“muu Qe

. o
.'"'/\l Lk
£ NI r‘g
%!, T e

M
o § e winm

NATIONAL INSTITUTE OF HYDROLOGY
JALVIGYAN BHAWAN
ROORKEE - 247 667

1995-96




PREFACE

The North Eastern Region is the highest rainfall zone of the country and is
richly endowed with water resources of its two mighty river systems the Brahma-
putra & the Barak. The region is a huge sprawling land mass made up of exten-
sive countless hills and mountainous terrain that rises in the north to the snow-
capped heights of the Himalayas. However, the region presents a case of poverty
in the midst of plenty. While the narrow valley portions suffer from excessive
floods/drainage congestion the hilly regions consisting of about 70% of land mass
is prone to severe soil erosion.

Although the national water policy gives highest priority for drinking
water, it could not be achieved as desired any where in the North East. The
problem is more acute during winter in some hilly areas even like Cherapunji
which is in the wettest belt of the world. The region is yet to receive basinwise
and even sub-basin wise planning for composite purposes of providing ‘drinking
water and other uses with due regard to ecology and environment.

To contribute to some improvements to the complex water resources prob-
lems of the region, soil & water conservation through watershed treatment is one
of the important factors being considered specially for hilly areas. Such measures
may also augment dry weather flow on hill slopes to provide for drinking water.

It is in this context that Adviser(IFC&WSM),North East Council requested
interested bodies to take up a. pilot project in the Cherapunji area for soil &
water conservation. Therefore, the Regional Coordination Committee of NERC, in its
5th mh meeting held at Shillong on 13th Sept,1995 advised NERC to initially
prepare a status report on the subject for other field works to follow. The
report should be an useful reference on the subject.

The report has been prepared by B C Patwary, Sc.'E', V K Dwivedi, Sc.'C*

and P K Bhunya, Sc.'B".

S AN

( SM Seth ) —
DIRECTOR




1.0

2.0

3.0

4.0

CONTENTS

PREFACE
LIST OF FIGURES
LIST OF TABLES

ABSTRACT
INTRODUCTION
REVIEW
2.1 Physical Concepts
2.2 General Aspects of Conservation Programs
2.3 Shaping Soil Conservation Programs
2.4 Soil And Water. Conservation Methods
STUDY AREA- N.E. HILLY REGION (NEHR)
3.1 Geographical Situation
3.2  Physiography
3.3 Climate
3.4 Vegetation
3.5 Soils of North Eastern Region
3.6 Soil And Water Conservation Problems
In NEH Region
3.7 Soil & Water Conservation Practices
in N E Hilly Region
3.8 Review of Remedial Measures
CONCLUDING REMARKS & RECOMMENDATIONS
REFERENCES
APPENDICES
I. Important Watershed Characteristics -
Data Required For Planning
II. Guidelines For Preparation Of Projects
On Watershed Management
IIT. Table Showing Land Utilisation Pattern
In N.E.H Region
IV. Cropping System In N.E.H. Region
V. Shifting Cultivation In N.E. Region
vI. Annual Soil Loss Estimaties
VII. Typical Model Of Check Dam
VIII. Series Of Under Ground Check Dams For
Water Conservation
IX. Conceptual Plan Of A Typical Micro
Catchment Water Harvesting Structure
X Water Harvesting Tank
XI. Storage Tank
XII. Arrangement For Rain Harvesting From

Top.

Page No.

Ii
IiI

14
18

49
49
51
I
33

38

62
68

72

76

80
81

34
85
86
87
88

89

90
91

2

e




LIST OF FIGURES

Figure No. Title ; Page No.
2.1 Soil Conservation Regions Of India 4
2.2 Soil Erosion Map Of India 5
A Methods Of Plowing Out Point-Rew Areas 7
2.4 Methods Of Contour Planting 7
2.5 Terraces On The Hill Slopes For Erosion

Free Cultivation 8
2.6 Layout Of Parallel Terraces With Varving

Cuts And Fills. : 21
2.7 Types Of Terraces (a) Broadbase

(b) Conservation Bench (c) Bench 22
2.8 Typical Cross Section For Rack-Sloping

Bench Terrace 23
2.9 Making Bench Terrace 24
2.10 Typical Layout For Different Types Of

Strip Cropping 27
2.11 Silt Trap Structures Used For Water

Harvesting 31
2:12 A Woven Wire Dam For Water Harvesting 33
2.13 A Brash Dam For Water Harvesting 34
2.14 A Loose Rock Dam For Water Harvesting 35
2.15 Water Harvesting by Percolation Tanks 38
2.16 Water Harvesting by Injection Wells 38
N Rain Werter collection Throuel Rools 40
218 Proposed Farmers Organization Network

Model For NWDPRA 45
3.1 Map Showing The Agro-Climatic Zones Of

N E Region 50
J:2 Rainfall Pattern Of N E Hilly Region 52
3.3 Choropleth Map Of Percentage Change In

Forest Cover From .1991-95 54
3.4 Soil Map Of Assam 56
Fuid Soil Loss From 60%-70% Slope Under

Various Stages Of Jhum Cultivation 63
3.6 Choropleth Map Of Annual Area Under

Shifting Cultivation-1983 64
3.7 Adverse Effects Of Shifting Cultivation 65
3.8 Principle Of Water Distribution In

Bamboo Drip Irrigation (Shown In Five

Stages) 69
3.9 Layout Of Plots And Water Management

At Apatani Platcau (Arunancha Pradesh) 69




LI1ST OF TABLE

Table No. Title Tage No.

25

Zi Approximate Terrace width on Hill Slope




ABSTRACT

North Eastern Region is one of the richest areas in the world
in soil & water resources. Its water resource is undoubtedly suffi-
cient enough to satisfy its ever increasing demands of its own as well
as the other parts of eastern India. But due to management problems
the region is yet to put these vast resources into some beneficial
uses worth the name and rather chronically suffers from devastating
floods or drainage congestion in the valleys and acute shortage of
even drinking water or large scale erosion in the hills.

Management of excess water or controlling the frequent calami-
ties it causes to the horrors of the people is, however, beyond the
scope of the topic. But looking at the other side of the problem i.e.
scarcity of water amongst plenty specially in the hill region during
non-monsoon, there is urgent need of all round soil and water conser—
vation for which every forum technical or administrative has been
expressing its serious concern since long.

There have been many successful scientific efforts towards this
elsewhere in the country. There have been small scale practices and
experiments in the North Eastern Region as well, but in reality most
of the people of 1he region are yet to have know hows of the same or
mosivated enough to translate the ideas into reality. Then barring few
experimental, research and indigenous practices, no comprehensive
watershed management plan for resource conservation has yet been made
in even the serious problem areas like Cherrapunji etc.

In view of the growing concern of all the sectors to the soil &
water conservation in North East Hill Region, this report is an at-

tempt to review the problems and methodologies in details, analyze it
for applicability and suggest suitable remedial measures.




1.0 INTRODUCTION :

There is increasing environmental crisis throughout the globe. Influence
and demand of burgeoning population on soil & waler, the two primary constitu-
ents of the ccosystem had already cansed preal damaece to onr nature and envi
ronment. Therefore, like other parts of the world India is also making its best
efforts to conserve natural resources emphasizing on resource planning for every
hydrological unit. Nalional water policy envisages Lhat waler which is already a
cenree  resource will become even scarcer i future. Although Gircen Revolution
has helped us to achieve a measure of self-sufficiency in foodgrains, we are still
seriously short even at our present low levels of nutrients and consuniption of
oilseeds, pulses, animal proteins, natural fibers, timber, fuel wood and a host of
other commodities which owe their origin to the soil. The loss of soil fertility and
potential production through erosion and soil degradation are our national prob-
lems, the solution of which concerns not only the farmers who produce the food,
but also the urban dwellers who consume it. and the government which has
control over land use, agrarian, land tenure and taxation policies. This under-
scores the conservation of our land and water resources.

North Eastern part of the country comprising seven stales has large diver-
sity in lopography, climate and soil conditions. Barring Assam and Imphal valley,
flat lands in these states are rarely available. In the narrow valleys and hilly
terrains there is green lush throughout the vear. But the agriculture scenario is
not very encouraging. It is also a paradox here that while the highest rainfall in
the world is recorded around Cherapunji area, many areas arce prone lo ravages
of oods of the two mighty river syslems- the Brahmapulra and Lhe Barak, large
parts of the hilly region including Cherapunji experience severe scarcity of water

during non monsoon months,




Rampant deforestation and shifting cultivation is posing threat to eco-
system of NEH Region. Large areas are under serious threat of wind and water
erosion. Not that thousands of acres of land are declining ifi productivity, it is
also causing serious hazards to storage and control structures for water re-
sources development. Besides loss of soil and water, the loss of nutrients particu-
larly nitrates, phosphates and potassium from the soil is enormous. It is because
of these reasons that Planning Commission has commented that soil and water
conservation is the only foundation upon which India‘s prosperity in general and
NEH Region in particular can be planned.

So far as the NEH Region is concerned there are some efforts of states
departments for soil & water conservation like land improvement, gully control
works, afforestation works, grass land development, soil conservation engineering
works etc. But it is a long way for these works to cover even fifty percent of
the area. For any significant relief to the vexed problems people's participation
in the guided direction is the only way.

The North East Council, the apex body to look after specially the inter-
state developmental activities of the region has been concerned with the water-
shed management problems of the hilly areas also. It also invited attention of
water resources sectors like NIH to educate and motivate people in soil & water
conservation programs specially in hilly region. The report is an effort towards
this direction to analyze the problems, review the available technology and

suggest suitable remedial measures with special reference to N-E Hilly Region.




2.0 REVIEW :

Soil and water conservation practice is considered to be the only way for
improving our environment. Large-scale soil and waler conservalion activily in
India began in 1951. Till the end of sixth five year plan, nearly Rs 22,000 million
have been spent on improvement of about 29.3 million hectares of land with
various soil and water conservation measures(Gupta R K et al.). In the early
phases, the soil and water conservation programs were mainly confined to the
improvement of agricultural lands, contour bunding being the principal activity.
However, in the last two decades, the concept of integrated land-use planning on
watershed basis was introduced. This was mainly owing to the establishment of a
chain of Soil Conservation Research Demonstration and Training Centers during
the First and Second Five Year Plans. In the last 25 years, these centers have
identified the soil and water conservation problems of the country and produced
some practical technologies for field application. Fig.2.1 and Fig.2.2 broadly show

soil conservation regions of the country and its erosion prone areas respectively.

2.1 Physical Concepts (Agriculture and Non-agriculture) :

2.1.1 Agriculture Land :
Soil and water conservation practices for our agricultural lands include
contour farming, mechanical measures such as contour bunding, graded bunding,

bench terracing on steep slopes, runoff harvesting, storage and recycling.

Contour Farming experiments at Dehradun have shown that contour cultiva-

tion alone can reduce runoff and soil loss from agricultural .pnéwatersheds even
in the high rainfall regions. At Dehradun, the seasonal runoff value of 54% from
the untreated catchments was reduced to less than 40% of the rainfall where
contour farming was. practiced. The corresponding reduction in soil loss was [rom

about 30 tones to less than 20 tones/ha during the rainy season. The methods
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have been demonstrated in Fig.2.3 & Fig.2.4. In the Ootacamund region, the soil
loss from areas having slopes as high as 25% was reduced from 30 tones/ha to 15
tones/ha when farming was done on contours. Potato crop was raised in these
catchments. These practices, besides conserving water and soil in the catchment
also preserves the soil fertility. Similarly, contour cultivation in the black soil
region of Bellary improved the jowar yields by 17 to 34 per cent.

Terracing is a very effective means of conserving soil. but it is expensive.
To be economical, it must permit yields to be maintained on a long-term basis
under more intensive use than would otherwise be feasible. Nonetheless, yields
may be reduced for a few years on the areas where top soil has been removed to
build the terraces. The yield reduction can be minimized by stockpiling the top
soil and replacing it after the terraces are built, but this adds to the cost. Often
it is more practical to use fertilizers manure, green manure and tillage practices
to improve exposed subsoil than to replace topsoil. Reduced soil loss should
result eventually in higher yields than would have been obtained without the

terraces as shown in Fig. 2.5.

Forage crops and trees conserve soil effectively, but they take time to
grow. Range management may require several years of little or no grazing to let
desirable grasses become well established. Increased production in later years
will make up for the earlier decreased use. A grazing program that maintains
productivity should then be established. Trees take even longer to grow and
become marketable. The value is there, however, the land value increases as the
trees grow toward marketable size.

2.1.2. Non-Agricultural Lands :

These lands have many limitations of slope, erosion, stoniness, rockiness,
shallow soils, wetness, flooding, etc. Such areas are therefore, generally unsuit-
able for cultiVatiQn of agricultural crops. The deep gully parts of the ravines are
in this group. The work done at Dehradun research centers have shown that

these lands can be put to productive use as pastures and forest lands.
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Establishment of vegetative cover is one of the effective ways of soil and
water conservation. It has been demonstrated that natural f(aliow, with grasses
and shrubs or grasses alone give the least and negligible runolf and soil loss
when compared with the practice of cultivated fallow, which gives maximum rate

of runofl and soil loss.

2.2 General Aspects of Conservation Programs :
2.2.1 Physical & Natural Aspects :

The food, fodder, fuel, fruit, fiber, timber and other material needs ol the
people and bovine population can only be met by the watershed resources, the
nature's gift to the mankind. The population pressure in our country is very
high and agriculture has already extended to marginal lands distributing the
interaction between land and water cycle. Out of the 329 m ha geographical area,
there is no more possibility for enlarging the area under agriculture beyond the
existing 143 m ha. On the other hand, about 175 m ha (more than 50 %) of the
degraded and arable lands are subjected to land degradation (wasteland) due to
soil erosicn, waterlogging, salinity and alkalinity, floods, changing waler courses
and shifting cultivation. Such lands are getting further degraded to one or more
degradation forces.

In North East Hilly Region too while increasing the food production to meet
the needs of the increasing population, adequate attention was not paid to main-
tain the productivity of the soil resources. As a result, vast stretches of soils
are now at varjous stages of degradation.

Apart from the climatic and soil related factors, socio-economic and area
specific factors are also very important from the point of view of land degradat-
iilon. Some such factors are as under :

--Due to small holdings proper care in soil and water caonservation meas-—
ures is not given by the farmers.

--Farmer’s being resource poor, unable to take up corrective measures.

--Fragmented holdings and undulating topography accelerates the degrada-
tion process due to lack of management and risk in investment,




—-Small farmers are compelled to grow crops for their immediate require-
ment and thus ignoring the suitable crop rotation.

--Open grazing of cattle in absence of stall feeding.

Degradation of land in terms of physical, chemical and biological properties
leads to lowering down the productivity and sustainability. It has many implica-
tions, the important of which are the lowering down of the Gross National Product
(GNP) and standard of living of villagers, besides improvement of soil in term of
fertility. Degradation of land leads to loss of precious rain water and along with
it the valuable nutrients. India is loosing about 8.2 million tonnes of nutrient
annually as a result of soil erosion only, out of which about 3.5 million tonnes
gets lost from the N.E Region alone. Another associated problem is the siltation of
tanks and reservoirs, clogging of drip and sprinkler irrigation systems and also
lowering down of water table in wells. It cause an all-round scarcity of drinking
and irrigation water resources, giving rise to droughts and drop in productivity.

olt is estimated that India is losing her forest and land resources at the
rate of 1.5 million hectare annually. Small and fragmented holdings of farmers
coupled with a resource-poor base of dry land and hilly region farmers has not
left much scope for management of land and water. The land-tenure system in
vogue stands in the way of efficient management of natural resources on water-
shed basis.

An important conslraint to the application of soil conservation is the social
and economic conditions of the farming community. Each farm family is engaged in
the attempt to earn a living from the land which il cultivates. The total income
produced by the farm will be used to satisfy the basic needs of the family, to
pay the landlord and for agricultural inputs and to maintain the farm capital
including the land. If the total income from the farm is sufficient, a due share
will be spent on inputs and soil conservation. If the income is low and the farm
has a low production capacity, the portion of income spent on the maintenance of

the soil will be insufficient to maintain the land. In other words, the first re-

quirement for effective soil conservation is that the income from the farm should




be large enough to provide a sufficient portion for the maintenance of soil
capital. Hence, poor soil, insecurity of tenure, low prices of agricultural commodi-
ties, high rents are the natural impediments to soil conservation programs. It is
therefore illusory to plan expanding agriculture on marginal lands on the assump-
tion t‘hat soil conservation and land improvement will compensate for a low pro-
duction potential.

With increasing population and rising per capita demand for land resources,
the seriousness of soil and water erosion can only be tackled by collective
approach. North East Hilly Region have inherent biophysical and socio-economical
constraints such as :

- Isolation

- Inaccessibility

- Widely scattered settlements

- poor infrastructural facilities

= Maintenance and social customs

These constraints and in absence of any additional source of income and
employment opportunities compel the growing population to continue working on
agriculture sector or to migrate to plains for employment. The agriculture sector
itself has the constraints of limited arable and highly fragmented holdings, poor
irrigation facilities and less productive marginal and steep sloping lands.

While the management of private land lies exclusively on the individual, the
management of common lands, which often are highly eroded and degraded,
present considerable problems, even though these lands have been developed
under soil conservation programme. The Government and common lands (including
panchayat lands) do not seem to have any caretaker and well wishers. These

lands are free for all and it is no wonder that they are in very bad shape in the

whole north east region:

2.2.2 Social Aspect
Another consideration in planning soil conservation programs is that in

most instances, community or cooperative action is indispensable. Small farms




which are characleristics in_our country, do not allow for an individual farmer to
have an impact on land improvement. Soil conservation programs will, therefore,
have to be tackled on a watershed basis. Some erosion or flood control measures
may be within reach of a group of farmers but for larger undertaking, the
support of Government is called for. It is clearly the Governments role to main-
tain the country’s basic resources of soil and water. Technical assistance pro-
grams often denying priority to soil conservation programs because of lack of
immediate economic return, should be the deciding factor for investments in soil
conservation work. At all times, farmers should be closely involved in the plan-
ning and execution of field programs. New management techniques should not
become a continuous burden to the farmer. On the contrary, they should be
within his capacity and he should understand the beneflicial effects.

Many developing countries have a historical legacy of land reserved for the
use of some agency or power. In sovereign stales of feudal systems, land was
automatically the ruler’s except where some form of title had been granted in
return for services rendered. Whatever the historical background, many develop-
ing countries have a sizable proportion of land which was previously reserved
and is now up for grabs. As authoritarian management has declined, population
pressure and land hunger have increased as also has the chance of getting away
with unauthorized or illegal encroachment on reserved land. In some cases,
encroachment have been ignored, the previously reserved forests were thrown
open to settlements. After Independence, the Government of India had no choice
but to accept and regularize some of these encroachments.

There are also some examples where the land was deliberately withheld from
settlement because it was ecologically unsuitable. This is particularly true of
steep mountainous land in the humid tropics. However, even in such areas, terri-
fying destruction of the land is occurring as a result of the spread of agricul-
ture in the form of small farms into a land which cannot possibly support this

use in the long term, e.g., the steady climb of cultivation up the mounltlain slopes




in Lhe Himalayas of India and Nepal.

In India, the declared policy is ’land for landless’ and Government legisla-
tion is that 50% of all stale or public land must be made available for allocation
to people who do not own any land. The practical limitation lo this policy in a
country like India is that there is no reserve of spare land suitable for cultiva-
tion. The common land is usually worn out or eroded or so steep that it is only
suitable for forestry.

Right of ownership to land is one of the factors which lead to an over

slressing of land resources. Partly it is historical; in the past there was enough
land for everyone to have some and increase in population just meant bringing
more land inlto use. Alongside the assumed rights of land ownership there are
other historical rights which do not fit into today's land-use patlern. Throughout
India, there are rights of villagers (o graze certain areas, to cut fuel wood, to
take timber lor making agricultural implements. The story of the righls is so
ancient and so complex that Muslim, Moghul and British rulers have in turn
accepted the siluation as too difficult to changes as in the present days. The
problem is that these rights make it often difficull Lo manage efliciently even the
so-called resegrved forest.

A corollary of the acceplance of Lhe universal right to own land is the
allocation or encroachment of poor land. The olher consequence is that it leads to
the progressive sub-division of land holdings. Examples of such [ragmentation are
seen in many Indian villages. In some states, Lhis has lead to the consolidation
programme which in effect puts all land inlo a common pool and then redistribute

it in more manageable patrcels, Bul this procedure has yet Lo make major strides.

2.2.3 Econoniic Aspecls :
The economic constraint of the subsistence larmer is his inability lo take
risks. The essence of farming is, therelore. to minimize risks or to improve the

odds in the gamble against weather, pests and diseases. Aparl from the on-site




benefits of erosion control, there may be other reasons why erosion control is
required. The down-stream damage caused by .sr.-dimentmitm. increased flooding,
reduced hydro-electric power, interference with irrigation, may be more important
than the loss of soil. The farmer of the Himalayas cannol bLe reasonably expecled

to care very much about the silting of an irrigation reservoir 1,000 km away in
Gangetic plains. It is easy to calculate the cosls of soil conservation and more
difficult to determine the benefits; even more difficult to quantify the benefits in

cash terms.

2.2.4 Awareness :

At present, there is a wide gap between awareness of the soil erosion
problem and comprehensive acltion to combat it. Prospects for establishing com-
prehensive soil conservation programs are some times not good because the
proposals may not appeal enough to politicians, decision makers and planners,
Also from an economic and short-term point of view, they may not be attractive
to many farmers, particularly to thpse who are in economically weak position.
Important reasons for the indifference aie (i) lack of knowledge of the soil ero-

sion problem; and (ii) lack of knowledge of how to solve the problem. It appears

conclusive, therefore, that the interests of future soil conservation programs,

particularly in developing countries can best be served by creating a better

awareness of the problems and its solutions and to obtain effeclive results.

2.3. Shaping Soil Conservation Programs :

It is necessary to consider soil conservation not as an end in itself but as
a means of maintaining and increasing the productivity of the soil on a long-
terms basis. This calls for the introduction of soil conservation activities with
improvement measures such as soil management, recycling of organic malerials,
changing attitude to shifting cultivation, tillage practices adjusted to environmen-

tal conditions and adjusting cropping and farming systems. In olher words, it is

Sl b




necessary Lo consider soil conservation as p;u-t‘ of an overall soil management
concepl.

It is also necessary to relate research work and scientific guidance to the
more immediate needs of applying practical soil conscrvation programs. Some of
the thrust arcas in this regard are:

(i) Adjustments, improvements and studies on applicability of soil conserva-

tion and soil management practices.
(ii) Comprehensive land-use planning.

(iii) Selected research problems of immediate importance.

In most of the developing countries, there is extreme dirth of well-trained
soil conservation staff, both for research and cxlension. Intensive Ltraining pro-
grams at various levels are urgently required.

A sound scientific and technical basis for C(-mservation programs starls
with an assessment of a country’s land resources, than ils production potential
and degradation hazards. The achievement of short-term resulls should, however,
ensure that comprehensive soil conservation programs are not unduly delayed. In
mosl cases, in the planning and execution of soil conservation programs, a co-
operative .watershed approach inviolving the whole community is indispensable.
The small sizes of farms in most developing countries does not allow for the
individual farmer to have much impact on soil conservation processes and the
only alternative is Lo lackle it by a concerted aclion on a walershed basis, where
all efforts reinforce and complement each other. It is important Lo create a socio-
economic environment which encourages the Tarmers to develop cfforts and re-
sources t:) the conservation of the country’s soil resource. Government plays a
role in providing financial helps consisting of loans, subsidies and other incen-
tives. Foreign assistance i's also forthcoming in respecl of soil conservation

-programs.




2.3.1 Cosl-Bencfit Considerations :

The costs of soil conservation are usually obvious and therefore seldom
overlooked. The returns are less identifiable, especially where conservalion
merely preserves productive potential that would otherwise be lost. Lowered
potential may be masked by weather variations, more fertilizer, new crop varie—
ties, and improved crop management.

Soil-conservation practices often provide long-term benefils in exchange for
immediate costs. It is unfortunate but not surprising that immediate needs of the
present often win over the future prospects. Conservation practices that include
short-term benefits are therefore easier to promole than thoze that are strictly
long term. However, some practices such as lerracing are used in spile of the
long time required to recover its costs. Changes in Lillage, including conlour
tillage, reduced tillage, and no-till systems, are usually profilable, but their
adoption has been slowed by appearance and convenience factors and pest prob-
lems.

Many people may benefil from a landowner's conservation praclices. For
example, soil that is held on a field neither muddies the waler of a stream nor
becomes sediment on other land. People living downstream therefore benefit from
soil conservation practices upstream. In a broader sense, everyone has a stake in
the productive potential of the land. Such interest is represented to some degree
by governmental participation in soil conservation through research, education,
cosl sharing, tax Dbenefits, and legal actions. Such parlicipation is justified by
the importance of productivity potential as a national assel. Rcddced produclive

potential is the most serious long-term cflTect of crosion.

2.3.2 Benefits From Soil Conservation :
Soil conservation yields many kinds of benefits. Those to be considered in
this section include increases in net returns from land, retention of productive

potential, teductions in erosion losses and sediment damage, and environmenltal




benefits,

Increases in Net Returns: Some conservation practlices produce an immecdiate
profil, some lead to a delayed profit, and some produce no monetary profil but
are used for aesthetic or other non monetary reasons. Some practices are usually
considered under the heading of good management rather than conservation
because they increase profits. Fertilization according to soil tests is such a
practice, Fertilization is actually an important soil conservation practice.

Various forms of conservation tillage often increase net returns. Most of

them reduce the energy input use for tillage and thereby reduce costs.

Sceveral studies have shown that average corn yields are insensitive lo
tillage praclices as long as comparable stands and adequate weed control are
obtained. Minimum Llillage usually shows an advantage on sloping land, where it
helps conserve soil and water, Conventional Llillage usually vields more than no-
tillage where continuous corn is grown on land wet cnough Lo be conducive Lo
rool disease. Resulls with wheat and some other crops have generally been less
favorable to no-tillage than corn yields have been.

Fuel and machinery savings from reduced tillage make it possible for
producers to make larger profits from equal yields cven il they use more pesli-
cides. Rising energy costs and new types of herbicides, insecticides, and [lungi-
cides have led to a marked expansion of minimum tillage in recent years,

Waler Conservation: The importance of waler conservalion depends on Lhe

amounl of waler already in the soil for plant use. Waler conscerved belfore a dry
period can make the difference belween success and crop [ailure. Excess waler
retained during a wel period by holding waler on drier sloping land rather than
letting it run on to level arcas below can damage the crop and reduce yields.
Pest-Control_Profits Weeds, insects, and plant discases can cause in-
creased erosion by reducing Lhe stand of the crop. Controlling these pests can

reduce crosion and increase profits at the same lime,




2.3.3 Deferred Profits:

Fertilizer, tillage waler management, and pest-control practices should
increase profils Lthe same ycar they are applied. Several years may be required
to repay the investment costs of drainage. irrigation and new machinery but
increased returns usually begin with the next harvest. The returns may be
delayed longer when praclice such as terracing, revegctlating grazing land,
replanting forests, or soil reclamation are used. These practices must. therefore
be considered [or long-term investments.

Reclamation of sodic soils is another example of delayed profils. Sodic spots
are often so unproductive that any plant growth is'u;l improvement. Improving
them to grow profitable crop it takes time often years. Deferred profits often
create a conflict between long-term and short-term V-’I]UES-. I)cgradeﬂ vegelative

cover and serious soil loss can occur under short-term exploitation of lands.

2.4 Soil And Water Conservation Methods :

Adequale control of water erosion requires an integrated .use ol the best
physical and engineering prac:lices that will protect the soil, reduce runoff and
conserve soil & water. The results of studies conducled in India and other partls

of the world have been reviewed in the publications (17), (25).

2.4.1 Mechanical/Engineering Measures :

Mechanical measures form the sccond line of defenee in, agricullural arcas
which are subjected to relalively severe erosion hazards. These include contour
farming, strip cropping. conservation tillage, terracing and microwatérshed Lreat-
ments.

The enpincering aspects of crosion control are preimoarvily concerned wilh
changing slope characteristics so that velocity of runoff is reduced. For example,
the length of slope may be controlled by the spacing of lerraces across the

slope. The effeclt of degree of slope on the concentration of runoflf may also be
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controlled by terracing. The cutting aclion of concentrated waler in terrace
-channels, gullies, or drainage ways may be controlled by a combination of suit-
able engineering struclures and vegetalive prolection. In addition, contour farm-
ing and strip cropping changes slope characteristics. Contour larming seeks to
make each row of a particular crop to serve as a minimum terrace to decrease
the rate of water movement from a cultivated field. Strip cropping functions as a
means Lo reduce the length of slope for tilled crops.

Some of the measures widely used for soil and waler conservation with

their objectives are described/reviewed below:

TERRACING

Terraces are a number of platforms or wide steps across the slope of the
hills made by cutting earth at regular intervals. These are mechanical barriers
that break the slope length and reduce the degree of slope.

The major effect of terraces on the control of erosion is to cut down the
length of the watershed and to conduct the waler off the field at a low velocity.
Reducing the velocity of the water in the tlerrace clmnnel- causes a deposition of
a large portion of the silt load in the channel. Consequently, only a small part of
the soil that is eroded between terraces leaves the fieid in the water that causes
the erosion. It has been experienced that when terracing is combined with good
agronomic practices, crosion can be decreased to a minimum.

The spacing of terraces to control erosion is determined primarily by the
slope of the land. Terrace spacing should vary with the ability of the soil to
absorb water and transmit it through the profile. If the infiltration c;npuuil._v of a
soil is twice that of another soil of comparable slope conditions, a wider spacing
of terraces on the former than on the latter should not cause increasced runolf
losses.

The key to the successful functioning of a system of lerraces is Lhe ter-

race outlet as delailed in Fig.2.6. Since terracing concenlriates water in Lhe




channels, the outlets must handle Lhis concentrated Tlow as il is discharged down
the slope. This means that outlets must be completely stabilized to prevent gully
crosion. The ease and cconomy of stabilization depend considerably upon the
properties of the soil over which concentrated water must flow. The major diffi-
culties in obtaining suitable outlets are found in connection with the terracing of
moderately sloping soils that have a high silt content and soils that possess
heavy clay subsoils.

Many silty soils do not contain sufficient clay to cause much cohesion
between particles. Such soils erode easily under the current action of concentral-
ed water. They present a difficult problem in the construction and mainlenance of
good terrace outlets. Since the soil has little cohesion, binding power can be
provided through the roots ol suitable grasscs.

The type of terraces detailed in Fig.2.7 commonly suited to the North
Eastern Region, bccause of its high rainfall. Tt is "Bench Terracing’ with inward
as well as length-wise (when feasible) slope. The other type of Lerracing which
can be utilized for raising tree crops on hill slopes is the Half Moon Terracing.

Farmers in the hilly areas have to underlake farming in hill slopes and Lhe
common practice in the N.E. Region is to cultivate along the slopes. This leads (o
erosion of top soil which is most essential for crop growth, removes the soil
nutrition with erosion and lead ultimately to low production. In such cullivation
there is no scope for improved cultivation practices and use ol irrigation water.
It also finally disturbs the soil and water balance in the arca.

Terraces in hilly region normally should be made in gentle slopes (upto

33%). llowever, terraces on higher slopes may be made with reduced batter of
risers, Typical sections for making terraces are shown in Fig.2.8 and Fig.2.9. The
following have been suggested in making terrvaces:
(a) The first step is to decide the vertical interval. The interval should
normally be around 1 to 1.25 meters.

(b) To mark the contours in the interval and start with the ridgc.
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(c) To cut the lower most terrace first. This procedure has an advantage
that the top soil of the upper terrace can he spread on the lower one so
that all terraces except the top-most one will not lose the produclive top
soil.

(d)To continue cutting and making terraces upwards,

(e)The terraces should be sloping inward with 2-1% grades. Lower grades
are preferable. Longitudinal grades, if given, should range between 0.5 to
0.8%.

(fJThe terraces should be normally be about 2 meters wide. Table 2.1 gives
the verti®al interval and width of terraces Jfor
hills with different slopes.

Table 2.1

Approximate Terrace Width on Rill Slopes
Slope Common Vertical Intervals
(percent)

1 meter 1.25 meters

10 9.5 11.5
15 6.0 T8
20 4.4 5.5
25 J.5 4.2
30 2.9 3.5
35 ‘2.2 2.9

(g)Risers may be given 1:1 batter slope which will be gradually reduced to
1/2:1. The risers normally should be slanting upwards. They may be straight
il they are properly protected from soil loss by stones etc.

(h)The risers can sustain grass cover as a source of [odder.

(i)It is preferable to have a shoulder bund at the edge of the tlerrace to
ensure stability of the lerraces. The bund may be around 15-25 cm., In
height.

(j)Terraces are usually made from the top. Although it is little less expen-
sive, .vet it will not ensure prevention of the top soil. I terraces are made
from below (specially when the area is small) the top soil of the upper
terrace can be spread in the lower one while culling.

(k)For making half-moon terraces earth from the slope is cul to make a flat
bottom with a half moon or semi circular curve $n the riser. Such hall moon
terraces are made at distances in which the lrees are to be planted. While
weeding, application of fertilizer and irrigation etc. can be done easily avoid-
ing soil erosion, the unnecessary cost of making bench (lerraces are saved
when onlyv trees are lo be planted on the hill slopes.

Proper maintenance of the terraces is essential and special care needs to
be taken in the first two vears. The following steps should be taken lor the

purpose:




(a)Tillage operations should be done starting from the outer edge and con-
tinuing parallel to 1t inwards.

(b)Pot-holes, breaches and cleavages need to be repaired immediately.

CONTOUR FARMING

Contour farming is the practice of performing [iceld operations, such as
ploughing, planting, cultivation and harvesting approximately on the contour. The
small ridges and plant stems in the contoured row hold water and thus prevent
run-off. The ridges are mostl effective in row crops, but the water holding of the
ridges supplemented by plant stems, makes contouring valuable for small grains

also.

STRIP CROPPING

It is the practice of growing allernate strips of close-growing and inter-
tilled crops in the same field. In fact, it is not a single practice but a combina-
tion of several good farming practices, particularly crop rotations, contour farm-
ing and cover cropping, and may also include conservation tillage operations, and
stubble mulching. When strip cropping is combined with contour tillage or terrac-
ing, it effectively divides the length of the slope, checks the velocily of run-off,
filters oul soil from the run-off water and facilitates absorption of rain. It is
cspecially clfective when inter tilled crops are interspersed with sod type crops.
Strip cropping is also more effective in controlling erosion in areas of moderate
to low rainfall intensities.  The three genceral Lypes ol sirip cropping shown in
Fig.2.10 are:

i. Conlour Strip_Cropping in which crops are arranged in strips or bands
on Lhe conlours at right angles to the natural slopes of Lhe land. Generally the

sirips are cropped in a definile rotational sequence. Where the slopes ol a [licld

are more or less uniform, contour stripping is generally pracliced,
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ii. Field Stlrip_Cropping which consisls of strips of uniform width running
generally across the general slope and the praclice is recommended only in areas
where the topopraphy s too ivrepular o undulatiog.

iii. Buffer Strip Cropping_ which gonsists of strips of some grass or legume
crop laid out between contour strips of crops in the regular rotation. They may
be even or irregular in width and can be placed on critical slope areas of the

field.

CONSERVATION TILLAGE

Stubble-mulch farming is a protective covering for the soil which would
control runoff and erosion. In other words, since the lalling raindrop is the
precursor of water erosion, then a mulch on the surface of the soil should pro-
vide the necessary protection. The major problem consisted of being able to
obtain a mulch while preparing the land for the planting of crops. This problem
can be solved by using a duckfoot type of cultivator that stirs the soil under
the trash blanket without turning under the organic matter serving as Lhe mulch.

' It has received greal empha-

This practice has been termed "subsurface tillage.'
sis throughout the country as a soil and moisture conversation measure.

Tillage is the mechanical manipulation of the soil to provide soil conditlions
suited to the growth of crops, the control of weeds, and for the maintenance of
infiltration capacity and areation. Traditionally tillage has consisted of cutting
loose, granulating, and inverting the plouth furrow slice, thus turning under Lhe
residues. While the essential basis for tillage is the preparation of a scedbed, the
role of tillage has become more importanlt as a waler conscervation measure. The
conservation tillage operalion can be classified into following classes:

(i) _Mulch tillage : Mulch tillage or stubble mulching is a crop and soil
management practice that utilizes the residual mulches of the preceding crop by

leaving a large percentage of this vegetation residue on or neiu the surlace of

the ground. Tillage that leaves the surface of the soil cloddy and mulched with




crop residues is oan cffective accompanying measure with strip-cropping o mini-
mize soil erosion and to conserve moisture, It is one .of the most elfective meas-
ures to conserve soil and moisture on land that is in fallow and to protect small
grain and row crop land during periods of sced bed preparation for a succeeding
crop. In extremely heavy mulches, particularly when Lhey are perennial, or when
soil moisture is relatively high, it is sometimes necessary to particularly invert or
cut up the crop residue.

(ii) Listing and Ridge Planting : Listing or ridging are lerms used Lo

describe the formation of alternate furrows and ridges on the land. When it is
done on contours it helps in conserving soil and water. When small dams are
created at intervals in furrows it is known as basin listing or tlied ridging. In
low rainfall areas in which a large percent of the annual rainfall comes in short
intense storms, and in regions where gently sloping fields permit the use of
contouring alone as soil and waler conservation praclice, tillage is [requently

carried out with listers.

MECHANICAL PROTECTION WORKS

Mechanical protection works are to supplement good agronomic or cultural
practices and should not be viewed as a substitute for them. They are usually
permanent structures of earth or masonry. or a combination of both, which have
to be constructed either by hand labour or machinery lo protect the soil [rom
crosion by water and also to conserve water. These include interception, diver-
sion or storm channels or drains and terraces of various kinds, walerways for
drainage and water disposal, gully control structures, and dams. Design and
construction of these practices to acceptable standards are esscential il Lhey arc
Lo Le effective and require minimum maintenance.

The main purpose of the diversion type channel is to protect lower lying
land from erosion by intercepling run-off flowing down into a main drainage

channel or waterway Level lerraces intercepl and arrest run-off and thus




encourage Lthe water Lo soak into the soil safely to a protected drainage way. In
addition, most terrace waler are designed to reduce the eflfective length of the
slope of the land, thus reducing the hazard of crosion by run-off.

Surplus waler from diversion channels or lerraces is usually disposcd of
by surface drainage to main drainage channels or walerwavs planted with sod
forming grasses. Gully control structures usually take the form of small dams
constructed of rock, masonry, brush or wood which reduce Lhe velocity of the
water conserving and [low control structures which are usced Lo sltore water for
irrigation, for watering livestock or domestic consumption.

With most land which is cultivated on slopes, no malter what soil conserva-
tion measures may be applied, all effort in this direcltion can be ruined by run-
off water flowing -.down the hill or catchment above, entering the cultivated area
and scouring out rills or gullies, washing away crops, or breaking down lerraces.
An interception or diversion channel outside and above the cullivated area is the
best remedy in this sitl.;ation and is in lact absolulely essential. Tn many cases
this may be the only mechanical structure necessary in addition to good agronom-
ic and lillage practices. It is surprising how oflen this simple, cheap and effec-
tive practice is overlooked.

Olher water harvesting by engineering praclices are:

1.Silt Lraps,
2.Check dams, and
3.Bunds and terraces.

Silt Traps: These are built of stones across the beds of intermitted
streams. The size of silt trap structure varies cnormously. In order to assess Lhe
adequacy of silt traps one must consider two aspects, @ [first, its cost and sceond,
its effectivencess in harvesting runolf. Tew sill Lrap-struclures are shown in
Fig.2.11.

Check Dams: Check dams of varying design are construcled for the purposce

of stabilizing the grade and harvesting runofl water from larpe catchments, even
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under arid conditions. Check dams are made of locally available materials like
brush, poles, woven wire, loose rock and plants or slabs. Temporary check dams
constructed across the bed of a gully have lwo uses : (1) to collect enough
vegelation and (2) to check channel erosion until sulficient stabilizing vegetalion
can be established. Few temporary check dams are shown in Fig.2.12, Fig.2.13 and
Fig.2.14.

The lifc of temporary check dams depends on the quality of the materials
and efliciency of construction; but under ordinary conditions, they should last
from 3 to 8 years. The check dams normally used in small calchments are Woven-
Wire Dams, Bush Dams, Loose Rock Dams and Plank_or_Slab_Dams.

Bunding is by far the most effective and widely practised field measure for
water harvesting. IL is Lhe placing of small earthen dams across local streams to
collect the rain water. The reservoirs so formed are called tanks. Tanks are
usually shallow and the stored waler covers a large avea which means a relative-

ly large evaporation.

2.4.2 Runofl Harvesting, Storage and Recycling :

Harvesting of runoff at a micro level lor storage and reeyeling is neces-
sary and possible for better utilizalion of rainfall. control of erosion and provid-
ing some essential and life-saving irrigations to the crop during the dry spells
in the monsovon season and also for growing a second crop in rabi scason in
many regions of the country (ranging from the humid areas of Dehradun to the
arid and scemi-arid regions).

Small ponds and tanks arce esscolially micro rescivoirs lor storing the
excess runoff watler during the intense storm periods. They arc subjected Lo
some seepage and evaporation lossces. But Lhese should be controlled Lo some
extenl. In the ponds conslructed in alluvial soils (Agra and Vasad region), heavy
scepage losses have beens observed, On the other hand, seepage losses from

dugoul ponds in black clay soils at Bellarv, in general are neeligible. Seepape
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control techniques for farm ponds arc still in experimental stages. However, al
present, in comparison with the cost of waler resources development by large
reservoirs or by minor irrigation works, the cost of lining (he small farm ponds
with bricks and cement and cement concrete appears (o be justified, particularly

in areas where there is no other source of irrigation water.

2.4.3 Agronomic Practices :

Agronomic practices involve the planning and management of crops and
crop sequences to provide maximum plant cover, lillage praclices that will give
optimum absorption of rainfall, and the use of residues to assure the best possi-
ble protection from raindrop impact. Vegetation managemenl can alter waler
budget of watershed by modifying the. hydrologic processes involved therein. The
very concept that different vegetation covers have different evapotranspiration
requirement, is used for vegetation management approach.

Vegetation management practices have significant potential to increase or
decrease water yield from walersheds. However, the results reporled so [ar have
been mainly of studies conducted in small watersheds which may not be applica-
ble for big catchments.

2.4.4 Minimum Tillage :

It is known, that the intensive tillage of tropical soil leads to rapid Dbreak
down of soil struclure , more rapid decomposition of organic matlers and loss of
moisture. Therefore, the less the soil is tilled consistent wilh satisfaclory crop
husbandry the better. In this sense minimum tillage means Lhe least tillage neces-
sary Lo produce the crop. Minimum tillage prepares a scedbed-=rootbed Lhat has a
minimum of compaction and a maximum infiltration rate.  Minimum Llillage leaves
the soil more receeptlive for rainfall absorption and more resistant o detachment
and Lransportation of soil particles.

Tndigenous peoples of Alfrica and Asia have praclised minimum tillage for a

very long time primarily to save labour within the range of facilities and lools




available to them. For example in Africa. in the Sevannah zones il is common
praclice Lo dig holes with a hoe one pace apart and plant maize sced in each
hole, without any other form of seed bed preparation. If there is grass in be-

tween the holes it is left untouched, or may be lightly slashed.

2.4.5 Artiflicial Recharge of Ground Water :

In ares of declining trends of ground water, the artificial recharge of
ground water is of greal use in waler harvesting. Ground waler recharge in-
volves augmenting the natural movement of surface watler .i”L” underground
formations by .some method of construction by spreading of water, or by artifi-
cially changing natural condilions as shown in TFig.2.15 and Fig.2.16. Varielies of
methods are adopted for it viz. water spreading, recharge through pit & wells,
induced recharge from surface waler bodies elc.

Conslruction by percolation tanks is a technique usclul for arid and semi
arid regions in hard rock area. Low rainfall bell in Western India, which receives
monsoon rains only during the four months in a year, forms a Lypical area in
which percolation tanks are constructed for water conservation. Rainfall in most
of this region is between 300-700 mm. Geology, soils and sile scleclion are much
more critical for spreading infiltration recharge system needs following aspecls Lo
consider:

~Surface soil must be sufficiently permeable Lo maintain high inliltration

rate.

-Vadose zone must be permeable and free from clay layers or other line
materials that .would restrict downward flow of water.

—Aquifer must be unconiined, permeable and Lhick

2.4.6 Rain Waler Harvesting for Drinking Water :
Rool water harvesling is common in arcas having high rainfall intensily
well distributed in the year . Himalavan areas, North Eastern Stales, Andaman

Nicobar, Lakshadwecep, Rajasthan and Southern parts of Kerala and Tamil Nadu.
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Rainwater harvesting is being increasingly followed for meeling the drink-
ing water needs of rural areas paiticularly during the periods ol droughl. These
are many methods available [or harvesting ol rainwaler. The melhod is site spe-
cific. Following sleps are commonly followed in rainwalter harvesting rom  roofs
(Fig.2.17):

1. Collection of rainwater,

£

Separation of first rain flush,
3. Filtration of rainwater,
4. Storage ol rainwater, and
5. Distribution of water.

Before supplying for human consumption the raw watcer from the pond
should be filtered through a sand lilter and kept in a PVC tank connecled to a
hand pump for withdrawal. In spite of certain limitations rainwaler harvesting
will be beneficial for providing drinking water Lo human beings as well as Lo

cattles in areas lacking alternalive sources.

2.4.7 Ravines :

Ravine areas which occupy nearly 4 million heclors reguipe inlensive soil
conservalion measures. The ravines (gullies) are classified as shallow, medium and
decep ones on the basis of gully depth, bed width and the area. The ravine
reclamation research work has shown that small gullies {<3m dcep) can be re-
claimed by clearing, minor levelling and construction of a series of contour bunds
at a vertical interval of aboul 0.9 m. Pipe outlets or grasses ramps are Lo be
provided for draining the excess runoff water, il any, from the treated arca. Al
the end of the small gully system, a composile check dam is provided as a pro-
lective measures against any loss of soil. The expenditure is recoverable in 7-8
vears by Ltaking up profitable crops like lobacco ar horticultural plantations and
simultancously  providing irrigation watcer. Incidentally, the ravine Luds are in

alluvial regions where good quality ground water is also available.
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Rain water collection through roofs.




The deep gullies, which occur in the 1owe-r reaches having wide beds are
easily accessible for reclamation as agriculture lands. These are, therefore, uti-
lized as woodlands by adopting appropriate afforestation techniques with suitable
tree species and constructing gully plugs in the bed of the main and branch
gullies. Gully heads and sides are stabilized by planning grass species like
Dichanthium annulatum. Gully plugging (with the hedges, brushwood earthen and
composite ones) is done in the gully beds for conserving the soil moisture, con-
trolling the soil loss and providing better growing conditions for the natural as

well as planted grasses and foresl species.

2.4.8 Walershed Management Approach

By definition, watershed management approach is an inlensive one and may
sometimes appears to the traditionalists to be initially expensive (in relative
sensc) over the other methods. Economic evalualion of the watershed approach
was conducted at Central Soil and Water Conservation Research and Training
Institute, Dehardun, and its utility was proved beyond doubt.

The following components must receive attention in any watershed manage-
ment project :

(1) Soil conservation measures-moisture retention, safe disposal of runoff,
various mechanical measures.

(2) Storage and recycling of runoff-ponds and storage reservations and
conveyance.

(3) Improvement of fuel-fodder production including horticulture and
changes in land-use, if necessary.

(4) Optimal land-use and cropping systems including mid-scason corrections
and appropriate cultivation methods. —

(5) Groundwater recharge and development.

(6) Water managemen!t including drainage (if necessary), lining of water
courses, proper field layouts, land leveling and crop saving irrigation
methods.

(7) Development of liveslock, poultry and other associaled aclivilics.

The deterioration of natural resources in an area can be conlained and the




total resources properly developed only by adopting the watershed approach. The
basic unit of development is a watershed, which is a manageable hydrological
unit. In this approach, development is not conflined just to agricultural lands
alone, but covers the area, starting from the highest point of the area (ridge
line) to the outlet of the natural stream. This will involve implementation of amel-
iorative measures on barren hill slopes, marginal lands, privalely owned agricul-
tural lands and badly cut nallas and river courses.

Microwatersheds Systems operate on the same basic principle as other

forms of land alteration where runoff from a collector area is concentrated, re-
tained and infiltrated within a small ridged plot. In the case of microwatersheds,
the collector area and infiltration plot serve only one individual tree or a very
limited number of plants. The collector area of microwatersheds is devised to
maximize runoff while infiltration is encouraged in the basin immmediately sur-
rounding the plant. Mulch is frequently used to decrease evaporation.

Development components : of watershed development approach are very

crucial. These include :

1.0rganization: Land-use questions can only be tackled in close collabora-
tion with the owners and naturally, local people will have to be organized in the
development. To promote such an interaction, the size of the watershed should
not be too large or too small. It could be between 300-500 ha and a cluster of
several (say 10) such watershed could be managed by a single organizational
unit.

The organization, which is to implement these projects, should be capable
of integrating extension, inputs and markelting. The ideal solution will be to
creale a walershed development agency at the unit level, which has all the
powers Lo plan, organize and implement the entire project. Allernatively, Lhe
watershed authority, could be the powerful organization to plan a project, allo-
cate funds (o the line agency, who in turn, will execute the projects subject Lo

the scruliny by the watershed authority. Since no project can be successful




without peoples' participation, the watershed development agency could incorpo-
rale sclected representalives of the local people.  Simultancously, watershed
development agencies should be created at dislrict, state and central levels also.
Regular and syslemalic training of the workers involved in these agencies must
also be taken care of, so thal Lhe trained personnel are able to discharge their
duties elfectively.

The National Watershed Development Project for Rainfed Areas, (NWDPRA) is
a major Lhrust program which was lunched by the Department of Agriculture and
Cooperation (DOAC) of the Ministry of Agriculture and Cooperation (MOAC) of the
Government of India during the period of the eight plan (1992-1997). The program
operates in 2,500 small (500-1000 ha) pilot watersheds around the country for
over 3.9 million ha of the nation’s 148 million ha of rainfed lands. Walersheds
having less Lhan 30 percenl of their area under irrigation arc delined as rainfed
watfrshcds.

The ullimate objective of the NWDPRA is to develop the natural resource
base, sustain ils productivity, improve the standard ol living ol millions of poor
farmers and lapdless labourers and work towards the restoralion ol the ccological
balance. The strategy ol the program is primarily based on the (win concepts of
integrated walershed management through peoples' participation' and sustainable
farming systems developmenl. The program began operations in 1991-92 with a
total budgel of Rs. 1338.64 crores(MOAC, 1992)(36).

In the following paragraphs a possible modificd larmers' organization
nelwork model, based on previous experience of FAO rural development programs
(FAO, 19934, 1994) and Lhe MEKM(Mitra Krishak Mandal comprising ol aboul 5 clect-
ed or_sclected friendly farmers from each of Lhe different villages inoa small
walershed) experience of the NWDIPRA is presented(36),

One of the first efforts on entry into the watcershed alter the [aomers are
motivaled, should be on the Tormation of Tarmers’ groups. These groups should

be as homogencous as possible, A small group size not exceeding 1S Tamilics, will
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create more vibrancy and dynamism. The farmers’ groups could be buill around
fast cash income generaling multiple activities. The selection of these activities
could include a caleleria of choices as has already been done by the NWDPRA
program. Each farmers’ group could have two elecled group leaders: a women and
a man. All these elected women and men zroup leaders (WGL and MGL) could form
the memberships of the [riendly farmers' committees in a village or village MKM
(VMKM) within a given small watershed. Five elected farmers from these farmers’
group leaders could form a village MKM Board(VMKMB) of a particular village in
the small watershed. It could include three women and lwo men group leaders
From small/marginal and landless farmers only including the Gopals. No innovative
or so called enlightened Tarmer should bLe included in the village MKM. The
women/men group leaders from each of the villages in the small walershed would
also form the membership of the MKM of the small watershed itsell which would
then elect the small Watershed MKM Board (WMKMB)., The WMKME would be Lhe
[armers' organizalion responsible for the NWDPRA, program in a walershed. The
model js shown in Fig.2.18.

2.Cosling and Tinance: Each walershed of about 300-400 ha could be

completed at an overall cost of 8-10 lakhs (at the present cosl) in a period of
aboul 3-4 years. Without financial inputs, in the form of subsidies or oulright
grants, Lhe programme cannot make headway because ol Lhe relatively low eco-
nomic levels of the people for whom this development is envisaped. Apart [rom
this, walershed development involves community aclivities like conslructing  soil
and waler conservalion struclures, slorage ponds, conveyance systems and aflor-
estation of village common lands, Tndividual inpuls in such aclivities are novmally
ruled oul, and hence the need lor institutional financing.
J.Constraints _to Soil Conservalion Programs: The question arises as to why
soil conservalion is not move widely applicd ¥ Why so much land s being wasted
in spite of millions of people sulferving (rom hunger 7 Why: conscervation programs

appear o be so dilficult to implement ? The answer is that conservation necds
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Legend:

IFG= Farmers' Group

WGL= Woman Group Leader

MGL = Man Group Leader

VMKM = Village Friendly Farmers’ Conumiltee
VMKMB = Village Friendly Farmers' Board
WMKMDB = Watershed Friendly Farmets® Board

Fig. 2.18 : Proposed farmers’ organization network model for NWDPRA.




and require a general policy by which soil conservation becomes an integral part
of wider land-use and receives support within a social and economic environment
which is conducive to the maintenance and improvement of the soil resources.
d4.Correct _Appraisal of Soil Conservation Benefits : Tt should first of all be
realized (hat any change imposed on the use of land will produce effecls on its
produclive capacity eilher in a posilive or a negalive sense. These possible ef-
fects must be forecast and if some are likely to. cause degradation, systems of
management have to be designed to overcome deterioration. If such measures are
too costly or too complex to bLe sustained at the farmers' level, it will be neces-
sary to select an allernative, betler adjusted Torm of land-use. Increasing agri-
cultural production should aim not only at sustaining higher levels of useful
biological produclivity butl also at ensuring thal the system is stable. This prin-
ciple should be applied particularly when forest lands are cleared for cultivation,
when grassland areas are lurned into aerable land, when uumoculLures are Lo
replace multiple cropping, when paramountl agriculture is planned to replace
multiple cropping, when permanent agriculture is planned Lo replace shifting
cultivation and when irrigation or mechanization are being introduced. Conserva-
ton redquirements should, therclore, lie at the hasis of land-usce planning  deci-
sions. One of the reasons, Lhat much of the land is still waste, is because this
general principle is ignored and {hat short-terms solulions are oflen piven prior-

ily. over long-term imperatives,

S.Planuning for Soil Conservation _at _the Farm lLevel: A soil conscrvation plan

is a blueprint for measures needed Lo control erosion. 1L should be prepared in
consullation with, and with the co-operation of the individual or groups of indi-
viduals involved in the decision making process, hecause il iy they who will have
Lo implement the plan.

In the developing countries particulacly in the large arcas ol land under
shifting cullivation, the majority of the Tarms are small, scatlered or Trapgmented

and under various forms of ownership, tenancy or usufructory piyhis, Therelore




under these conditions it is not practligal lo prepare conscervation plans for cach
individual Faom. Eneh area which may consist ol several Tarnes, or proup ol such
areas under cultivation must be considered as one land management unit for
planning purpose. Political and administrative boundaries should not necessarily
coincide with calchment boundaries, but they have to be considered in selection
of areas for planning in accordance with soil, climate, topography and land use.
Planning process should therefore start afler decision has been made as to
which catchment or catchments are in need of lreatment in order lo raise agricul-

tural production. The first step is to systematically collect as much available

information as possible about Lhe area - soils, topography, rainfall - amount,
distribulion and intensity - drainage syslems, stream flow, present land use,

ccological and social conditions, and so on. The gathering of all this information
will need Uime, money and personnel and this means selecting priorities on infor-
malion needed wilhin resources available. It should not take too long Lo find out
why soil erosion is' laking place, and to lry to introduce some of the most obvi-
ous remedial measures immediately while more detailed information is being  col-
lected. For example - is run-ofl water from slopes above rushing through culti-
vated lands 2 1 so can the run-off be diverted and disposed of safely oulside
the cultivated aren 7 Are the farmers carrying oul obvious malpractice such as
burning crop residues or cultivating and planting crops in rows up and down
the slope ? IT so steps should be taken for immediale correction. If wind erosion
is Lhe problem what are the possibilities of planting wind breaks 2 Are some of
the farmers already successfully using indigenous soil conserving systems of
cultivation which could be extended on a wider scale, such as pit systems, mound
systems, Lrash bunds, mixed cropping, grass or bush fallows, ladder terracing or
bench terracing ? These and many olher gquestions and possible answers should
come lo mind afler the inital field reconnaissance survey by Lhe planmner. The
success of any plan will depend on the confidence of the soil conservalionist

and/or extension workers. This confidence can only be huill up by promoling




continuous dialogue and discussion among themselves and with the extension
works. and by practical demonstration. The mosLt convincing  Jdemonstrations are
those which are carried out on the farmers' lands using the resources which
they have. Demonstrations gn experimental Farms and rescarch stations are seldom
s0 convincing because the farmers may imagine, somelimes correctly, that the
methods and systems demonstraled are beyond their understanding and availalble
resources around them.

After sufficient data has been gathered the plan should be finalized in
consultation with the individual or individuals responsible for implemlementing the
plan. WheWhen agreement is reached on the soil conservalion practices to be
applied, these should be shown on Lhe plan map. Quantitics, cost estimales and
appropriate designs should be included as part of the plan. A time-table for
implementation should also be included, During implementation of the plan, careful
supervision must be given to installation of structures. In addition it is essential
lo keep all parties involved fully informed as (o the purpnsvs.:{ml resulls Lo be
expected, While the plan is being applicd to the land the resulls must be moni-
tored to see il the plan is meeting its objeclives.

Important watershed characleristics & dala required for planning scientific
land use is furnished in Appendix-I. Broad guidelines for preparation of watler-
shed management project Mth_;s_p_e_(_:i{i_r_qf_gryn_cg_ltLN_Iil_I___Ru;_',iun are furnished in

Appendix-11.




3.0 STUDY AREA — N.E. HILLY REGION(NEHR) :

3.1 Geographical Situation :

N.E.H. Region lies between 21051'-29930’ N latitude and 8892'-97925' E longi-
tude. It is almost bottled up between Bhutan and Tibet in the north, Burma in
the east and Bangladesh in the south and west. The region comprises States of
Assam, Manipur, Meghalaya, Nagaland, Sikkim, Tripura and Union territories of
Arunachal Pradesh and Mizoram. Land utilization pattern of the NEH Region(31)
has been detailed in Appendix—Ill and the most profitable Croppinyg System in
NEH Region(31) has been detailed in Appendix—IV.

Over period of time cropland, pasture and forests have decreased as land
is being diverted to non agricultural and other uses. Urban land, roads etc. have
increased. Over time, land in agriculture may change froin one use to another,
that is, cropland may change to pasture and other pasture may change to crop-
land. For urban land and developed land to change back to agriculture is not
likely. One of the leading causes of farmland ioss is poorly planned suburban
development. Efforts to reduce this type of use have not been successful. Fig.3.1

shows the various agro-climatic zones of NEH Region.

3.2 Physiography:
The region can be divided into three physiographic divisions:
1.Meghalaya plateau covering 65% land area.
2.North-Eastern Hills & Basin covering 22% of land area
3.Brahmaputra valley covering 13% of land area
The topography of the region is mountainous except Assam valley. The
altitude varies from about 50 to over 7300 meters from mean sea level. The
change in the topography and altitude is very rapid in Sikkim and Arunachal

Pradesh, Nagaland, Manipur, Mizoram, Ttipura (Jampui hills), some parts of Lohil
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and Tirap, Cachar and Haflong. Its change is less rapid in Garo, Khasi, Jaintia
and Mikir hills. Major part of Tripura valley is interspersed with small isolated
hillocks called tilla. The Assam valley, through which the Brahmaputra and its

tributaries flow has only a gentle slope from north-east to west.

3.3 Climate :

The climate of the region varies from sub-tropical to temperate. Monsoon is
the principal rainy season of the region and accounts for almost 65 per cent of
the total rainfall. The amount of seasonal rainfall varies from 1000 mm to 2000 mm.
The maximum of over 4000 mm occurs at Cherrapunji plateau (with Mawsynram 16
km from Cherrapunji itself recording over 11,406 mm) and in some places of
Arunachal Pradesh. The linphal-Lumbding region receives the minimum rainfall
(<800 mm). The variability of rainfall during the monsoon season is less than 20
and 15 per cent in Assam and the extreme north-east part of the region, respec-
tively. During the winter season, the average rainfall exceeds 50 mm and it varies
from 300 to 800 mm in the summer season. Temperature ranges from o9 in the
Himalayan range to 3500 in some parts of Tripura.

General rainfall pattern in NEH Region is shown in Fig.3.2.

3.4 Vegetation :

The dominant tree species are Artocarpus chaplasha, Michelia champaca,
Ficus elastic, Mesua ferrea, Alstonea scholaris, etc. There is a thick bamboo
growth, the common species being Dendrocalamus and Hamiltonii. The thick under-
growth is composed of canes, climbers and evergreen bushes. The pine forest is
mainly composed of Pinus khasya and is mostly encountered at altitudes of 800-
2000 meters.

Forests of North Eastern Region can be broadly classified(13) based on

altitude ranges as:

(i)Tropical _& Sub-Tropical: comprising mainly evergreen & semi-evergreen,
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moist & dry deciduous, grass land, pine and mixed forests met within altitude
range from plains to around 1800 m.

(ii)Temperate: forests occupy an altitude range from around 1100 m-2500 m
at Shillong plateau, Naga hills, Mizoram, Arunachal Pradesh, parts of NC hills.
Major tree species are Acer, Rhododendron, Betula, Michelia and Magnolia. The
trees in ihe temperate forests have number of saprophytic plants such as or-
chids, ferns and mosses while the harbaceous species are found underneath.

(iii)Alpine Type: Such vegetations are confihed to very high altitude
beyond 3000 m at Arunachal and parts of Manipur. Trees such as Abhjes species,
Juniper sp. and Berberis are common. As the altitude increases beyond 4500 m
the trees are replaced by hardy, perennial herbiceous plants belonging to the
species of Primula, Rheum, Arenaria, Saxifraga and Sedum etc.

Based on 1982 figures area under forest in North Eastern Region has been

reported(13) as under:

State Forest Area Forest Area
ih_000 Hect. in_per_cent
Arunachal 51.56 61.7
Assam 28.5 36.4
Manipur 15.2 67.8
Meghalaya 08.2 38.9
Mizoram 07.1 58.0
Nagaland 02.9 17.4
Tripura 06.0 57.4
Total 119.5 49.0

Fig.3.3 shows the percentage change of forest cover from 1991 to 1993 and
coverage of good forest area-1990 for NEHR ig -detailed in Appendix-V as reported

by NEC in its publication ‘Basic Statistics for North Eastern Region, 1995.

3.5 Soils of North Eastern Region :
3.5.1 General :

Different type of soils such as red loamy, laterite, red and yellow, recent
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alluvium, calcareous alluvium, old alluvium and brown hill soils have been found
in this region (Fig.3.4). Landscape configuration has given rise to various types
of soil catenas characterized by weathered Ultisols. Oxisols have been identified
around Byrnihat (Meghalaya), Konaban and Harishnagar (Tripua) on hill slopes.
Oxisols occur in Naga hills bordering Assam. Alfisols have been reported to occur
at Kombong and Tadiu (Arunachal Pradesh), Nongsdor and Barapani (Meghalaya),
Richu Kola (Sikkim) and Inceptisols at Kombong and Tadiu (Arunachal Pradesh),
Berdepa (Tripura) Boyendoba (Garo hills), Kohima, Wokha, Mokokchung and Mon
areas in Nagaland. In sub-temperate region, Spodosols occur in Phek, Zunhebota
and Mon areas of Nagaland and parts of northern Sikkim and Arunachal Pradesh.
Entisols are found in the entire valley of Assam, Manipur and narrow valleys in
the hills of N.E.H. Region,

3.5.2 Physical Properties :

The hill soils display wider variation in the mechanical composition. Textural
classes vary from sandy loam to clay loam. Old ailluvium scils of Brahmaputra
valley are sandy loam to clay in texture, while the new alluvium soils are mostly
sandy, silty loam or clay loam. The valley soils of Manipur are clay loam to clay
in texture. The narrow valley soils of Meghalaya and Tripura contain less amount
of clay and richer in organic carbon than their upland counterparts. The texture
of soils in rice fields, orchards and potato fields of Nagaland are loam to clay.
The percentage of clay varies from 10 to 31 per cent.

3.5.3 Chemical Properties :

The soils of entire region are acidic in nature. The pH of old alluvium soils
ranges from 4.5-5.0. pH of the soils close to Brahmapulra ranges from 6.0 to 7.0,
while it varies from 5.0 to 6.0 in the soils of old flood plains. The soils of high
altitudes are more acidic than the low elevations. Fifty per cent of Sikkim soils
are having pH 5.0 or below, about 45 per cent between 5 to 6, lhe rest 6 or
above.

Acidity in these soils is attributed to the presence of aluminum ion on the
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clay complex. Base saturation of soils of Meghalaya and Arunachal Pradesh varied
from 30.8 to 84.6 and 23.6 to 80.3 per cent respectively. Soils of citrus belt of
north Cachar hills has shown low base saturation (average 22.9 %). The combined
electric conductivity (CEC) of the soils of the hills region varies from 8.8 to 27.9,
9.6 to 22.4, 5.6 to 20.0, 7.2 to 20.0, 7.2 to 29.2, 6.6 to 23.2 and 2.2 to 42.3
meq/100g soil in Sikkim, Mizoram, Tripura, Manipur, Meghalaya, Arunachal Pradesh
and Nagaland, respectively. It bears positive relationship with silt, clay and
organic carbon contents of soils. The CEC in the soils of Barak valley, northern
and southern bank of Brahmaputra, recent flood plain and flood plain varies from
7.9 to 14.2, 6.2 to 10.8, 6.3 to 9.9 and 3.0 to 12.5 meq/100g soil, respectively. The
soils exhibited high fixaticn capacity for water scluble phosphate. lllite and Kaoli-
nite are dominant clay minerals in soils of the region.

3.5.4 Land Capability Classifications :

The standard norms of land capability classification, developed in the
U.S.A., may require some modification for the hills of the North Eastern Region
because of the fact that the climatic conditions are different in this region.
Because of high rainfall and soil type, vege:ation establish themselves much
quicker in this region. For this reason 5 land capability classifications have been
tried out in the North Eastern Region(31). These are,

Class A-l: 0 to 5 per cent slopes suitable for cultivation without special soil
conservation “measures.

Class A-Ill : 6 to 50 per cent slopes suitable for cultivation with special soil
conservation measures.

Class B-l: 51 to 100 per cent slopes shallow soils (>1.75 meters) suitable for
pastures and fodder.

Class B-1i 51 to 100 per cent slopes, having more than 1.75 meters suitable
for orchards, cash crops and plantation crops.

Class C : Above 100 per cent slopes, suitable for forests.
Aforesaid classification appears to be logical since farmers are cultivating

the soils with 100 per cent slopes in Garo hills (Meghalaya). Terraces were made

with 100 per cent slopes in Sikkim, Kohima (Nagaland) and some parts of Manipur




for rice cultivation.

The suggestion for bench terracing upto 33 per cent slopes, 33 to 50 per
cent for horticulture, agro-forestry and agro-horticulture, 50 to 100 per cent
slopes for forestry including farm forestry and above 100 per cent slopes for
preservation of forest needs further modification.

National Bureau of soil Survey and Land Use Planning and Government of
Arunachal Pradesh surveyed limited area (194ha) in Meghalaya (Barapani), Richu
Kola watershed (3000ha) in Sikkim (east District) and Popum Poma watershed (1581
ha) in Arunachal Pradesh (Lower Subansiri). Only about 20 per cent of the area
of Barapani Popum Poma has been classified in land capability classes B-| and the
remaining falls under B-Il and C. Due to abrupt rise of land from the drainage
channel, land capability classes A-l to B-| are very limited. Except for land near
stream bank, the valleys and plateaus, the land is not suitable for permanent -

vegetation and plantation crops.

3.6 Soil And Water Conservation Pr‘oblems in NEH Region:

The quality of land and water is deteriorating due to increasing degrada-
tion brought about by various factors. These include soil erosion due to general
mis-management, over grazing, shifting cultivation, large scale deforestation,
desertification, water logging, salinity & alkalinity, toxic effects, reckless mining
activities and road construction etc. In the North Eastern Region the major cause
of degradation of land is soil erosion. Such soil erosion leads to degradation of
soil physical properties and loss of plant nutrients. Extensive erosion and run off
in the catchment areas lead to siltation of reservoirs, thereby adversely affecting
the irrigation and power potential. Such erosion and run-off are also one of the
causes of floods in the plains and valleys. All these facts of scil arosion directly
affect agricultural production. In addition, it also adversely affects forest pro-
duction, and availability of water both for irrigalion and drinking besides bring-

ing about a disturbance in the soil and water balance.
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There has been gradual reduction of available land masses for agriculture
and allied sectors due to increase in population and developmental needs. Against
this background if there be a continuous degradation of the land mass with
consequent effect on water resources, it will lead to a crisis of enormous magni-
tude. Planning for scientific land and water management, therefore assumes great
significance.

3.6.1 Soil Erosion Problems :

Soil erosion is a serious problem in north-eastern hill region. In early days
i.e. about 9000 years ago when man took up agriculture, he adopted slash and
burn technique for clearing of forest and grew crop over the cleared land.
Under the system only small portion of land remained under cultivation and was
well adapted to low population densities and standard of living. Land normally
remained under 20 to 30 years of fallow. This system of farming known as jhum-
ing still continues in the region. During those days the system must have had
little soil erosion hazard, otherwise, it would have been unstable and would have
died out. With the increase in population more and more area was brought under
cultivation and the period of fallowing also decreased gradually. To day, the jhum
cycle has reduced to 3 to 6 years (Borthakur et. al. 1977). As the system still
continues without any modification, it has become destructive in terms of degra-
dation of resource. Besides, large scale deforestation for timber, fuel and other
commercial uses and construction of roads, etc. are further adding to the problem
of resource degradation.

Drainage of hilly topography is so good that the soil wash is quickly
disposed off to river system and one may not notice unless he specifically looks
into. Blockage of roads/ drainage system due to land slides, deep turbid water
flowing in the streams during monsoon period and disappearance of agricultural
practices in certain pockets due to exposure of rocks are indicative of serious-
ness of soil erosion problem. The situation in the region is almost similar to other

hilly region of the country where area under agriculture is expanding and water




sources are preventing the farming systems which can provide sustained produc-
tion and ecological safeguard.

In N.E.H. Region, soil erosion is caused by rainfall, shifting cultivation,
cultivation of crops along the slope, land slide etc. Annual soil loss estimates of
NEHR in comparison to different regions of India and the problem areas of the
North Eastern Region have been detailed in Appendix-VI. The major factors that
contribute to the extent of soil losses are :

a)The Climate Factor : The major climatic factors that influence runoff and
erosion are rainfall, temperature, solar energy, and wind. Rainfall is the most
important factor. Temperature in the temperate zone exerts its primary influence
through changes in the absorptive properties of the soil for water. In the winter
months, the soil freezes to varying depths, which prevents infiltration. Tempera-
ture determines whether the precipitation will be rain or snow. It also causes
snow-melting to produce runoff, which can TFesult in microchannel erosion on an
unprotected shallow, thawed surface layer. During the remainder of the year,
temperature, as an index of solar energy, plays a significant role in evapotran-
spiration process that regulate the amount of water in the soil at the time of
precipitation. Soil losses from erosion plots correlate with rainfall intensity only
when the effective soil moisture at the time of precipitation is considered as one
of the parameters.

Wind affects the erosion process primarily through the angle and velocity
of impact of raindrops. It also influences evapotranspiration and consequently the
moisture content of the soil. Confining our attention to precipitation as rain, we
find that the amount, intensity, and distribution of the rainfall help to detlermine
the dispersive action of the rain upon the soil, the amount and velocity of run-
off, and the losses due to erosion. A large total rainfall may nhol cause excessive
erosion if the intensity is low. Similarly, an intensive rain of extremely short
duration may not cause much soil loss, because there is nolt enough rainfall to

produce runoff.




b)The Topographic Factor : Slope characteristics are important factors in

determining the amount of runoff and erosion. Erosion is usually not a problem
on extremely flat lands. As soon as the topography becomes slightly rolling,
erosion begins to be serious. The degree and length of the slope are the two
essential features of topography that are concerned in runoff and erosion. The
uniformity of slope is often important in determining the relative ease or difficul-
ty of establishing suitable erosion-control practices.

Of the two characteristics of slope, degree is usually more important than
length from the standpoint of the severity of erosion. Experiments have shown
that on slopes below about 10 percent the amount of erosion approximately dou-
bled as the degree of slope doubled. The effect of length of slope on erosion
varies considerably with the type of soil. Generally speaking, longer slopes have
less runoff than shorter ones. This especially true of permeably soils.

c)The Vegetation Factor: A good vegetative cover, such as a thick sed or a

dense forest, offsets the effects of climate, topography, and soil on erosion. The

major effects of vegetation may be classified into at least four distinct categories:

(i)Interception of rainfall by the vegetative canopy.
(ii)Decrease of velocity of runoff and cutting action of water.

(iii)Root effects in increasing granulation, porosity, & biological activities
associated with vegetative growth and their influence on soil porosity.

(iv)Transpiration of water leading to subsequent drying out of the soil.

Erosion_by Water: The effects of soil properties by water erosion are
manifested in two ways. First, there are those properties thal determine the rate
with which rainfall enters the soil, second, there are these properties that resist
dispersion and erosion during rainfall and runoff. Although these two phases of
the soil factor are definitely related, the former is by far the more important.
e)Shifting Cultivation : Shifting cultivation (jhuming) in the NEH Region, is

in practice since ancient time(7000 B.C.(13). It is hazardous and asscciated with

continued degradation of production base- the scil. It has been estimated that of




the total reporting area of about 2.7 m ha in the hills and forest, 1.8 m ha is
exploited for shifting cultivation and as a result vast area of the region has been
denudated. Soil loss due to shifting cultivation in NEH Region is shown in Fig.3.5.
Recent available information about the extent of shifting cultivation in NEHR are
shown in Fig.3.6 dnd area estimates are detailed in Appendix-V.

Soil erosion on hill having 50 to 60 percent slopes under first year jhum,
second year jhum and bamboo forest has been estimated as 147, 170 and 30
tones/ha. respectively. Putting soil above the dried vegetation in the form of
raised beds along the slope, burning of the covered vegetation and planting of
tuber crops results in soil loss of 50 tones/ha/year. Cultivation of pineapple on
sloppy land causes soil loss to the tune of 24 to 64 tones/ha/year during the
first year of establishment. However, during second year soil loss gets reduced
to 6 tones/ha/year.

The area under forest in the hills have already gone down. With large scale
deforestation in shifting cultivation there occurs undesirable ecological changes.
Further, since the hill tops, particularly the catchment areas, are the source of
water, deforestation in the hills had led to elimination of the sources of water
while increasing the run-off due to consequent inability of Lhe soil to retain the
water. Adverse effects of shifting cultivation on soil erosion, crop production and
elimination of important free species as well as genetic res ces in the region

know no bound. Fig.3.7 outlines(13) these adverse effects.

3.7 Soil & Water Conservation Praclices in NEH Region :

Soil and water conservation practices are considered to be those measures
that provide for the management of water and soil in such a way as to insure
the most effective use of each. These conservation practices involve Lhe soil, the
plant, and the climate, each of which is of utmost importance.

The soil and water conservation work in the North Eastern Region, present-

ly being carried out can be divided into three groups of programs:

el
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The First Group includes various conservation measures such as (a) Erosion
control works to protect existing cultivation lands,(b) Land development works
such as construction of terraces and reclamation of valley land for permanent
cultivation, (c) Contour buinding and gully plugging. To conserve waters in hills,
mechanical or vegetative barriers, knowh as bunds are constructed across the
slope with a aim to divert excess run off during rains to the grassed water ways
and retain eroded soil with bunds. These bunds on steep slopes are constructed
by excavating parabolic channel (0.3 m top and 0.2 m deep) on contour keeping
dug out soil in form of a bund at the lower edge of the channel. These bunds
require care in maintenance during first two years. It is found that vegetative
barriers alone does not serve the purpose on steep slopes. The vertical interval
of these bunds vary from 0.5 m to 5.0 m depending on the land use and soil
depth. (d) Bench Terrace which are the flat beds constructed across the hill -
slope. The space between the two contours are levelled on the principle of cut
and fill. In micro water sheds involving steep slopes, few benches are construct-
ed to produce food crops through intensive cropping. The vertical interval of
such terrace are maintained at 1 m interval, (e) Stream or river banks erosion
control works by corstruction of spurs and rivetment walls,(f) Aforestation works
and (g) Raising of fodder and pasture wherever possible.

The Second Group of work consists of various jhum conlrol schemes being
carried out in the region.

The Third Group consists of various experimental and indigenous methods.

Largely, there appears to be ho conscience on the part of land users about
lhe progressive decline in the production potentiality of the land (mainly hill
slopes) except in few pockets where excellent land and water managenent tech-
niques are beinyg used as discussed in brief helow:

Bench Terracing: Bench terraces are well adopted and successfully used in
the region, where irtigation facilities are available. Excellenl terraced land culli-

vation system is widely practiced in Sikkim and Nagaland. Howaver, the asystem in
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certain pockets particularly where taken up as scheme for jhum control and
irrigation is not available, has not become popular. Almost in all cases, excess
walel disposal and irrigation water application system consists of allowing the
water 1o flow from one terrace to another by way of providing opening in the
ridge bunds. Though, in some cases bench terraces are so hicely built but stabil-
ity is ruined due to lack of proper water disposal system. In most of the cases,
scrapping of vegetation from terrace risers every year with spade is common
which may not be good practice on long term interest. Bench terrace cultivation
with availability of irrigation water particularly in Nagaland, presents excellent
example of using very steep slopes (above 100 %) and even rocky lands where
even small quantity of soil available have been used for making bench terraces.

Contour Bunds : Contour bunds are widely used on slopes where farmers
have tried to develop settled agriculture. Though the main idea of this particular
measure is to convert the slopes into level benches in due course of time but the
purpose is hardly served. Due to lack of maintenance, most of the eroded soil
escapes out and the system leads to heavy loss of soil.

Longitudinal Beds: Small bunds like structures constructed on hill slopes

are used for raising crops. The system locally known as bund method of cultiva-
tion invalves putting of dried vegetation in a form of bund along the slopes,
covering the same with soil (collected from the surroundings), burning of the
covered vegetation and planting of tuber crops. Though, good crop yield is
obtained, the system leads to 40 to"'50 tones/ha of soil loss annually. It has been
observed that as the years pass, the horizontal spacing in between two bunds
goes on increasing due to lack of soil and finally the land is abandoned and even
grasses fail to grow over the land due to exposure of bed rucls,

Half-Moon Terraces: Half -moon terraces are used on slopes for planting of
horticulture crops. It is an excellent measure which provides conducive environ-
mentl for initial establishment of seedings and provides protection against <oil

erosion un slopes,




Bamboo Drip Irrigation System : Water application on slopes for irrigation
of plantation crops poses a serious problem of soil erosion. Tribal farmers in
Muktapur, Jaintia hills dislrict of Mail have evolved indigenous technigues of
bamboo drip irrigation(13). Betel leal crop planted with arecanut is irrigated with
this system in which water trickles/drip drop by drop. Such steep slopes having
boulders and soil mixture under the plantation could not otherwise have been
irrigated so easily. In this system, water from natural streams located at higher
elevation is conveyed with the use of bamboo channels supported on ground
surface by wooden or b;amboo supports, to the site of the plot through gravity
flow and discharges up to 25 liters per minute are easily managed.

Water distribution in the system(Fig.3.8) is done with the use of bamboo
channels, channel supports, water diversion pipes and the bamboo strips. The
whole system enables the distribution of 15 to 25 liters of water per minute
entering the main channel to 10 to 80 drops per minute at the site of water
application without any leakage at any point.

Contour Guide Lines: In contouring, tillage operations are carried out as
nearly as practical on the contour. A guide line is laid out for each plow land,
and the back-furrows or dead-furrows are plowed on these lines. On small fields
of uniform size, several lines may be required to assure that all tillage rows
remain within the usual limits of 1 to 2 ft of fall per 106 ft. Contouring opera-
tions must be laid out carefully if they are to be effective. Contour guide rows,
terraces, and contour strip boundaries establish the pattern and accuracy of all
subsequent éontouring operations. In changing field boundaries for contour
farming, fences should be relocated on contour or moved so as o eliminale odd-

shaped fields that would result in short, variable-length rows, called point rows.

3.8 Review of Remedial Measures :
There are many experimental/demonstration and -field worlks of various
depat tments like ICAR, Barapani, Seil Conservation Deplt, Forest Denlt, Agricul-

ture Deplt(through NWDPRA) and academic/rescarch institutes of the region to




walER DIVERTED FRAOM HILL STREAM
THROUGH BAMBOO CMANMEL

WATER DIYERSION DEVKE MAIM CHANNEL

13 1o 20 lir. per min. "i
s

STAND ,._-v- " ‘(6‘.!

() | CHANNEL suncml w u’ :
FIRST STAGE [S)
125 to 35 Ut min.) lﬁ“’, tf MIGHER LEVATIOM
B0 § sar Ism, 4 i
af® : = s 1823
"“% ¢ — e e
oot
."»‘“ v e, (i ———
L % - s —
) / - “1‘—‘__- * e
S e “ N
"'“'L“J'n v SELCOHO Y STAGE(S)
"“‘w!.,t‘,.m . (0-8 10 1:2 lir. per min |
JE—— ‘.‘f"“ . -l.a?V
=0 e,
THIAD STAGE(S) , N "-nq.,'.,‘- e,
2. £y
(025 1o 04 te per min)  Srmmalizomn 5 At~ |
! s
7 o I
S e
o, e M
et ——can
‘ o—h..‘\’_‘ -4.
8 — w, T

e 2R
FOURTH STAQR (3) CHANMEL AT 3LOPE WITH

(00) 12005 Itr :: pied —_— R, "EOUCIHG 0ROUND CLEARANCE
. / e 4 T e ’ ‘b -'-!.'!ch.,
ea s ‘-, e
= "\P : = s <D A
d N~ ‘vy e ;l-f /
: ool ) - fjp‘ : f
: FIFTH S'lll!(sj(:) ‘-- - __:_t:_-.. ‘ .
? . (10 to A.Drops per rru o . T . Fig.3.9 Layout of Plots And Water Management at Apatani
b WA —_— <
! & NS ] Plateau (Arunanchal Pradesh)
o ot cr\ewuu 10 101 N, - =
- <y ABOYE lhf‘:ﬂnqnu B o
7el} g
LOWER ELEVATION y W —_ - - e
4 . B Vo Sk ST
SAY 25m. ,."_'t‘: D 2 z.!

=
—~~TC F T T o ‘%}

Fig.3.8 Principle of Water Distribution in Bamboo Drip
' Irrigation (Shown in five stages)




evolve suitable remedial measures to the soil & waler conservalion problems. The

works mainly include:

- Land improvement(contour bunding)
Gully control works

Afforestation works

- Grass land development

- Soil conservation engineering works

In most of the cases it lacks integrated approach(due to involvement of
multi-disciplines) and results/conclusions are not readily available.

The ICAR Research complex located at Shillong is also undertaking some
model watershed for control of shifting cultivation and for solution to other soil

& water related problems.

It is worthwhile to mention that in consideration of agricultural, ecological
and socio—economic concern the National Watershed Development iject__fgrfrF{ain;'
fed Areas(NWDPRA) is expanded to create models of suiontific land use through
development of integrated farming systems on the principles of watershed man-
agement in each development Block throughout the states where less than 30%
arable area is under. assured means aof irrigation.

An integrated land use system at Burnihat (Meghalaya) was developed(31)
as a sirategy aiming at the eventual self-sufficiency in foodgrains, feed, fodder
and fuel requirements through mixed farming system and also to restore ecologi-
cal balance, conserve soil and water in situ.

About one third area’of the hill slope towards foot-hills has been terraced
in such a way that the top soil is kept on the surface of terraces. This is feasi-
ble if terracing is started from the foot-hill. The porticn has been assigned to
agriculture wherein rice is grown in the lower terraces while maize, tapioca,
oilseeds and pulses are grown in the upper terraces. Middle third portion of the
hill slope is put under horticulture crops, viz., citrus, pineapple and banana. The
fruit trees are planted in half moon terraces and pineapple on the contour
bunds., The top third portion of the hill slope is utilized for fodder-cum-fuel

plantation (silvi-pastoral), Stylosanthes quyanensis, Stlylosanthes hinata and

=z s




Centrosema puhescens have hean planted as perennial lequmes in hetween The
fodder and fuel trees. The soil losses from silvi-pastoral and horticulture are
arrested in the lower terraces resulting in no soil and run-olf loss from the hill.
Researches on soil and water conservation have been primarily carried out
in the country by the Central Soil and Water Conservation Resources and Train-
ing Institute at Dehradun. Such studies have been undertaken in the Northern
Eastern Region by the ICAR Resources Complex for N.E.H. Region. The research
institute at Dehradun has developed a package of soil and water conservation
measures, which include water harvesting practices, soil and water conservation
practices on agricultural lands, forests and grass lands in watersheds. Such

recommended practices are:

Agriculture lLands:

1. Slopes less than 3 percent.
—Contour cultivation alongwith suitable crop grometry and cultural practices.
2. Slopes ranging between 3 lo 6 percent:

-Contour bunding where soils have favourable infiltration and permeability
rates and with less than 500 mm of annual rainfall. Graded bunds may be
adopted on soils having relatively low infiltration rates and rainfall exceed-
ing 500 mm annually so that adequate surface drainage is provided. In deep
vertisols, conservation ditches can be adopted.

3.Slopes between 6 to 33 percent:

-Where the soils are favourable, contour trenching can be adopted. For
raising crops like potato, etc., bench terracing with suitable vertical inter—
vals may be adopted on steeply sloping lands. The terrace risers are lo be
prolected with suitable vegetative measures or stone

Non-Agricultural Lands:

-These lands often constitute to be a major componenent of almost all the
watersheds in the country, have many limitations such as slopes (greater
than 33 percent), erosion, rockiness, shallowness of soils etc. Such areas are
unsuitable for cultivation of agricultureal crops.




4.0 CONCLUDING REMARKS & RECOMMENDATIONS :

Soil & waler conscrvalion problems in North Eastern Hill Region is largely
associated with intensive human activity related to agriculture and construction
of roads and paths. Occurrence ol geological erosion due to typical terrain is
quite prominent. Though, therec are limited scientific evidences to _s:huw the extent
vet general consciousness prevails about the seriousness of soil erosion problem
in the region.

Washing of fertile top soil and exposure of rocks due to soil wash as a
result of shifting cultivation around habitats with intense human aclivities are
occurring everyday. One could easily imagine the change which has occurred
during the last 50 to 100 vears when he looks back to little past. An unimagina-
Vble change has taken place in ecological system and it may nol be exaggeralion
in concluding that resources degradation in the region is in the increasing order.
Where interference is minimal and the arcas arc at very high altitude, one would
see slow and gradual process of soil erosion, exposed rocks on hills and dying of
" lakes. Preliminary studies indicate that soil erosion problems in jhum land is of
mainly splash and wash. As crops are taken in mixture on zero slopes, erosion is
a result of initial intensive human’ aclivity, disturbances due to wceeding., splash
and wash.

In North Eastern Hill region about 50 m.ham of water is [lowifg Wllkte into
the sea without being put .to beneficial use. Unfortunately, no big conservalion
reservoirs have been created in this region except few small dams for power
veneralion. Scienlific walershed management and creation of conservalion slorages
small or big are yel to see its beginning in almost all problem arcas. As. a result
inspite of ils huge waler resources many areas, like even Cherrapunji the weltest
region of the world, suffer from acute shortage of drinking waler during winter.

The engineering approach to soil and water conscrvation problems involves




the physical integration of soil, waler, plants in the design ol a co-ordinated

water managemenl system based upon the best physical information available. It

is important that specialist in the various aspecls of conservation have an appre-
ciation of one another's techniques, as there are few problems that can be solved
wilthin the limits of any one field.

Selection of soil and water conservation mceasures in the hilly areas needs
essentiallv to be viewed in combination with the land use and hydrological beha-
viour ol the area. Research conducted in the region by various organizations

indicated that:

a)Cultivation on steep slopes, though hazardous due to scrious problems,yet
high infiltration is maintained.

b)Once the slopes are converted into beach terraces. the infiltration char-
acteristics of the soil surface changes and reduce with the passage of time.
Such lands mayv yield more runoff as compared to sloppy land. The runoffl
will remain silt free.

c)Mechanical soil and water conservalion measures are active in the hill
slopes. It appears leasible (o use 100 o Jocal resources such as soil. vegela-
tions, manpower for developing suitable soil and water developing suitable
soil and water conservation measures for managément of agricultural land in
the hills, in most of the cases.

d)People's participation in the conservation measures has the direct bearing
on the success of such measures in the long rumn.

Rescarch as carried out in the region, has led to identification of suitable
fodder-cum fuel tress suiled Lo the region, besides development of cropping
piattern with improved verilies, pasture development programs, water harvesling
technology and specific farming systems suited to the siluations. Such advanced
technology need to be introduced in the watershed management projects l'm.‘ soil
and waler conservation,

Departments have arrangements for training their Surveyors and [ield
workers including village level workers in soil and walter conserviation. While the
need for strengthening facilities men and material for such Llraining cannot be
over-emphasized, it is suggested that along with training the visits to successful
Soil & Waler Conscervalion Projects both in the States and oulside the Stlales

should he incorporated with this Lraining programme. This will help Lthe grass

-2 F ST =




root level workers Lo develop proper vision for understanding the field job they
have to perform.

Onc of the deficiencies of the soil and water conservalion programme is Lhe
lack of proper maintenance of svil conservation works. Afler completion of the
projects, the works are handed over to cultivators for maintenance and operation.
Both National Commission on Agricullure and Rastriya Bar Ayog have emphasized
the need for maintenance of Soil Conservation works for some vears by the
implementing agencies. However, in the ullimate analysis, it is Lhe beneliciary
(farmer) who has to own, maintain and operate the works and assets created
through watershed management projects. Probably in no Slate there is specific
arrangement for farmers training in soil and waler conscrvatlion program. It is
essential thal Lraining for farmers in soil and waler conscrvalion in their own
language and simple form should be initiated as early as possible. This informal
Lype of Lraining may be started right from the planning stage and carried on
through the implementation and mainlenance stages. The visit of beneliciaries Lo a
successful soil conservation project both in the State and oulside the Stite
should be an integral part of this lraining so that by sceing themselves Lheyv arc
convinced about the real beneflils of soil and-water conservalion works.

For oplimizing yield in the region, some of the missing links in (he avail-
;1L‘zlle technology suggested by researchers as listed below should be lilled up:

*¥Proper land capability classification system, farming system (or entire

walershed keeping in view (he farmers'requirement for food,fuel and fiber

and cceological balance.,

#HStatus of micro-nulrients in soils and plants.

FiLflect of different cropping svstems on the s0il physico-chemical proper-
Ues and nulrient losses.

#FfTects of tillage, 1rrigation, mulching and green manure on soll-propertics
and so on.

On the basis of works(29) of some of the engincers expoericnced with the
present scenario of NEH Region a lew conceptual tvpes of water harvesting

slruclures wilh illustrations are presentedd below:

— ez~




1.The Check *Dam(conceptual) as shown in Appendix=VII can be constructed at
suitable places in a small river/strean with locallv available materials.

2.The Underground Check Dam shown in Appendix=VIIl has the advantage
(hat it does not interfere with the natural overland flow. The location should
he such that sand/gravel matlerials are available at upstream and it should
he taken (o imperious strata belon. This Increases recharee to the well in
the vicinity.

J.Micro Catchment Waler Harvesting Slructure as per plan shown in Appen-
dix=IX is suitable for semi-arid region. Its dimension depends on rainfall
intensity, catchment area, evaporation and the quantity of water to be
stored as per requirement.

4. Waler Harvesting Tank with Diversion Weir shown in Appendix=X is used
for supplemental irrigation and drinking waler needs and Is suitable for
high rainfall areas which face shortage of water during winter/non-ponsoorn
months.

5.Diversion Arrangement of Water from Higher Elevation as shown in Appein-
dix-XI is made in hills by constructing a small weir & storing (he waler in a
reservoir in the down stream at lower eclevation. The water from the strean
is conveyed from (he weir to the reservoir by gravity during monsooi and
slored for use in the non-mensoon months. This suitable for hilly regions
where rivers are mostly dry during non-monsoon.

6.Rain Waler Harvesting from Roofl as shown in Appendix=XI1T js suitable for

areas with moderate to high rainfall. In the fllustration, a forest rest house
requiring water for 16 persons was lacing shortage of water supply during
four months even though the rainfall was 3000mm(Andamans. which is similar

{o NEH Region in respect of topography and rainfall). The method suggested

would solve the wa';e.r supply problem and there 1s scope for increasing the

capacity [rom 100™Y to 200™.

As an exemplary case, the Cherrapunji area of Meghalaya, the heaviest
rainfall zone of the world suffers from acute shortage of drinking waler in Lhe
winter months. It has been the serious concern of the people and the Government
since long past to underlake suitable soil and waler conservalion measures in
the hill catchments. However, no such comprehensive and sustainable ellort is
visible al site as yetl. It will be only a test of time to concert efforts of all
concerned to mool oul viable projects that would attract the people, encourapge

them Lo participate and enable them to maintain it within Lthe reasonable re-

sources availabilily in lhe area and also give quick reliel to the vexed problem,
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IMPORTANT WATERSHED CHARACTERISTICS - DATA REQUIRED FOR PLANNING

Required for

Parameters and
Indices

Source & means fo
oblain

SI. Characler-

No. Istics

I. Size

2. Shape

3. Rclier

4,  Drainage

5. Geology *

6. Soils

7. Climate

B. Surface
Condilions
and land
use .

9. Ground walter

. Social &

lepal
stalus

Averape precipitation,
runofl and sedimentation
(rate & volume): production
potential; workload and
investment

RunolT & Sedimentation
(rate and volwine);
operational schedules and
conveniences

Runnoll & sedimentation
(rate and volume); treatment
details; surface storage,
operational convenience.

RunolT and sedimentation

-channel treatment, surface

storage, operational
convenience

Scdimentation and runolT,
ground waler, conslruction
malerial, structure lfoundation

Runoll and sedimentation;
treatment delails, produc-
tion polential, proper land
usc, operational convenicnce

RunolT and scdimenlation;
treatment details: proper
land use, production
polential; operational
convenience.

Runoll and sedimentation
ground waler; soil

moisture treatment details,
operational convenicnees.

RunolT; production poten
tial, operational
conveniences, trealment
details

Trentment details, operat-
ional convenicnces, walcr-
shed sullicieney/fdeliciency

in food, fodder & Tuel;
animal amd manpower, nccep-
taace, Tollow up amd
maintenance of proprmmes
cunolt aml eedimentation

Standard area
units

a) Geometric form

b) Shape Index

c) Compactness co-
efTicient

d) Form factor

a) Mean elevation
b) Average slope

¢) Geomorphic units
d) Total reliel

¢) Reliel ratio

a) Drainage pattern
b) Strcam order

c) Drainage density-

a) Type of rocks
b) Stratigraphy

a) Soil scries and soil
phases

b) Morphological, physical.
and chemical propertics

c) Hydrolopic soil groups

d) Soil moisture regime

a) Precipitation
b) Tempcrature
c) Humidity

d) Wind velocity
¢) Sunshine hours

a) Present land use
condition

b) Natural vegetation

c) Canopy percent

d) Hydrologic cover
conditions

e) Existing tanks

) Communications.

a) Walter table contours
or depths
b) Quality of ground

wiler,

n) Manman & animal
population

b) Land holdings and
tenure laws

c) Existing management
level

d) Lamd and waler
e velopment
lepishintion

Topo-maps, actial photos

From map by using
respective formulne or
available regression
equalions.

Topographic, maps,
acrial photos and block
diagrams (using respec-
live formulae).

Topo maps and acrial
Photos using respective
formulae

Geological maps,
reports, field surveys.

Soil survey reports
and maps; ficld surveys

Meterological records,
reports and other
publications

Revenue records, forest
working plans and
reports, topo shects,
actial photos and
ground survcys.

Ground waler survey
reports;
existing wells,

Census reporly,
tevenue records,
districl pazcileers

After Dr.

D.H. Barthakur (13)




GUIDELINES FOR. PREPARATION OF
PROJECTS ON WATERSIHIED

MANAGEMENT :

Watershed Munagement project for specific
arcas will depend on the physiography of the land,
hydrological bchaviour, and the needs of the
people elc. However some of the important aspects
required Lo be considered in developing walershed
muanugement project, in general, are mentioned
here. Guidelines for such projects have also been
issucd by the Government of India on various
occasions and are alrcady available. Ilowever the
diilerent  aspects  discussed  here  take  into
consideration some of the peculiaritics of the
North  Eastern  Region  which need 1o be
considered in developing such projecl.

1. Location and Size:

It is Telt that priority Ter locating watershed
management projects in the North Eastern Region
should be given initially to the areas already
adverscly afTected by shilting cultivation, and
other faulty Jland wuses including  natural
adversities. Although macro-watersheds ol around
1000 ha. or above should be the ideal size [or such
projects yet there is also a ' need for large scale
demonstration at the level of micro-watersheds..

'2. Delineatlon of Watershed :

Delincation of the catchment areas and
compilation ol informaiions  such  as
physiography, slopc-gradient, drainage intensity,
soil depth, soil texture, infiltration rate, soil
moisture  storage  capacily, surface  cover
conditions, existing laind use, soil erodibility and
such other problemms and polentials are necessary
before planning the project.

3. Bench Mark Survey @

Formal for bench mark survey for preparation
of walershed management projects are already
available with the development departments from
the guidclines issuct by the Government of India
and Rescarch Institutes cte. Besides informations
on walershed  characteristics,  various  other
informations  such as irrigation  pofentiality,
existing crop and cropping pattern and farming
systems and practices, socio cct;nurnic constraints,
special problem ol the area, existence of linancing
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agenciesiinstitutions, i keting  Facilities,  lind
vwnership  pattern, available Libour foree per
family cic. are very relevant while making the

bench mark survey.

4. Approach to Project Planning :

After compilation of the required information
and assessment ol the needs of the local people the
approach to the project planning should be made
prelerably involving the community to ensure their
active  participation.  Detailed  planning  Tor
treatment  of  the  land,  water  resourees
development and scientilic land use should then be
preparcd.

5. Markel :

One ol the major  lacuna in improving
agriculture in the region and providing incentive
1o the Farmars is the lack ol post harvest fucilities
and marketing in the region as a whale and in the
rural areas in o pacticulir. Any  programme lor
planned agriculiural  production  and  more
particularly of horticultural produce, including
perishable commodities, will not have the desired
success unless there is an avenue lor disposing ol
the excess production without the lear ol being
spoiled or danvaged Ttis therelore very essential to
plan lor proper marketing facilities, il not already
available or 1o establish such linkages with the
market while plinning  large  seale  watershed
management  project  involving a production
programme. In many cases the assessment of
income from the project and net retuen per Family
per year as indicated in the project plan will have
no significance unless aoreasonable price through o
market is ensured.

6. Awarcness :

Yel another reason for failure of such projects
in the rural arcas und not recelving  proper
participation rom the Firmers ar even for the lack
of proper involvement of the exceuting ollicers, is
the Lick of awareness about the progeamme nnd iis
utility. As such proper planning should be mude
while developing such projects for not only
bringing about ihout the  project
amongest the beneliciary  Larmers but also 1o
ensure their active involvement and participation
from the beginning. As o matter ol fact, the
involvement ol the beneliciaries is essential in the
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planning process of the project itself, Similarly
proper orientation amnd training of the c'Ju‘:culing
personnel is also required.  Provision should
therefore be  made  accordingly  for  such
programme in the project ilsell

7. Inter-Sectoral Co-Ordination :

Adequate inbuill provision and arrangement
should he mads in the project for ensuring inter
departmental co-ordination while exccuting the
project. Otherwise a multi-disciplinary project like
the watershed management project may not
produce the desired result due to lack of active
co-operalion amongst the various departments
involved in the project,

B. Time Frame:

Time Frame of 3 1o 5 years is good cnough for
such walershed management projects.

9. Finance !

Financial involvement in such multi-disciplinary
projects involving land treatment and Jand use ele.
will surcly be higher than other such agricultural
progremmes. 11 is therefore very essentinl to ensure
that there is no duplication of clforts through
dilterent dpartments or through difTerent projects
taken up or already being cintinued in the arca.
There are many projecls including the centrally
assisted  project  such  as  Infegrated  Rural
I)l:vc[oplncnl project (1RDP), National Rural
Employment Programme (NREP), IRTP, Jawahar
Rojpar Yojana, and TRYSEM cte. Many of these
projects have similar objeclives as arc planned in

the walershed development projects. ‘The benelils:

olfcred by such  programme including  the
assistance provided under these programmes in
casn or kind should be taken into account so as lo
avoid duplication as well as to reduce the cost in
the watershed management project. Making use of
such [acilitics am! their incorporation  while
developing the project will reduce the financial
burden of the project while avoiding unnecessary
duplication. The estimates should be prepared
both programme-wise and year-wise to come lo
the total linancial involvement,

10. Monitoring and Evaluation :

Provision should be made in the project for
regular  monitoring  and evaluation and  for
incorporation of mid-operation chanpes as may ne
necessity. This is particularly relevant since such

projects are of multi-disciplinary nature Involving
activitics in various sectors and are planned on a
long lerm basis.

11. Mapsiand Designs @

It would be convenicnt to plan the programmes
efTectively if the detailed topographical map of the
village area is prepared in ndvance. The present
land use details and suitability of the land [or
various uses may be indicated in such maps. Such
maps will aiso help to plan the areas to be handed
over 1o the farmers. This will also help in working
out the technical assistance to be provided lo ench
farmer and to decide the remaining land of the
area which need to be managed with the help of
farmer's society under supervision of the executing
authoritics.

Drawings and designs of all engincering works
contemplated should ne suitably prepared and
included in the project so that renlistic cathmales
can be included based on such drawings and
desings.

12. Technology Component:

1t should be essured that the Iatest and improved
technology as recommended through rescarch and
experience are incorporated in the programme. 17
necessary, development plin for ench fnrmer’s
fand and for the community land mny be prepared
separately. The emphasis with every production
system and land use should be on conservation so
as lo reduce the rale of resources degrndalion,
Quantitative values, for each item planned, need to
be worked out and made a part of the project
report.

Some of the relevant components of technology
that necds to be specially looked into in the North
Eastern Region are indicated below:

i) Scientific treatment of the land as desirable
based on  lucal conditions,  As  nlrendy
indicated il is not always necessary lo lerrace
the entire arca. ‘Terraces, contour bunds or
half moon terrices should be provided far na
desirable. “This is particularly lmportant since
land reclamation and terrnces requlre lots of
money increasing the cost of the project,

i) Water harvesting  utilising  local avnllable
resources  shoudd be included wherever
feasible.

iii) Reliance should be more on Indigenous




vi)

vii) Appropriale

’

materials and resources lo be ulilised in the
project specilically in the rural areas. Such
measures will not only be easier for the farmers
to take carc of but will also reduce the total
cost involved,

Wherever lertaces are macde, toposequences
for cultivation of crops should be followed so
thal crops requiring less water/moisture be put
in the upper terraces while crops requiring
more waler such as rice be cullivated in the
lower lerraccs.

Wherever terraces are made, the terrice risers
should be utilised for growing recommended
perennial fodder prasses and legumes. This
will help in supporting the subsidiary sources
of income from animal hushandry while
protecting the risers from crosion.

Improved tools and implements should  be
provided to the farmers for incicasing the
available cnergy per ha.as well as lo reduce
the drudgery ef work.

improved  varicties ol crops
should be included and steps should be taken
lo ensure supply of inputs in lime.

vil)innovative technology, such as. paddy cum

ix)

fish culture should be encouraged wherever
the land permits such use,

Intercropping should be followed invariably
wherever such cropping system is [easible. For
example. inlercropping of pulses, bean or
sovhean chould be lollowed wherever maize is
grown as the main crop.

In arcas where the supply of waler is not
assurcdd  specilic  technology  for  rainfed
agriculture should be incorporated.

13. Genernl:

The land ownership pattern in the North
Eastern  Region, in many cascs does nol
provide incentives to individual Farmers lor
scicnlific land use. As such allotment of
specific land to individual farmers will help in
bringing about an involvement of the farmers
in development of the area. In consideration of
the very poor economic background of many
of the Farmers particularly in the rural arcas, it

would be desirable to allot the land so that the

farmer utilises the land property for the
putpose for which the same has been alloted.

i)

—

This is particularly important in the initinl
years.

Capability of the Farming familics In terms of
available horsepower or labour lorce should
be kept in view while developing the
propramme.  Otherwise there  many  he
overloading leading to non fulfilment of the
target.

In peneral it would be desirable to include such
crops and larming practices only as are heing
utilised or practiced by the Farmers. Devintion
should only be made when (a) there is n
potentiality for a crop or livestock with an
assured markel nearby, (b) when ncrop con be
introduced additionally in the existing crop
sequence or (c) when a crop deserves to be

introduced for improving the nutritional
status  of the people or such other
situalions.

After Dr, D,N. Barthakur (13)
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Tuble | — Lard unlisation pattern n ¥. E H. Region (Area vn X0 ha

Assam  Arunachal Mampur Meghalaya Nagaland  Trnpura Maicoram  Sikkim Toral

Pradeh
Total geographical area 7844 8374 233 2243 1658 1049 2108 710 26219
Reporting area for land 7842 5550 2380 2243 1099 1048 2102 710 22505
untilisation statstics
Forest 1985 SI4 602 812 286 578 1303 262 10982
Not available for culti- 2453 19 1445 316 28 120 211 154 4846
valion
Other uncultivated land 541 135 24 616 267 100 g1 117 1881
excluding failow land
Fallow Land 177 130 — i e 365 4 442 = 1430
Net area sown 26946 112 140 193 153 248 65 86 3691
Arca sown more than once 743 4Q 100 10 11 134 3 6 1047
Total cropped area 3439 152 230 203 164 380 68 92 4738
Arca available for 498 248 100 416 608 605 ik — 2696

shifting cultivation
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Cropping system in N.E.H. region

State

Zone/situation

‘Cropping system

Assam

\
\
|
Tripura

Mecghalaya

Mnnipur
Sikkim

Flood-free
irrigated arca

Flood-alTected
irrigated arca
Flood-free rainfed
arca

Flood-alTected
rainfed arca

Plain high or
rilla land

Medium highland
(rainfed)

Medium highland
(irngated)

lowlying plain
(rainfed)
Lowlying plain
(irrigated)
Lowlying upland

High altitude upland

High altitude lowland
Valley
Terrace

Rice-rice-musjard
rice-rice-polato

rice-rice-pulses

Rice-mustard, rice-potato,
rice-pulses

Rice-wheat, jute-wheat,
jute-mustard, Ahuy rice-sali rice,
ahu rice-rice, jute-potato, sugar-
canc

Ahu rice-wheal, jute-wheat

ahu rice-mustard, jute-mustard,
ahu rice-pulses

Auws rice-groundnut/soyabean,
sugarcanc-baishakhi green

gram or scsamum-groundnut-

pulse, jutecowpea, jute-
fugarcane, sesamum/maize.
groundnut

Aus rice-mustard/cowpea,
jute-mustard/cowpea,
seasamum-musturd

[cowpea, rice-wheat,
sugarcane, rice-groundnut
Rice-rice-potato/wheat/cole
vegetables/mustard/pulses, jute-
rice-pulses, rice-
cauliflower/potato-vegetables,
baishakhi green gram/cowpea
(vegetable) —rice<ole
vegelables/potato/wheat, rice-
wheat

Rice-rice-gram/wheat,

Rice-Rice, rice-aman rice-
boro rice, rice-rice-wheal
Rice-rice-rice; rice-rice
Polatocole vegetables/
sweel potalo/rice
Polato-rice
Rice-mustard/wheat/potato
Rice/maize-mustard/wheal
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Shilting cultivation in N.E. Reglon

Suie Annual Area Fellow period Minimum Aiea No. of Familics
nnder shilting tin yems) under shitting practising
cultivation cultivation one shifting
(5. Kms.) time or other cultivation

(Sq. Kms.)

| 2 3 4 5
Arnunachal Fradesh - TK) 3-10 2100 54,000
Assam . 696 2-10 1.192 SR.000
Aanipur & Q0x) 4-7 1.600 70.00
Meghalipva T 330 5-7 2.650 52,290
Mizoram - 630 -4 1.890 S50.000
Nagaland it 190 5-8 1.913 116,046
Tripura .. 2T 5-9 [ A ) 43,000

1860 1d.6600) 4.43.330
(1.5 percent) (5.7 per cent)

Source :~ Bnsic statistica of N.B. Region, NEC, 1993

TABLE-20
| .overaze of Good Forest Area - 1990
(‘Thousand IHectare)
State Geographical Forest Arca Forest Area as % of
Arca legally Actual Forest lepally Bascd on
Notilied Cuoverage Nautiticd Imagery
(1985 - 87 Bascd
onhmagery)
| 2 ] 4 5 O

Arunachal Pradesh R1SY 5154 6876 61.7 82.3
Assam 7852 071 2606 19.1 na2
Manipur 2230 1516 | TKY 018 S0.0
Mephalaya 2200 8s| 1569 178 04).R
Mizorm 2100 1593 1818 75§ K02
Nagaland 1631 N 1436 522 KOLY
Foputa 1008 6OR 511 54) 1) S0).9
Toral 25,305 13,676 16627 5100 0519
Al ndha 18780 75,185 L0y 19 195

Source :- Bmnsic statistics of N.B. Region, NBC, 1993
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| [ Annual Soil Loss Estimates in Different Regions of India
L.and Resource Area Soil Jouss Major
Region (o000 kmz) (t/km*) Land-use
North Himalayan 131.70 287 Forest
Pun jab-llaryana 101.25 330 Agriculture
alluvial plains
Upper Gangelic 200.00 1,440~ Agriculture and
alluvial plains 3,320 wasteland
Lower Gangetic 145.00 287-940 Agriculture/
alluvial plains
Norlh-Eastern 161.00 2,780- Agriculture/
foresl region 4,095 dhifting cultivation
Gujarat alluvial 62.75 240- Agriculture
3,320 plain region (include
ravines)
Red soil region GR. R0 240-2160 Agriculture
Black soil region 67.34 2,370- Agriculture
11,250
Lateritic soils 61.0 3,930 Agriculture

Problem Areas of Soil in N.E. Region (in lakh ha.)

State due to Land Tolal
erosion degradation

Arunachal Pradesh 24 .44 2.10 26.54
Assam 22.17 7.82 29.99
Manipur J.74 3.60 7.34
Mcehalaya 8.37 2.65 11.02
Mizoram 4,21 1.89 G.10
Nagaland 4,05 0.77 4.82
Tripura 1.67 1.12 2.79

Tolal 68.6S 19,95 88.60
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1YPICAL MODEL OF CHECK DAM

USING LOCALLY AVAILABLE RUBBLE

HEIGHT 1.5 TO2M.
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