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ABSTRACT

The present investigation was carried out durin@®6 2012 in Aizawl
district, Mizoram. Aizawl district is one of thegéit districts of Mizoram and lies in
the northern part of Mizoram with a total geographiarea of 3576.31 sq km which
accounts for 16.96% of the total geographical afethe state. It is situated between
23° 18' 17" to 24° 25' 16 " N Latitudes and 92° G3" to 93° 11' 45" E Longitudes.
The main aim of the research was to develop aapaanning for sustainable agro-
horticulture sector in the district using remotesseg and geographic information
system. The main emphasis was on an identificatiopotential areas for wet rice

cultivation and horticulture crops including medai and aromatic plants.

To achieve the objectives of the investigationndead methods of remote
sensing and geographic information system werezetll for the mapping of
various natural resources such as — drainage, sfedr geology, geomorphology,
slope, aspect, altitude, land use land cover anlbs.sthdian Remote Sensing
Satellite (IRS-P6) LISS Ill data with spatial rasimbn of 23.5m with three season

data along with collateral data were used for ttesgnt research.

Pre field interpretation of satellite imagery wamd followed by ground truth
checking. Ground truth information and other aacylldata were incorporated in the

post field work in which different natural resousogere integrated along with socio-
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economic and meteorological data for generatiospzitial planning of sustainable
agro-horticulture development.

Drainage mapping was done from satellite imagerg #&wpo-sheets, and
watershed classification was done according to Whesl Atlas of all India Soil and
Land use Survey Organisation. The drainage systefzawl district as a whole is
elongated in north to south direction showing aatpd, dendritic to sub-dendritic
drainage patterns. There are 11 watersheds, 2Wwatdrsheds, 92 mini-watersheds
and 384 micro watersheds within the district.

The general geology of the district represents anatamous sequence of
argillaceous and arenaceous rocks, which are fikbanto two formations viz.,
Middle Bhuban and Upper Bhuban Formations. The &bions are folded into almost
N — S trending anticlines and synclines and affédig longitudinal, oblique and
transverse faults of varying magnitudes. The foiongt were classified into two
based on lithological assemblage and sedimentargtstes. Five different rock types
were mapped in which Siltstone and Shale occupiggnty of the area covering
63.31% of the total geographical area. The geonwogly consists of three
geomorphic class viz., Structural Hill, Valley Fdihd Flood Plain. Structural hills
constitute the main geomorphic class and domireestudy area. From the geology
and geomorphological classes and topography ofatka, ground water potential
zone are derived into 4 types i.e. very good, gowatjerate and poor. However, more
than half of the area of the district falls undeopzones.

Slope, aspect and altitudinal zones of the area wenerated from Digital

Elevation Model (DEM). Slope is expressed in petaga. Among the nine slope
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facets, 35-50% and 3-10% slopes covers maximumramdium areas constituting
38.33% and 0.08% of the total geographical areaefistrict, respectively. The area
was conveniently divided into 9 aspects. As theéridges mainly run from north to
south in their formation trend, the largest arethéswestern aspect followed by north-
western aspect. Northeast aspect is often considm@st suitable for agriculture
development, establishing orchards, farms and otksidential areas and only
occupies 13.18% of the geographical areas. Thea@ds of the area vary from 100 to
1905m above sea level. The altitude was divideal ¢ntlasses in which 500 — 700m
above mean sea level occupies maximum area cova4idd % of the area.

The major land use/land cover classes within th&tridi were broadly
categorized into settlements, agricultural landre$ts, bamboo forest, forest
plantations, shifting cultivation, and scrublandlamater body. The forest cover type
Is mainly tropical wet evergreen forest mixed ws#mi evergreen and tropical moist
deciduous forests comprising mainly of bamboo. &hier also sub-tropical forest
found at higher altitudes. The vegetation consit® mixture of several species.
Depending on the density of the canopy cover, trests have been divided into
dense/closed, medium dense and less dense. Thim@gk@mests and bamboo forests
cover 40.55% and 16.86% area of the district, retppdy. The aged old practice of
shifting cultivation is still continued and everggr an area of 185.44 sq km was
under shifting cultivation which accounts for 5.19#ihe total area of the district.

Soils of the areas was classified on the basisheifr tphysico-chemical and
morphological properties. The soils identified edery levels are: Entisols, Inceptisols

and Ultisols. The soils were classified upto selea®l and there were 14 soil series.
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These soils are formed under humid tropical wittamannual rainfall of 3155mm.

The pedons comprises of mixed mineralogy and higpertic temperature class. Soill
texture was classified into 7 classes in which ¢t@mm surface occupies maximum
area which is optimum for growing different agricwél and horticultural crops. The
physiographic soil data was further processed andlysed for deriving land

capability classes for a specific usage of the.afé@ maximum area occupied by
‘land capability class’ was Class VI accounting4t6.03%. This shows that fairly

good land on steep to very steep slopes coveredmaaxarea within the district.

Since the main aim of the present research wasejgape spatial planning of
sustainable agro-horticulture development using otem sensing techniques.
Therefore, such an objective can be accomplisheougin development of land,
water, vegetation and other resources of an areasstainable manner so that the
changes proposed to meet the needs of people @rghirabout without diminishing
the potential for future. The natural resources dgnerated by using remote sensing
and GIS with collateral data in GIS domain weregnated to generate database for
spatial planning of sustainable development. Basedhe natural resources of the
area silvi-pasture, sericulture, agro-horticultursilviculture/afforestation and
agriculture (WRC) are therefore planned for sustialie development. In addition to
that, water resources inventory development plah sis minor irrigation tanks, water
harvesting bunds, check dams and farm ponds wars@tl depending upon the sites

and the command areas for irrigation.



Based on observations conducted during the codr@sostudy, it is planned
that agriculture mainly, wet rice cultivation (WR®) be taken up in narrow valleys
with an area of 26.46 sq km, constituting only @6/df the total geographical area.
System of Rice Intensification (SRI) is recommended cultivation in the area.
Silvipasture and sericulture are proposed to bertalp in 120.16 sq km and 204.56
sq km accounting to 3.36% and 5.72% of the tot&aamrespectively. Agro-
horticulture is proposed to be developed in a lapid 50% slope with a minimum of
1 m soil depth and the potential area for the systentified is around 710.97 sq km,
which is 19.88% of the total geographical areavi8ilture/ afforeastation is
proposed to be developed in 398.41 sq km or 11.&4A%e area of the district. The
existing forest and bamboo forests should be cordefor maintaining eco-balance
of the nature and it accounted for 40.55% and 26,8@spectively. The total forest
cover including silviculture/afforestation will b&8.55% of the total geographical

areas, i.e., two-third of the area will be covelbgdorest.

Water resources inventory for sustainable developraee also proposed to be
develop for providing irrigation of crops, pisciawle and for drinking water
purposes. The proposed structures to be develagethiaor irrigation tanks, water
harvesting bunds, check dams and farm ponds anduhers of structures to be
developed are 46, 42, 102 and 57, respectivelysbibiconservation measures, gully
control/ plugging, stream bank protection and r@adke erosion control are also

proposed to be developed in erosion prone areas.



Other allied activities like cultivation of medi@hand aromatic plants, animal
husbandry and veterinary, pisciculture, floricutumfrastructure facilities including
industries and organic farming are also recommendddte district for sustainable
development plan. Considering the soil texturanatic requirements and economic
viability, 10 medicinal and aromatic plants arepgwsed for finding out the potential
area for cultivation in the study area. Five crojzs, Pachauli, Sarpagandha, Greater
Yam, Kalmegh and Geranium are highly suitable fdtivation in Aizawl district.

Since the sustainable development of natural ressus based on maintaining
a fragile balance between productivity functionsl @enservation practices through
monitoring and identification of problem areas, od@ensensing and GIS makes the
task easy. With the developments in satellite teldgy and data availability,
considerable progress has been made towards efedtilization of the available

data for conservation, monitoring and managementaifral resources.
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CHAPTER |

INTRODUCTION

1.1 TheConcept of Sustainable Development:

The concept of sustainable development came imdonimence in 1980 and
evolved itself as one of the mainstream developaigraradigms by late 1980s. In the
process it has undergone numerous changes infitstides and objectives. World
Commission on Environment and Development (WCEL87)3defined sustainable
development as “the development that meets the snesd present without
compromising the ability of the future generatidosmeet their own needs". This
definition include two concepts: (i) the concept wofeeds’, especially the
essential needs of the world’s poor to which ovng priority should be given;
and (ii) the idea of ‘limitations’ imposed by théate of technology and social

organization on the environmental ability to prasamd future needs.

There has been much discussion on the conceptaaitdis issues inextricably
connected with sustainable development. Consequémtre are various points of
view. The definitions of ‘sustainable developmetitgrefore, are many, depending on
the nature of the problem addressed. A review eke¢hdefinitions suggests that
despite of wide acceptance of the concept of smiabdé development, no single
definition is yet available which everybody acceptd hence, ecologists,
conservationists and economists, all have differerws (De Groot, 1987).
Repetto (1990) asserted that “Sustainable develapnd®mes not mean the

preservation of the current stock of natural resesror of any particular mix of



human, physical and natural assets since as dawelop proceeds the
composition of the underlying asset base chandgslDP (1991) in its Human

Development Reports defined sustainable developnasnt‘development that
improves health care, education and social welhpei Such human

development is now recognized as critical to ecocotkevelopment and to early
stabilization of population. It further stated tifaten, women, and children must
be the centre of attention with development wovesuad people and not people
around development” (UNDP, 1991). Goodland and ke@&87) stress that
“using renewable resources in a manner that doé®liminate or degrade them
or otherwise diminish their ‘renewable’ usefulneks future generation as
sustainable development”. Similarly, World Consé¢iva Union (WCU, 1991)

defined sustainable development as “improving tbality of human life while

living within the carrying capacity of supportingcesystems”. This report
focused on sustainable development as a processrireg simultaneous global
progress in a variety of dimensions such as ecoonomiman, environmental and

technological.

Likewise, Barbier (1987) defined sustainable development a®,o0
which is directly concerned with increasing the emal standard of living of
the poor at the grassroots level which could bengtetively measured in terms
of increased food, real income, educational sesjitealth care, sanitation and
water supply, emergency stock of food and cash, eiad only indirectly
concerned with economic growth at the aggregatengonly at national level. In

more specific terms, sustainable development aimgeducing the absolute



poverty of the world’s poor through providing lagjiand secure livelihoods that
minimize resource depletion, environmental degradatcultural disruption and
social instability. Adiseshiah (1989) definition mes closer to this. He wrote
“Sustainable development is development which meleés basic needs of all,
particularly the poor majority for employment, goahergy, water and housing,
and ensures growth of agriculture, manufacturesygroand services to meet
these needs. In that sense sustainable developmenges economics and

environment both in theory and decision making”.

Basically, when we talk of sustainable developméme easiest definition
is that we, the present generation, have inheatedrtain amount of ecology and
environmental surrounding in terms of land, watard air; when we leave it to
the next generation, we should leave it at leagshensame condition, if not in a
better condition than what we inherited (Geethdkramn, 1990). This is the sum
and substance of sustainable development, puttingh ielementary terms”.
Mishra (1993) defined sustainable development agréaeess of change in which
the exploitation of resources, the direction of asiments, the orientation of
technological development, and institutional chargge all in harmony and

enhance both current and future potential to meetdn needs and aspirations".

Ray and Ghosh (1996) have tried to define the ephof sustainable
development in a broader sense, as: a) a procedsaoige that is continuous and
can be sustained in the long-term; b) a procedsdib@s not seriously damage our
physical and geographical environment; and indéed the complex ecological

system for the survival of human beings improves @eteriorates) as a result of



the process of economic change; and c) a processMbuld eventually raise the
standard of living of a community at large not oimythe narrow material sense
but also in the wider sense of literary, andheot cultural activities". According
to Gupta and Gurjar (1993) sustainable developmentthe development of
natural resources to meet the immediate needseoptésent population, without
hampering the requirements of future generationsvald as endangering the
ecology and environment as such i.e., to take adoount the local and global
effects to arrive at an optimal solution for megtithe basic aspirations of the
affected people”. Srivastava (1996) considers sumbée development as
‘environmentally responsible’ and ‘environmentaflyendly’ a development that
takes present and future, long-term and short-teand a development that is
environmentally begin and which focuses on the nieedbetter environmental

stewardship”.

However, one thing is clear that sustainable dgwalent cannot be a static
concept and hence cannot be defined once andlfdt el a dynamic process and
will be applied by different countries in tune witheir own culture, political and
economic perspectives. But unless there is a baga€ement on goals, directions
and means, the concept will prove sterile and thgiress of development will
continue as usual with more tensions among theonagtates and regions and
localities within the nation state (Mishra, 199Recently, it has also been realized
by the scholars and researchers that indigenousledge systems should constitute
the core of development models in the third wotldng and Long, 1992; Hobart,

1993; Dudley, 1993; Brush and Stabinsky, 1996).aBse indigenous knowledge has



permitted its holders to exist in ‘harmony’ with tage, allowing them to use it
sustainably, it is seen as especially pivotal stdssions of sustainable resource use
(Compton, 1989; Flora and Flora, 1989; Ghai andaviy1992; Moock, 1992; Sen,

1992; Inglis,1993; Farooqueset, al, 2004).

Therefore, when we speak of sustainable developme® mean a
development appropriate to the needs of today'segdion, yet without
jeopardizing future generations’ chances of saimgfytheir own needs and
choosing their lifestyle. The demand that this depment be made ‘sustainable’
applies to all countries and to all people. Futgemeration chances of satisfying
their own needs are equally jeopardized by pollutin the Western
industrialized countries and by environmental dedion as a result of under-
development in the third world. In the light of shdiscussion, the concept of
‘sustainable development’ may be conveniently dégd as ‘a pattern of social
and structural economic transformation (developmenhich optimizes the
economic and other social benefits available in ghesent without jeopardizing

the likely potential for similar benefits in thettue’.
1.2. Strategies for Sustainable Development:

The challenges facing present generation are fabled Many countries
have not yet achieved acceptable living standaistlieir people. Economic
growth that improves human welfare is urgently rexkd Protecting the
environment will be an important part of improvinige well- being of people

today, as well as the well- being of their childi@emd grandchildren.



The World Development Report (World Bank, 1992ygested a threefold
strategy for meeting the challenge of sustainaldgetbpment. These are: 1)-
build on the positive links: policies for growthgmote efficient use of resources,
technology transfer, and better- working markets-ofithat can help in finding
solutions to environmental challenges. Rising inesman pay for investments in
environmental improvement. Policies that are effecin reducing poverty will
help reduce population growth and will provide tlesources and knowledge to
enable the poor to take a longer- term view. 2galirthe negative linksising
incomes and technological advances make sustaimkselopment possible, but
they do not guarantee it. Usually, additional incess that capture the true value
of the environment will be required to induce ledamaging behavior. Effective
environmental policies and institutions are essgrdnd 3)- clarify and manage
the uncertain links : many relationships betweermman activity and the
environment remain poorly understood, and thered always be surprises. The
response should be investment in information arsaesch and the adoption of
precautionary measures, such as safe minimum stésdahere uncertainties are

great and there is a potential for irreversible dgmor high costs in the long run.
1.3 Goals of Sustainable Development:

Sustainable development has a fixed set of go#t®agh; approaches and
means to achieve them can differ in various waysrd1(1993) sets following
goals: 1)- basic needs of all human beings, imadf clothing, shelter, education,
health, security, and self- esteem must be met watety. Priority must go to

these needs. Level of these needs will be detemrinyenatural and technological



resources available and the global socio-econonoictext; 2)- development
processes should be so articulated that ecologiaéddnce and environmental
purity is least disturbed, if at all; and 3)- alitrons and people must join hands
to support each other and world with each othecriate a world in which the
above two goals are optimized. Each country shdind ways and means to

promote this interdependence.

In addition, sustainable development also demandkange in our attitude
towards nature. And finally, sustainable developtmiennot the business of the
government and private companies alone. It is theifess of the people in
general. It is a process, which has to be initiatedach level of human endeavor
and life. It involves individuals, families, commities, corporate bodies, nations
and global society. It has to be a movement, bex#@usvolves paradigm change
which is difficult to bring about unless great mamgeople get involves.
Democratization of decision- making and decentedion of power and authority

IS, therefore, a must.
1.4. Sustainable Agriculture Development:

In the overall debate on sustainable developnagmicultural sector is often at
the centre of discussions due to the obvious enmemtal problems associated with
farming activities apart from being the dominanttse in the developing countries
which are in the centre of controversies relatedetwironment and it is now
recognised that sustainable agricultural production only involves identification
and application of improved technologies but alsol@gical and socio-economic

concerns (Global Open University, 2008). Accorditty Food and Agricultural



Organisation (FAO), sustainable agriculture is th@hagement and conservation of
the resource base and the orientation of techrmb@nd institutional changes in
such a manner as to ensure the attainment anchaedtsatisfaction of human needs
for present and future generations. Such sustanddvelopment is environmentally
non-degrading, technically appropriate, economycaifble and socially acceptable
(The Global Open University, 2008).

Therefore, sustainable agriculture is a model @s@homic organisation based
on an equitable and participatory vision of develept which recognises the
environment and natural resources as the foundafiesonomic activity. Agriculture
Is sustainable when it is ecologically sound, ecoically viable, socially just,
culturally appropriate and based on a holistic rddie approach (Global Open
University, 2008). It preserves bio-diversity, ntains soil fertility and water purity,
conserves and improves the chemical, physical aiddical qualities of soil, recycle
natural resources, and conserves energy. Sustaiaghbtulture uses locally-available
renewable resources, appropriate and affordablentdogies, and minimizes the use
of external and purchased inputs (Tandon, 1991grethy increasing local
independence and self sufficiency and insuringuaicgnof stable income for peasants,
family and small farmers and rural communities.sTallows more people to stay on
the land, strengthens rural communities, and iategr humans with their
environment (Farooqueet al, 2004). It also respect the ecological principles
diversity and interdependence and uses the insghtaodern science to improve
rather than displace the traditional wisdom accated over centuries by millions of

farmers around the world.



1.5. Importance of Sustainable Development in Mizoram:

Mizoram is characterized by hilly rugged terraine parallel structural hill
ranges run north to south direction tapering ahbatds with alternating narrow
valleys. The ridges show serrated tops which agélfidissected and separated by
intervening ‘V’ shaped valleys. The hill side slspare steep to very steep and
escarpment are common. Steep hill side slopes tdreed for shifting cultivation
(Colney, 1988). As the name implies, it is a systemnon-settled agricultural
practices. Operationally, shifting cultivation diuinming involves selection of site
followed by slash and burn of the forests and cedpghe land for a year or two
before it is abandoned for replenishment. Due foufadion pressure, the jhum cycle
is shortened which resulted in gradual decreagegaxfuction per unit area. This type
of cultivation is not sustainable now and will Inereasingly so in the future.

Agriculture is the main livelihood and shiftingltuation or Jhumming is the
usual practice. About 70% of the people are praxgfiddhum cultivation (Colney,
1991). It has been notice that there is a drastange in land use caused by shifting
cultivation. This causes deforestation and therehysing serious soil erosion,
denudation, degradation and effect the eco-balaht®e nature. Wild animals which
are abundantly available in the past have retretdethe interior due to wanton
destruction of their habitat. Reports indicatdsatt various species of wildlife,
large and small animals, birds, reptiles etaehbecome rare and gradually will
disappear or even extinct in the long run (NRSA799 Therefore, proper land use
planning for sustainable development is indispeles@bmeet the needs of the present

without hampering the environment for future getiers.



1.6. Remote Sensing and GISfor Sustainable Development:

Applied Remote Sensing and Geographic Informatigste3n (GIS) became
more and more inevitable technology tool contribgitto human’s progress toward
sustainability by support solving environment-rethttasks on local, regional and
global level. Major challenges are the exploitatafrthe research and the global co-
operation, where the application potential bring®a benefits in climate change
research, agriculture, environmental monitoringitagraphy and natural resources
management (Rao, 1996). It helps policy decisioaking to reduce negative
societal-economic impacts and assist to ensuraisable development on the long
run. In order to have spatial planning for sustbi@aagro-horticulture development,
various natural resources viz. soil, land use/cogeology and geomorphology,
drainage, slope, transport network and settlemesits, are to be mapped from
remotely sensed data of Satellite imagery and seoomomic data, demographic data,
meteorological data and other collateral data havee integrated in the Geographic
Information System (GIS) for generation of actiolap The natural resources
information and other collateral data integratethim GIS environment will prescribe
suitable site specific action plan for appropriaied use plan and water management
practices.

1.7. Scope of the Study:

Agriculture is the mainstay of the people of Mizorand more than 60% of
the total population is engaged in Agriculture (&, 2009). The age old practice
of Jhum cultivation is the usual practice. The dliim condition in the state with well

distributed rainfall of 2000mm to 3000mm spreadraight to ten months in the year
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and location in tropic and temperate zone withaasisoil types have contributed to
the occurrence of a wide spectrum of rich and dafiera and fauna. These natural
features and resources also offer opportunitiegfawing a variety of agriculture and
horticultural crops. Rice is the staple food of bMiam and it is grown in the flood
plains of narrow valleys, foot hills and in all tfreum land. Horticulture crops such
as vegetables, spices and other cash crops wemn @® mixed cropping along with
rice in the jhum lands (Colney, 1991). Likewise,imgvto diversified topographic and
climatic conditions of the state, cultivation of di@nal and aromatic plants (MAPS)
can be a profitable option to farmers as a cash icrthe state besides generating self
employment options. Considering the importanceiad cultivation and horticultural
crops in Mizoram, it is imperative to identify bestil and land for improving

production of these crops.

In order to find out the potential areas for susthble agro-horticulture
development, various natural resources viz. lamdlaisd cover, soil resources, slope
categories, drainage, hydro-geomorphology, transpetwork and settlements, etc.
have to be studied using remote sensing technoéwgly geographic information
system. These different natural resources infona@long with meteorological data
and demographic and socio-economic data have tmtbgrated for generation of

sustainable agro-horticulture development (NRSA5)9

Recently, concept of precision farming is much dethaubject to forecast and
identifies potential sites for specific crop cudtiion. Remote Sensing and Geographic
Information System are used as major tools in precifarming. The information on

spatial variability in soil fertility status and ap conditions is a pre-requisite for
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adoption of precision farming (Mishra and Chidanaimay 2005). Space technology
including global positioning system (GPS) and Gi#dk good promise in deriving
information on various data for adopting precisi@nming. Though, it has been
widely practiced in developed countries, the adwpdf precision farming in India is
yet to take a firm ground primarily due to its wmegpattern of land holdings, poor
infrastructure, lack of farmers’ inclination to takrisk, socio-economic and
demographic conditions (Mishra and Chidambaram52Q8owever, the information
acquired through space borne data and geo-refedataeprojected with the help of
Geographic Information System will give the potah@ireas for wet rice cultivation
and horticultural crops of the study areas foranable development. Keeping above

facts in view, present thesis was focused on fafigvobjectives:
1.8. Objectives:

The main aim of the research was to have a spaaining for sustainable
agro-horticulture development in Aizawl district,iadram, with main emphasis on
identification of the potential areas for wet riceltivation and horticulture crops
development. To achieve this main aim, the follaywrbjectives were set forth.

1. To make a survey of the area for identificationlasfid use pattern using
remote sensing techniques.

2. To collect the socio-economic data and meteoro&giata from different
meteorological centers.

3. To generate maps of land use land cover, soil ressugeomorphology,
watershed boundaries, transport network and sedtierntocation using
remote sensing and geographic information systel®8)(G

4. To suggest a model of spatial plan for sustainadoyeo-horticulture

development.
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CHAPTER 11

REVIEW OF LITERATURE

#

2.1 Introduction:

Land is the assemblage of biotic and abiotic congpds: on the earth
surface and it is the crucial properties of thetleaystem. It has very aptly been
described as the nation’s ultimate asset and isJltlmtents and purposes, fixed
in area and inextensible. The study of land use sustainable development is
important not only in agricultural dominated regsobut also throughout the
world because of its relationship with differentnman phenomenon. Moreover,
its significance has increased manifolds duringeregyears due to the scientific
innovations and increased pressure on land. Ip#st, there was enough land to
support the limited population but today populatiexplosion has remarkably
reduced the man-land ratio. Intensive and propex ae land has become

essential due to the increasing pressure of land.

There have been a number of studies on land use sasthinable
development in different parts of the world. Bum, iateresting point to be made
is that the number of studies conducted in theredjions of the world inhabited
by the tribes is lesser than that of the plain wagiA brief survey of the earlier
studies has been attempted in this chapter, whachbe split into two parts. Part
one deals with the land use and second part witldies on sustainable
development. The studies were mainly based on Rei@ensing and Geographic

Information System (GIS) and some of the studieseve®nventional method.
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2.2 Land use

The study of land use in India and abroad have lweeried out by many
workers in order to understand the land and itsradtaristics for suitable and
proper planning of land in future for increasingylmiyield per hectare and total
production. From this point of view many countrieave carried out land use

survey which is discussed as follows.

During the last 40 years numbers of land use stutleeve been made in
various parts of the world. Prof. O.E. Baker exagdirihe problem of land use in
the United States in 1923. Glen Trewartha with pad@se associate broadly
portrayed on a series of maps land utilization iandhuria and J.W. Coulter with
a Korean associate presented a similar study fare&an 1934 (Geographical

Review, 1934).

Stamp (1951) pioneered the land use studies imnaBritHis monumental
work have encouraged and provided guidelines tapggahers all over the world.
In 1930, Stamp established an independent reseangdmnisation called “Land
Utilization Survey of Britain”. The objective of ¢hresearch was to record the
use of every parcel of land in Britain. For thisrpose, intensive fieldwork was
conducted and different land use maps were prep&ech maps were available
in size 18” by 12", quite handy for field work. Aaige number of students from
schools, colleges and universities came forwardate up the land use work.
Almost the whole of Britain was mapped before tlwboeak of the war in 1939.
On the basis of these maps a voluminous bddle-Land of Britain: Its Use and

Misusewas published in the year 1962 (Stamp, 1962). Aosddand use survey
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of England and Wales, on a scale of 1:25000 has beeently undertaken under
the direction of Coleman and Maggs (1961) in additto numerous sheets and

reports.

In the United States also several land use studeéa® been made. The
beginning of land utilization survey in U.S.A. cdre traced back to Baler’s
(1926) published article entitledLand Utilization in the United States:
Geographical Aspect of the Problemin this paper he has depicted the trends in
land utilization and emphasized the need of lanassfication and survey.
Besides this paper, government also encouragedlathé use studies in the
country. Although the programme of land use surwa&s launched in the year
1935, it was properly executed only after 1938. fMNeaone thousand
communities were organised and 1,40,000 individuadéstly laymen, took part
in the work (Hillman, 1957) and studied the lanc uscluding map making and
their analyses. Special attention was laid on kaidarming, size of farms in
each land use area, area to be recommended fostifprevild life, recreation,

settlements and land recovery, etc.

Land use studies in U.S.A., on the other hand, weade with the purpose
not only to select certain areas for proper usealad to train the students for the
method of research in land utilization, to make ikde the knowledge of
advanced method of agriculture, and to arouse esteamong people, land
utilization, food and population problems. Howevd#ris can be remarked that
U.S.A. has not made so remarkable progress inigieé 6f land use survey like

Britain (Kumar, 1986).
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Land Utilization maps of Cyprus (1:2,50,000) haweb prepared under
the direction of Rawson and (1956) in the DepartmanGeography, London
School of Economics. The maps were prepared fronouabl0,000 air
photographs (1:10,000 to 1:13,000) taken in 194@l@vhid, 1958). The land use
maps of Italy are being published representing Krada It is in tune with the
implementation of the decisions taken by the Italldational Research in the
early 1950s to participate in the drawing of a wlomlap of land utilization. As a
result of recommendations made by the CommissiolVonld Land Use Survey
of the International Geographical Union, the Italigelegation to the 1952
International Geographical Congress presented a oraphe scale of 1:2,00,000
dealing with land utilization in Tuscany. The task preparing the series was
entrusted to the Centre of Studies in Economic Gawpigy at the University of
Naples and design scale and other details were edordut by a committee
composed of the leading Italian specialists in @gtural economics and

economic geography (Kish, 1968).

Dziewonsk and Kostrowicki (1956) have conducteddlarse survey in
Poland on the guideline of land use survey donBritain by Stamp. Under the
direction of Kostrowicki (1968), Department of Geaghy, Polish Academy of
Sciences developed a new pattern of land utilimatbmsed on agricultural
typology, agricultural regionalization and planning programming agricultural

development.

While coming to land use studies in various cowsrit should be noted

that very few countries hold significant positiam this respect. Certainly Japan
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has more enthusiasm in this field. The main motngtactor was how to support
a huge population with less cultivated land andréfme land use survey has
been given the highest priority (Stamp, 1964). Medianean countries assessed
the use of land, agricultural efficiency in termf productivity, and changing
cropping patterns, and have established their Hoberelations by calculating

values (Chauhan and Singh, 1972).

Vink (1975) analysed the concepts of land, land, lesed utilization type,
land resources, land evaluation, development andagement of land. Land
resources comprise into two main categories viatural land resources and
artificial land resources. He carried out land us® two broad categories: (a)
Rural land use in its widest sense, including adtize, forestry and game-
cropping as well as wild life conservation and tlevelopment and management
of recreation grounds; and (b) Urban and industidéad use, including cites,

towns, villages, industrial complexes, highways amding activities.

Devis (1976) suggested a framework for understapdiand use in
principle and practice in the context of actualdarse situation and concerns of
both urban and non-urban were addressed. LikewMather (1986) also
analysed the uses and management of land and exjtadd as a resource base
rather than a resource in itself. Land does nonéatly into the conventional
classification of natural resources. Regarding peterns of land use, he
suggested that a direct relationship should exa$tvben land value and location,

land use and land value, and hence, between lamdns its location.
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The research work carried out by Opeyemi (2006Kwara State of Nigeria
demonstrates the ability of GIS and Remote Sensingapturing spatial-temporal
data. Attempt was made to capture the possibifityifberent land use and land cover
classes as they change through time by using memitporal imagery of Landsat

Thematic Mapper with a spatial resolution of 30 engt

Dewan and Yamaguchi (2009) studied and evaluated lse/cover changes
and urban expansion in Greater Dhaka, Bangladestinvelen 1975 and 2003 using
satellite images and socio-economic data. The aisalsevealed that substantial
growth of built-up areas in Greater Dhaka over shely period resulted significant
decrease in the area of water bodies, cultivated), egetation and wetlands.

Hendrick and Copenheaver (2009) studied landscaggetation changes
during the period of 1880—2008 in southern AppakatiMountains, Virginia, USA.
Forest land was the most stable cover type (98%ingiithe assessment period.
Nearly 19% agricultural land converted to fores®%d, 18% residential and
commercial land to forest and about 57% transportatystems converted to forest or

agricultural land according to this study.

Recently, the shrinking glaciers of Kilimanjaro kareceived much attention
as it is one of the few remaining tropical glacierghe world. Torbicket al (2009)
made observations to delineate ice cap fluctuatant land surface phenology on
Kilimanjaro over the past two decades by using dempnting remote sensing data
sets with systematic measurements. Multi-tempditad-scale Landsat imagery (30
m) showed approximately a 70% reduction in ice cage since 1976. High-

frequency (bimonthly) image analysis conducted glanhuman activity—elevation
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ecocline showed that the entire mountain, includivgsubalpine and alpine regions,
has undergone an increase in vegetative signatatidg a “greening up” of
Kilimanjaro over the past two decades. In additiopper elevations of Kilimanjaro
have undergone a temporal shift, or lengtheningrynseason phenology on the order
of one month over the past two decades. The shidty season timing is concordant
with maximum ablation periods. Overall, this stymhpvides insight into land surface

trends at resolutions that are currently lackingilrmanjaro climate change analysis.

Monitoring and assessing karsts rock resulting fd@sertification is important
to local sustainable development in the Karsts rtanrregions of Southwest China.
Huang and Cai (2009) studied the rarsts rock bygushe Normalized Difference
Rock Index (NDRI). The research mapped karsts ustkg supervised classification
of Landsat TM bands 3-5, NDVI, and NDRI. The conmxan of the final results
shows that the combination of NDVI and NDRI hasreafer accuracy than other
methods. It appears to be a reasonable methodapad and efficient estimation of
karsts rock using digital imagery. The NDRI mayoale a useful tool for land use

and land cover mapping.

In addition, Kuwari and Kaiser (2011) analyzed tingpact of gas field
development on landuse/landcover pattern by usmgote sensing and GIS. Image
data obtained through remote sensing were intefrat¢h data collected from
topographic and morphologic maps and field invesibns in order to quantify the
landuse/landcover changes in the area following itifeastructure development
during 1977 to 2008. Land use/land covers were gd@rover time following the

construction of planned developments on the Al i€hemea.
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In India, several geographers have paid attentiordiéferent aspects of
land use studies. However, real work started wheésm§$ visited India and
attended the 2%session of the Indian Science Congress held atultal in the
year 1938. He put impetus on mapping of land wtiizn and suggested that the
model of land utilization survey of England cancalse effectively followed in

India.

Thereafter, during the year 1940, Chatterjee (194ied to organize the
land use survey in India. In his presidential addréefore the Geography and
Geology Section of the Indian Science Congress éiasion, 1940, he pointed
out the necessity of understanding the land useeyuBased on his presentation,
Government of India established a National Comreifie the purpose under the
direction of Chatterjee. He surveyed 800 villagefsWest Bengal and brought
out 11 land use sheets on the scale of 4 inchesl& Prior to this, a scheme was
drawn for preparing land use maps on scale 1:100@0as a part of the National
Atlas Organization. By that time, no systematic danse survey had been
initiated for entire country. Rao (1947) has suggddand use classification on
the lines of soil survey technique while working tand use analysis of the
Godavari region. In addition, Karimi (1949-50) madeudy of land use in
Dinapur Ghusahra village near Patna. Lahiri (198d)died the major land use
types and agricultural problems for four typicallages, near Jasidih. The land
utilization survey of 24 Parganas and Howrah districonducted by Chatterjee
(1952) and survey in Eastern Utter Pradesh conduzyeShafi (1961) have made

a strong plea to carry out the land use survey ¢oetbwith the survey of land
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capability. These studies helped in determininghist utilization of the land in
relation to their intrinsic qualities. Likewise, Afad (1954) has analysed land

use types in relation to physical elements maihbpss.

The study of land utilization of five villages ofaBia district has been
made by Roy (1961). He has studied the physicalditmms, occupational
structure and changes in the general land userpalte comparing the Khasra
records of 1882-1883 and 1955-1956 and has revethledacute pressure of
population on land and suggested the facility afyation to improve agriculture
of the region. Mishra (1964) has studied land uee letter adjustment of
agriculture to the physical environment and optimuexploitation and
conservation of natural resources in Khadar andnesvof the Lower-Middle
Gomati Valley. Likewise, Sinha (1965) intensivelydied the land use of canal
irrigated area of Patna district. Yadav (1965) Isasdied the broad regional
variations in agricultural land use in RajastharhaChan (1966) studied land
utilization of agriculture and discussed the thewwmvering scope, concept,
principles and pattern of land utilization with agve emphasis on land use

policy to promote national plan of economic growth.

However, the credit for making an intensive lané study in India for the
first time goes to Shafi (1966). He mentioned thatd use survey of a vast
country like India is easier to be conducted onlihsis of sampling as it is very
difficult to procure data for all the villages t@ Isurveyed. Later on, Shafi (1972)

proposed various sampling techniques for land wseey in India. He preferred
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purposive sampling over other four types, i.e.,d@n, stratified, cluster and

systematic.

Ahmad and Siddiqui (1967) have studied the crop lpattern in the Luni
basin and identified various crop combinations ahd scheme of regional
classification and recommended the same classidicads the basic framework
for the future micro level studies in agriculturgéography of the area. For
analyzing the crop combinations various other medshwere also applied i.e.,
Sinha (1968) has taken the help of Weaver's andsdNes techniques and;
Tripathi (1968) and Garg (1968) have applied Weaaed DOI's methods. Roy
(1968) made a study in land utilization in Baliatdict and measurement of rural
land use in Azamgarh, middle Ganga valley. Likewiddéandal (1969) has
elaborated the Weaver's method in analysing cromlsoation regions with
special reference to north Bihar. Das (1969) alsmlied about population and

land resources in north Bihar.

Singh and Pandey (1972) have studied variationsmd use classes for
the period 1965-66 to 1969-70 in Saryupar plainargta (1972) discussed the
problems confronting agricultural land use in thendlayan Ravi-Chenab doab.
He has divided the area into ecological sub-regiang tried to investigate the
cropping pattern, etc. and suggested measuresrfprovements in agricultural
land use and cropping pattern and for steppinghepagricultural productivity. In
addition, Biswas (1973) found a significant ecolmjivariations giving rise to
variations in the spatial organization of the larsgt and cropping pattern even in

a village. Das (1973) presented a generalized pectd overall land use pattern
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of Dehradun district and has displayed the effdgbtoysical environment on the
agricultural land use. The study revealed the ckarig area devoted to forests
and it is expected that agricultural land use wilprove with modification and

improvement in constraints imposing restrictions.

Sen (1974) has reviewed in detail all the differenhemes of land use
classification proposed by various organizationsindia and has suggested a
tentative scheme of the land utilization units foe arid zone. The use of aerial
photo interpretation techniques in expediting andreasing the efficiency of
land use mapping was also highlighted. Yadava (1%&% conducted a land use
survey in Zamina tehsil (Ghazipur district) andated the land utilization with
various natural and manmade factors. Chouridulg4)%nalysed rural land use
and nutrition levels in Bhandara district, suggdstbe bridging of food gap

through aquaculture.

Chatterjee and Jana (1975) have selected five gaHa surrounding
Tarakewsar in Uttarakhand for land use survey amdl Imapping. They pointed
out that though area is intensively cultivated ggrihigh yields per unit area, yet
comprehensive area development programmes are ciéeduture improvement
of agriculture. Singh (1975) has attempted a stofdyural land resources use at
meso-regional level covering Baraut block of Meedigtrict. He has analysed
the mutual relationship among different componeaitand use by making use of
a statistical model, i.e., coefficient of corretati(r) and found a direct, very high

relationship between irrigated area and area cr@ppere than once. Chouridule

23



(1975) has referred to various studies relatingutal land use, land use planning

and mapping of land use that have been undertakérdia.

A statistical relationship was observed betweenl lage and settlements in
the districts of Bhojpur and Rohtas, Bihar (Roy/&®R Similarly, Prasad (1976)
in his study on land use pattern in west Champaliatrict found an increase in
net sown area by 25% with the increase in poputati®ingh (1977) studied the
land use efficiency of Shahganj tehsil and ideadfi5 land use efficiency
categories based on rank-coefficient correlatiodewrnfour different sets of
socio-economic variables. Moreover, Gupta, 197&sRdet al, 1978; Shinde
and Patwar, 1978; and Das, 1979 have also studied lise pattern in various

parts of the country.

Banerjee (1979) studied recent changes in the lesed pattern of India
and has shown that agricultural area of the coumbay record a marginal
increase by 10 to 15 million hectares in the next fyears. Although, with little
scope for any radical change in the land use patbérthe country in the near
future. Accordingly, the emphasis should be givantbe production of high

value crops like wheat, groundnut etc. in the croggattern.

A noticeable work by Sharma and Sharma (1980) ard laapability
classification of Padrauna block, Deoria distriot W.P. and Khan (1980) on
distributional pattern of land use in the Ganga Yam doab suggested an
optimum use of the land sustainably. Likewise, (h@80) studied the problems
of land utilization in the Kosi basin and Sharm&®&Q) has emphasized the

influence of market factor on agricultural land usieh reference to Sagar city.
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Raghavaswamy and Vidyanadhan (1980) have also matktailed study on the
land use pattern of Visakhapatnam and its envirarimvath the help of serial

photographs.

The changing patterns of crop-land use in Aligaibktritt have been
worked out by Weaver's and DOI's methods (Singh &vdse, 1981). Mandal
(1982) has completed a commendable work on lantizatiion in which he
highlights the basic concepts and methods of lasel-studies with special
reference to factors, principles, approaches oflystlland-use models, carrying
capacity of the land, land-use classification, agjtural efficiency, remote
sensing and airphoto interpretation, land consewaind resource measurement,
land reforms, agricultural regions and land-usenpiag. Hence, this study has an
added significance of spatial analysis for bettewelopment and economic

progress.

A strategy for optimal use of land in U.P. Himalagad the changing
pattern of crop-land use in eastern Uttar Pradeshgua statistical method was
carried out by Jalal (1982) and Khan (1982), retipely. Mitra and Roy (1982)
have made a study on the changing pattern of aguwral land use at Rangli-
Rangliot region in Darjeeling district of West BealgA close relationship has
been established among farm size, irrigation andnigsity of land use in Indian

agriculture (Sharma and Chadha, 1982).

For appropriate land use planning, Mishra (1983)ehgiven emphasis on
ecological considerations. However, the holistiewiof land classification and

its impact on environment, as presented by Kostckinl1983) is yet to be tested
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in India. Saxenaet al. (1984) with the help of visual interpretation of idsat
imagery studied available ground-water data witlbssquent field work. A
rational land use plan of the basin has been clkatk# on the basis of the sail,
land and water potentials of the area. Anotherulsadntribution on the land use
study was made by Kumar (1986). He has attemptegabttray and analyze the
land use patterns of an important area based &b liand study of 12 sample
villages readily selected from 12 development bkoak district Nalanda in
Bihar. In his work a purposive random sample methad been applied. He also
identified a number of problems, some of which eartd defective agricultural
practices and lack of consolidation of holdingsuteag in misuse of land and

therefore, has made useful suggestions for basierf land.

Taragiet al. (1989-90) have studied inter and intra-regionéfedences in
the pattern of land use in the Kumaon Himalaya whphysical factors are
prominent. Three typical distinctive locations, vizalley, slope and upland,
have been taken into account for the comparisolarmd use characteristics. It is
found that the valley area is best suitable fori@dtural activities especially for
cultivation. Singh (1989-90) examined the productocapabilities of land use of
the various size of land holding in Uttar Pradegsamar (1995) presented a new
approach to land use planning called organisati@mallysis and observed that
focus is shifted from development plan and develepircontrol mechanisms to

the elements of the planning function.

Vaidya (1997) in his case study of the YashodarbasiWardha district in

Maharastra presented an analysis of physical armdo-ssxonomic variables,
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which impinge on the land use and cropping systdmdis study he identified
the relationship between selected land use varsadhael environmental variables
by quantitative techniques, namely, correlationfioent, multiple regression
and factor analysis and examined the role of thesebles in the agricultural

land use pattern in the study area.

The North-eastern region of India, characterizedrdnyged terrain is still
lacking information on various aspects of naturdaurces including land use
study. The study of the changing pattern of lané us a village of Kamrup
district of Assam, called Deharkuchi by Sarma (1&®7@0s perhaps the first
publication of its kind in the whole region follodéy another attempt of Sarma
(1970b). Kar (1972) made an attempt to analyse gbeegraphy of Nagaland
based on the study of 4 villages around Kohima.a@Geattention has been given
to agriculture especially ojnhum and terrace cultivation. Noticing the dearth of
any geographical investigation in rural land useNiagaland, even such a brief
geographical note may be of great aid to geograpteeunderstand the prevailing

agricultural land use.

The work of Das (1976) adequately reflected theceon of the scholars
on the problems associated with land use of noat eegion. Sukla (1976) have
assessed the land use pattern of Arunachal Prddeshe first time. A detailed
study on general and agricultural land use in tgesof Assam was attempted by
Das (1982, 1984). Singh (1980) made a micro-studlyudan places and
identified the various categories of land use inll&hg, Meghlaya. He also

attempted to highlight some basic problems in tightl of the work done by

27



social scientists in India and abroad. The studyctaded with the identification

of problems of urban land use and made suggestmrsound land use planning.

Subsequently, Raat al. (1981) have established a correlation betwedn hil
slopes, land use and soil erosion around Shilldas (1982) has analysed the
agricultural land use and cropping pattern in Assaimerein he has given greater
emphasis on increasing the productivity of cropg an multiple crop-ping of the
existing farmlands in the coming decade. The puaion- Land Use Pattern in
North-East Inda, edited by Dutta (1986) has a remarkable signifeea The book
contains seventeen papers related various issiesthe problems and prospects
of development of land use pattern and its alligdbautes, human resources and

use of land in north-eastern India, land use ustigting cultivation, etc.

Das and Dutta (1986) described land use pattethdrstates of north-east
India. Based on secondary data, they identifiedousr land use problems in
different parts of the region. Goswami (1988) haseg an analytical account of
the land utilization and its economic implicatioasad has also suggested the
planning for land use should be prepared in thetexdnof the increase of
population in future, their need for education anddical facilities, roads and
transport services, requirement of food grains Barman (1989) has portrayed
the land use pattern in Assam in an attempt taregg the rise and fall in the
land-area devoted to different classes of landarsk their possible causes for a
period of 1969-1970 and 1982-1983. Wherein, in vidvwthe increasing demand

for various agricultural, forestry and livestockogucts, a rational land-use
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planning is urgently needed so that each piecevailable land is put to its best

use.

Konwar (1990) has analysed the land utilization amapping practices in
the West Khasi hills district of Meghalaya, one thle most vulnerable hill
ecologies of the north eastern region. Singh (19949 assessed the land use
patterns in Meghalaya state and found that thee d&td use is being directly
influenced by various physical characteristics ahd. Besides, at micro areal
processes, the social traditions and economic fadike increasing demands for
agricultural products and production prices alsayplsignificant roles in
determining the land use characteristics. Sarmah Bora (1995) have studied
the impact on the pattern of land utilization ire tbhaleswari basin of north-east
India. Considering the slope zones and their respetand use component, they
attempt to make a suggested land use model forepramnagement of land
resources in the basin. Similarly, Singh (1995)éhavade an attempt to examine
the emerging general land use patterns of the Maghglateau by considering
the ‘community development block’ as an aerial uioit showing its regional
disparities. From the land use classification themynd that the relief features and
slope are the main determinants of land use patemerging in the Meghalaya

state.

Bandopadhyaya (1987) has studied the land relatomsland use pattern
in Mizoram and found that land use pattern is mamportant than availability.
Subsequently, Mizoram Remote Sensing Applicatiomtf& (MIRSAC, 1990)

studied land use land cover of Aizawl district (unded) using remote sensing
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technology. They classified as built up land, agitweral land, forest, wasteland,
water bodies and jhum land. Apart from these, a lmemof well-organised and
useful works on land use in north east region &njah (1981), Singh (1982),
Chattraj (1984), Bhagabati (1985) and Das and D889) are worth mentioning

in this connection.

National Remote sensing Centre (NRSA, 2011) prepdrand Use Land
Cover Atlas of India’ based on multitemporal satelldata of 2005 — 06, in
which land use land cover of Mizoram is classifi@sl built up, water bodies,
wetlands, wastelands, grass/grazing land, forest agricultural lands. The
statistics of each category is shown in districkevilt is an important database
and shows the potential of Indian Remote Sensirgli8a series in deriving the
requisite spatial information.

Vora (2011) attempted to apply remote sensing ah8 Bchniques for
generation of development plans for the watershead an consonance with the
production potential and limitations of terrain oesces and for assessing of the
impact of the measures undertaken before theiremphtation in the field. An
integrated use of remote sensing and GIS for deweémt of watershed and for
evolution of its hydrologic response, to variousmmdause and management
changes was also displayed. The spatial analystheohatic information, which
can be derived from remote sensing helps in thesassent of development plans
before they are implemented.

A study was undertaken by Singh (2012) in Mohan ®Ratershed, located in

two states of Uttarkhand and Utter Pradesh to peepa inventory of the present land
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use/land cover of the area using satellite dataadadd use map for land use planning
from satellite data, interpreted physiography aondssand terrain information, by
following a land evaluation approach through GISiemment. The results indicated
the immense potential of multispectral satellitmote sensing and GIS for effectively
monitoring regional changes in land use/land cowesr a period of time and for

preparing a suggested optimum land use map fordaaglanning.

2.3 Sustainable Development:

The increasing sacking of the non-renewable ressyrcoupled with
skewed distribution of income and wealth, assodiateth the present style of
development being pursued by both developed anceldping countries is
causing a serious concern to the humankind. Sosgantists, scientists and
policy makers have of late started wondering whethe type of development
that is being pursued at present can last. Begghmuith the publication of
Brundtland Commission's Report on development amdrenment in the late
eighties, there has been a sustained debate imadhdemic and administrative
guarters on the need for sustainable developmemicolingly, enormous
literature is available now regarding conceptstecta and measurement of
sustainable development as well as on the needafat,constraints in, attaining
it.

The view that substitution between resources amkdyof capital can
achieve a sustainable outcome was presented fofirgtedoy Solow (1974). The

World Commission on Environment and Developmentd®®efWCED, 1987) is a
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major document in the sustainable development @ebdthe commission
highlighted a judicious balance between the cotiflx views and accepting in
principle that the world has enough resources tetrtiee long term human needs,
provided proper and efficient management strategres methods for sustainable

development are followed.

Redclift (1987) identified two contradictions thh¢ within 'sustainable
development'. The first contradiction is one whigh ignore at our peril: if we
cannot rely upon market forces to sustain our emmrent, we need to place very
much greater reliance on international agreement @anning, without which
individual, personal or national, interests will ctiite the course of the
development process. A second contradiction corscéra relationship between
the political struggles over the environment betwekeveloped and developing
countries. He also noticed three important areas Which sustainable
development has implications: the view that we hafl 'environmental
rationality’, the changing role of technology in rouelationship with the
environment and the body of social theory that deeip us interpret and

understand this relationship.

The sustainable development is the total developnwnthe society,
economic changes, social and cultural transformmataking into consideration
the social well being and security of the poorestiems (Barbier, 1987). Tisdell
(1988) investigated the differing perspectives oblegists and economists on
sustainable development, and it relevance to LDOsas noticed that to aim for

a sustainable society, for sustainable economielkdgwment and for a productive
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system is desirable. This reflects the outlook @blegists rather than the
majority of economists. A basis is established foonsidering whether

sustainability of productive systems is likely te B more important goal in less
developed countries than in developed countriestheu examples of the stress
of ecologists on the production sustainability gaed given and additional policy

prescriptions are discussed.

The sustainable use of natural resources in dewsjopountries was
discussed by Pearce (1988). He has argument thaveational economic
analysis can provide valuable insights. He indidatieat both price and fiscal
reforms could do much in the short term to consescarce environmental
resources. The market pricing of fuels and the ismp@n of resource exploitation
taxes would both contribute to a more sustainalske af renewable resources in
developing economies. Pearekal. (1989) investigated the blueprint for a green
economy by using vector notation to explain thantesustainable development.
In such notation, development is considered to beeetor D, defined as a
function of increases in real income per capitapriovement in health and
nutritional status, educational achievement etcr Bastainability to exist
development (as captured by the vector D) shoulcatanically increase over

time, i.e., dD/dt should be non-negative.

A reasonably good inter disciplinary work in therrfo of collection of
articles, on sustainable development is availabie a volume edited by
Adiseshiah (1990). Most of the social scientistatdbuted paper on the volume,

covers sustainable development: what it is and dtsrerage; sustainable
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development in operation; governing of resourced esources of governing;
technology and environment in water development groblem and project

displaced persons; and synthesis of the discussicsustainable development.

Operational guidelines on sustainability in genavate discussed by Daly
(1990) and he suggested 4 basic rules i.e.; 1)nthm principle is to limit the
human scale to a level which, if not optimal andleast within carrying capacity
and therefore sustainable; 2) technological pragfes sustainable development
should be efficiency increasing rather than thrqughincreasing; 3) harvesting
rates should not exceed regeneration rates anceweasissions should not exceed
the renewable assimilative capacity of the envirentmand; 4) non-renewable
resources should be exploited at best at a rataléqguthe creation of renewable

substitutes.

However, review of the literature available on ttwncept of sustainable
development indicated a lack of consistency ininterpretation (Lele, 1991).
While the all-encompassing nature of the concepegiit political strength, its
current formulation by the mainstream of sustairallevelopment thinking
contains significant weaknesses. How these weaksessn lead to inadequacies
and contradictions in policy making is demonstrated the context of
international trade, agriculture and forestry. LE1®91) further suggested that if
sustainable development were to have a fundameimgdact, politically
expedient fuzziness would have to be given up worfaf intellectual clarity and

rigor.
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World Bank (1992) described how environmental peofd can and do
present obstacles to development, such as sitigtidrere the benefits of rising
incomes are offset by the costs imposed on heaith the quality of life by
pollution. Future productivity can be jeopardizédising income today result in
soil degradation, depleted aquifers and destrogedystems. Alleviating poverty
is a moral imperative and a prerequisite for envnental sustainability; the poor
are both the main victims and among the agentsiweirenmental damage. Rapid
economic growth will be required to alleviate payeand to lower population
growth rates. However, that growth brings with Hhet risk of appalling
environmental degradation. The challenge, the repsserted, is to ensure that
the past links between economic growth and a dwimiing environment are

broken.

Meadowset al. (1992) discussed that human use of essential resswand
generation of pollutants has surpassed sustainadies. Unless there are
significant reductions in material and energy flowihe world faces an
uncontrolled decline in per capita food output, rgye use, and industrial
production. In order to avoid this decline, growthmaterial consumption and
population must be eased down at the same timé&heas is a rapid and drastic
increase in the efficiency of materials and eneugg. A sustainable society is
technically and economically feasible. Environmdgtasound development
strategy for hill areas was studied by Maithani9q2P The study was confined to

conceptualize and design an environment-friendlyategy for hill area
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development as well as to ample scope for formmg¢ptnicro level programmes

for sustainable development in Himachal Pradesh.

Misra (1993) investigated the concept of sustaieatdvelopment and its
goal, the essential components of environmentaltagusbility and then
highlighted the rich tradition of sustaining enviroent in India since ancient
times, drawing supportive evidence fromedic literature. Inamdar (1993)
attempted a broad survey of the global environmeatsis, its causes, and
initiatives at international flora to prescribe etitions of policy for remedial
measures including plan, policies, and legislatiomsindia and followed by

achievements shortfalls in attaining objectivesglavith reasons thereof.

Reviewing the sustainability therefore indicatedttiour current course is
not sustainable, given that our concern is, andtroasfor the welfare of present
and future generations (Viederman, 1993). Barn4bf93) has also analyzed the
development process in India, indicating its achieents and drawbacks.
Subsequently, he focused on policy implicationssastainable development,
discussing the steps that need be taken to promsosgainability of the
achievements envisaged in development programmegsliduting their negative

impact.

A volume on economics and ecology; new frontiersl austainable
development was edited by Barbier (1993). This m@ubesides highlighting
traditional environmental economics also focusedmathematical models. Also,

a survey of conceptual issues of sustainable dewedmt carried out by
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Santhanam (1993) and he identified the factors theatilitate people's

participation.

The purpose of people's participation in the cohtex sustainable
development was examined by Mishra (1993) and halved a new model.
Similarly, Gupta and Gurjar (1993) stressed on iilmmmental facets' and 'human
ecological and planning basis' for sustainable tgment as well as agricultural
resources and sustainability’. Agarwal (1992) adgué¢hat sustainable
development will be the outcome of a political arde which a society is so
structured that it will learn fast from its mistaken the use of its natural
resources and rapidly rectify its human-nature trefeships in accordance with
the knowledge it has gained. Besides, Nayar (19fi4¢ussed the politics of
sustainable development as it is deeply rootechen tery conceptualization of
the approach, which is ill defined and vague. Atauimble development for the
south cannot at the same tie ignore the fact tlmet present models of
development do not cater to needs of the vast ntgjoBringing the notions of
population growth and carrying capacity into ourrowational environmental
strategy is tantamount to what the north would adersa safe approach to
sustainable development. Gowariker and Sachs (1884died redefining the
good society- a north-south dialogue on challengje21st century and observed
that the complex problems facing humanity demaredetvolution of a strategy of

sustainable development.

Appropriate policy instruments for fostering sustble development and

which institutions will best implement these podéisi and sustain them in the
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years to come was discussed by Seotal (1995). Chaudhry (1995) mentioned
that the nature of environmental problems depermumuhe level of economic
development, the nature of industrialization, tlegmee of urbanization and the
effectiveness of public policies. Hammored al. (1995) focused on policy-
making and provided concrete measures of effecéssn and, hence,
accountability. Unlike economic and social indiaatowhich are well developed
and widely used, indicators for the environment gquwst beginning to be
formulated. Drawing on illustrative examples andeatudies, Hammonek al.
(1995) also provided a conceptual model for desigrenvironmental indicators
and proposes specific, highly aggregated indicaabs national level. Moreover,
compilation of work on sustainable development:igolnd practice by Moore

and Ryan (1995) also contributed significantly.

The relationship between development and the enment at the global
and the national level was analyzed by Roy (19%6umderstand sustainable
development. He emphasized on shift from state #@rket led development
policies. This analysis provides some insights itlte process of sustainable
development and issues for further research. LikewDale and Robinson (1996)
make a multidisciplinary look at sustainable deypah@nt in Canada in its entire
dimensions including ecological, social, politicahd economic. It brought
together the views of some Canada's leading reBeesand policy analysts in
the field and argued for changes in decision-makingtitutional transformation,

equity between and within nations.
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lyer (1996) critically analyzed the existing pargquii of development and
presents a perspective of sustainable developmevttich ensures the
compatibility between environment and developmeeéds of the present and
future generations. Besides the adverse effech@fGATT agreement, topdown
approach, rice/wheat rotation, impact of heavy doet fertilizers, impact of
industrial pollution and role of voluntary organiiges in the development of
sustainable agriculture etc. have been discussag.aRd Ghosh (1996) pointed
out the bottlenecks of current development and kated that India is unlikely to
achieve sustainable economic growth, despite theenti phase of economic
reforms which began in 1991. Other noticeable woekried out by Franks
(1996), Franke and Chasin (1996), Kumar and Sing®96), Pratap (1996),
Shukla and Sharma (1996) and Tisdetl al (1996) on various aspects of

sustainable development.

Current sustainable development indicators witltbatapplication of clear
methods may be ineffective in promoting sustainatdgelopment and possibly
detrimental to the process (Mitchell, 1996). Hetler outlined fundamental
steps that should be followed to produce any listsostainable development
indicators. Franks (1996) reviewed successive pgnasl for appraising and
managing the environment as a background to detinee dimensions of the
management of sustainable development i.e. natusdources systems,
institutional development and appropriate managens&iils with key areas for

development also suggested.
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To make development more sustainable under econoreiorms,
decentralized programme for rural upliftment shobkl tied up with plans for
betterment of eco-systems so that the ecologicpotives could also be tackled
almost simultaneously (Ghosh, 1997). SubsequerRlgy and Ghosh (1997)
discussed the kinds of economic and administratierms that would be
required to achieve sustained improvements in taedard of living in India.
Mezher (1997) also stressed the importance of étoiency in the development
of the economy in Lebanon. It also discusses theremmental problems in the
country and proposes technological, industrial, au$tainable development
strategies. Likewise, Scott (1997) assessed theeldpment and potential of
forums in progressing sustainable development witBritain. The example of
Cardigan Bay Forum is used to assess how one ferapproach has contributed
to sustainable management and development outcobedy.(1997) argued for

global understanding of developing welfare thatdnet entail expansion.

Issues related to designing a management prograbhae attempts to
incorporate sustainable development as a core tlametime of uncertainty and
rapid change were reviewed by Hailey (1998) andimed the structure and
process of a management programme to become maeai the centrality of
sustainability to their work and the decisions thegke. Stressing on some key
issues of sustainable development, Sharma (199)edr that any economic
activity that continues without a healthy balaneween the natural resources,
its ecology and environment shall result in unsunstle development. In

general, we need to reconcile ecology, economias ethics in an integrated
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manner by keeping our needs at the possible mininenel so as to ensure
sustainable development (Jena, 1998). In additi®marma and Chattopadhyay
(1998) highlighted many case studies from India for miptanning, farming

systems, ecological impact evaluation and land pé&n for sustainable

development.

Important dimensions and issues in sustainable Idpweent were
highlighted by Singh (1999) and he suggested thatet is an urgent need to
formulate and implement strategies that will allow to move from the present,
often unsustainable processes of growth and dewetop onto sustainable
development paths. He also spelled out importarimehts of a pragmatic
strategy for sustainable development. As econormaietbpment of a rural area is
largely governed by use of its land resources, @&y al. (1999) analysed land
resource in the context of economic developmentpkaee in mind the
sustainability of fragile mountain ecosystem. Witrardly any scope for
expansion of arable land, sustainable utilizatibmesources for their traditional
sectors of tribal economy like cultivation of meidial plants and herbs in pasture
land, use of barren land for increasing sheep mimr based on its biomass
production capacity and strengthening the woolefugstries are suggested as a

viable option for sustainable economic development.

Chopra and Kadekodi (1999) made an attempt to d@vah operational
model of sustainable development in a regionalirsgtthrough an in-depth case
study of Palamau district in the Chotanagpur regibindia. The study has made

a significant methodological contribution by devglog a manageable economic-
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ecological model that can be used to simulate tomemic development process
along with environmental interactions. Desta (1982amined the question "can
sustainable economic development be achieved witlstnong environmental

protections?" and explored ways that environmestetainability has been and
might be incorporated into existing theories of mmmic development. Protection
of the environment is an essential part of develepimand the best chance for
achieving long-term sustainable development is yetesnatically incorporate

environmental issues into key aspects of econondaeebbpment paradigms.

Furthermore, Desta (1999) also described use abrétieal approaches, drew
policy implications, and illustrated each point wiin-depth case studies from

developing countries.

In addition, Taori (2000) dealt with rural industlization related aspects
of sustainable development and Hempel (2000) madatteampt to draw together
the different strands of thought from the sciewgtiftconomic and political fields
and make up a coherent vision of what may be ptssibfuture. It may be an
optimizer's rather than either a cornucopia or statghic vision of what lies
ahead but the work remains, for all that, an imgpines achievement in
‘reconceptualisation’ of the global environmentabbgpems. Elliset al. (2001)
highlighted the shrinking natural resource basésm and emphasized on rise in
production to meet food security needs while prgagrthe environment and the
livelihoods of generations to come. Modern techgglooptions are available;
however access to knowledge is the key to bridghegfarm technology gap and

getting this knowledge to farmers.
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Causal relationship between population growth angvirenmental
degradation was studied by Rohini and Bhat (20&imilarly, Sengupta (2001)
analysed the basic concepts of ecological study thedinter linkages between
environment and economics for sustainability. Hetlioad 3 main laws or
processes relating to the functions of nature emropy, flow of solar energy,
and bio-geo-chemical cycles of nutrients and emicthe analysis with examples
and case studies from the Indian context. Carvé?®®1) examined the roots of
the sustainable development concept and argued widtin the current
international political economic system it would hearly impossible to adopt
development strategies that are conducive to tsulytainable development and
therefore, profound changes in economic, politesadl social structure would be
necessary to foster sustainable development. Thexefocus should be on a
regional partnership like a multi-sectary partngeshagency promoting
sustainable development in the north-west of Engjlé®haw and Kidd, 2001).
Likewise, Bebarta (2004) highlighted the environtanproblems and global
forest resource crisis, the concept of sustainaldeelopment per se and its
application in the field of environment and forgst@nd also dealt with the
concepts and principle of sustainable forest mameagé, policy and strategies on

holistic basis.

Kalraet al (2010) identified soil constraints for sustairtkvelopment using
remote sensing and GIS in Bhilwara district, Rdgast in which Indian remote
sensing satellite Imagery (IRS LISS — Il FCC imggevere interpreted for soil

constraints by using physiography soil approackl|dfichecking and laboratory
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analysis. The study reveals that 17% of the arsacbastraints due to salinity, 48%
were due to uneven terrain and shallow soils, am remaining area has no
constraints with high potential for crop production

Banteet al (2012) studied characterization and evaluate l@asturces for
watershed management in Taroda watershed, Nagptricti Maharastra by using
remote sensing and GIS in which landuse/land caslepe and physiographic soil
were generated for deriving land capability andadaility for crop production. The
thematic maps in conjunction with physical and cioamproperties of soils were
overlaid for generating sustainable developmemt the watershed.

In general, sustainable development is a complexgss that encompasses
the different dimensions of development such as@aeic, environmental, and social
(Campagna, 2006). Therefore, we need to look ormrslés perspectives of the
problem, taking into account methodological, techhiorganizational, and societal
issues related to the use of tools including GlSdlve complex problems faced by

practitioners in planning and implementing the obyes of sustainable development.

It is to be noted that the studies /reports onanable development of the
whole of north-eastern region of India or any pafrtit are very limited. Velde
(1979) reviewed the efforts made by geographerplamning and development
process that focused upon north-east India to tsoewhether the ecological
principles have been perceived. He concluded wighdbservation that there has
been a notable absence of serious consideratiameofvalue of a need for an

ecological perspective. However, after a long tismece then, Gopalakrishnan
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(1990) tried to relate the development processesaimg in the region should be

conceived only after taking the ecological aspéglly into account.

Based on papers presented during national seminahasticulture for
sustainable income and environment protection fieltkohima during 24 —
26" February, 2004, Singht al. (2006) presented a book with two volumes on
database of horticulture crops and their produced advances in general
horticulture practices. Chapters of the books farttieal with strategy to enhance
production and productivity of major fruits and amental crops based on
generated research and development activity to megitonal, national and
international demand as well as post harvest manage and marketing

strategies.

The development strategies for the north-east regiere also dealt with
by Pathak (1990) who expressed that the startingtpd development process
should be the careful inventory of agricultural aesces includingthumming
practices and the ecological balance is not up$ayak (1990) referred to certain
environmental and human characteristics of theylstiates of north east India
and expressed that the development activities sheaiphasise on community
rather than individual and maintaining equilibriutnetween society and
environment. The work of Goswami (1989) discussadious aspects of flood
and its impact on agriculture of Assam and advatdte re-organisation of the
cropping pattern and crop rotation according to floed environment to ensure
sustainable development of agriculture. SimilarBarua (1990) compiled a

volume comprising information on ecology and landeu approach to
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development, rural and man power development irthneast region of India.
Pandey (1990) discussed some measures to contvwbamental degradation in
the north eastern region and highlighted the degfrad of the hill ecology due to
deforestation and shifting cultivation. He prepaeetilue print of hill agriculture
management in the region. John (1995) made an ptikdanalysis of what has
happened so far and continues to happen in thé+astern region in the name
of development. He observed that sustainable dewve¢mt in the region requires
strengthen in agriculture, transportation, markgtireducation and serious
evaluation of government development schemes, baaks etc. The basic
assumption should be to use local resources totbogcal economy and then
export the surplus. Only then will sustainable depenent come to north-east

India.

A study on the sustainable agriculture developms&mategy for north-
eastern hill region of India was carried out by@iret al. (1996). Subsequently,
land use systems identified as very important asgecensure sustainable
agriculture development. Das (1996) studied tradiai socioeconomic aspects of
Arunachal Pradesh and sought for alternative ambrda ensure sustainability.
Similarly, Mukherjee (1996) has examined the isscesnected with utilisation
and conservation of forests in reference to suatden development and argued
shift from exploitative approach to protective apgeh to avoid conflicts
between ecology and development. Srivastav (198%) discussed the status of
environment and levels of economic developmentsblgght for holistic, feasible

and balance approach, which considers social ecan@nd environmental
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aspects of development keeping human aspiratiodsragquirements at priority.
This approach would definitely a forward step ir tthirection of achieving the
goal of 'just' and sustained economic developmé&mivéstav, 1996; Ganguly,
1996). Chaudhari and Parvati (1996) made an atteimpidentify the major

problems and analyzed the impact of developmentcge®es on the forest
resources of the country with main emphasis onhesst states. Due to hilly
terrains, region is facing hazards of unstableefeind slope, rapid erosion of

soils of 'fhum’ sites and presence of wet desert (Cherrapunji).

Horticulture developments in north-eastern Indiaevalso dealt by Ghosh
(1985) and he outlined the current position andepbality of horticulture
industry for sustainable development. Likewise, Desal (2009) observed
climate change and its impact on agricultural pidhn in north-east India. It
also suggested the urgent need for reassessmein¢ @fgricultural practices that
conserves natural resources for enhancing prodtctand mitigate the climate
change in the region. Similarly, Agarwal (1999) buad the structure of the
economy of tribal areas in north-east India. Besjdbe also suggested a
development strategy based on agro-based industioesthe sustainable

development of tribal areas in north-eastern region

Sarma (2005) carried out satellite based assessphel®forestation in Karbi
Anglong district of Assam and suggested remediadsuees. Role of remote sensing
and GIS based inputs in livelihood improvement frimmests in north eastern region
was carried out by Chakraborty and Sarma (2008)ideetified natural resources of

the areas as a key for planning sustainable demwelop
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Kumar (1996) made an attempt to assess the leveénvironmental
degradation as the artifacts of developmental meese through the chosen study
of the state of Mizoram. Later on, Jha (1997) etlaevolume of research articles
on the natural resource management of Mizoram. Mukime gives detail
account of resource bases of Mizoram; land tenystes; shifting cultivation;

role of co-operative society in agriculture secforgest resources etc. Likewise,

Laldailova (2001) carried out land ownership patfeland use and sustainable
development for Mizoram state highlighting that tieeds of the society are highly
dynamic. Accordingly, measures are needed to aelsastainable development.
Upadhyaya (1987) suggested that encouragemendeflprgrowth and better
income and asset distribution of the subsidiesciwiiiave mainly benefited only a
few, individual, should be withdrawn in a systeroand phased manner in Mizoram.
Colney (1988) studied soil and watershed charatiesi of part of Tlawng river
catchment, Mizoram using remote sensing technigoegvhich soil survey and
watershed analysis have been carried out. Thetrgpowed soil classification up to
series level and land has been evaluated for thetability. Deviet al (2008)
worked on change in vegetation cover of Dampa TReserve, Mizoram in which

she concluded that deforestation could leads @riaiss threat to tiger population.

Department of Horticulture, Government of MizorarB011) highlighted
different horticultural crops with the success gtof farmers in fruit crops, spices,
flowers, vegetables, aromatic and medicinal plamigshroom cultivation, etc. where

farmers earned thousand of rupees for their pralacel mentioned that there is a
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good scope for horticulture development in Mizordfarthermore, sector may also

contribute to achieve the ultimate goal of sustalmaevelopment in the state.

Mizoram Remote Sensing Application Centre (MIRSAOEgpt. of Science
and Technology, Aizawl in collaboration with Nata@inRemote Sensing Agency
(NRSA), Hyderabad had taken up a joint projectégrated Mission for Sustainable
Development of Mizoram” using remote sensing anaggephic information systems
in 1998 in which different natural resources hawerb studied and analysed for
generation of action plan for land and water resesir Under the sponsorship of
North Eastern Council (NEC), MIRSAC (2009 had takem natural resources
mapping of Mizoram using remote sensing and geduggeapformation system (GIS).
As outcome, different natural resources of Mizofsawe been mapped and prepared

an Atlas for the whole state of Mizoram.

Based on review of the work as cited above, it rbayconcluded that a
considerable work on land use and sustainable dewent in the global context has
been carried out. Besides noticeable work carrigdiro Indian context, and still lot
more is required especially at regional level idahg i.e. north eastern Indian states.
In fact, there is hardly any literature in thisldieas far as the state of Mizoram is
concerned. Despite the absence of previous workspoanded by difficulty in
obtaining data, the present work will consequergbye the way for future land use
plan, and will help the economists and plannenganious departments and farmers in

some aspects for sustainable agro-horticultureldpreents of the state.
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CHAPTER 111

MATERIALSAND METHODS

3.1. TheLand:

Mizoram, literally means the land of the Mizosprse of the full fledged state
of the Indian Union. It was formerly known as Lushdls and administered by a
political officer under the British in 1890. In 135t was elevated to the status of an
autonomous district, and in 1954, by legislatidiwas renamed as Mizo district. The
North-eastern reorganization act of 1971 grantetthat status of a Union Territory
under its present name Mizoram. It attained statghon 28 February, 1987
(Pachuau, 2009). Geographically, the state is éochetween 21° 30" N to 23° 15°N
Latitudes and 92° 16'E to 93° 26" E Longitudesis lbcated on the north-east corner
of India sandwiched between Myanmar and Bangladé&tih a geographical area of
over 21, 087 sq km and perched on the high hilts @ossibly has the most difficult
terrain, over 80% of the total geographical aremddilly and with steep hills
separated by rivers flowing north to south. Therage height of hill ranges is around
920 m, although the highest peak, the Blue Mount@imawngpui), goes up to 2165
m. The international boundary with Myanmar and Badgsh is 404 km and 318 km,
respectively and the total share of internationalifaaries is 722 km (Statistical
Handbook of Mizoram, 2010). It is bounded on thstead south by Myanmar; on
the west by Bangladesh; on the north-west by Tamiate of India; on the north and
north-east by Assam and Manipur states of Indiapeetively. Its geographical
borders with Assam, Manipur and Tripura extend &&3 kms, 95 kms and 66 kms,

respectively (Statistical Handbook of Mizoram, 2010
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Aizawl district is one of the eight districts of &tiram and lies in the northern
part of Mizoram. It is situated between 24° 25086.and 23° 18' 17.78" N Latitudes
and 92° 37' 03.27" and 93° 11' 45.69" E Longitu(BRSC, 2006). It is bounded on
the east by Champhai district and Manipur statethenwest by Mamit district and
Kolasib district, on the north by Cachar distri¢tAssam state and on the south by
Serchhip district. The total geographical area mamv! district is 3576.31 Sq km and
accounts for 16.96% of the total geographical afahe state. Aizawl district falls in
the survey of India topo- sheet nos. 83D/15, 83D&4&\/9, 84A/10, 84A/11, 84A/13,
84A/14, 84A/15, 84E/1, 84E/2, 83H/3 and 83H/4. Tdwation map of Aizawl district
Is shown in figure 3.1.

The terrain of Aizawl district is young and immaguft shows prominent relief
features with steep slopes and it is still undergalenudation in response to various
exogenic and endogenic processes (AFC Ltd., 1888%e the terrain is young, there
Is not much diversity in the formation of landfornidost of the landforms are of an
erosional nature. The hill ranges run from nortlsaeaith direction and are separated
by a number of rivers creating deep gorges in betvibe north-south hill ranges. The
hill slopes are steep to very steep and escarprnagatsommon. The western slopes
are comparatively having higher degree of slopégrd are few patches of flat land
scattered at places and they are mostly locatethenmidst of hills and narrow
valleys. The plain areas located in narrow valleyezed by rich alluvial soils and are

utilized for permanent rice cultivation.
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Figure 3.1: Location map of Aizawl district, Mizoram




The district has great natural beauty and endless varieties of landscape. It is
very rich in flora and fauna. It has an abundant growth of vegetation (MIRSAC,
2009). Bamboos of different kinds grow abundantly everywhere. The flowering of the
bamboos at an interval of about 50 years has always been accompanied with famine
caused by swarms of rats which literally devour all the crops (MIRSAC and NESAC,
2009). These resulted famine in the entire hill state. Besides bamboos, there are many
valuable species of tropical and sub-tropical trees. The forest produce includes timber,
fuel wood, bamboos and canes, medicinal plants, orchids and domestic resources. The
common timber species found in the area are Dipterocarpus turbinatus, Artocarpus
chaplasa, Terminalia myriocarpa, Duabanga sonneratoides and Michelia champaka
(Anonymous, 2003). The dominant species in the district are Celtis tetrandra,
Anthocephalus chinensis, Wendlandia grandis, Protium serratum, Phoebe lanceolata,
Phoebe attenuate, Ficus benghalensis, Garuga pinnata, Callicarpa arborea, Albizzia
chinensis, Oroxyllum indicum,Aporusa octandra and Erythrina stricta etc.

Based on Champion and Seth (1968) classification, the following types of
forests are found in the state: (a) Tropical wet evergreen forests (up to 900 m); (b)
Tropical semi evergreen forests (900-1500 m), and (c) Montane sub-tropical pine
forests (1500-2158 m). The tropical wet evergreen forest is the predominant forest
with dense tall trees. The tropical semi-evergreen forest, dominated by deciduous
species and the montane sub-tropical forest mainly on upper reaches of mountainous
ridges and dominated by pine, quercus, etc (E and F Department, 1989). The first two
types of forests covered major portion of Aizawl district, while parts of north and

eastern regions of montane regions are under the third type of forests. Many of the
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natural forest have been degenerated due to slash and burn method of cultivation
(shifting cultivation), timbering and fueling. In order to minimize the degradation of
forests, the government has started afforestation by planting valuable tree species,
such as, Teak, Gomari, Pines, Eucalyptus and many other indigenous trees. New Land
Use Policy (NLUP) was introduced by the state government in order to change the
age old practice of shifting cultivation to permanent cultivation. Attempts have been
made to develop Tea, Rubber, Eleurites, etc. in many places of the state. Agriculture
is the main occupation and the main crops grown are Rice, Ginger, Pineapple,
Banana, Orange, Maize, Sugar cane, Passion fruits, Squash and other vegetables.

The climate and vegetation of Aizawl district offers ideal sanctuary to wildlife
animals. The population of wildlife fauna has dwindled considerably due to age old
practice of shifting cultivation and excessive hunting. The Rhino and the Brow-
antlered deer were also said to have existed once in the state. Even the Elephant and
Bison which were quite abundant in the past have become rare and confined in deep
forests. In order to bring awareness among the people, the government has set up
wildlife and birds sanctuary at different places (Lalramnghinglova, 2003). The
government and voluntary organisations of the state have taken step towards
protection of wildlife.

3.2. The Climate:

Climate is an aggregate of all atmospheric or meteorological influences such as
moisture, wind pressure, temperature and evaporation which combine to characterize
a region and give it individuality by influencing the nature of its landforms, soils,

vegetation and land use. Climate is one of the most important factors of the



geographical environment to which man is a subject (Lal, 1993). The elements of the
climate that control the economic development of a region are rainfall, temperature,
humidity, sunshine hours, wind and the number of rainy days (Bote and Pillai, 2010).

The climate of Mizoram as awhole is controlled by its location, physiographic,
pressure regime in the north west India and Bay of Bengal, warm and moist maritime
tropical air masses from the Bay of Bengal, local mountain and valley winds. In
addition, the Chin hills, Arakan Yoma hill tracts and Chittagong hill tracts also play
an important role in shaping the climatic condition of the state (SRSC, 2004).

The climate of Mizoram istropical monsoon type. It is neither very hot nor too
cold throughout the year. Aizaw! district falls under the direct influence of the south
west monsoon. As such the area receives an adequate amount of rainfall which is
responsible for a humid tropical climate characterized by short winter and long
summer with heavy rainfall.

3.2.1. Seasons:

Based on the variation in temperature, rainfall, humidity and other general
weather conditions, 4 different types of seasons are observed in thedistrict. The
cold or winter season is the coldest season of the year. It starts from the month of
December to first half of February. The spring season is the shortest season of the
year which starts from the second half of February to the first half of March. The
summer season or rainy season is the longest season covering about seven months
starting from the second half of March till the first half of October. A study from the
daily rainfall records also reveals that the heavy outpour generally starts from the

second quarter of May and this heavy outpour is usualy subsides in the first quarter
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of October. Rainfal during May, June, July, August and September i.e. 5 months
alone contributed 76 % of the total annual rainfall. The cyclonic rains are also often
felt. The temperature remains high, but is kept down to a considerable extent by the
usual rains. The autumn season covers for a period generally starting from the second
part of October to November. The season is very pleasant and the summer rain
aready diminished.

3.2.2. Temperature:

The temperature data of Aizawl district obtained from meteorological data of
Mizoram (MIRSAC, 2012) are presented in table No. 3.1. The thermo-characteristics
of Aizawl district indicated that temperature do not fluctuate much throughout the
year. The highest temperature observed during the last 25 years was recorded as high
as 36.7°C in the month of April, 1999. In general, July, August and September were
the warmest months for the whole year with average monthly maximum temperature
of 30.4°C, 30.7°C and 30.9°C, respectively whereas, the average monthly minimum
temperature during these months were 18.7°C, 18.9°C and 18.5°C, respectively. The
temperature remains high; however, the enduring monsoon brings down the
temperature.

The temperature started to fall down sharply from the month of November and
it is minimized in December and January. January is the coldest month with the
average monthly maximum temperature of 25.9°C and the average monthly minimum
of 8.2°C. However, the lowest minimum temperature recorded was 5.4°C in

December, 1991.
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3.2.3. Rainfall:

The entire state of Mizoram is under the directiuemce of south west
monsoon; hence, Aizawl district also receives aeqadte amount of rainfall during
the monsoon season. The study of the availabléathtfata for past 25 years obtained
from MIRSAC (2012) presented in table 3.2. Dateerds that generally the heavy
rainfall starts from the second part of May and tiieavy outpours usually ends in the
first half of October. The average rainfall of Amadistrict for 25 years is 3155 mm
per annum. Precipitation is heavy during summene, July and August are the
rainiest months while December and January andugeprare the driest months.
Aizawl district falls under high rainfall region wiin have high potential for
agriculture, forestry and horticulture (Bote antari2010).

3.2.4. Humidity:

Humidity is a general term referring to the watepeour content of air at
particular place and time. Of the various composaitatmosphere, water vapour
constitutes only a small fraction varying from rigazero to about 4 per cent by
volume. However, the meteorological significanceewén this very small percentage
of water in the air cannot be over-emphasizedfadt, in the heat budget as well as in
day to day weather changes that we observed, alaospmoisture plays a very
important role.

Relative humidity is the ratio of the air's watesipour content to its water
vapour capacity and being directly related tordte of evaporation, it affects man’ s
comfort. The relative humidity is given in tableoN3.3. The average relative

humidity of Aizawl district for a period of twenfywe years is 78 % (MIRSAC, 2012)
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The driest month of the year is February with 64%ative humidity and August is the
highest relative humidity (90.7%) followed by J(80.1%).
3.2.5. Wind:

The monsoon wind is the most important wind thagvpils in Mizoram.
During summer, the sub-tropical high pressure bell the thermal equator are
displaced northward in response to the changingqaof solar heating of the earth.
From the ocean, particularly from the north Indfaoean and Bay of Bengal, they
move towards the land mass and blow over the Astattinent. This south-west
monsoon usually reaches Mizoram during seconddiaiiay and prevails up to the
first half of October. The summer monsoon is charaed by highly variable
weather with frequent spells of drought and heaains. Besides this, the winter
monsoon also prevails which is a gentle drift ofimiwhich the winds generally blow
from the north east. This retreating monsoon cam®adic rainfall especially in
Mizoram and other north eastern states producimgeimes heavy cyclonic rains
(SRSC, 2004).

As evidence from the earlier records, Mizoram sisteulnerable to impact of
tropical cyclones which develop in north Indian @teand Bay of Bengal, and in
these the cyclones of the post monsoon season {€cto December) are more
intense than those of pre-monsoon season (AprilMay). Cyclones are associated
with strong winds, torrential rains and storms. Thpacts of these cyclones are quite
devastating; it often led to loss of propertiesyses, power line cut-off, blockage of
road, damages to crops and even human lives, etwer@lly these winds come from

the north western part of the state as the windgnaite from the Bay of Bengal.
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Vulnerability analysis of cyclone in Mizoram hasebeconducted by State Remote
Sensing Centre (SRSC), Mizoram, (SRSC, 2004) antbeiz vulnerability has been
classified. There are 160 villages and towns instia¢e falling in different classes of
vulnerability. Out of this, 15 villages (9.38 %)dialling in the high vulnerable areas;
39 villages and towns (i.e. 24.38 %) are in the inmadclass and the rest 106 villages
and towns (i.e. 66.25 %) are in the low vulner&p#ireas (SRSC, 2004).

3.3. The People:

According to traditional belief, the Mizo claimedeimselves that they came
out of a cave in the east called “Chhinlung” whinkans “covering stone”. It is hard
to believe that man came out of the earth througiola. Many attempts have been
made by historian to explain this story and Lorrdifi83) in his book “Dictionary of
the Lushai Language” made following remarks “tlaicestral home would appear to
have been somewhere in the neighborhoodoath east Tibet and western China,
whence, by slow degrees through the centuries, @y pressed southward and
westward to their present habitat”. Mizo belongsMongoloid stock who came to
Mizoram from Chin hills of Burma and that their astors had originated somewhere
from China. The Mizo language belongs to the Tidgtoman group and it is written
in Roman script.

The inhabitants of Mizoram are now known by the egenterm “MIZO”
which literally means “highlanders” or “people diethills”. All the Mizo tribes have
more or less similar culture, dialects, traditiogts,. The Mizo tribe consists of Lusel,
Ralte, Hmar, Paite, Thahdo (Kuki), Lai (Pawi), Mdtakher) etc. with their many

sub-clans. Lai and Mara with their different subnd are concentrated in the south
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and south eastern part of the state bordering Mgari8angkima, 1992). Other Mizo
tribes with their sub-clans are inhabited in thetmand middle part of the state
constituting majority of the population. The nonzmitribes formed a small minority.
The biggest single non-mizo ethnic group is thekdias followed by Riangs (Bru).
They were concentrated in the south-west and trstenre belt of the state. Both the
tribes were late-comers and they came from Chittgdall tract of Bangladesh and
Tripura state of India with their own dialects. Th#akmas follow the Buddhist
religion and the Riangs, aside from their animidielief, are in the process of
embracing Christianity. Smaller groups like NepaBgngalees, Assamese, Santalis
and others make up the rest of the non-Mizos. AlBRitpercent of the total
populations are Mizos and non-mizos formed 17 pdrocewhich The Chakmas and
the Riangs have 6.99 and 2.96 percent of the ptipualaespectively. Other non-
Mizo groups have less than 2 percent of the pojpuldSangkima, 1992).

The inhabitants of Aizawl district are mostly Mizaonsisting of different
Mizo tribes and sub-tribes. The non-mizo tribesmyalChakmas and Riangs (Bru)
formed a small minority. They are concentratechmwestern belt of the district.
3.3.1. Socio Economic Condition:

The area of Aizawl district is 3576.31 sq km anddigided into three sub
division viz: Aizawl, Sakawrdai and Saitual. Accomg to 2011 census, the
population of Aizawl district is 4,04,054, out ofhich 2,01,072 are male and
2,02,982 are female. Of this population, 94.75%stituted scheduled tribes. This
population constitutes around 37.03% of the stafufation and ranked first among

the districts. The density of population is 113 ggrkm compared to 52 per sq km of
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Mizoram. The literacy rate of Aizawl district is 38% compared to 91.58% of entire
state (Directorate of Census Operations, 2011).eMban 2/% of the population of
Aizawl district lives in urban areas. The rural-ambcomposition was 22.58 and
77.42% of the total population of the district.

Agriculture is the mainstay of the district and nfiag is the usual practice.
More than half of the people are engaged in jhunfMtRSAC, 2009). Owing to its
high composition of urban population, the socioremuoic condition of Aizawl
district is good compare to other districts Mizorakgriculture and its allied sector is
the main occupation followed by industry sector.the district, there are 14922
families engaged in jhum cultivation, 585 familia® engaged in WRC agricultural
practice and there are 797 fish ponds within tls¢ridi (Directorate of Economics &
Statistics, 2010). The district have a number &fstructure facilities which includes
education, hospitals, Banking facilities, post @, water supply schemes, etc. The
detailed socio-economic statistics of the disisaiven in Appendix — .

3.3.2. Transport Network:

Aizawl district is well connected with road netwoskanning to other towns
and villages. The National Highway 54 runing froml&sib district passes through
Aizawl city and the National Highway 150 also ralsng the northern ridges starting
from Seling village to Tuivai river which passeddhgh Manipur state. The state
highway starting from Seling village run towardsstean part of the district upto
Tuivawl river where it enters the Champhai distrithis road serves inter-state road
network with Manipur and Mizoram. Beside this roaetwork, a good number of

agricultural and horticultural link roads have beenstructed which serve for trans-
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Figure 3.2: Transport network and settlement location map of
Aizawl district, Mizoram




portation of agricultural and horticultural prodsc&éom the interior parts of the

district. Transport network and settlement locatiwep is shown in figure 3.2.

3.4. Source of Data

Different types of data were used to get naturabueces information. These
data include satellite imagery, collateral data graind data.
3.4.1. Satellite Data:

RESOURCESAT-1 or Indian Remote Sensing SatelliRS(P6) is the 1D
satellite of ISRO in IRS series, intended to ndiyaontinue the remote sensing data
services provided by IRS-1C and IRS-1D, both of akhhave far outlived their
designed mission lives, but also to vastly enhdaheeadata quality. RESOURCESAT-
1 is the most advanced Remote Sensing Satellite luilSRO as of 2003. IRS-P6
LISS-1ll data are well suited for agricultural afatestry monitoring tasks. A natural
colour impression can be achieved using our sywthedtie band. IRS-P6 LISS-III
data are delivered as 4 band products (2=greeed34=NIR, 5=SWIR). The Linear
Imaging Self Scanning Sensor (LISS-III) is a msjtectral camera operating in four
spectral bands, three in the visible and nearrefrand one in the SWIR region, as in
the case of IRS-1C/1D. The new feature in LISSs#inera is the SWIR band (1.55 to
1.7 microns), which provides data with a spatiabtetion of 23.5m.

Indian Remote Sensing Satellite (IRS-P6) LISSvhjch provides data in four
spectral bands (0.5 — 0.75 micrometer) with spagisblution of 23.5m on digital CD-
ROM, with three season data were used for the ptessearch. The particulars of the

satellite data are as given below:
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S No | Satellite | Sensor Path | Row Dateand Year
1. IRS —P6| LISS Il 112 55| 1tDecember, 2005
2 IRS —P6| LISS I 112 55 F7January, 2006
3 |IRS-P6| LISSII 112 55 A April, 2006

3.4.2. Collateral Data:
The collateral data were collected from variousrees. Census data of the
year 2011 were collected from Directorate of Cen@yeeration, Govt. of India,
Aizawl, and statistical data regarding socio-ecopamere obtained from Economics
and Statistics department; agriculture data frompadenent of Agriculture; data on
horticultural crops from department of Horticultaed information regarding natural
resources from Environment and Forest departmeowt.®f Mizoram.

Similarly,

meteorological data  were collected from ireBtorate of Science and
Technology, Govt. of Mizoram; BRTF, Pushpak andoafsom department of
Agriculture, Govt. of Mizoram. Reports and publioas from various sources like
Mizoram Remote Sensing Application Centre (MIRSACpcal Administration

department, Public Health Engineering departmeagl@y & Mining Wing, Govt of

Mizoram etc., were also referred. Moreover, Sureéyindia (SI) Toposheets No.
83D/15, 83D/16, 84A/9, 84A/10, 84A/11, 84A/B3A/14, 84A/15,84E/1, 84E/2,
83H/3 and 83H/4 were utilized for physiographicommation like altitudes, contours,
aspects, drainage, etc. as well as for prepah@dpase maps.

3.5. Methods
With the advent of remote sensing in the early stes after launching of

LANDSAT series of satellites by NASA, SPOT satellity France and IRS series of
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satellites by ISRO, Department of Space, Governnoérihdia, there has been an
increasing utilization of satellite imagery for anory and monitoring of natural
resources in India and abroad. Remote sensing itpe® have proved to be rapid,
cost effective and provide timely information witie capacity of repetitive coverage
of the same area within a span of 18 to 22 daym(Ra000).

Remote sensing is the process of sensing and nmgsobjects from a
distance without directly coming physically intontact with them. Remote sensing is
largely concerned with the measurement of electgmatc energy from the sun
which is reflected, scattered or emitted by theeoty on the surface of the earth.
Different surface objects return different amounit®nergy in different wavelengths
of the electromagnetic spectrum (NRSA, 2004). Dieircand measurement of these
spectral signatures enables identification of sigrfabjects both from air borne and
space borne platforms. But often, similar spectesponse from surface objects
creates spectral confusion leading to misintergoeta and misclassification.
Therefore, to overcome this constraint, systemgticund data verifications are
required.

Geographic Information System (GIS) technology hassumed great
importance in the last decade. It is a mappingesyswith a capability of recording,
storing, processing, manipulating and retrievingpad&hang, 2006). GIS comprises
dedicated computer software for handling geogralyiceferenced spatial data and
corresponding attribute information. It has the afality of digitizing maps, of
overlaying spatial data, and of displaying inforimatneeded in decision making.

Geographic and attribute information can be merged manipulated in the GIS,
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which can function as a data base management syksegraphic display capability
allows information retrieval in map form. Input nsapre digitized and the GIS
software sorts the data in either raster (cell-8pse vector based systems (Heywood
et al., 2003). Software development trends in recentgipromises easy transfer from
one to another.

The present study utilized the standard technigigemote sensing and GIS
for preparation of the various thematic informasiomhich are finally represented in
the form of maps. Remote sensing techniques, int,stefers to the collection and
utilization of information gathered from a remotevite and produced in the form of
satellite imagery etc, without the need for comimgphysical contact with the
component under observation (Lillesagichl., 2002). GIS, in itself is useless unless
relevant data is supplied to it. It representsdiganized form of raw data obtained
from remotely sensed products and presented irrma wehich is understood by the
end-user, known as spatial and non-spatial data. sStandard technique of remote
sensing and GIS is shown in figure 3.3.

Thus, the valuable information collected using rersensing was integrated with
the help of GIS to generate products that beconpeitant tools for almost every aspect
of land resource management and planning. To enlatenformation collected through
remote sensing and GIS were accurate, a well degigmethodology is necessary. The
methodology adopted in each phase of the plan dhoaimply with standard data
collection procedures so that both spatial and spattal data co-relate and are accurate
at the final stage of product generation. Keephg in mind, the methodology adopted
for the present study has been divided into threeses, viz. pre-field, field and post-field

works.
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Figure3.3: Standard method of remote sensing and geogr aphic
information system (GIS)




3.5.1. Pre- Field Work

During the pre-field works available information like literature, maps, socio-
economic data, meteorological datawere collected from various sources. Satellite data
procured from data centre of National Remote Sensing Centre (NRSC), Hyderabad
were used for visual interpretations and digital classifications. The satellite data were
registered with respect to Survey of India toposheets, and base maps for various
themes of natural resources i.e. water resources including drainage system, springs
and waterholes; watershed classification; geology and geomorphology; topography;
ground water resource potentials; land use pattern including shifting cultivation and
soil mapping were prepared.

Digital classifications were carried out using Image Processing System (Erdas
Imagine) and GIS (Arc Info). Preparation of contour map and slope map were also
carried out from the topographical maps. Pre-field maps were printed out for field
verification. The methodology for preparing Geology and Geomorphology, slope

map, soil map and Land capability were as given below:

3.5.1a. Geology and Geomor phology:
Geological mapping was done using satellite imagery based on tone/colour,
texture pattern, shape, size, shadows, site and association of the interpretation

elements. The flow chart methodology for geological mapping is shown in figure 3.4.

3.5.1b. Ground Water Potential Zonation mapping:

To locate the occurrence and potential zones of groundwater within the study
area, thematic maps of lithology, geomorphology, geological structure and slope were

prepared as suggested by Subramanian and Seshadri (2010). These maps were
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Ancillary data

(GSl, Literature, etc.) |
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Figure 3.4 : Flowchart showing various stages of inter pretation of
satellite data for Geological mapping




combined together by using ARC/INFO GIS package to generate the final map.
Thereafter, different ground water potential zones were derived. Besides, the existing
hand pumps and spring inventory data were also added to the final map. Since
geological structure is one of the major factors controlling the occurrence of ground
water, areas within 50m on both sides of the lineaments and faults were included.
Similarly, areas proximity to spring and hand pumps were manually selected and
delineated with the help of Digital Elevation Model of the study area.

The different units of these thematic parameters were taken into consideration
by giving different weightage values according to their respective hydrological
properties. This form the main criterion by which different potential zonation was
done. Since hand pumps and springs are direct expression of the ground water
condition below the ground surface, they were given the highest weightage value. The
final map is then prepared and the areais classified into Very Good (Valley fill, flood
plain, low lying areas, etc,); Good (50 metres on both sides of Faults, Joints, Fracture,
etc.) ; Moderate (Sandstone, Silt stone, gently sloping land having slope less than
50%) and Poor ( High elevation, steep slopes with more than 50%) zones (MIRSAC,
2009).
3.5.1c. Land use land cover mapping:

The standard techniques of remote sensing for interpretation of land use/land
cover mapping from satellite imagery is utilized for the present study. Mapping is carried
out visually base on tone/colour, texture pattern, shape, size, shadows, site and
association of the interpretative elements supported by Ground truth collection (Sudhakar
and Rao, 2010). The flow chart methodology for land use land cover mapping is shown

infigure 3.5.
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Figure3.5: Land use/land cover data gener ation methodology




3.5.1d. Slope map:

To calculate percent slope, difference betweenelpgations of two points
was divided by the distance between them, theniphulthe quotient by 100. The
difference in elevation between points is called tlse. The distance between the

points is called the run. Thus, percent slope eqg@ase / run) x 100 which is

demonstrated as:

7
o
Il || = |
. (=] —
—1 ‘CJQI 2 &
) /‘ T.
A
=
Run = 100 Run = 100
Percent slope Percent slope
= (rise / run) = 100 = {rise / run) = |00
= (100 + |00) = 100 = (50 + 100} = |00
= 100 = 50

A rise of 100 feet over a run of 100 feet yieldsE0@ percent slope. A 50-foot
rise over a 100-foot run yields a 50 percent sléymther way to express slope is as a
slope angle, or degree of slope. As shown belowgivisualize rise and run as sides
of a right triangle, then the degree of slope bdlthe angle opposite the rise. Since

degree of slope is equal to the tangent of thdifnacise/run, it was calculated as the

arctangent of rise/run as:

=
o
" =
= b
= ]
45° 26.6° @
Run = 100 Run = 100
Slope degree Slope degree
= arctan (rise / run) = arctan (rise / run)
= arctan {100 = 100} = arctan (50 = 100)
=45 = 26.6
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A rise of 100 feet over a run of 100 feet yield45 slope angle. A rise of 50
feet over a run of 100 feet yields a 26.6° slopgl@an

3.5.1e. Soil Mapping:

Soil mapping was carried out by using Indian Ren®easing Satellite (IRS —
P6) LISS Ill False Colour Composite of 1:50,000lscd@he standard methodology
for soil mapping is followed (Ravishankar and Sreas, 2010) which is shown in
figure 3.6. Physiographic unit were delineatedmrohe satellite imagery. The
physiographic unit and soil profiles studied at ugrg truth and analysis were
incorporated for preparing soil map of the areae Anc GIS software was used for
spatial and attribute database generation and fatpa of thematic maps. Sample
strips selection was done for detailed examinatibthe soils occurring in various
units.

3.5.2. Field Work:

Various field information’s like geological informan, soils, name of the
plant species, distribution of crops and vegetatmantations, name of streams, etc.
were collected from the ground. For this, serieswieys were conducted in Aizawl
district. Collection of plants was carried out thgbout the year using herbarium
press, blotters, news papers and even polythens. b&pllection of plants was
followed by processing i.e. pressing, sweatingjradyypreserving and preparation of
herbarium sheets according to the method suggesyedRadford (1986). Dry
specimens were poisoned by using Kew Mixture (1fb lggCk + 4.5 lit, Ethyl
alcohol or sprit). Poisoned and dried specimengwssunted on the standard (42x28
cm) herbarium sheets adopting the usual herbariechniques as suggested by

Fosberg and Sachet (1965), Smith (1971) and JahRavo (1977). Plants were
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identified by using various floras including regabrlora (Sawmliana, 2003) and has
been compared with and verified from internationabhdexed Herbarium, North
eastern circle of BSI (Shillong). Also, local imfeation from the local people
through semi structured questionnaires was colllefie incorporation in generating

the action plans.

Field verification or ground truth collection isvary important part in remote
sensing technology. Important ground informationswallected during the field
visits and doubtful areas on the pre-field intergdemaps were verified on the
ground. Some information which cannot be obtainadtlee satellite imagery was
collected during the field work. Soil survey wagrgad out and soil samples were
randomly collected to represent various physiog@pimits. The soil colour was
measured by using Munsell Soil Colour Chart (Mulhseg90). A total of 143 soil
profiles were examined, out of which 14 soil predil which represents each
physiographic unit were collected for analysis afious physico chemical properties.

Hand-held GPS was used for recording geograptocatibn of the interested areas.

3.5.3. Post - field work

After field verification, the pre-field maps wermdlized by making necessary
corrections and modifications. Various data coflddrom the field were studied and
analyzed. Soil texture analysis was done in theritory by following mechanical
analysis of hydrometer method (Bouyoucos, 1962)winch sand, silt and clay
percentage were determined. Similarly, other patamm were observed by using

standard methods such as pH (Goel and Trivedi,)1@®anic carbon (Okaleleh

77



=" Saelitedata .

A 4

Geo-referencing &
base map preparation

A 4
Physiographic analysis,
selection of sample strips
and devel opment of tentative

1
al

A 4

Ground Truth collection
(Profile/augerbore studies &
collection of soil samples)

A 4

[ Soil Classification ]

Figure 3.6 : Flow Chart for Preparation of Soil Map




al., 1993), Sodium and Potassium by the standardeduses of (Jackson, 1973),
Mechanical analysis by hydrometer method (Bouyoud®62), Cation Exchange
Capacity (CEC) by the method of (Schollenberger &mdon, 1945), Calcium and

Magnesium by complex-metric titration using ethyediamine tetra-acetic acid
(EDTA) by the method of (Barrows and Simpson, 19&&rcent base saturation (BS)
was calculated by dividing the sum of basic ionshistotal cations (T) multiplied by

100 as: S/T x 100.

Taxonomic classification of soils of the area hheen done according to Soil
Taxonomy (USDA, 1988) on the basis of their physsbemical and morphological
properties. The soils found at order level arel)- Entisols (2) Inceptisols and (3)
Ultisols. The distribution of the soils and soikasiations was then shown according

to their physiographic positions.
3.5.3a. Soil Textural Classification:

Soil texture class were classified with the helphaf triangular texture chart as
shown in figure 3.%vhere clay, clay loam, sandy clay loam, sandy,dagm, silty
loam, silty, sand etc. were determined. The redgpiroportion all over the particles of
different size groups in a soil is known as textutas the average size of the soil
particle which depends on the relative proportibsand, silt and clay in the soil. The
mechanical analysis data such as Sand, Silt agdoeldicles present in the soil were

determined for textural classification.
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Figure 3.7: Triangulation Soil Texture Chart

3.5.3b. Land Capability Classification:

Land capability classification generally basedeast limitations or hazard and
soil respond best to management. This classificagistem also evaluates soils with
respect to their susceptibility to erosion, soiptthe drainage problem and other solil
characteristics. Land capability classification vemse by using the criteria laid by

Klingebiel and Montgomery (1961).
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After finalization of the primary layers, the dextV layers were prepared by
using two or more primary layers. Area calculatisnalso done to obtain area
statistics. Finally, the findings of various natluresources maps such as geology and
geomorphology, slopes, soil, land use/land covar, were prepared on 1:50,000
scale. The physical features like drainage, roatlvard and settlement, village
boundary, etc. were also prepared on the same.sGakese natural resources
information with socio-economic and demographicadatre integrated in order to
prescribe suitable site specific action plan fgorapriate spatial plan for sustainable

agro-horticulture development in the district whislshown in a map forms.
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CHAPTER IV

RESULTSAND DISCUSSION

4.1. NATURAL RESOURCESOF THE AREA

Land is a physical entity as well as a system dlnah resources. Land
resources include soils, minerals, water and bisaich include microorganisms,
plants and animals in all their biological and genéiversity. All these elements
interact to provide essential services, such agdhgcling of wastes and materials,
formation of soils, moderation of the water cycledapollination of plants that
maintain the productive capacity of the environmenThese interactions form
important components of global cycles and geochanpoocesses, and as such are
closely linked to climate and other atmosphericnameena. In general, land must be
regarded first as a set of terrestrial ecosystents @anly secondly as a basis of
resources.

This complex system provides much of the basictahgind resources on
which development is built. It satisfies primamynman requirements for food, fibre
and fuel, supplies many basic materials for inquatrd manufacturing, and provides
space for human habitation and activities. Larsb aheets the needs of all other
terrestrial species, be they mild or managed. Eleland resources are of importance
to panoply of human activities, from agriculturerdstry, water management and
energy production to industry and construction, Aarsettlements, communications

infrastructure and waste disposal, among others.
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Since this finite resource cannot easily providerépidly increasing numbers
of people and for a growing intensity of human\atés, conflicts over land use are
on the rise; among different social and economierests, between humans and the
environment, and between immediate and long-teredsie Current management
practices tend to approach these needs in isolatomeach other, with the result that
important links and impacts are ignored. Pressomesertain resources are leading to
their deterioration and eventually, permanent dégian. In the past, traditional
systems took account of land’s complexity and dikgr and evolved effective
management practices that conserved the resousee lidowever, these traditional
systems have not been able to cope with the slezde ®f modern activities. If
development is to be sustainable, these conflistsr dhe use for land and its
resources must be resolved. More effective praatcist be developed to promote
the ecologically and economically efficient allaoatof land resources, as well as the
effective management of land resources and theiakbp equitable use (The Global
Open University, 2008).

Governments, in collaboration with appropriate lpcanational and
international institutions and groups, should gmenediate priority to promoting the
most efficient use of land and land resources aedte mechanisms to facilitate
active involvement by all parties concerned in gieci-making. Goals should be set
policies formulated to address the environmentatjad and economic fact involved
in land and land resources use. Out of this, {@sdishould be enacted to encourage
the efficient use, protection and management ofd lamd land resources, and

improved distribution of population and activitiascording to the productivity of the
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land resource base. A general framework for lasel and physical planning should
be based on integrative units, such as the ecosystevatershed, within which more
specialized and sectoral plans can be developagroved planning and management
system would require the application of more appate tools for data collection
and interpretation, as well more accurate assedsameihaccounting of values, costs,
benefits, risks and impacts.

Therefore, the task of optimal resources managenamd sustainable
development has been greatly synergized by theneedaspeed and reliability with
which spatial information is generated by usingefité Remote Sensing and
Geographical Information System in a cost-effediveanner. A comprehensive
survey of natural resources will help in identifyiareas having different kinds of
potentials and problems. Remote sensing has emasyagowerful tool in providing
reliable and timely information on various naturakources at different levels of
detail (State Land Use Board, 1999). So, mappingabfiral resources both physical
and biological were carried out during the courséhe study using satellite data in
order to create the database for integration ofiapand non-spatial for planning
sustainable development.

4.1.1. WATER RESOURCES

Water is a chemical substance connected by covdlentls between one
oxygen and two hydrogen atoms. Water is a liquidmabient conditions, but it often
co-exists on Earth with its solid state, ice, amdepus state (water vapor or steam).
Water covers 71% of the Earth's surface, and & for all known forms of life. On

Earth, 96.5% of the planet's water is found in ased.7% as groundwater, 1.7% in
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glaciers and the ice caps of Antarctica and Greelhla small fraction in other large

water bodies, and 0.001% in the air as vapor, ddtatmed of solid and liquid water

particles suspended in air), and precipitation.yGhb% of the Earth's water is fresh
water, and 98.8% of that water is in ice and growatdr. Less than 0.3% of all

freshwater is in rivers, lakes, and the atmosphard,an even smaller amount of the
Earth's freshwater (0.003%) is contained withinldgacal bodies and manufactured
products (Pollack, 2011).

Water is one of the fundamental elements in susigithe integrity of the
natural environment and it is the key driver of mmmic and social development. It is
the major renewable resource amongst the variousataesources. Water being an
indispensable constituent for all life supportingogesses, its assessment,
conservation, development and management is oft gaacern for all those who
manage, facilitate and utilize (Ra&bal., 2010). Therefore, detail observations were
carried out during the course of this work on dagie system and springs of Aizawl
district. Subsequently, watersheds of the distuete classified using remote sensing

and geographic information system.

4.1.1.1. Drainage system:

Aizawl district is drained by north flowing rivet&e Tlawng, Tuirial, Tuirini,
Tuivawl, and Tuivai rivers and only the southem oif the district is drained by the
south flowing river of Mat. Besides these there argood number of streams and
rivulets of various patterns and length. Most oésin streams and rivulets are

ephemeral in nature.
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Since the drainage system for a particular aregoierned mainly by the
natural drainage course and topography, theretbee,drainage system of Aizawl
district has been studied with the help of sateilhageries and the Survey of India
topographical maps. It is found that most of thairtige patterns of the study area as
a whole are dendritic to sub-dendritic patternsemhthe stream with its tributaries
resembles the braches of a tree which indicatdsttiearocks below have a uniform
resistance to erosion. The topography is youngthadsoils are highly erosional in
character. Similar observations were made earlier Bhhattacharya (2008) for

drainage system of Aizawl.

The drainage map of the study area is given inréigul where the drainage
patterns of the study area can be observed andgdhennial and non-perennial
streams are also shown. The district capital as agebtate capital- Aizawl city lies
between the two most important rivers of the distrie. Tlawng and Tuirial rivers.
However, the main drainage system of Aizawl disiscllawng, Tuirial, Tuivawl and
Tuivai drainage systems. The total length of penstreams and non-perennial

streams are 30,44,676.06 km and 99,90,229.47 lapectively.

Tlawng river is one of the most important rivers Mizoram and it is the
longest river in Mizoram with a length of 185 km (Directorate of Economics
and Statistics, 2012). It passes through five idistrof the state forming district
boundary lines while running along its course slaidistrict boundary line between
Aizawl and Mamit district in the south western paftthe state. It is navigable by

small boat throughout the year and hence it prewdater transport route with neigh-
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Figure4.1: Drainage map of Aizawl district, Mizoram




bouring state of Assam. Important tributaries awihg river from the Aizawl district
areLau lui, Changte lui, Serlui A, Tuikual lui, Kururgi and Dur lui before it enters
to Kolasib district. Among these tributaries Chandgiti and Lau lui have created
fluvial flood plains making the areas suitable fagricultural and horticultural
development.

Tuirial river originates from north Chawilung hilithin the district and flows
northward throughout the whole length of the desttill it enters Cachar district of
Assam. The length of Tuirial river is 117.53 km r&utorate of Economics and
Statistics, 2012). It is an important river for tdestrict as well for the state of
Mizoram since it is navigable by small boat to asiderable length and on this river,
a multipurpose hydro-electricity project is beingder construction. It also formed the
district boundary with Kolasib district in the weahd north-western side. The
important tributaries in the southern part of tiner are Tuirivang, Tuinghaleng,
Suanghuan lui and Chite lui. In the middle courkéhe river, streams like Tuipawl
lui, Sihphir lui, Tuirini, Tuiphu, Tuitung, Tuitlare the important tributaries. Among
the tributaries Tuirini river is the biggest triang. The main tributaries in the north
are Tuisual lui, Mairang lui, Chengkawl lui and Melui are the notable ones.

Tuivawl river originates from Rullam tlang near Rwh village and flows
northward till it confluences to Tuivai river ingmorth. The length of Tuivawl river
is 72.45 km (Directorate of Economics and Stassti2012). It formed a district
boundary with Champhai district in the eastern sitihe district up to a considerable
length and then flows through the north-easterh gfathe district. Tuivawl river does

not create much fluvial flood plain along its caiexcept a few narrow valley fills.
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Its main tributaries within the district are RalZawi, Thang lui, Puantawm lui,
Tuichhiahlian lui, Tuiraih lui, Tuituai lui, Aierdi, Siktui lui, and Lozal lui.

Tuivai river is the largest river that passes tigloland along the district of
Aizawl by volume. The length of Tuivai river is 184 km (Directorate of Economics
and Statistics, 2012). It originates from Maniptats in the north east of Mizoram
and it forms a state boundary line between thestates for a considerable length and
then after entering Mizoram it forms again distboundary line between Aizawl and
Champhai districts. Again this river made a U-ttwwards north, and then again it
form state boundary line with Manipur and aftertthaflows westwards and then
northwards till it confluence to Tuiruang (Barakyer in the north. Tuivai river has
many important tributaries which have fluvial flopthins along their courses, such as
Tuiphal lui, Tuiriza lui, Tuitut lui etc.in the sthern part of the watershed and in the
northern part Rahnam lui, Luak lui, Zilthaw lui, 1I8lung lui and Rungdung lui are
the notable ones where agricultural developmesegén here and there.
4.1.1.2. Springs and Water holes:

Number of springs and waterholes are identifiecbaibus places of the district
especially near the settlements. The locationshe$d springs and waterholes were
observed aspect-wise and it reveals that the @astspects yield more
springs/waterholes as compared to the westerndlamkill ranges. This is due to the
fact that area with eastern aspects of the distrigenerally dip slopes. Generally the
springs located within or near the periphery ofleetent area are utilized for tapping
drinking water. The total number of springs obsdrwas 60 and that of waterhole,

where water is drawn for household purpose withim district was found to be as
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many as 356. The total number of working hand pufopad during the field visits
was 88. The locations of these springs and wateshokre plotted and are shown in
the drainage map (figure 4.1).

4.1.2. WATERSHED CLASSIFICATION

A watershed is a drainage area on Earth’s surface $vhich runoff, resulting
from precipitation flows past a single point inttaeger stream, a lake or the ocean. In
other words, it is a land surface (body of soilubded by a divide which contributes
runoff to a common point. The size of the watersisegoverned by the order of the

stream and the point of interception of the stream.

Table4.1: Watershed statistics of Aizawl district

S No Name of water shed and Area of water shed % of
water shed number (sg km) Water shed areal

1 3c2a8 — Tlawng - A2 294.26 8.23
2 3c2a9 — Tlawng - Al 247.49 6.92
3 3c2b3 —Tlawng - A3 242.87 6.79
4 3c2b4 —Tuirial - A2 352.72 9.86
5 3c2b5 —Tuirial - A1 946.60 26.47
6 3c2c6 — Tuivai - A3 163.84 4.58
7 3c2fl — Tuivai - A 814.15 22.77
8 3c2f2 — Tuivai - A2 313.15 8.76
9 3c2f3 — Tuivai - Al 97.81 2.74
10 | 3dla6 —Mat- A 103.42 2.88

TOTAL 3576.31 100.00
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The concept of watershed as planning unit for dgweknt of land and water
resources has gained importance since 1974 whenMihistry of Agriculture,
Government of India initiated various depenent programmes like Hill
Area Development Programmes (HADP); Drought ProneaAProgrammes (DPAP);
Desert Development Programmes (DDP) etc (SRSC,)2006 therefore, necessary
to delineate watershed boundaries at various lewdlshierarchy to identify
development activities under various schemes ih gatershed. Moreover, drainage
networks help in delineation of watershed and tmgesting various water harvesting
structures and soil conservation measures.

All India Soil and Land Use Survey (AIS & LUS) ohd Ministry of
Agriculture has developed a hierarchical systemvatfershed delineation like water
resources region, basin, catchments, sub-catchmedtsvatershed. Beyond this, the
following three levels of watershed delineation heen carried out using Survey of
India topographical maps up to micro-watershedlg&e(ldRSA, 1995). These are: 1)-
Sub-watershed (30 — 50 sqg km); 2) Mini-watershe@l {130 sq km) and; 3) Micro-
watershed (5 — 10 sq km).

As per the Watershed Atlas of India (Soil and Las® Survey Organization,
AIS and LUS, 1990), observations reveal that thedvim state falls into region 3
that is Brahmaputra and Northeastern state riversipcising 2 basins of 3C
(Brahmaputra tributaries that flow upto Bangladé&iini Myanmar) and 3D (Eastern
part of Manipur and Mizoram draining into ChindwMyanmar ). These two basins
have three catchments which fall under Mizoramestae. 3C2 (mostly Barak), 3C3

(partial drainage of Tripura and Mizoram flowingarBangladesh) and 3D1 (eastern
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part of Mizoram and Ngengpui lui). Furthermore,staecatchments are sub-divided
into 6 sub-catchments and 34 watersheds. Theseshats are further sub-divided
into sub-watersheds, mini-watersheds and micro+siagel. The whole district of
Aizawl falls into sub-catchments of 3C2A, 3C2B, ¥and 3C2C and 3D1A. The
watershed statistics of Aizawl district are givartable 4.1 and the watershed map of
Aizawl district is given in figure 4.2. Watershedde and statistics of micro-
watershed is given in Appendix — Il.
4.1.3. GEOLOGY AND GEOMORPHOLOGY

Aizawl district occupies the north-central parttok state and represents a
monotonous sequence of argillaceous and arenaceokss, which are classified by
Geological Survey of India into two formations viMiddle Bhuban and Upper
Bhuban Formations (GSI, 2011). The formations aigefd into almost N — S
trending anticlines and synclines and affecteddmgitudinal, oblique and transverse
faults of varying magnitudes. An attempt has beedento classify the rocks into
various stratigraphic divisions, but lack of anyardcteristic rock type and index
fossils make it difficult to classify in detail. €hefore, the formations are classified
into two formations on the basis of lithologicalseamblage and sedimentary
structures.
4.1.3.1. Structures

In satellite imagery, geological structures likédBappear as crest and trough
which are the indication of anticlines and correspng synclines. The axis of the
synclines usually follows prominent river valleyadatheir corresponding axis of

anticlines passes through the ridges (sometimeg) dle flanks of the ridges).
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Other geological structures called lineaments vedse mapped using satellite
imagery. This is done with the help of Digital Edon Model and ground checking.
Some lineaments, which are confirmed from Geoldg®arvey of India report
(Nandy, 1982), are classed as faults (well-deficragks along which the rock masses
on either side have relative displacement), whiteeolineaments, which show lateral
displacements, are referred to as ‘inferred fawtsl other major lineaments with no
prominent displacements are classed as Lineaménéslineaments were identified
mainly on their linear nature and straight streaegnsents, etc. The structural
elements noticed in the area are both primary awdredary in nature. The beds
generally trend N-S to roughly NNW-SSE and dip thez side from 15to 65 with
local variations at the vicinity of faults. Similgattern earlier was also reported by
Jaggiet al. (1986) in Aizawl district.

The area has been affected by a number of falikarging magnitude. They
are mostly transverse/oblique in disposition, exéégathlak lui — Sér lui fault located
between Samtlang and Lungléng villages, which mgikudinal in disposition. Major
oblique faults are Changte fault, which divideslsti and Chamring villages; Chite
fault and Chakai lui fault which are located withtime city; Muthi lui — Sabual lui
fault which cuts across the Tuirial river; Sihddéwh— Tuirini lui fault which runs in
between Tualbung and Hriangtlang villages; Matafdult in the northern part of the
district, and Rawkawn lui fault near Suangpuilawitage. The faults are delineated
with the help of Satellite Imagery, SOI topograpihicnaps on the basis of field
criteria like shifting of axial plane, course ofethivers, etc and subsequent ground

check. The general trend of the oblique faultsoisgghly NNW-SSE. In some cases,
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the throw of the fault could not be measured oimeded due to the absence of any
marker horizon. Presence of other minor faults)tidated in the area by reversal of
dips. The total length of lineaments (includingltauand inferred faults) is 101.06 km

(SRSC, 2006)

4.1.3.2. Lithology

The lithological mapping was done with the helptopography and field
checks. Different rock types were delineated fratellite imagery based on drainage
pattern, texture and tone (Kuneral., 2010). Sandstone being resistant to weathering
form massive hills and hogback ridges when theyhar&zontally bedded. Sandstone
terrains shows coarse drainage texture and ard\ystth dendritic to rectangular in
pattern due to high porosity and permeability.

Shale being incompetent rocks form subdued toptgraphey have fine
drainage texture and parallel to sub-parallel pattéds it has impervious nature
therefore has high drainage density. The Surma isoduocks is represented in the
area by Middle and Upper Bhuban formations. The déidBhuban formation is
mainly a thinly bedded sequence with sandstoneeflgstone ratio of about 50 : 50,
with mudstone. Sandstone are fine to very fineng@j ash to bluish grey in colour,
compact and hard, thinly bedded; rarely yellowisbmin medium grained and friable.
Few thick beds of sandstones are found in somes.a8tele and siltstone are dark
grey and grey in colour and usually splintery. Tdrisup of rocks occupies the core of
anticlines, flanked on either side by the rocksUpiper Bhuban formation. A few
thickly bedded sandstone bands are noticed at icepkaces. These beds are

important source of building and road constructinaterials in the area, and they
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form the main ridges of the area. The contact betwkliddle and Upper Bhuban
formations is gradational and transitional.

The Upper Bhuban formation occupies the core ofvita Tuirial, Tuivawl
and Tuirini synclines, and the lithology in theseas is mainly represented by shale —
siltstone and little mudstone. The arenaceous #Hagous ratio is about 50 : 50 in
the lower part and 80 : 20 in the upper part offtmenation. Geomorphologically, this
unit occurs as subdued hills giving rise to hummiogography.

Table 4.2 : Geological/Lithological statistics of Aizawl district, Mizoram

ﬁ o. Rock Types Area (sq km) Per centage (%)
1 |Sandstone 1279.63 35.78
2 |Siltstone & Shale 2264.32 63.31
3 |Limestone 1.47 0.05
4 |Clayey Sand 25.52 0.71
5 |Gravel, Sand & Silt 5.36 0.15

Grand Total 3576.31 100.00

Bource: MIRSAC — Natural Resources Atlas of Mizaraf09)

The lithological mapping was done with the helptopography and field
checks, based on observations; lithology of th&idisvas divided into 5 litho classes
— 1) Sandstone, 2) Siltstone and Shale, 3) LimestdnGravel, Sand and Silt and, 5)
Clayey sand. Sandstone is the harder rock formatmmhwas found mainly along the
ridgeline owing to its resistance to erosion. Olleiacovers an area of 1,279.63 sq
km of the district which is 35.78 % of the totakar Siltstone and shale were put

together for mapping as they are almost inseparahtkthis unit covers most of the

96



92¥0E 9W2B0TE 9302E 93102E 93202°E
1 1 1 1 1
N
2420'1°"N— [=2420'1"N
24°10'1"N = p=24%10"1"N
247'1°N =1 =240'1°N
23B0'1°N = =2350'1"N
=
23%0'1"N = \:_.:- =2340'1"N
~
STRUCTURAL UNIT
Dip (S
Lineament ~ ===--
(Fault (Inferred - -.
2330'1"N = P=2330'1"N
(Fault (Confirmed ——
Structural Trend
LEGEND
ROCK TYPES
Settlement L | Ssandstone -
BTN River E Siltstone & Shale I
National Highway — Limestona
S State Highway Gravel, Sand & Silt
ars 75 15 225 30 < ! -
Km District Road T Clayey Sand
1 I 1 I )
92%07°E 92502 9302°E 93M02'E 93202'E
Figure 4.3 : Geological map of Aizawl district, Mizoram



study area. A total area of 2,264.32 sq km idesdifinder this class which is 63.31 %
of the Aizawl district. Gravel, sand and silt wdmeind along the major rivers i.e.

Tlawng, Tuirial, Tuivawl and Tuirini and cover area of 5.36 sq km which is 0.15 %

of the total area. Clayey sand deposits were fagoadtered all over the area along
with small streams covering an area of 25.52 sqdmhy 0.71 % of the study area).

Limestone is found in small outcrop near Muthiagjé and along the banks of Tuirial
River. It only covers about 1.47 sq km and contitonly 0.05 % of the total area.

The detail statistics of lithology is given in takl.2 and the geological map is shown
in figure 4.3.

4.1.3.3. Economic minerals:

Earlier observations (GSI, 2011) along with preseortk indicated that Aizawl
district as a whole is void and empty as far asomajineral deposits are concerned.
However, stray deposits of certain mineral was ah@ed presented here. Bands of
shell limestone deposit were noticed near Muthi @adawng villages (Directorate of
Industries, Govt of Mizoram, 1995). The limestormatls occur as detached lensoidal
bodies associated with sandstones and siltstomegh(& al., 1996). The limestone is
very hard, massive and grey to dark grey in coldyrart from this, the Geological
Survey of India have reported the occurrence o#llsmuantities of limestone
deposits in the Tam dil lunala section, in the east of Sesawng village at Dam lui,
Ngharum Ilui near Tuirial bridge and near PHE restide on Reiek-Aizawl road
(Jaggiet al., 1986). Besides, limestone also found as stataatieposits at Tam dil

lui and Dam lui.
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The sandstones within the study area were bluisit@&haki-coloured, hard,
compact and massive. They are being used as roadlsmand for building
construction materials. They are extensively mimear Hlimen, Thiak, Sentezel,
Tlungvel, Keifang, Zemabawk and Lawipu areas alsported earlier by SRSC
(2006). In addition to these, minor quarrying opierss have been taken up in various
places of the district.
4.1.3.4. Geomor phology:

Geomorphology is essentially the study of relieftéees of the earth’s surface
and factors that produced them. Besides satelite, dlope and contour lines readily
available on toposheets were used for geomorphatogyping as suggested earlier
by Kumar and Guha (2010). In addition, field surweqs also carried out for
geomorphologic mapping of the study area.

Structural hill constitutes the main geomorphicsland dominates the state of
Mizoram. Structural hills as the name implies, fisstouctural origin, associated with
folding, faulting and other tectonic processes. IGgioal structures like folding and
faulting can be delineated from satellite imagémyr better understanding, structural
hills were further divided into three classes viagh structural hills (above 1200m),
medium structural hills (500-1200m) and low struatthills (below 500m) during the
course of this study as suggested by SRSC (20083. classification was done with
the help of contour lines from toposheets.

Structural hill constitutes the main geomorphicssland dominates the entire
area of Aizawl. Observation reveals that high stmad hills (above 1200m) covers an

area of 180.21 sq km (5.04 % of the study areawaré mainly found at the peaks of
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Figure 4.4 : Geomorphogical map of Aizawl district, Mizoram



Table4.3: Geomorphological satistics of Aizawl district, Mizoram

ﬁllo Geomor phic Unit Area (sqg Km) %
1. High Structural Hill (above 1200m asl) 180.21 5.04
2 |Medium Structural Hill (500 — 1200m asl) 830.37 23.22
3 |Low Structural Hill (500 & below m asl) 2530.93 70.77
4 |Valley Fill 33.07 0.92
5 |[Flood Plain 1.73 0.05
Grand Total 3576.31 100.00

(Source: MIRSAC — Natural Resources Atlas ofdidam, 2009)

Hmuifang, Tawi, Chalfilh and Mawmrang tlang.
1200m) covers an area of 330.37 sq km (23.22%e6thdy area) were found along
the Aizawl town, Neihbawih and along East Phaileidge. It was also found below
the peaks of Hmuifang, Tawi, Chalfilh, Mawmrangntlaand Suangpuilawn ridges.
Low structural hills (below 500m), covers an areh 20530.93 sq km which

contributed maximum 70.77 % of the study area aad most common hill structure

throughout the entire area.

Other geomorphic classes like valley fill andofio plain were delineated
directly from FCC satellite imagery as they areallyuassociated with water body
(river) which appears as black colour. Flood Plaires usually found along the major
rivers and they are formed by deposition of re@ditvium, such as gravel, sand and
silt. The materials constituting the flood plainlivéippear as bright patches in FCC
satellite imagery. Valley fill is of fluvial origircharacterized by the unconsolidated
sediments deposited by streams or rivers in a wditvial valley. Valley fill existed

mainly along Tuirial and Tuirini rivers and therfdutaries, and along the streams in
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the northern part of the district. It covers ansané 33.07 sq km which is only 0.92 %
of the total area of Aizawl district. Flood plaimgre found along the major rivers.
This unit covers an area of 1.73 sq km (only 0.0®f%he total area). The detalil
statistics of geomorphology is shown in table /8 geomorphological map is shown

in figure 4.4.

414 GROUND WATER POTENTIAL ZONATION

With the rapid urbanization and increased poputatine demand for water
supply increases. Surface water resource is oft@dequate to meet the ever-
increasing demand of water supply. Therefore, gilawater resources have been
developed on a large scale, and have been tapmkthaanessed to a considerable
extent. An area experiencing constant drought awih@) water scarcity problem,
groundwater resources have been an alternativé@obo the problem. Groundwater
resources have been exploited not only for domegsirposes, but also for irrigation
and agricultural purposes.

Preparation ofground water potential zonation mag one of the first steps in
exploring and exploiting the ground water resour@®und water potential zonation
map divides an area into zones of varying degrégsonund water potentiality based
on an estimated significance of various geo-enwviremtal factors operated and
observed on the surface which are responsiblenthraing the potentiality of an area.
Ground water potential zonation map helps to chaoskidentify the potential zones,
selecting viable sites for carrying out exploratand provides the basic data of the

different potential zones of ground water resoufoeshe study area.
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Figure4.5: Ground water potential map of Aizawl district, Mizoram




Table4.4: Statistics of ground water potential zonesof Aizawl district

S Potential Zone Area (sq km) Per centage (%)
No.
1 Very Good 109.14 3.05
2 Good 593.55 16.60
3 Moderate 1005.20 28.11
4 Poor 1868.42 52.24
Grand Total 3576.31 100.00

(Source: MIRSAC — Natural Resources Atlas of Mizoy2009)

The ground water potential zones map of the Aizésirict is shown in figure
4.5 and the area statistics is given in table Buting the course of this study, very
good zone identified in valley, flood plain and ldwng areas of the district and
covers an area of 109.14 sq km and therefore toméd only 3.05 per cent of the
total study area. Good zones spreads over armnaasut 593.55 sq km located near
faults, joints and fractures and forms 16.60 pertt @@ea only. Moderate zone was
evenly distributed within the study area and cowrsarea of 1,005.20 sq km which
occupied 28.11 per cent of the total area. Likews®or zone occupied an area of
1,868.42 sq km which is 52.24 per cent of the tstatly area. In General, the study

indicates that overall status of the undergrountkmia the district is very poor.
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4.15. SLOPE, ASPECTSAND ALTITUDE

Satellite imagery and Survey of India toposheeteevutilized for deriving the
information on slopes, aspects and altitudes. ERO&®RAgine and Geographic
Information System (GIS) package were utilized émmerating Digital Elevation
Model (DEM) (ERDAS, 1999). The different slope fegeaspect and altitudinal
zones were derived for Aizawl district. The resist presented in following

paragraphs under different subheads.

4.1.5.1. Slope
Slope is a measure of change in elevation. Itasuaial parameter in several
well-known predictive models used for environmentanagement, including the

universal soil loss equation and agricultural nompsource pollution models.

Aizawl district is uniquely characterized by sevepmrominent hill ridges
running parallel to each other, most of which rdyghns from north to south, except
the southernmost hill ridges around Sialsuk andn@hey villages. The hill ridges in
these locations run in north-west to south-eagtction. Hill ridges in the study area
include many hill tops, several of which occupy mment locations. The length of
these hill ridges varies widely, and the hill ridggre often terminated by valleys and

river plains.

The district is lacking in important plain areaswF plain areas of small
dimensions in between the hills and along the rbaatks are noticed in certain parts
of the study area. They are more confined to ththeonmost part of the district. The

plain areas within the district are too small iearto be utilized for wetland rice
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cultivation (WRC). However, few areas including fimi and Changte rivers valley
are utilized for wet rice cultivation. During theeggent observation, the slope of the
area were conveniently divided into 9 slope facatgpresented in table 4.5 and slope

map is shown in figure 4.6.

Table4.5: Slope satistics of Aizawl dstrict, Mizoram

Slope (%) Area (sq km) geog;)f)agaitcc:);?!\rea
0-3 22.93 0.64
3-10 2.72 0.08
10 — 15 5.90 0.17
15-25 119.35 3.34
25 - 35 341.20 9.54
35-50 1370.70 38.33
50 — 70 1164.75 32.57
70 — 100 450.35 12.59
> 100 98.40 2.75
Total 3576.31 100.00
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Area having 0 to 3% slope covers atotal area of 22.93 sq km constituting only
0.64% of the total area of Aizaw! district. Area having 3 to 10% slopes covers a total
area of 2.72 sq km (only 0.08% of the total area). Likewise, area having 10 to 15%
slope covers a total area of 5.90 sq km (0.17%). Nearly, 119.35 sq km i.e. 3.34% of
total area was covered with slope of 15 to 25%. Landscape with 25 to 35% slope
constituted 9.54% of the area with a total cover of 341.20 sg km. Likewise, area
having 35 to 50% slope covers an area of 1370.70 sgq km (38.33 %), 50 to 70% slope
covers 164.75 sg km area (32.57%), 70 to 100% slope covers 450.35 sq km area
(12.59%). Area having > 100% slope covers a rather small area of 98.40 sq km which
constitutes to 2.75% slope of the total area. In general, area having 35 to 50% slopes
covered the largest area followed by slope having 50 to 70% slopes. Whereas, area
having 3 to 10% slope has the smallest area followed by 10 to 15% slope and 0 to 3%

slope, respectively.

4.1.5.2. Aspect

The slope aspects of the hills within the study area are more or less evenly
distributed. Locations within the study area having no aspect or relatively flatland
occupied an area of 2.24 sq km constituted small fraction i.e. only 0.06 % area of the
Aizawl district. Overall, the aspect of the area was conveniently divided into 9 aspects
after the observation and detail is presented in table 4.6 and aspect map is shown in
figure 4.7. The statistics of the aspect data reveals that the total area having North
aspect contributed 9.53% to total land with an area of 340.75 sq km. Likewise, the
total area having Northeast aspect was 471.20 sq km (13.18 %), East aspect 493.11 sq

km (13.79 %), Southeast aspect 434.59 sgq km (12.15 %), South aspect 382.64 sq km
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Table 4.6 : Aspect statistics of Aizawl district, Mizoram

Aspect Area (sq km) Per centage (%)
North 340.75 9.53
North-east 471.20 13.18
East 493.11 13.79
South-east 434.59 12.15
South 382.64 10.70
South-west 438.20 12.25
West 520.20 14.54
North-west 493.38 13.80
Flat-land 2.24 0.06
Total 3576.31 100.00

(10.70 %), Southwest aspect 438.20 sq km (12.25 % ), West aspect 520.20 sq km
(14.54 % ), Northwest aspect 493.38 sq km (13.80 %). Approximately, only 2.24 sq
km area was recognized without aspect with only 0.06 % share to the total area of

Aizawl district. Similar observations made earlier by MIRSAC (2009).

Observation reveals that western aspect covered maximum area followed by
North-western aspects in the study site. This can be accounted duly because of the
fact that the hill ridges mainly run from north to south in their formation trend. North-
east aspect is often considered most suitable for agriculture development,
establishing orchards, farms and other residential areas. Few places within the area

would not be utilized for cultivation asit has aready used for built up land, popul ated
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for other purposes and as majority of the areassmved to be under forest. The vast
remaining areas could be, however, be utilizedcéffely according to the need and
constraints prevalent within their respective areAspect covering the least area is
flat land followed by north. Few major riveviz. Tlawng, Tuirial, Tuvai, Tuirini and
Tuivawl rivers have not influenced the topograpliyhe study area in the formation

of flatland areas.

4.1.5.3. Altitude

The altitude of Aizawl district can be describechtive uncommon features in
their existence. While many places include monteres and several areas fall under
low altitude area. Chalfilh tlang (1905 m asl) ighest peak located in the central part
of the district near Hriangtlang village. The lowekevation within the study area, on
the other hand, is represented by the Tlawng ne#ey near Sairang and the Tuirial
river valley in the central part of the districthere the elevation ranges from 100 to

200 m asl.

The altitude within the Aizawl city is also fairlyigh. The altitude of Thokaw
tlang, near Hlimen locality is 1191 m asl, whilg tof Tlangnuam locality attains an
altitude of 1156 m asl. Likewise, Laipuitlang, lted in the centre of the city and
Buiahmun tlang, near Durtlang locality attains ggheof 1188 m asl. However, the
highest peak within the city area is Neihbawih glarear Sihphir locality (1500 m

asl).

The altitudinal zone map and detail statistics led study area are given in

figure 4.8 and table 4.7 respectively. Overall, ahi#ude ranges between 500 — 700 m
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asl covers the largest area with 872.98 sq km wisié#.41% of total land. This was
followed by 300 — 500m asl altitudes (802.52 sqdad 22.44% of the district area).
The altitude ranging from 1400 — 1500 m asl covkesleast (only 0.78%) with an
area of 27.90 sg km followed by the altitude > 150@sl (33.26 sq km and 0.93% of

the district area).

Table4.7 : Altitude statistics of Aizawl district, Mizoram

S No. Height Area % of _total
(m ad) (sg km) geographical area
1 0-300 521.07 14.57
2 300 - 500 802.52 22.44
3 500 - 700 872.98 24.41
4 700 - 900 676.64 18.92
5 900 - 1000 241.4 6.75
6 1000 - 1200 281.46 7.87
7 1200 - 1400 Mts 119.09 3.33
8 1400 - 1500 Mts 27.9 0.78
9 > 1500 Mts 33.26 0.93
TOTAL 3576.32 100
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4.16. LAND USE/LAND COVER

The land use / land cover statistics of the district Aizawl in Mizoram is given
in table 4.8 and corresponding map is shown as figure 4.9. After observations, the
major land use/land cover classes within the district were broadly categorized into: 1)-
settlements, 2)- agricultural land/horticultural land, 3)- forests, 4)-bamboo forest, 5)-
forest plantations, 6)- shifting cultivation, 7)- scrubland and, 8)- river/water body as

suggested by NRSC (2011).

4.1.6.1. Settlements

Settlements include residential and non-residential areas including recreational
and commercial areas. The study area includes one city i.e. Aizawl city, three notified
towns namely Sairang, Darlawn and Saitual and 98 villages. Aizawl city is the capital
of Mizoram and also the headquarters for al government departments and educational
institutions. City and towns are usually appearing as relatively large and the rural
areas or villages vary in size from big to small, irregular and discontinuous in
appearance; and can be seen in clusters, non-contiguous or scattered in the FCC
satellite imagery. Overall, settlements cover an area of 48.16 sq km, which accounts

for 1.35 % of the total area of the district.

4.1.6.2. Agricultural land

Agriculture land comprises those areas, which are permanently used for crop
cultivation. This class of land has been divided further into Kharif crop land and

agricultural/horticultural plantation.
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Table4.8 : Land use/ Land cover statistics of Aizawl district, Mizoram

% of total area
Land category Area (sq km) of the district
Settlements 48.64 1.35
AgricultureLand
2.1 Kharif (WRC) 5293 0.06
2.2 Agri/Horti Plantation 11.93 0.33
Forest
3.1 Dense 642.55 17.97
3.2 Medium Dense 410.21 11.47
3.3 Less Dense 399.73 11.18
3.4 Bamboo 1403.01 39.23
3.5 Forest Plantation 15.09 0.42
Shifting Cultivation
4.1 Current Shifting Cultivation 185.44 5.19
4.2 Abandoned Shifting Cultivation 407.72 11.41
Scrub land 35.38 0.99
Water body 14.29 0.40
Total 3576.31 100.00
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4.1.6.2a. Kharif crops:

Wet rice cultivation (WRC) areas located in the llgvng plains represent this
class in Aizawl district. The terrain features ghgaredict the practice of this form of
farming. A small and scattered patch of lands sgmang the Kharif crop found in
the central and southern part of the district. WiRC areas are usually located at the
banks of rivers, streams and sometimes close tlersent areas, where soil and water
supply is suitable for its establishment and grovBhsed on observation and data
collected, it can be said that most of the WRC sa@ found in flat areas at the
banks of Tuivawl, Tuirini and Tuivai rivers, whiokventually irrigates the paddy
fields either directly or through its tributariekherefore small patches are also found
near the banks of rivers Tuirial, Chite, Changté, lLao and Mat. In the FCC
satellite imagery, they were recognised by theiatmn, shape and association. They
are usually regularly shaped, found in low lyingllexa plains and with bright
reflectance during dry season and reddish tingengurainy season. Observation
reveals that total area under WRC in Aizawl distwas 2.23 sq km, which accounts
for only 0.06% of the total area of the districttREAC (2008) recorded similar data

for WRC in the district.

4.1.6.2b. Agricultural/Horticultural Plantation:

This class of land use pattern includes areas,hwhie being utilized for the
plantation of traditional as well as cash crops. s@bation reveals that
agricultural/horticultural plantation covers ana@ 11.93 sq km in Aizawl district,
and therefore, occupied only 0.33% of the total trdis area. As the

agricultural/horticultural plantations were mixethmtations, each plantation could
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not be delineated from the satellite imagery duesdale factor. The prominent
plantations includes Citrus woodlands (Orang#&trus reticulata Linn. and Lemon
Citrus limon L.Burm.), Tea Camelia sinensis L. Kuntze), Pineapple Ahanas
comosus Merr.), Banana Nlusa paradisiacal Linn.), and Tung Aleurites fordii
Hemsl.) plantations. Such plantations are seen fé@ak, Tachhip, Samlukhai,
Muallungthu, Sateek, Phulpui and N.Khawlek. Few ttecad patches of the
plantations are also found along roadsides antesetht areas of Sakawrtuichhun,
Khawruhlian, Thingsulthliah, Phulmawi, Sihfa and il&a villages. Banana
plantations are found near Seling, Sesawng, Tlun®iefa, Thingsulthliah, Sawleng,
Selesih etc. Tea plantation is found near N.Khawi#age and it is also found wild
in other higher altitude places like Hmuifang andlsik villages. Tung plantation is
found near N.Khawlek, Phuaibuang, Dilkhan, Sesawigyjal, Sihfa, Darlawng and
Samlukhai villages.

The other miscellaneous plantations observed dgingnd verification were
cash crops which includes Bearhdéseolus vulgaris Linn.), Squash Sechium edule
Jacq.), Maize 4ea mays Linn.), Pumpkin Cucurbita maxima Deuch.), Brinjal
(Solanum melongena var. esculentum Linn.), Mustard Brassica juncea Linn.),
Tobacco WNicotiana tobacum Linn.), Papaya Qarica papaya Linn.), Cucumber
(Cucumis sativa Linn.), Cow peaVigna sinensis Linn.), CabbageRrassica oleracea
var. capitata Linn.), SugarcaneSaccharum officinarum Linn.) (ICAR, 2010). Squash
plantation is found at higher altitude places likertlang and Sihphir where they are

growing luxuriantly. Other crops are grown in a gaxorm.
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4.1.6.3. Forest Types

The forest cover type of Aizawl district is mairthppical wet evergreen forest
mixed with semi evergreen and tropical moist deaiduforests comprising mainly of
bamboo (Champion and Seth, 1968). Sub-tropicaktdiiaind at mountainous ridges
in certain places like Chalfilh, Tawizo and HmuifanOverall forests were
represented by diversified and rich vegetation. ddelng on the density of the
canopy cover, the forests during the course of #tisdy were divided into

dense/closed, medium dense and less dense fogst 8RSC (2006).

4.1.6.3a. Dense/Closed Forest:

This class includes natural forests, which are disturbed by any biotic
factors like shifting cultivation and other humactiaties and are having very thick
crown density ( > 40%) as suggested by NRSA (20B6grgreen and semi-evergreen
forests in the district represented this class emwkers major portion of this area.
Similar observations reported earlier by Negi ()989covers an area of 642.75 sq.
km, which accounts for 17.97 % of the total arethefdistrict. Vast dense forests are
found near the location viz., Sailam, Hmuifang, Tz Lenchim, Buhban, Mauchar,
Palsang, Vanbawng, Luangpawn, Sialsuk, Samlukhagkei, Sailutar and Khanpui

(Chalfilh and its environs) villages.

The dominant species in the upper storey @sdtis tetrandra (Roxb.),
Anthocephalus chinensis (Lam.) Rich.Ex.Walp Wendlandia grandis (Hook.F.),
Protium serratum (Wallich), Phoebe lanceolata (Nees), Phoebe attenuate (Nees),

Ficus benghalensis (L.), Garuga pinnata Roxb, Terminalia myriocarpa (Van Heurck
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& Muller), Wightia speciosisssma (D.Don), Lagerstroemia speciosa (L), Aporusa
octandra (Buch.Ham ex D.Don)Rhus succedanea (L), Litsea salicifolia (Roxb ex
Nees), Xantolis hookeri (C.B.Clarke), Lithocarpus dealbata (J.D.Hooker &
Thomson), Magnifera sylvatica (Roxb), Symplocos racemosa (Roxb), Quercus
helferiana (A.DC), Sapindus mukorossi (Gaertn),Ficus religiosa (L), Ficus tinctoria
(G.Forst), Macaranga indica (Wt.), Derris robusta (Roxb. Ex DC), Palaquium
polyanthum (Wall.), Engelhardtia spicata (Blume), Careya laciniosa (Shellbark)
Betula acuminate (L), Albizia procera (Roxb), Myrica esculenta (Buch. Ham. ex
Don), Prunus jenkinsii (Hook.f.&Thomson), Hedyotis scandens (Roxb), Acacia
oxyphylla (Graham), Acacia pennata (L), Elaeocarpus lanceaifolious(Roxb),
Serculia villosa (Roxb), Serculia colorata (Roxb.), Hydnocarpus kurzi (King),
Juglans regia (L), Schima wallichii (DC), Cinnamomum glanduliferum (Wallich),
Bischofia javanica (Blume), Syzygium cumini (L), Prunus nepalensis (L), Morus
macroura (Miq), Acrocarpus fraxinifolius (Wt & Arn), Eriobotrya bengalensis
(Roxb), Michelia oblonga (Wall.ex Hook. f. & Thomson)Bombax insigne (Wallich),
Quercus lineate (Blume), Ulmus lanceifolia (Roxb), Macropanax dispermus (Blume),
Bombax ceiba (L), Mitragyna diversifolia (Wall ex G.Don) Castanopsis indica
(Roxb Ex. Lindl), Calophyllum polyanthum (Wall ex Choisy), Heliconia excels
(L.Anderson),Pterospermum acerifolium (Willd), Artocarpus chama (Buch.-Ham),
Artocarpus nitidus sp.griffithii (King), Toona ciliate (M.Roem), Kydia calycina
(Roxb), Kadsura heteroclite (Roxb), Prunus undulate (Buch.-Ham ex Don.),
Elaeocarpus aristatus (Roxb), Styrax polysperma (C.B.Clark), Ficus semicordata

(Buch.-Ham. ex sm) Tetrameles nudiflora (R.Br.), Derris robusta (Roxb. Ex DC.),Vitex
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pendicularis (Wall), Glochidion khasicum (Hook. F.), Albizzia odoratissima (L.f.)
Benth Castanopsis tribuloides (Smith), Sapium baccatum (Roxb), Dysoxylum gobara
(Buch.-Ham)Mery Gmelina arborea (Roxb), Saurauia punduana (Wallich), Garuga
floribunda var. gamblei (King ex Smith), Albizzia chinensis (Osbeck)Merr.Bauhinia
variegata (L), Drymycarpus racemosus (Roxb), Garcinia sopsopia (Buch.-Ham),
Anogeissus acuminate (Roxb.ex.DC),Alphonsea ventricosa (Roxb), Sereospermum
chelonoides (L.f. DC), Duabanga grandifolia (Roxb ex. DC)and Embelia ribes
(Burm. F.). Entada pursaetha (DC), Smilax glabra (Roxb) and Cayratia obovata
(Thunb) are the dominant climbers, which are asgediwith the above tree species
(Sawmliana, 2003).

In the middle storey, the dominant species idesdifivere Pithecellobium
heterophyllum (Roxb), Zanthoxylum armatum (DC), Maesa Montana (A.DC),
Alangium chinense (Lour.), Trema orientalis (L) Blume, Ostodes paniculata (Blume),
Ligustrum robustum (Roxb.),Mucuna gigantean (Wild.) DC., Aechynanthus maculate
(Roxb.),Garcinia kydia (Roxb), Zizyphus incurve (Roxb), Mesua ferrea (L), Wrightia
arborea (Dennstedt), Syrax serrulatum (Roxb), Syzygium claviflorum (Roxb), Litsea
lancifolia (Roxb. ex Nees)Dillenia pentagyna (Roxb), Fagerlindia fasciculate
(Roxb), Pittosporum nepaulense (DC), Leucosceptrum canum (Roxb), Symplocos
racemosa (Roxb), Beilschmiedia gammieana (King ex.Hook. f.), Boehmeria
rugulosa (Wedd), Leea compactiflora (Kurz), Cordia dichotoma (forst f.), Helicia
robusta (Roxb), Bridelia monoica (Lour.) Merr., Flacourtia jangomas (Lour.) Raeus.,
Antidesma bunius (L) Spreng.etc. And in the undergrowthRubus ellipticus (Smith),

Cissampelos maxima (L), Mikania micrantha (Kunth), Justicia adhatoda (L), Leea
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indica (Burm.f.) Merr., Shefflera venulosa (wight & Arn.), Premna coriacea
(C.B.Clarke), Arisaema speciosum (Wall) and different types of ferns are the
dominant species. There are also different spemfiesanes- Arenga nana (Griff.),
Caryota mitis (L), Calamus acanthospathus (Griff.), Cordia dichotoma (Forst. F.),
Calamus guruba (Buch.-Ham.),Pinanga gracillis (Blume), Arenga pinnata (Merr.),
Calamus tenuis (Roxb),and Licuala peltata (Roxb) (SRSC, 2006)

4.1.6.3b. Medium Dense Forest:

The forests that have a crown cover between 10-4@%e classed under this
category. It covers an area of 410.21 sq km, whmtounts for 11.47% of the total
area of the district. It is distributed throughdine district and found in close
association with dense forests. The vegetatiorhisf forest is more or less similar
with those species found in dense forests. The diffgrence lies in the crown

density of these forests.

4.1.6.3c. LessDense Forest:
Forests under this category were characterized thynacrown cover (<10%).

These forests in the district are represented byp@ned shifting cultivation land left
fallow for over a years; subsequently new vegetatiocupied the land and converted
into new forest. Forests of this class are distaduhroughout the district in small
patches usually associated with bamboo forestsadjmining abandoned jhum lands.
However, notable large patches are found near ZahnRaetu, Suangpuilawn,

N.E.Tlangnuam, Saitual, Khanpui, Thingsulthliah, nuih, Aibawk, Tachhip

villages and surrounding areas of Aizawl city. déivers an area of 399.73 sq km,
which accounts for 11.18% of the total area of digtrict. The dominant species in

the upper storey ar€allicarpa arborea (Roxb), Albizia chinensis (Osbeck)Mery
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Oroxylum indicum (L), Phoebe lanceolata (Nees), Aporusa octandra (Buch.-Ham
ex.D.Don),Erythrina stricta (Roxb), Mangifera sylvatica (Roxb), Mesua ferrae (L),
Quercus helferiana (A.DC), Callicarpa arborea (Roxb), Engelhardtia spicata
(Blume), Betula acuminate (Wall), Rhus javanica (L), Schima wallichii (DC) Korth,
Bischofia javanica (Blume), Syzygium cumini (L), Litsea monopetala (Roxb), Bombax
insigne (Wall), Macropanax dispermus (Blume), Ficus hirta (Vahl), Castanopsis
indica (Roxb), Heliconia excels (L.), Emblica officinalis (Gaertn),Artocar pus nitidus
sp.griffithii (King Ex.Hook.f.), Spondias pinnata (L), Quercus leucotrichophora
(Roxb), Castanopsis tribuloides (Sm) A.DC., Sapium baccatum (Roxb) etc. In the
middle storey, the dominant species &igus javanica (L), Symplocos racemosa
(Roxb), Bischofia javanica (Blume), Securinega virosa (Roxb), Oreocnide
integrifolia (Gaud), Ficus hirta (Vahl), Cinnamomum glanduliferum (Wall), Ficus
geniculata (Kurz), etc. And in the undergrowtkedychium ellipticum (Buch.-Ham.
ex J.E.) Hedychium villosum (Wall), Maesa Montana (A.DC.), Conyza stricta
(Willd.), Osbeckia sikkimensis (Craib), Caesalpinia cucullata (Roxb), Mimosa pudica
(L), Mikania micrantha (Kunth), Microlepia strigosa (Thunb), Tabernaemontana
divaricata (L), Premna coriacea (C.B.Clark), Lantana camara (L), Curculigo
crassifolia (Bak), Clerodendrum viscosum (Roxb), Sleria levis (Ret?, Eupatorium
odoratum (L), Ageratum conyzoides (L), Bidens biternata (Lour), Ipomea spp.,
Polygonum spp. etc (Sawmliana, 20083
4.1.6.3d. Bamboo:

Moist deciduous bamboo forests were found throughio& Aizawl district.

These forest classes were mostly found in low-langas near streams and rivers. In
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some places it was also found on hill slopes. M ec® an area of 1403.01 sq km, and
accounts for 39.23% of the total area of the distiiherefore, constitutes the largest
cover among the land use classes as reportedrdayligRS (2002). The dominant
bamboo species found in this area abendrocalamus hamiltonii (Nees),
Dendrocalamus longispathus (Kurz), Melocanna bambusoides (Trin), Bambusa tulda
(Roxb) and Dinochloa compactiflora (Kurz) (syn. Melocalamus compactifiora)
(SRSC, 2006) There are also a different species of bamboo $étazostachyum
polymor phum (Munro) and Chimnobambusa callosa (Tabyo), which are found only in
mountainous ridges like Hmuifang, Chalfilh, Sialsakd Tawizo in association with
other tree species as reported earlier by Sawm{20i3).

4.1.6.3e. Forest Plantation:

Forest plantations were distributed throughout disgrict. However, barring
few plantations, most of them have an area bele@vnimimum mappable unit. The
prominent forest plantations noticed were Te&éctona grandis Linn.). However, it
has replaced natural forest in many places (SR806)2 They are usually planted
along the roadside and were found abundantly neangpuilawn, Tuirini, Sesawng,
Tuirial, Thingsulthliah, Tlungvel, Sairang villagasd near the vicinity to the city i.e,
PTC Lungverh areas. Large areas of Teak plantati@ne found near river banks of
Tuirini, Tuirial, Tuivawl and Tlawng.Other miscellaneous plantations included
Michelia (Michelia champaca Linn.), Gamari Gmelina arborea Roxb.) and Pine
(Pinus kesiya Royle ex Gordop(SRSC, 2006). Michelia plantation was reported nea
Saitual and Thingsulthliah villages in small patkhine plantations were found near

Sakawrdai, Ratu, Darlawn, Sawleng, Khawlian, Phullend Sialsuk villages.
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Gmelina plantations were found near KhawruhlianLudgpher, Tuirial and

Samlukhai villages. Bamboo plantation near Mualgheras also found where a
better variety of bamboo has been planted sincdasieten years. Overall, forest
plantation covers an area of 15.09 sq km, whicloaats for 0.42% of the total area

of the district.

4.1.6.4. Shifting cultivation
Shifting cultivation area in the district Aizawl rcabe classified into two

categories i.e. current shifting cultivation ancatboned shifting cultivation.

4.1.6.4a. Current Shifting Cultivation:

Shifting cultivation commonly known aluming is still a prominent farming
system practiced by farmers in the study area, lynostsmall patches/land holdings
near forests and settlements. Observation revhatsniost of the jhum plots were
small in size and irregular in shape. Current jhames always associated with young
abandoned jhum and secondary forests. The locafigrum is depending on altitude
and slope therefore; sites above 1200 m.asl adersghumed (MIRSAC, 2009). The
percentage of jhuming was found to be highest engéntle slopes and gradually
decreased on steeper slopes. It covers an are@50f41sq km which accounts for

5.19% of the total area of the district.

4.1.6.4b. Abandoned Shifting Cultivation:
In the present study, young abandoned jhums ofoxppately up to three
years were considered. Nevertheless, it coversraa af 407.97 sq km which

accounts for 11.41% of the total area of the distri
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Areas of young abandoned jhums were found all dkier district, closely
associated with current jhums, settlement areadaedt fringes. Depending on how
long the land was left fallow and phytogeograplmaré can be vegetative variations
among young abandoned jhums consisting of youngbbanshoots, tree seedlings
and saplings. However, in general, the dominantispen young abandoned jhum
areas were Melocanna bambusoides (Roxb.), Eupatorium odoratum (Linn.),
Thysanolaena maxima (Roxb.) Erianthus longisetosus (Anderss.) Cyperus kyllinga
(Rottb.),Cynodon dactylon (Linn.), Lantana camara (Linn.), Plantago major (Linn.),
Osbeckia chinensis (Linn.), Imperata cylindrica, Mikania micrantha (Linn.),

Ageratum conyzoides (Linn.) etc.

4.1.6.5. Scrub land

Scrub lands are those lands which are frequensilyidied by biotic factors; as
such vegetation cannot grow properly. Scrub lander an area of 35.38 sq.km
which accounts for 0.99% of the total area of tiwridt. These areas were mostly
dominated by grass species lilgaccharum longisetosum (Anderss.) Imperata
cylindrical (Linn.), Drepanostachyum intermedium (Munro), Scleria levis (Retz.)
Cynodon dactylon (Linn.), etc. and herbs likeEupatorium odoratum (Linn.),
Artemissia vulgaris (Linn.), Mikania micrantha (Linn.). They were found along
roadsides and hill rugged/rocky terrains. Largelpes of scrub land were found near
Sakawrdai, Darlawn, Mimbung, Vanbawng, Phuaibu&igamring, Sialsuk villages
and around Aizawl city, noticeable large areas werend near Durtlang, Lawipu,

Chalfilh and Hmuifang villages.
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4.1.6.6. Water body

Under this class, big rivers, lakes and ponds wittiie study area were
included. It covers an area of 14.29 sq. km andetbee contributed only 0.40% of
the total area of the district. Four important rev@eamely Tlawng, Tuirial, Tuivawl
and Tuivai drain through Aizawl district. Two wédhown lakes are found within the
district, namely,Tam Dil near Saitual town andung Dil near Suangpuilawn village

with an area of 0.042 and 0.025 sq km, respectively

4.1.7. SOILS

Solil is the product of interaction between pareaterals, climate and biotic
factors as modified by the terrain conditions ahe& duration over which the
interaction has been going on. Any variation in théensity of any of these

influencing factors results into different kindssafils.

The rocks of this area are generally sandstoneshalk; the derived soils are
mostly red and yellow loamy. The soils of Mizorane #he product of slow diagenic
changes of acidic parent material causing inheseilt acidity. High precipitation
further aggravates this problem due to leachindpadic cations. It contains a high
amount of organic carbon and is high in availabteogen, low in phosphorus and
potassium content (Mehta, 2006). The area expergencarm humid sub-tropical
climate. It is under the direct influence of monso®he average annual rainfall from
1986 to 2011 was 3155.3mm. Observation based oralapattern and humidity,
suggests a classification of soil moisture regireélddic’. It was observed that the

mean summer temperature (June to August) was 2Z2.56% mean winter

127



temperature (December to February) was 18.26°Ge(difce of 6.3°C > than 5°C)
and therefore, soil qualified for ‘Hyperthermic teemature’ class as per USDA

(1988).

4.1.7.1. Soil classification:

Soil taxonomy is a comprehensive classificationtesyswhich keys out soll
Order, Suborder, Great group, Sub-group and Fanmlydifferent steps. The
investigation reveals that soils of Aizawl distristdivided into three soil order viz.
Entisols, Inceptisols and Ultisols. Inceptisolstie dominant order followed by
Ultisols and then Entisols, this finding is similes the findings of (NBSS and
Directorate of Agriculture, 2001, unpublished daif#)e soil classification of Aizawl
district is given in table 4.9. The soils/pedonsTaiirini, Tuivawl, Saitual, Aizawl,
Sialsuk, Aibawk, Suangpuilawn and Darlawn seriegeh@ambic horizon and thus
were categorized as Inceptisols and Ochrepts sabarding to the presence of
Umbric epipedon. It is less than 25 cm in thicknasd soil temperature regime is
warmer than mesic. As this pedons base saturaB&) i less than 60% and have
udic soil moisture regime hence classified as yg$trepts soil group. The series
Tuirini has been classified under the subgroup Aguwving to the decrease in organic
carbon content with depth and do not have a litvistact and argillic horizon in the
pedon. The series Aizawl, Sialsuk, and Aibawk bg#oto subgroup Typic owing to
decrease in organic carbon content with depth &adacterized by moderately deep,
deep to hard rock. The series Tuivawl belongs tmmswup Fluventic owing to their
formation on flood plains of rivers draining regsgonThe series Saitual belongs to

subgroup Fluventic Umbric by having darker epipedtimn the Typic. The series
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Suangpuilawn and Darlawn belongs to subgroup Undwithis soil occurred in steep
slope. The soils/pedons of Sihphir, Thingsulthligawlian, Chalfilh and Tawizo
series have clay enriched subsurface horizons @tie saturation less than 35%, so
they are classified under soil order Ultisols andults suborder owing to udic soil
moisture regime. These were classified under salg Hapludults owing to the
presence Ochric epipedon and a thin or moderatéti Argillic horizon. The series
Sihphir, Thingsulthliah and Khawlian belongs to subgroup Typic as this soils are
freely drained soils, have an Ochric epipedon thatot both thick and sandy while
the series Chalfilh and Tawizo belongs to the soipgrHHumic owing to the presence
of Umbric epipedon. The soils/pedons of vervekesehelongs to the order Entisols
as these soils does not have any diagnostic horfgothese soils are not permanently
saturated with water and have slope greater th&¥,2hey are classified as suborder
Orthents and soil group Udorthens owing to the Ushd moisture regime. These
soils are not saturated with water for as long asohth within the surface and there
is no lithic contact within 50 cm of the surfacdey are classified as Typic
Udorthens.

4.1.7.2. Soil characteristics and description:

On the basis of field observations and laboratorglysis, soils of the area
have been classified into 14 soil series. The sfilSialsuk and Vervek series are
deep to very deep, dark yellowish brown (10YR 43yellowish brown (10YR 5/6)
in colour, clay loam, well drained with moderate $evere erosion. Soils of
Thingsulthliah are very deep, dark yellowish bro@0YR 4/4) to brownish yellow

(10YR 6/6), strongly acidic with sandy clay loamfage and clay loam to clay sub-
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surface, well-drained on hill side slopes and hill crest/top, moderate to severe erosion
and cutans are formed. Soils of Khawlian are very deep, dark yellowish brown to
strong brown (7.5YR 4/6), sandy clay to clay sub-surface, very strongly acidic, well
drained on hill side slopes with moderate to severe erosion, translocated silicate clay
cutans are also formed. Soils of Aibawk have very deep, dark yellowish brown to
strong brown (7.5YR 4/6), clay loam, very strongly acidic, well drained on hill side
slopes with moderate to severe erosion. Soils of Sihphir are very deep, dark yellowish
brown, sandy clay loam to clay, medium to strongly acidic, well drained on hill side
slope, moderate to severe erosion with cutans. Soils of Aizawl are very deep, dark
yellowish to dark brown, strongly acidic surface and very strongly acidic sub-surface,
clay loam to clay, well-drained, hill side slopes with moderate erosion. Suangpuilawn
soils are very deep, dark brown to strong brown, sandy clay loam to clay, strongly
acidic to very strongly acidic, well drained, hill side slopes with moderate erosion.
Chalfilh and Darlawn soils are very deep, dark brown to dark yellowish brown, clay
to sandy clay loam, very strongly acidic, well drained, moderate erosion with cutans.
Tawizo soil are very deep, dark brown(10Y R 3/3) to yellowish red(7.5YR 5/6), clay
loam to clay, very strongly acid, well drained on hill side slopes with severe to
moderate erosion, patchy thin cutans are formed. Tuirini soils are very deep,
yellowish brown to brownish yellow (10YR 6/6), clay loam to sandy clay loam,
medium to strongly acidic on narrow valley, poorly drained with slight erosion. Soils
of Tuivawl are deep to very deep, dark brown to dark yellowish brown, sandy clay
loam surface and clay sub-surface, very strongly acidic, poorly drained, narrow valley

with slight erosion while Saitua soils have very deep, dark brown to strong brown,
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sandy clay loam to clay loam, strongly acidic, moderately well drained with moderate
erosion. In general soils of different profilesin Aizawl are medium to strongly acidic

in reaction (pH 4.56-6.08) and experiencing moderate to heavy soil erosion.

Organic carbon content varies from 0.38 to 1.94 % and most of the soils are in
medium category and in amost all the soils the organic carbon content decreased with
depth which might be due to the decrease in the organic matter content with
increasing depth. Cation exchange capacity (CEC) of soils varied from 2.28 to 26.15
cmol (p*). Magnesium is the dominant exchangeable cation ranged from 0.2 to 4.6
meqg/100 g, calcium from 0.1 to 1.6 meg/100 g, potassium from 0.05 to 0.54 meg/100
g and sodium from 0.10 to 0.35 meg/100 g. The physiographic soil statistics is given
in table N0.4.10, the detail physico- chemical properties of the soil is shown in table

No. 4.11 and the physiographic soil map is shown in figure N0.4.10

Table4.10: Soil statistics of Aizawl district, Mizoram

Map Area
Symbol Physiography Soil Composition (Sgkm) %
L.S. Typic Dystrochrepts
T IHill top/Hill Crest LS. Typic Udorthents 1073 | 030

L.S. Typic Hapludults
Hill side 10-25% slope with |-Clayey Typic Hapludults

2 agriculture/ Horticulture land/ | F.L. Typic Dystrochrepts 9.66 0.27
Shifting cultivation F.L. Typic Hapludults
Hill side 10-25% slope with | | Typic Dystrochrepts
3 Secondary/ open forest/ : 17.88 0.50
Scrubland/ Abandoned L.S. Typic Hapludults
Shifting cultivation Clayey Typic Dystochrepts
F.L. Umbric Dystrochrepts
4 Hill side 10-25% slope with . 63.3 1.77

Clayey Typic Hapludults
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Hill side 10-25% slope with

5 . F.L. Humic Hapludults 40.05 112
Primary forest/ Dense forest/ [ £ | Umbric Dystrochrepts
Forest plantation :
Clayey Typic Dystochrepts
6 Hill side 25-50% slope with | Clayey Typic dystrochrepts 113.01 316
agriculture/horticulture land/ | L.S. Umbric Dystrochrepts ' '
Shifting cultivation L.S. Typic Hapludults
Hill side 25-50% slope with | LS. Typic Hapludults
7 Secondary/ open forest/ . 201.35 5.63
Scrubland/ Abandoned L.S. Umbric Dystrochrepts
Shifting cultivation F.L. Humic Hapludults
L.S. Humic Hapludults
bamboo forest
F.L. Umbric Dystrochrepts
F.L. Umbric Dystrochrepts
9 Hill side 25-50% slope with , 630.50 17.63
Primary forest/ Dense forest/ |T-L- Humic Hapludults
Forest plantation L.S. Typic Hapludults
Hill side >50% slope with F.L. Tvpic Hapludults
10 i - - _ypleTap 9%62 | 269
eslg;]]rlf?ulture{?ortt!culture land/ g Typic Dystochrepts
1ing cuftivation L.S. Umbric Dystrochrepts
Hill side >50% slope with L.S. Umbric Dystrochrepts
11 Secondary/ open forest/ . 203.49 5.69
Scrubland/ Abandoned F.L. Humic Hapludults
Shifting cultivation L.S. Typic Hapludults
12 |Hill side >50% slope with tf S;”;':C'Eaps't“rgg:fe e 602.97 | 16.86
bamboo forest = y P
L.S. Typic Hapludults
13 Hi[l side >50% slope with L.S. Umbric Dystrochrepts 770,64 218
Primary forest/ Dense forest/ | | s Humic Hapludults
Forest plantation F.L. Umbric Dystrochrepts
F.L. Aquic Dystrochrepts
14 Valle 26.46 0.74
y F.L. Fluventic Dystrochrepts
F.L. Fluventic Umbric
Dystrochrepts
15 Built up land 48.64 1.36
16 Water body 14.31 04
Total 3576.31 | 100.00

L.S= Loamy Seletal, F.L. = Fine Loamy
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Figure 4.10 : Physiographic map of Aizawl district, Mizoram



4.1.8. LAND CAPABILITY CLASSIFICATION

Land capability classes placed soils into general order of suitability or
unsuitability for various purposes such as cultivation, forestry, grassland or any other
uses for sustainable production (ICAR, 2006). The soils that have the least limitations
or hazard and respond best to management are placed in the highest category. This
classification system also evaluate soils with respect to their susceptibility to erosion,
soil depth, drainage problem and other soil characteristics that would effect to sustain
production of agricultural crops (Klingebiel and Montgomery, 1961). After the
observations, the soils of Aizawl have been classified into 5 land capability classesi.e.
lle, Ille, IVe, Vleand Vlle. Land capability class 1l to IV are cultivable and crops can
be grown under proper and specific soil management whereas Class VI to VII are not

suitable for crops but are suited to permanent vegetation.

CLASS lle are very deep, medium to fine textured soils, poorly drained and
are subject to water logging during rains. It occurs on gentle dlopes and valley
land with dlight erosion. It is mainly concentrated in the river valey of Tuirini,
Tuivai, Tuivawl and Changte river. The area within the district is found to be 26.46
sq km, which isonly 0.74% of the total geographical area of the district. CLASSIlle
are very deep, moderate to fine textured soils and well drained. They occur on steep
slopes with moderate erosion hazards. They are mainly seen in the foot hills and the
area is 130.89 sq km, which is 3.66% of the total geographical area of the district.
CLASS IVe soils are deep to very deep; moderate to fine textured soils and well
drained. They occur on steep to very steep hillside slopes and hill ridges with severe

erosion and are distributed in different part of the district. This class occupied the
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biggest area and it is of the order of 1673.71sq km, which is 46.80% of the total area
of the district. CLASS Vle soils are deep to very deep, moderately fine textured soils
and well drained. They occur on extreme steep slopes with severe erosion and they
are found in hillside slopes of various areas of the district. The area is of the order of
1382.60 sq km, which is 38.66% of the area of the district. CLASS Vlle soils are
deep, moderately fine textured soils and well drained. They occur on extreme steep
slopes with very severe erosion hazards. It is unsuitable for cultivation but suitabl;e
for social forestry and grazing. They are seen near Durtlang, Hmuifang, Kawlkulh,
Phuaibuang villages and also in many places where escarpments are common. The
area is 299.70 sq km, which is 8.83% of the total geographical area of the district.
Land capability map is shown in figure 4.11 and detail land capability statistics is

givenintable 4.12.

Land capability classes were grouped into subclass. Land capability subclasses
are soil groups within one class that are designated by small letters e, w, s or c
suffixed to the class number, for example, Ille, Ve etc. To identify subclasses of the
soil, the limitations were: e = risk of erosion; w = wetness, drainage or overflow; s =
root zone limitation or soil and; ¢ = climatic limitations. It is observed that only

erosion susceptibility or limitation is seen in Aizawl district.
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Table4.12 : Land capability statistics of Aizawl district, Mizoram

Sl.no |Land capability _ o Area
dass& subdlass Brief description km %

Good arable land on gentle slopes,

1 e susceptible to slight water erosion, very deep | 26.46 0.74
soil, suitable for agricultural development.
Moderately good land on strongly sloping to

5 e steep, susceptible to severe water erosion, 13089 | 366
deep to very deelp soil, suitable for
Agricultural and Horticultural development
Fairly good land on steep to very steep
dopes and hill ridge, highly susceptible to

3 Ve water erosion, deep to very deep soil, | 1673.71| 46.80
suitable for Agro-horticultural, sericulture
and silvipastoral development
Land with moderate limitations on very very

4 Vie steep, highly susceptible to water erosion, 138260 | 38.66
deep to very deep soil, suitable for
horticultural plantation and forestry.
Land with severe limitations on very very
steep dopes, subject to severe erosion.

5 Vile _ o _ 299.70 | 8.38
Unsuitable for cultivation but suitable for
social forestry and grazing.

6 Built up land 48.64 1.36

7 Water body 14.31 04

TOTAL 3576.31| 100
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4.1.9. SOIL TEXTURAL CLASSIFICATION

The relative proportion of all particles of different size groups in a soil is
known as texture. It is the average size of the soil particle which depends on the
relative proportion of sand, silt and clay in the soil. If the proportion of sand in the
soil is increased, the average size or the soil particles increases and the resultant soil
become coarser in texture. On the other hand if the proportion of clay in the sail is
increased, the average size of the soil particles decreases and the resultant soil
becomes finer in texture (Kolay, 1993).

Sandy soils are highly permeable and excessively well drained with low water
retention capacity and thus need more frequent irrigations for successful crop growth
(Nautiyal et al., 2001; 2003) than finer textured soils. The clayey soils can hold more
moisture, but they have high wilting point. Due to poor infiltration rate these soils are
subject to water logging, resulting in poor aeration and workability. The moderately
fine textured soils, e.g. loams, clay loams, or silt loams are by far the best group of
soils for crop growth since they have the advantage of balanced proportion of both
sand and clay (ICAR, 2006).

During the study of soils of Aizawl, clay loam to clay surface and sub-surface
occupied maximum area followed by clay loam to sandy clay loam and clay loam
surface and sub-surface occupied minimum area followed by sandy clay loam to cay
loam in the district. The detailed soil texture statistics is given in table 4.13 and soil
texture map is shown in figure 4.12.

Clay loam surface and clay sub-surface occupied maximum area covering

779.48 sq km which is 21.79% of the total geographical area of the district followed
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by clay loam surface to sandy clay loam sub-surface covering 720.26 sg.km
accounting 20.14% of the total geographical area. Clay loam surface and sub-surface
cover the least area of 28.61 sq km which is 0.81% of the total geographical area of
the district. Considering the surface texture of soil, clay loam occupied maximum area
which is optimum for growing different agricultural and horticultural crops (ICAR,

2006).

Table4.13: Soil texture statistics of Aizawl district, Mizoram

Percent (%) of

Soil Texture Class Area (sq km) total area
Clay 718.13 20.08
Clay loam 28.65 0.81
Clay loam to clay 779.48 21.79
Clay loam to Sandy clay loam 720.26 20.14
Sandy clay loam to clay 453.02 12.67
Sandy clay loam to clay loam 201.43 5.64
Sandy clay to clay 612.78 17.13
Settlement 48.28 1.34
Water body 14.29 0.40
Grand Total 3576.31 100.00
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4.2. INTEGRATION OF NATURAL RESOURCESFOR SPATIAL PLAN:

An integrated and coherent approach to the planamymanagement of land
resources is essential. Such a system must beableal with the broad issues but
leave sufficient flexibility for decentralized ragoe management. It must be able to
handle diversity and change, and must satisfy &l rior economic development and
equity while protecting the environmental and reseubase that make sustainable
development possible. As a system, priorities aast be addressed through land use
and physical planning; as a set of resources, @ best be managed through

integration of environmental, social and econonsiget of the region.

4.2.1. MAJOR PROBLEMSOF THE AREA

Before integration of the natural resources ofdtes, the major hitches of the
district were identified through field visits, canations with various stakeholders’
i.e. local inhabitants and administrators of vasiogovt. departments. These
constraints are briefly described so as to enabtaake the need and effective locale
specific prescriptions. The major problems obsemhedng ground truth verification

are.

1. The most primitive method of agricultural practice. shifting cultivation or
Jhumming is very prevalent in the study area. Téssilts in rapid degradation
of the primary forests resulted into heavy soilseso and rapid water run off.

2. The slopes are very steep. This increases soiioerasd water run off. Wet-
land rice cultivation could be practiced only imiied area, i.e. in the river

valleys.
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Double cropping could not be practiced due to latkenough irrigation
facilities, and also due to uncontrolled grazingme habitation.

Lack of good communication is another problem esfligcalong the river
valleys. This causes difficulties in transportatiamd marketing of the
agricultural/ horticultural products and other geod

Power supply is inadequate in most of the villag€ghout adequate supply of
electric power, industries and preservation cowidbe established.
Appropriate land use planning is totally lackingtie study area. The people
need to be more aware and educated to change dabewold practice of
jhumming system.

As the economic condition of the people is poois iery difficult for them to
change the usual method of agricultural practiee shifting cultivation to
permanent farming system as the later needs moaadial and man power
involvement at the initial stage.

Water scarcity is one of the major problems mathlying the dry season due
to lack of adequate water harvesting structuresstorage facilities.

The alarming increase of polythene deposits by muipaings is another
problem of the district. The disposed polythenesfaund from the surface of
the soil up to four feet deep. This will deterierathe soil fertility and
hindrance the extension of land development, ardobviously have great
impact on flora and fauna of both land and aguatmronment. The polythene

deposits in the soil may augment the landslidesthey prevent mutual
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cohesion among the solil particles and also retagtspof water. The polythene
wastes are also a suitable breeding place for ganthgnosquitoes.

4.2.2. INTEGRATION

The thematic maps of various natural resourceslékd use/land cover, soil,
slope, geology and geomorphology, groundwater,sprart network and settlement
were prepared and integrated in conjunction witle tkocio-economic and
demographic data with main aim of the present workuggest spatial planning for
sustainable agro-horticulture development in trstridt using GIS package software.
During this process, discussion with the local pea@nd government officials, and
the recommendations made by various research séateslemic institutions were

also considered before finalizing thematic mapthefAizawl district.

Overall, following points were considered whildgeigrating various themes

for suggesting the action plan for sustainable dgmiculture development.

1. The existing primary forest should be conservefaass possible in order to
maintain the ecosystem.

2. Major thrust should be given towards diverting shg cultivation to potential
alternatives viz., agriculture (WRC in particular)agro-horticulture,

silvipasture, sericulture and silviculture/affordgin activities.

3. Cultivable lands should be increased wherever plessby improving
infrastructure facilities.

4. Wherever feasible in single cropped agriculturaidiaprovisions like minor
irrigation tanks, check dams, etc. have been pexpdar irrigating the second
crops.

5. Transport and communication, marketing facilitiesd aother infrastructures
have been considered while suggesting the actemm pl

6. The action plan aims to improve soil and water eovetion.
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7. Forest area should be increased especially in stkges where agriculture
and horticulture are not feasible.
8. Subsequently, due care has been taken on the saci@ptability while

suggesting the action plan.

Based on the natural resources of the area, vaalbemhate land use patterns
are therefore suggested viz., silvi-pasture, skum agro-horticulture,
silviculture/afforestation, agriculture and planrtedensure sustainable development.
The guidelines for generation of action plan forstainable agro-horticulture
development plan of the district is depicted inld¢ald.14 and the flowchart
methodology for spatial plan of sustainable Agreticalture development is shown

in figure 4.13.

4.3. SPATIAL PLAN FOR SUSTAINABLE AGRO-HORTICULTURE
DEVELOPMENT

Despite substantial agricultural advances in th&, paillions still go hungry
and live under the constant threat of famine. Ttublem is further compounded by
the fast growing human population. The global fqméduction will have to be
doubled between the year 2002 and 2025 if the exgewmorld population of eight
billion is to be fed adequately (Bebarta, 2004)e Tharget of feeding such a huge
number is to be achieved against complex socioenanaand environmental
problems that stand in the way of agricultural depment. We have no option except
to produce more on less land and with less waely way out to make this possible
is to spur an evergreen revolution, rooted in theciples of ecology, economy and

equity, so very fundamental to sutainable agrotitwture development.
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Sustainable agro-horticulture development is a rodad economic
organisation based on an equitable and participat@ion of development which
recognises the environment and natural resourcetheagoundation of economic
activity. Agro-horticulture is sustainable wheristecologically sound, economically
viable, socially just, culturally appropriate analsbd on a holistic scientific approach.
It preserves bio-diversity, maintains soil ferjiliand water purity, conserves and
improves the chemical, physical and biological diesl of soil, recycle natural
resources, and conserves energy. Sustainable agrioditure uses locally-available
renewable resources, appropriate and affordablentéegies, and minimizes the use
of external and purchased inputs, thereby incrgakmsal independence and self
sufficiency and insuring a source of stable incdime peasants, family and small
farmers and rural communities (Global Open Univgr€008).

Therefore, in order to achieve sustainable agraduture in Aizawl district,
action plan was prepared based on integration wbws thematic informations with
socio-economic factors. During this process, disicus with the local people and
government officials, and the recommendations madeesearch centres/academic
institutions were considered. Action plan maps leord resource development and
water resource development were prepared sepafatdlye whole district. However,
legal status should be considered during implententa The statistics of the
proposed spatial plan for sustainable agro-hotticel development is given table
4.15 and the proposed plan map for Sustainable -Agticulture Development is

given in figure 4.14.
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4.3.1 SUSTAINABLE LAND RESOURCE DEVELOPMENT PLAN:
4.3.1.1. Agriculture (Double crop)

Most of the agricultural land in the district isnémed in the river valley and
foot hills and onlyKharif crops (wet land rice cultivation) are practicetiese areas
can be brought for cultivating botKharif and Rabi crops provided that better
irrigation facilities are constructed. The potehaeeas for agriculture (double crop)
are proposed under the slope of upto 25 % withlalepth of more than 1 metre with
heavy soils texture. According to Indian CouncilAgricultural Research (ICAR) for
North Eastern Hill Region, the system can be adbptehill slope of upto 50% where
soil depth is more than 1 metre, bench terracirdy @mtour bunding are the major
soil conservation measures (Satapathy, 1993). praposed to make bunds on the
unutilised flat land along the rivers and terraoasthe foot hills. Minor irrigation
tanks, Check dams/water harvesting bundhis areopeap to be constructed for
irrigating the Rabi crops and to increase the tiafilon rate. The area proposed for
this system is 26.46 sg.kms of land i.e. only 0%4%f the total geographical area
based on the criteria’s cited abo¥@ryza sativa (rice) is recommended for the main
crops during the Kharif season. The Rabi cropsmegended are rice, legumes of
different varieties and vegetables liBeassica oleracea L var capitata (Zikhlum),
Brassica caulorapa (Nawlkhawl) and otheBrassica spp. (Antam/Feren), etcZea
mays (Vaimim) may also be grown during the Rabi seaSdrese types of land are

mainly confined in river valley, viz. Tuirini, Tuai, Tuivawl and Changte rivers.

System of rice intensification (SRI) is recommend@dcultivating rice in the

narrow valleys. SRI is a combination of severalcpicas those include changes in
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nursery management, time of transplanting, watervweed management. All these
new practices are together known as System of IRteasification (SRI). SRI is not a
fixed package of technical specifications, but atey of production with 4 main
componentsyiz., soil fertility management, planting method, weeatrol and water
(irrigation) management (Directorate of Agricultu®910). As uncontrolled grazing
is the prominent problem near the habitation, ipisposed that grazing should be

strictly controlled to protect the crops from thmmestic animals.

Table4.15:. Statisticsfor sustainable agro-horticulture development
plan of Aizawl district, Mizoram

Per centage of total
S Description of spatial plan | Area (sq km) | geographical area
1N0. Agriculture (mainly, WRC) 26.46 0.74
2 Silvipasture 120.16 3.36
3 Sericulture 204.56 5.72
4 Agro-horticulture 710.97 19.88
5 Silviculture/Afforestation 398.41 11.14
6 Forest 1450.19 40.55
7 Bamboo forest 602.97 16.86
8 Built-up 48.28 1.35
9 Water body 14.31 0.40
TOTAL 3576.31 100.00
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4.3.1.2. Silvipasture

Silvipasture is a land management system in wtocbsts are managed for the
production of woods as well as for the rearing whels. Forage, either shrubby or
herbaceous is grown as the under storey crop withixture of top feed species of
forest trees. It is found to be a dependable pitpodor the utilization of degraded
lands in erratic rainfall areas because trees obarate extreme soil and climatic
conditions while grasses and legumes provide gaod lcover (Singh and Singh,
2004). In this system, animals are kept and peethitd graze within the forest. The
system provides fuel, fodder and also mansta good vegetation cover.
According to ICAR recommendation, land upto 100&pslwith 0.5 m soil depth can
be utilized for livestock farming (Satapathy, 199B8) Aizaw! district, hill top/crest
having 10% slope with 0.5 m soil depth near haibitats proposed for Silvipasture.
The silvipasture is proposed to be developed in1®8qg kms of land which is 3.36
% of the total area of the district. The trees &elé for the purpose are fast growing,
have fodder and firewood values and good croppibigjtya Besides, some fruit
species can be used for silvipasture. The tredepeecommended for growing under

this activity are given in table No. 4.16.

4.3.1.3. Sericulture

Sericulture, the technique of silk production, s agro-industry, playing an
eminent role in the rural economy of India inclugliMizoram. It is a labour intensive
agro-industry ideally suited to all developing cties in the tropical belt where
unemployment and underemployment continue to beriaus problem. It rightly fits

into the socio-economic structure of the rural armad can serve as an effective tool
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Table 4.16: Treesand gasses recommended for Silvipasture

S.No | Name of Species L ocal name| characters | Economic value
1 |Ficushirta (Vahl) Sazutheipui | Fast growing,Fodder, Fuelwoad
2 |Litsea semicarpifolia (Wall.ex Nees)| Nauthakpui | Fast growing,Fodder, Fuelwoaqd
3 | Castanopsistribuloides (Smith) Thingsia Fast growing,Fodder, Fuelwoqd
4  Ficusfistulosa (Reinwardt ex Blume)| Theibate Fast growing,Fodder, Fuelwoqd
5 | Ficus semicordata (Buch.-Ham.) Theipui Fast growing,Fodder, Fuelwoqd
6 |Ficusbenghalensis (Linn.) Hmawng Fast growing,Fodder, Fuelwoqd
7 | Bauhinia variegate (Linn.) Vaube Fast growing,Fodder, Fuelwoqd
8 | Macropanax oreaphilum (Linn.) Phuanberh | Fast growing,Fodder, Fuelwoad
9 |Magiferaindica (Linn.) Theihai Fast growing,Fodder, Fuelwoqd
10 |Morusindica (Linn.) ThingtheihmuFast growing,Fodder, Fuelwoad
11 | Stylosanthese spp. Fast growing,Fodder
12 | Pennisetum pedicellatum (Linn.) Fast growing,Fodder
13 | Thysonalaena maxima (Kuntze) Hmunphiah | Fast growing,Fodder, Broom
14 | Erianthus longisetosus (Hack) Luang Fast growing,Fodder
15 | <leriacochinensis (Lour.) Thip Fast growing,Fodder

for rural reconstruction benefiting the weaker me of the society (Department of
Sericulture, 2008). The most important considerai® the effective utilization of
family labour, particularly the aged, handicappdiiterate and women folk. A
hectare of mulberry generates remunerative emplaoynte 12 to 13 persons
throughout the year (Jolly, 1987). The producedasady market and fetches higher

income over other cash crops and it is an expaehtad industry.

The thematic study reveals that there is a gregiesfor sericultural activities
in Aizawl district. The leaves of some natural §réike Litsea semicarpifolia Wall.ex
Nees (Nauthakpui)Quercus griffithii Hook. F. & ThomsorEx. (Sasua)Quercus

semiserrata Roxb. (Khawthli), etc. can be used for rearing sibrms (Department of
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Sericulture, 2008). The leaves Ritcinus communis Linn. (Mutih), Manihot esculenta
Crantz (Pangbal) anilorus indica Linn. (Thingtheihmu) can also be used for the
purpose throughout the district. Among the silk mgplants,Morus indica is best
suited in Aizawl district (MIRSAC and NESAC, 201 8ericulture is proposed to be
developed in 204.56 sq km area which is 5.72 %eftotal geographical area of the

district and therefore may be better option comgphdmeagriculture and silvipasture.
4.3.1.4. Agro-horticulture

Agro-horticulture is a farming system in which bo#gricultural and
horticultural crops are grown together on a plotarfd. The recommendation made
by ICAR Complex for North Eastern Hill Region, agrorticulture can be practiced
in a hill slope of 100% with a minimum soil depth b m (Chauhan and Dhyan,
1993). Considering the thematic information andie@conomic data of the district
and to ensure sustainable development, land upto $0pe with a minimum of 1 m
soil depth will be suitable for this system. Tharhing system is proposed to be
developed in 710.97 sg kms of land which is 19.88f%he total geographical area of
the district. Perennial crops, seasonal crops @nolgen fixing plants may be grown
in an alternate manner. Crop rotation will be neaeg in case of seasonal crops.
Conventional terracing may be done in the fooshaihd contour trench farming may
be practiced wherever feasible. The crops recometnd be grown under this

system are presented in Table 4.17.

In addition, vegetables likesolanum spp Linn. (Samtawk/Bawkbawn),
Brassica spp. (Antam/Bulbawk), Momordica charantia Descourt (Changkha),

Trichosanthes anquira Linn. (Berul),Cucurbita moschata Duch. (Mai),Lychopersicon
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Table 4.17: Recommended cropsfor agro-horticulture development
and their agronomic requirements

Sl. | Name of Species Local name | Specific Agronomic| References
No. requirements
1 Zea mays (Linn.) Vaimim Well drained, Sandy [Trainers manual
loam Deptt. of Agri.(2007
2 Oryza sativa (Linn.) Buh Well drained, Clay -do-
loam to Clay
3 Zingiber officinalis Sawhthing Well drained, Friable -do-
(Roscoe) loam to Sandy loam
4 Curcuma longa (Linn.) | Aieng Well drained, sandy -do-
or clayey loam soil
5 Daucus carota (Linn.) | Carot Well drained, Sandy[Thlasik thlai chin dar
loam to Clay loam |Deptt. of Agri. (200€
6 I pomea batatus (Linn.) | Kawlbahra Well drained, Sandy -do-
loam to Clay loam
7 Colocasia esculenta Bal Well drained, Sandy -do-
(Linn.) Clay loam
8 Solanum tuberosum Bawkbawn Well drained under -do-
(Linn.) any types of soil
9 Capsicum spp. (Linn.) | Hmarcha Well drained, SandyBooklet, Deptt. o
loam Horti. (2009
10 | Alliumsepi (Linn.) Purun sen Well drained, Sandyfhlasik thlai chin dar
loam to Clay loam |Deptt. of Agri. (200§
11 | Alliumsativum (Linn.) | Purun var Well drained, Sandy -do.
loam to Clay loam
12 | Vigna spp. ((Linn.) Bete/Behlawi | Well drained, Sandy -do-.
Clay Loam
13 | Phaseolusvulgaris French Bean Well drained, Sandy -do-
(Linn.) Clay Loam
14 | Glycine max (Linn.) Bekang Fertile well drained [Trainers manual
loamy soils Deptt. ofAgri.(2007)
15 | Cajanuscajan (Linn.) | Behliang Well drained, light tg -do-
medium soll
16 | Manihot esculenta Pangbal Wide range of soil -do-.
(Crantz) with well drained
17 | Musa spp. (Linn.) Balhla Well drained, SandyBooklet, Deptt. o
clay loam Horti. (2009)
18 | Caricapapaya (Linn.) |Thingfanghma | Well drained, Sandy -do-
clay loam

spp. (Tomato)Abelmoschus esculentus Linn. (Bawrhsaiabe), etc. and some nitrogen
fixing trees likeLeucaena spp. Benth. (Japan-zawngtaPRgrkia roxburghii G.Don.
(Zawngtah)Cassia fistula Linn. (Makpazangkang) etc. may also be grown msatic

conditions of various locations in the district aigo suitable for their conditions.
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Table 4.18 : Recommended crops for horticulture development and their
agronomic requirements

Sl. | Name of Species L ocal name| Specific Agronomic | References
No. requirements
1 |Citrus macroptera Hatkora Well drained,Sandy Booklet, Deptt
(Montrouz) loam to Sandy clay | of Horti (2009
2 |Citrusreticulate Serthlum Well drained,Sandy -do-
(Blanco) loam to Clay loam
3 [Citrussinensis(Linn.) | Valensia Well drained,Clay | -do-
loam to Sandy clay
4 |Aleurites spp. (Linn.) Tung Well drained,Sandy -do-
clay loam
5 |Coffea spp. Coffee Well drained,Clay | -do-
loam to Sandy clay
6 |Ananas comosus (Linn.) | Lakhuihtheil Well drained,Sandy | -do-
clay loam to clayloam
7 |Areca catechu (Linn.) Kuhva Well drained,Clay | -do-
loam to Sandy clay
8 |Cocosnucifera (Linn.) | Coconut Well drained,Sandy -do-
loam
9 |Camelliasinensis (Linn.)| Thingpui Well drained,Alluvial Handbook of
soils and sandy clay Horti., ICAR
(2010)
10 [Elettaria cardamomum | Alaichi Well drained,Loamy -do-
(Linn.) soils
11 |Passiflora edulsis Sapthei Well drained, SandyBooklet, Deptt
(Sims) clay loam of Horti. (2009)
12 [Elaeisguineensis (Jacq.) Oil palm Well drained,Loamy Booklet, Deptt
and alluvial soils of Agri. (2010)
13 | Saccharum officinarum | Fu Well drained, clay [Trainers manud
(Linn.) loam Deptt. of Agri.
(2007
14 | Eleurites spp. Tung Well drained, SandjBooklet, Deptt.
loam to clay loam |of Horti. (2009

Besides, the geo-climatic region of the entirdritisis suitable for growing a
variety of horticultural crops (Parthasarathy, 1©33orticulture is a good farming
system proposed to be adopted as an alternatighifiing cultivation. The main

crops recommended for this system are shown ie taldis.
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However, while selecting the crops to be grownjrtfeevourite climatic and
soil condition are to be considered. For exampllbet and coconut need lower
altitudes with warm and humid climate whereas @tiad tea thrives well in higher
altitudes of the district. Terracing/contour trerfialming may be practiced depending

upon the crops and the topographical conditions.
4.3.1.5. Silviculture /Afforestation:

Silviculture/afforestation is proposed to be depeld in areas of hill side
slopes with more than 50% under current and abadishifting cultivation areas,
away from habitation. The depth of the soil of pegd area under this category is
deep to very deep with loamy skeletal Typic Dydtrepts and Typic Hapludults. It
is proposed to be developed in 398.41sq kms of land1.41 % of the total
geographical area. Silviculture is a system of gngwtrees for the production of
timbers, woods etc (Bandyopadhyay, 1997). The ns@ecies recommended for
silviculture arePinus kesya Royle ex Gordon (Far) and Tectograandis Linn. (Teak),
of which the former one may be planted above)1RGasl., and the later one may be
planted below 1000 m adMichelia champaca Linn. (Ngiau), Gmelina oblongifolia
Roxb. (Vawngthla), Gmelina arboria Roxb. (Thlanvawng), and the native tree
species like Castanopsis spp. (Thingsia/Then), and Quercus spp. Linn.
(Fah/Sasua/Hlai/Thil), etc. are also recommendexivd¥er, the tree species having

timber value may be given priority for growing undleis system.

Afforestation is the process of transforming anaangto forest by planting
suitable trees. This process becomes necessary valaral regeneration cannot keep

pace with human exploitation of forests. Variouidstation programmes in which
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commercial tree species are planted as governmeptivate plantations like teak
(Tectona grandis) plantationshave been taken up. However, such plantations being
monocultures have their own drawbacks like poorient cycling and lower level of
genetic diversity and species composition leadimga thigher chance of pest and
disease attack. Interplanting with other suitabien-competing tree species at
appropriate tree spacing can possibly overcomeptioislem. Besides, the biophysical
and socio-economic factors also need to be takea oonsideration before
implementing an afforestation programme. The recended species for this system
are —Michelia champaca Linn. (Ngiau), Gmelina oblongifolia Roxb. (Vawngthla),
Gmelina arborea  Roxb. (Thlanvawng), Acacia auriculiformisA.Kunth
(Kalsiamthing),Albizzia procera Durazz. (Kangtek)Albizzia odoratissima L.f.Benth
(Thingri), Albizza lebbek L.Benth (Thing-chawk-e) etc. All these tree specae
major components of natural vegetation in the idisand are recognized for their

economic value as well.

43.2. SUSTAINABLE WATER RESOURCESDEVELOPMENT PLAN:

The district has a great scope for the developnoénwater resources as it
receives a good amount of rainfall i.e. 3,155mm @enum. Besides, supplement
irrigation is also essential for survival of agitcwal and horticultural crops as the
area is having unpredictable and erratic rainfalierefore, excess rain water needs to
be conserved and stored in different storage strestto serve during the critical
periods. Water can also be directed artificiallyrézharge the groundwater. Rain

water or irrigation water is not used directly dgris. It is converted to soil water and
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stored in the soil before it is utilized by the mi& (Prihar and Sandhu, 2002).
Therefore, water has to be conserved for optimuantgjrowth. Based on geography

and other factors, following structures are recomaeel for the district.

The statistics of water resources and sustainabtervharvesting is given in
table 4.19 and the map of water resources invendemelopment for sustainable
agro-horticulture is given in figure 4.15. The pospd structures in the district are

described below:

Table4.19: Statisticsfor water rsour ces development plan
of Aizawl district, Mizoram

SI.No. Typeof structure No. of proposed structures
1 Minor irrigation tanks 46
2 Water harvesting bunds 42
3 Check dams 102
4 Farm ponds 57

4.3.2.1. Minor Irrigation Tanks:

Minor irrigation tanks are proposed to be consedcacross the streams for
creating water reservoirs for providing irrigatitmthe crops at critical periods and to
facilitate the groundwater recharge in the doweastr regions (NRSA, 1995). A
total number of 46 minor irrigation tanks have beeoposed for the whole district. It
is mainly proposed to be developed for irrigatidiet Rice cultivation (WRC) in

the narrow valley of Tuirini, Tuivai, Tuivawl andn@ngte lui.
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4.3.2.2. Water Harvesting Bundhs:

These are almost similar to minor irrigation taeksept that they do not have
extensive canal system and their command areamisetl to fields’ downstream
(NRSA, 1995). 42 water harvesting bundhs have Ipeeposed for the whole district.
It is proposed to be developed for irrigating WR€as and agro-horticulture areas in
different parts of the district. The main objectivis to collect the impound surface
run off during monsoon rains and facilitate inflion to raise groundwater level in

the zone of influence of the bundh.
4.3.2.3. Check Dams:

Check dams are proposed across the stream todagirdam water for irrigation
or for the purpose of drinking water. Besides thhi® structure will also reduce run off
velocity, thereby will be helpful to minimize erosi as well as will allow the retained
water to percolate resulted in increased rechangehle groundwater in the adjoining
downstream side. Overall, 102 check dams were gexpdor the whole district. It is
proposed to be developed in areas where agro-tlbutie and WRC are taken up in

different watershed such as, Tlawng, Tuirial, Twlal uirini, etc.
4.3.2.4. Farm Ponds:

Construction of farm ponds is recommended as aragkmbent across a water
course or by excavating a pit or the combinatiobath as also suggested earlier by
NRSA (1995). Overall, 57 farm ponds have been @sed for the entire district.
Constructions of farm ponds are suggested to seaver storage for irrigation as well
as for paddy cum pisciculture. It is also proposadproviding drinking water for

livestock and human beings.
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4.3.2.5. Soil Conservation activities

Soil is a nature’s gift to mankind and more so roantry like India with large
population leads heavy pressure on the land. Itdrassn much attention to the
compelling need for more systematic resource cwasen efforts. In a recent
analysis of soil erosion rates in India, about 3,88llion tones (16.35 t/ha) of soil is
detached annually, and of this about 29% is camieey by the rivers into the sea.
Nearly 10% of it is being deposited in the surfeegervoirs resulting in the loss of 1
to 2% of the storage capacity (Narayana, 2002).ififportance of soil conservation
in arresting soil and land degradation has beehn@ebgnised. Because of the steep
slopes of the area, soil erosion severely afféetsatea. Landslides are other problems

found within the study area.
4.3.2.5a. Gully Control/Plugging:

Gully erosion is an advanced stage of soil erosidrere slopes stability of the
side walls reduces and blocks of soil mass sloaghthe flow. An effective way of
controlling a gully is to reduce run off rate bygetative or mechanical means so as
not to allow the gully flow which may clean out tseimped material (Narayana,
2002). Initial stage of Gullies formation are saemand around Aizawl, Darlawn,
Saitual, Hmuifang and near river banks of Tlawngivai, Tuirial and Tuivawl, etc.

Gully control/plugging is recommended in such ateagduce soil erosion.
4.3.2.5b. Stream Bank Protections:

There are certain reasons by which stream banksoer@ccurred. Such as

destruction of the vegetative cover over the strémmks, mass movement due to
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unstable bank slope, undermining of the top of lowank by turbulent flow,
sloughing or sliding of slope when saturated witktev, etc. Stream bank erosion has
been found in various places like in the flat plainTuirial and Tuirini river valley
and its tributaries. Protection measures involveoamaging vegetation growth or
construction of retaining walls. Retaining wallsyrae constructed on eroded banks
which are along agricultural terraces. Creatingetalgcovers with locally suitable
species on the eroded banks will serve good measarether placeas suggested by

Young (1991).

4.3.2.5c. Road Side Erosion Control:

It is experienced in the hilly state of Mizoram tthhaadside erosion is caused
by the road constructing activity. Frequently, hesma of this activity the slope
stability breaks causing mass movement on the stk which are dumped down
hillside destroying vegetation and agriculturardees as observed earlier by Young
(1991). Therefore, systematization of drainage,attwe of retaining wall and
plantation of suitable grasses and plant speciesrecommended for the control

measures.

433. OTHER ALLIED ACTIVITIESFOR SUSTAINABLE DEVELOPMENT
PLAN:
4.3.3.1. Medicinal and Aromatic Plants (M APS):

Plants have been used by man from prehistoric tifoeselieving suffering
and curing ailments. Primitive people, when ingune battle or when they had a fall
or cut, instinctively resorted to materials avaldabt hand for staunching the flow of

blood or the relieving of pain and by trial andoesrthey learnt that certain plants
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were more effective than others for these purposes.centuries, human beings have
been utilizing plant genetic resources for foodditi@e and other cultural purposes.
More than 15000 species of higher plants occurnohia of which about 9000 is
economically important. Of these about 7500 armedicinal value; 3900 are of food
value; 700 are culturally important; 525 are usedfibre; 400 for fodder; 300 for
pesticides and insecticides; 300 for gum, resindyes and 100 provide incense and
perfume (Anonymous, 2004). Out of the above, 0 B&0wild plant species are used
by the tribal societies of India (Shankar, 2006).

India has one of the world’s richest medicinal pdaThe wealth is not only in
terms of the number of unique species (6160) doatedethus far for their medicinal
use but also in terms of the tremendous depthaafittonal knowledge about such
uses of human and livestock health and also foicagure. Over 4786 ecosystem
specific species of plants are used by ethnic commes for human and veterinary
health care, across the various ecosystems frorakbaoh the trans-Himalaya to the
southern coastal tip of Kanyakumari and from theedis of Rajasthan and Kachch to
the hills of the Northeast. Such a huge number edlininal plant species has allowed
the evolution of many systems of herbal medicinepdtedly Ayurvedic medicine
includes about 2000 plant species. Other traditiomedicinal systems of India also
employ large numbers of species: Siddha (1121 spgcUnani (751 species) and
Tibetan (337 species) (Anonymous 2004, Kala 2008g folk medicines of almost
all the countries of the world abound in medicipknts and tribal people wherever

they exist, rely chiefly on herbal medicine eveday.
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Today, chemical and pharmaceutical investigatitmge added a great deal of
status to the use of medicinal plants by revealegpresence of the active principles
and their actions on human and animal systems.stigations in the field of
Pharmacognosy and Pharmacology have supplied JalugEbrmation on medicinal
plants with regard to their availability, botaniqaioperties, methods of cultivation,
collection, storage, commerce and therapeutic (iSasogi and Sreeramu, 2004).
All these have contributed towards their acceptancenodern medicine and their
inclusion in the pharmacopoeias of civilized nasion

During the past few decades, there has been a eapnsion of the allopathic
system of medical treatment in India. It generateccommercial demand for
pharmacopoeial drugs and their products in the ttpuifhus efforts were made to
introduce many of these drug plants into Indianicadure, and studies on the
cultivation practices were undertaken for thosengglavhich were found suitable and
remunerative for commercial cultivation. In genegagronomic practices for growing
poppy, isabgol, senna, cinchona, ipecac, belladangat and a few others have been
developed and there is now localized cultivation tbese medicinal plants
commercially. The average annual foreign trade mude drugs and their
phytochemicals is between 60 and 80 million rupaeds these accounts for a little
over 0.5 per cent of the world trade in these counities (ICAR, 1997).

The aromatic plants possess odoriferous and i®kibstances which occur as
essential oils, gum exudates, balsam and oleo-iasome or more parts. Many of
these aromatics are powerful germicides and hatiebacterial properties, but the

bulk of the produce finds use in perfumery and tbed-flavoring industries.
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Amongst the two, the perfumery and allied industéensume much larger amounts
of the natural fragrant material. According to 1Bl World Statistics of 1972, the
annual world trade (excluding countries in EastBurope) in essential oils and
perfumery aromatics for 1969 was of the order of2BRS0 million; also, a large
quantity of the aromatic material of plant origsutilized in cosmetics, toiletries and
allied industries (Boset al., 1999). Our current volume of foreign trade ire th
perfumery material, essential oils and aromatic pammds is around Rs 65 million
and this amount accounts for 1.6 per cent of thddvoade (ICAR, 1997). Some
sixty two types of essential oils come to the inédional market with a large and
consistent demand. However, our treatment of thenatic plants is confined to a
few more important essential- oil crops grown ie tdountry.

Considering the agronomic practices and the clonaequirements of
medicinal and aromatic plants and the natural messuof the area including soil
texture, altitude and climate were taken into odastion for finding out the
suitability for cultivation of aromatic and mediainplants. Some plants such as,
Geranium, Coleus, Sarpagandha, Yam, Patchauli, églinare having wide range in
altitude and soil texture, and they can be growomfrsandy loam to sandy soil
(NEIST, 2009).

Ten medicinal and aromatic values with good ecocoraiues were selected
for the present study. The areas suitable for skuie and agro-horticulture were
utilized for finding out the potential areas of noagal and aromatic plants. A
separate map is prepared in order to avoid overigppith the spatial plan. MAPs

recommended under spatial planning during this ystade based on climatic
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suitability, location and soil requirements, avhilidy of propagating quality material

and demands in herbal market. However, trials dtivation and quality will be

required before commencing commercial cultivatibhne statistics for potential areas

of MAPs is given table 4.20 and agronomic reguinei®@re given in table 4.21, and

the potential area map is given in figure 4.16.

Table 4.20: Statisticsfor potential area of medicinal and aromatic plantsin
Aizawl district, Mizoram

=

Sl Name of Medicinal and Area | Percent(| Proposed
No. Aromatic Crops (sq km)| %) L ocation
. Foot hill and River

1| Pachauli, Sarpagandha, Greater,, g6 | 5051 | valley of Tuirial,

Yam, Kalmegh, Geranium. : o
Tuivawl, Tuivai,etc.

5 Gloriosa, Withania, Lemon Near Aibawk, Sesawng
Grass, Citronella, Sarpagandhg,359.05 | 45.12 | Saitual, Khawruhlian,
Greater yam, Patchauli etc. villages

3 Lemon Grass, Citronella, Near Aizawl, Ratu,
Coleus, Geranium, Kalmegh, | 26.76 3.37 | Darlawn,Muallungthu,
Patchauli, Yam, Sarpagandha etc. villages

4 Withania, Coleus, Geranium, Near Sialsuk,
Sarpagandha, Yam, Patchauli| 5.97 0.75 | Mualpheng,Phuai-
Kalmegh buang,etc. villages

5 Geranium, Coleus, Near Tawizo, Maite,
Sarpagandha, Yam, Patchaulij 2.02 0.25 | Khanpui, Hmuifang, et
Kalmegh villages

Total | 795.76 | 100.00
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Table4.21 : Recommended cropsfor medicinal and aromatic plantswith
their agronomic requirements

Sl. | Name of Species Common/ Specific agronomic References
No. Trade name | requirements
1 Rauvolfia serpentine | Sarpagandha| Altitude — upto 900maslFarm Bulletin,
Linn.Benth ex kurz mainly in subtropical CIMAP;
region, Sandy loam or | Farooqi &
sandy soils rich in organjcSreeramu ,
matter, pH6 - 8.5 (2004)
2 Dioscorea spp. Greater Yam/ | Altitude — Wide range — | Farooqi &
Linn. Asiatic Yam | subtropical to temperate| Sreeramu ,
region; light or sandy (2004)
soils, medium soils, pH +
wide range
3 Pogostemon Patchauli Altitude — upto 1000 m | Farooqi &
patchouli Benth. asl, Sandy loam soils richSreeramu
in humus, pH 6-7 (2004)
4 Andrographis Kalmegh Altitude — wide range, | NEIST
paniculata Burm. f. subtropical to temperate; (2009)
Loam to lateritic soils,
pH 5-6
5 Cymbopogon Citronella Altitude - 500 to 1200 m NEIST
winterianus Jowitt asl, Wide range and (2009)
thrive well in Sandy loam
soil, pH 5-5.5
6 Cymbopogon Lemon grass | Altitude - 600 to 1200 mBoseet.al.
flexusus Stapf asl, Sandy loam to clay | (1999)
loam soil, pH7-8.5
7 Withania somnifera | Ashwagandha Altitude - 600 to 1400 mNEIST
Linn. Dunal asl, Wide range, soil pH (2009)
44-6
8 Pelargonium spp. Geranium Altitude — upto 2000 m | Farooqi &
Linn. L.Her. asl, wide range, soil pH Sreeramu,
6-6.5 (2004)
9 Coleus barbetus Pattachchur Altitude - 1000 to 1500|rRarooqi &
Willd. asl, Sandy loam soil, pH Sreeramu,
5-8.7
10 |Gloriosa superva Kalihari, Altitude - 600 to 1000 m|Boseet.al.
Linn. Langli asl, Sandy loam soil, pH(1999)
5-8
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4.3.3.2. Animal Husbandary and Veterinary:

The area has a good potential for development wharhusbandry. Piggery,
poultry and dairy developments are the major dattwiproposed to be taken up. For
the large scale development of animal husbandeyatba given for silvi-pastural land
may be used as suggested earlier by ICAR (2008)veder, for the small scale
purpose and under proper control it can be prattiae any place as per the
convenient of the farmers. The development of uedey services would be a very

important part of this activity.
4.3.3.3. Pisciculture:

The scope for pisciculture development in genésatot very good because of
the topographical condition i.e. hilly terrain. Hever, the river valleys are also
suitable for agro-aquaculture system. This systerthérefore, recommended to be
practice in such areas. The components of therayate composite fish culture with
paddy or vegetables. Few ponds can also be devklopghallow depressions where
small streams enter into relatively flat areas. dyaclm-fish culture can also be
introduced where small fish ponds have been deeéldyy farmers (ICAR, 2006).

4.3.3.4. Floriculture development:

Floriculture development has a very good scopeirawl district. The natural
resources including climatic requirements are biatafor growing annual and
perennial flowers. It has been flourishing in thstritt as a number of farmers and
individuals are commercially taking up floriculturas small businesses. The
Horticulture department has also initiated variosishemes for promotion of

floriculture in the district by publishing manuddebklets on cultivation of annual and
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perennial flowers, organizing seminars, flower shpexhibitions and construction of
infrastructure facilities. The department has &d@n up initiatives in exporting these
flowers outside the state. Amongst the flowers cemumally cultivated, Anthurium,

Rose and Ferns are taken up at large scale, whishawn in table 4.22. Statistical
records have also shown that the cultivation aréahese flowers have been
increasing each year. Considering all these faoetigs feasibility in mass scale
production, the adoption of floriculture has immenscope of potential, both

aesthetically and commercially in the district.

Table4.22: Statistics of flower production in Mizoram

Y ear Y ear
2008 - 2009 2009 - 2010
SI.No. | Nameof | Area | Production | Yield Area |Production |Yield
Flower (ha) | of flower (lakh (ha.) | of flower |(lakh
(Lakhs) Per ha.) (lakhs) Per ha.)
1 Anthurium| 26 75 2.88 28 79 2.82
2 Rose 6 27 4.50 6 28 4.66
3 Fern 2 40 20.00 2 35 17.50

(Source : Statistical Hanbook, Mizoram 2010)

4.3.3.5. Infrastucture Facility:

The road network needs to be improved for tranggiort of the agricultural,
horticultural, forest and other products. Moreowermproper marketing system is
required so that the farmers would not have problandisposing their products at a
reasonable price. The existing industries as welthe proposed industries may be

equipped with better facilities. Villagers may alse encouraged for minor forest
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based industries like carpentry, handicraft, etdaslalso proposed to give proper
training and education to local people through destration schemes, audio and
visuals etc. to convince them for the activitiesbi taken upThe detail map of

transportation set up of the Aizawl district is givin figure 3.2.
4.3.3.6. Orgnanic farming:

Natural and organically produced herbal productgehgreat demands world
over. The residues of chemical inputs from fertitzand pesticides entering the food
chain are the major concern. The basic principleo@fanic farming aims at the
management of agro- and ecosystems. Under suatnsytte farmer has to manage
the farm with coherent diversity by utilizing alieé on-farm and adjacent resources.
Such a practice helps to conserve the ecosystemerréihan destroy it. Organic
farming excludes use of agro-chemicals like chehierdilizers and pesticides (Gaur,
2010). The soil must be manured to feed the safenbrganism for their growth and
biological activities. Nutrients are recycled byngmosting crop residues and using
farmyard manure, green manure, etc. Rotation weifjuie crops helps in biological

nitrogen fixation (Directorate of Agriculture, 2007

Various steps have been taken by the Mizoram gfaternment to improve
upon the farming system of the entire state. SyiutHertilizers that were randomly
utilized by the farmers are now gradually repladsdthe new trend of organic
farming system and are gaining popularity among féreners. In fact, the state
government has recently passed the “Organic FarBilhg004” and is under process
for framing its rules and regulations to make thére State as an “Organic State”,

which is one of the first of its kind in India (Rictorate of Agriculture, 2004).
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Organic farming is, therefore recommended asthiesenvironmental friendly method

of agricultural or horticultural practice.
4.3.3.7. Non-Biodegradable M aterial Disposal:

Another concerning subject is the alarming increaispolythene deposits by
human beings. It is observed that more disposegthmrle materials were found in
the lower areas and river valleys rather than ghdm altitudes. The disposed
polythenes are found from the surface of the spilta four feet deep. This will
deteriorate the soil fertility and hindrance théemsion of land development, and will
obviously have great impact on flora and faunaathidand and aquatic environment.
The polythene deposits in the soil may augmentahdslides as they prevent mutual
cohesion among the soil particles and also retawispof water which is suitable
breeding place for germs and mosquitoes. Therefefferts have to be taken to
dispose off these solid wastes by making suitabiaging sites, and also to reduce or

stop the use of non-biodegradable materials fokipggerishable goods, etc.

4.34. CONSERVATION AND IMPROVEMENT OF EXISTING FOREST:

The existing forest and Bamboo forest should besenred and improved by
planting native species or other suitable specws miaintaining the ecological
balance. It has been proposed that the area umdeforest should be 1450.19 sq kms
of land which is 40.55 % of the total geographemada, and the bamboo forest should
be 602.97 sq kms or 16.86 % of the total geograplaiea. It is proposed that each
and every village/town should have supply resefeeelst and safety reserved forest.

The reliable voluntary organisations like Young MiAssociation (YMA), Mizo
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Hmeichhe Insuihkhawm Pawl (MHIP), Mizoram Upa P4MUP) etc. may also be
encouraged to have reserved forests or parks imehaeby areas of their respective
villages/towns (Shah, 1996). If the forest departhwan entrust the Village Councils
or voluntary organisations in protecting the resdriorest, or if there is a combined
effort among the forest and other departments aedvtllagers, protection of the
reserved forests will be more effective. The ergptforests may be improved by
planting the native tree species or other spebmshiave been mentioned to be grown

under silviculture/afforestation.
435. SETTLEMENTSAND WATER BODY

Settlements include residence, institutions, offietc. and the area under this
category is estimated to be of the order of 48.48m or 1.35 % of the total
geographical area. Water bodies are mainly rivetis thieir tributaries and occupy an

area of 14.31sq km. or 0.40% of the total geoggllarea.
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CHAPTER YV

SUMMARY AND CONCLUSION

Information on the nature, extent, spatial disttidru along with the potentials
and limitations of natural resources is a pre-rgitpiito achieve the goals of
sustainable development. By virtue of providinggytic view of fairly large area at
regular interval, space borne multispectral measargs hold great promise in
generating reliable information on various natuesources, viz. soils, geology and
geomorphology, minerals, surface and ground wéed use and land cover, forest
cover, slope, etc. in a timely and cost-effectivanmer. Geographic information
system (GIS) offers an ideal environment for in&tigng spatial and attributes data on
natural resources and environment, and for subs¢gemeration of optimal land use
plan. Water resources, both surface as well asngromater is very crucial for
sustaining flora and fauna. Over exploitation obwrd water and wastage of
precipitation water as run-off are the major isswlgch are addressed in the context
of sustainable development. Furthermore, Globaltipoghg system (GPS) enables
making precisen situ measurements on various terrain parameters whechsed for
both generating baseline as well as derivativerin&tion on natural resources for
various developmental activities. Exploitation, fmanagement and neglect can ruin
the fragile natural resources and become threatinean survival.

The present research was started during the ye@® 26th main aim to
develop spatial planning of agro-horticulture depehent of Aizawl district in

Mizoram. To achieve this objectives, mapping andegation of land use land cover,
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soil resources, geology and geomorphology, waterfloundaries, slope and aspect,
transport network and settlement location werefagh. Socio-economic data and
meteorological data were also collected from variosources. The standard
methodology of remote sensing and GIS was folloiadthe observations and
mapping of natural resources. Pre field interpr@taof satellite imagery was done
followed by ground truth checking. Ground truthamhation and other ancillary data
were incorporated in the post field work in whiciffetent natural resources were
integrated along with socio-economic and meteoiollgdata for generation of
spatial planning of sustainable agro-horticultuegelopment.

Aizawl is the capital city of Mizoram and it is thdistrict Headquarter of
Aizawl district. The district is divided into thresib division viz. Aizawl, Sakawrdai
and Saitual. According to 2011 census, the popmradif Aizawl district is 4,04,054,
out of which 2,01,072 are male and 2,02,982 ameafe. There is one city, 3 towns,
and 96 villages. It is well connected by road armelrational highway 54 and 150 run
through the district. A number of agricultural/houltural link roads have been
constructed which serve for transportation of agrical and horticultural produces
from the interior parts of the district.

Drainage mapping was done from satellite imagerg #&wpo-sheets, and
watershed classification was done according to Y¥hesl Atlas of all India Soil and
Land use Survey Organisation. The drainage systefzawl district as a whole is
elongated in north to south direction showing aatpd, dendritic to sub-dendritic

drainage patterns. There are 11 watersheds, 2Wwatdvsheds, 92 mini-watersheds

181



and 384 micro watersheds within the district. Adwogly, the developmental
activities can be taken up in watershed basis.

The general geology of the district represents aaattmous sequence of
argillaceous and arenaceous rocks, which are fiebsnto two formations viz.,
Middle Bhuban and Upper Bhuban Formations. The &bions are folded into almost
N — S trending anticlines and synclines and affédig longitudinal, oblique and
transverse faults of varying magnitudes. The foionagtare classified into two based
on lithological assemblage and sedimentary strastufive different rock types are
mapped in which Siltstone and Shale occupies nigjofithe area covering 63.31%
of the total geographical area. The geomorpholamsists of three geomorphic class
viz., Structural Hill, Valley fill and Flood plainStructural hill constitute the main
geomorphic class and dominates the study area. Ftben geology and
geomorphological classes and topography of the greand water potential zone are
derived into 4 types i.e. very good, good, modeeatd poor. However, more than
half of the area of the district falls under poones.

Slope, aspect and altitudinal zones of the area wenerated from Digital
Elevation Model (DEM). Slope is expressed in petage. Among the nine slope
facets, 35 — 50% and 3 — 10% slopes covers maximangh minimum areas
constituting 38.33% and 0.08% of the total geogiaharea, respectively. The area
was conveniently divided into 9 aspects. As theéridges mainly run from north to
south in their formation trend, the largest arethéswestern aspect followed by north-
western aspects. Northeast aspect is often coesid@ost suitable for agriculture

development, establishing orchards, farms and otkseidential areas and only
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occupies 13.18% of the geographical areas. The@ds of the area vary from 100 to
1905m above sea level. The altitude is divided Btdasses in which 500 — 700m
above mean sea level occupies maximum area cova4idd % of the area.

The major land use/land cover classes within thstridi was broadly
categorized into settlements, agricultural landre$ts, bamboo forest, forest
plantations, shifting cultivation, scrubland andtevabody. The forest cover type is
mainly tropical wet evergreen forest mixed with sewergreen and tropical moist
deciduous forests comprising mainly of bamboo. €hisr also sub-tropical forest
found at higher altitudes. The vegetation considt® mixture of several species.
Depending on the density of the canopy cover, tirests have been divided into
dense/closed, medium dense and less dense. Thiegtmests and Bamboo forests
cover 40.55% and 16.86% area of the district, retspy. The aged old practice of
shifting cultivation is still continued and evergar an area of 185.44 sq km were
under shifting cultivation which account for 5.1%¥the total area of the district.

Soils of the areas is classified on the basis eirtphysico-chemical and
morphological properties. The soils identified eder levels are Entisols, Inceptisols
and Ultisols. The soils were classified upto sele@®l and there were 14 soil series.
These soils are formed under humid tropical wittamannual rainfall of 3155mm.
The pedons comprises of mixed mineralogy and htpemic temperature class. Soil
texture is classified into 7 classes in which dtzam surface occupies maximum area
which is optimum for growing different agriculturand horticultural crops. The
physiographic soil data was further processed anmdlysed for deriving land

capability classes for a specific usage of the.afé@® maximum area occupied by
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‘land capability class’ was Class VI accounting4t6.03%. This shows that fairly

good land on steep to very steep slopes coveredmuaxarea within the district.

The main aim of the present research was to preppa¢ial planning of
sustainable agro-horticulture development usingotensensing techniques. Such an
objective can be accomplished through developmémara, water, vegetation and
other resources of an area in a sustainable mamnénat the changes proposed to
meet the needs of people are brought about witdouinishing the potential for
future. The natural resources data generated Imgusimote sensing and GIS with
collateral data in GIS domain were integrated toegate database for spatial planning
of sustainable development. Base on the naturaluress of the area silvi-pasture,
sericulture, agro-horticulture, silviculture/affstation and agriculture (WRC) are
therefore planned for sustainable development.diditiaan to that, water resources
inventory development plan such as minor irrigatianks, water harvesting bunds,
check dams and farm ponds were planned dependmgthp sites and the command

areas for irrigation.

Based on observations conducted during the codr@sostudy, it is planned
that agriculture mainly wet rice cultivation (WR®) be taken up in narrow valleys
with an area of 26.46 sq km, constituting only @6/df the total geographical area.
System of Rice Intensification (SRI) is recommended cultivation in the area.
Silvipasture and sericulture are proposed to bertalp in 120.16 sq km and 204.56
sq km accounting to 3.36% and 5.72% of the tot&aarespectively. Agro-
horticulture is proposed to be developed in a lapid 50% slope with a minimum of

1 m soil depth and the potential area for the systentified is around 710.97 sq km,
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which is 19.88% of the total geographical areawvi@ilture/ afforeastation is
proposed to be developed in 398.41 sq km or 11.@#A%e area of the district. The
existing forest and Bamboo forest should be corskefor maintaining eco-balance of
the nature and it accounted for 40.55% and 16.8@%pectively. The total forest
cover including silviculture/afforestation will b&8.55% of the total geographical

areas, i.e., two-third of the area will be covelbgdorest.

Water resources inventory for sustainable developraee also proposed to be
develop for providing irrigation of crops, pisciawle and for drinking water
purposes. The proposed structures to be develagethiaor irrigation tanks, water
harvesting bunds, check dams and farm ponds anduhers of structures to be
developed are 46, 42, 102 and 57, respectivelysbibiconservation measures, gully
control/ plugging, stream bank protection and r@ade erosion control are also

proposed to be developed in erosion prone areas.

Other allied activities like cultivation of medie@hand aromatic plants, animal
husbandry and veterinary, pisciculture, floricudtuimfrastructure facilities including
industries and organic farming are also recommenddte district for sustainable
development plan. Considering the soil texturanatic requirements and economic
viability, 10 medicinal and aromatic plants arees&td for finding out the potential
area for cultivation in the study area. Five crgfzs, Pachauli, Sarpagandha, Greater
Yam, Kalmegh and Geranium are highly suitable fdtivation in Aizawl district.

Since the sustainable development of natural ressus based on maintaining
a fragile balance between productivity functionsl @onservation practices through

monitoring and identification of problem areas, odensensing and GIS makes the
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task easy. With the developments in satellite teldgy and data availability,
considerable progress has been made towards efedtilization of the available
data for conservation, monitoring and managementaifral resources.

Out of eight districts in Mizoram, only Aizaw! digtt is covered in the present
research. It is suggested that parallel to theysarda, all other district should be
covered so as to make uniform sustainable developmian for the whole state.
Further, better resolution of satellite sensors aysed for detailed information on
natural resources which will automatically give tbetspatial plan. Though, the
findings of this research is far from satisfactoiyhopes that it may pave the way for
future land use plan for sustainable developmerd &aelp other researchers,
developmental departments and farmers in some @spksustainable development

movements.
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Plate 1. Panoramic view of Aizawl city, the Aizawl district headquarters and the
capital of Mizoram

Plate 2. Pineapple plantation near Aibawk village. Such plantations are seenin
different parts of the district



Plate 3. Orange plantation near Sesawng village. Having good potential within the
district

Plate 4. Banana plantation near Thingsulthliah village. Such plantations are
successful in different parts of the district.



Plate 5. Denseforest near Phulpui village. Such virgin forest should be conserved
for maintaining eco-balance of the nature

Plate 6. Bamboo forest, a prominent vegetation class found throughout the district.



Plate 7. Wet Rice Cultivation in the narrow valley of Changteriver.

Plate 8. Potential areasfor WRC at Tuirini river valley. Land development should
be taken up in such narrow valleys.



Plate 9. Terrace with water harvesting structures on the hill top at Durtlang.
Terrace farming should be encouraged in the hill side slope.

Plate 10. Squash/Chow-chow plantation at Sihphir village.



Plate 11. Sugargcane Plantation near Lungleng Village

Plate 12. Forests cleared up for jhum cultivation in which local varieties of rice
and vegetables were grown. Optimum for agro-horticulture devel opment.



Plate 13. Typical Soil profile of Fine Loamy, Humic Hapludults. Such types of
soil are suitable for Agriculture and Horticulture plantations.



Plate 14. Structural hillswhich dominate the entire district.

14/02/2011 17:08

Plate 15. Sun set photos from Hmuifang village, one of the highest point of the
district



REFERENCES

#

Adiseshiah, Malcolm S. (ed.). 19%ustainable Development: Its Content, Scope and

Prices,Lancer International, New Delhi.

Adiseshiah, Malcolm S. 1989. Plan to preserve géhgironment.Yojna, 33(14-

15):32.

Agarwal, A.K. 1999. Agro-Industries for Sustainablevelopment of Tribal Areas in

North-East IndiaPolitical Economy Journal of Indi&(3-4):52 — 59.

Agarwal, Anil. 1992. What is Sustainable Developt@eBown to Earth,1(2): 50

Agricultural Finance Consultants Ltd. 1989. Stataport on Tuivai Catchment,

Mizoram,A Project Report, p. 20.

Ahmad, A and Siddiqui. M.S. 1967. Crop associapattern in the Luni basiihe
Geographer14(2):10 — 17.

Ahmad, E. 1954. Geographical Essays on India, Ppmal5-16.

AIS and LUS. 1990Watershed Atlas of IndidDepartment of Agriculture and Co-
operation, All India Soil and Land Use Survey (A&SLUS), IARI Campus,
New Delhi.

Anonymous 2004Herbals in India: Opportunities, Challenges andtiaiives by

NABARD National Bank for Agricultural and Developmemtdia.



Baler, O.E. 1926. Agricultural Regions of North Amea, Economic Geography,
2(1):25 - 37

Bandhopadhyay, A.K. 1997A Textbook of Agroforesty with Applicationgikas
Publishing House Pvt. Ltd., 576 Masjid Road, JangphNew Delhi — 110 014.

Bandopadhyaya, P.K. 1987. Land Relations and Larsg¢ Battern: The Mizo
Dimension, In: Dutta, B.B. and Karna, M.N. (edsand Relations in North
East India,People’s Publishing House, New Delhi, pp. 184- 92.

Banerjee, B. 1979. Recent changes in the land asierp of India,Everyman’s
ScienceCalcutta,14(3):35-43

Bante, Rashmi R., Srivastava, Rajeev, Nagaraju,34.%Snd Prasad, Jagdish. 2012.
Characterization and evaluation of land resourcesvatershed management
in Vidharba region of Maharastra using RS and Gi&yrnal of the Indian

Society of Soil Scien&®(4): 261 — 268,

Barbier, E.B. 1987. The concept of sustainable Idgwveent. Environmental
Conservation14(2):103.

Barbier, Edward B. 199Fconomics and EcologWNew Frontiers and Sustainable
DevelopmentChapman & Hall, London.

Barman, Kandarpa Kumar, 1989. Land use patternsgafh- an observatiodournal
of the North Eastern Council1(5): 8-11.

Barnabas, A.P. 1993. Policy implications of susthla developmentThe Indian

Journal of Public Administratior89(3): 387-395.



Barrows, H.L. and Simpson, E.C. 1962. An EDTA meltHor the direct routine
determination of calcium and magnesium in soils ghaht tissues.Soil
Science Society of America Proceedings. 26, pp4453

Barua P.C. (ed.). 1990.Development Planning of North-East Indidittal
Publications, New Delhi.

Bebarta K.C. 2004 Forest Resources and Sustainable Development: iples;
Perspectives and PracticeSpncept Publishing Company, New Delhi

Bhagabati, A.K. 1985. Pattern of land utilizationthe Brahmaputra valleyndian
Journal of Landscape Systems and Ecological Stut#g®):. 62-69.

Bhattacharya, A.K. 2008Drainage Engineering Directorate of Information and
Publications of Agriculture, Indian Council of Agultural Research (ICAR),
Krishi Anusandhan Bhavan, Pusa, New Delhi — 110 012

Biswas,Arabinda. 1973. Peasant enterprise and elangland use : a case study in
rural area developmergeographical Review of Indi&5(1): 73-80.

Bose, T.K., Mitra, S.K., Faroogi, A.A. and Sadhu,KM 1999. Medicinal and
Aromatic plants, Tropical Horticulture, Volume Nlaya Prokah, 206, Bidhan
Sarani, Culcutta.

Bote, N.L. and Pillai, Balakrishna. 201Qlimatic Classification,Textbook of
Agricultural Meteorology, InVarshneya M.C. and Balakrishna Pillai, (eds),
Directorate of Information and Publications of Agjiture, Indian Council of
Agricultural Research (ICAR), Krishi Anusandhan Baa, Pusa, New Delhi

—110 012.



Bouyoucos, G.J. 1962. Hydrometer method for makiagicle size analysis at soils.
Agron. J.54: 464-465.
Brush, S.B. and Stabinsky, D. 198%&luing Local Knowledge: Indigenous People

and Intellectual Property Rightssland Press, Covelo.

Campagna, M. 2006GIS for Sustainable Developmentaylor & Francis, Boca
Raton, India.

Carvalho, Georgia O. 2001.Sustainable developmienit achievable within the
existing international political economy contex®&\stainable Development,
9(2): 61-73.

Chakraborty, K. and Sarma K.K. 2008. Role of Rem8ensing and GIS based
inputs in Livelihood Improvement from Forestrin: Darlong,V., Barik,
S.K.,Tiwari, B.K., Kumar, C. and Phanbuh, S. (eds)elihood from Forestry
in Northeast IndiaPp 69 — 75

Chang, Kang-tsung. 200@ntroduction to Geographic Information Systeng"
Edition, Tata Mcgrow-Hill Publishing Company LimiteNew Delhi, India.

Chatterjee, S. and Jana, M.M. 1975. The patterfarmd utilization in and around
Tarakeswar TownGeographical Review of Indi&7(1): 62-72.

Chatterjee, S.P. 1941.The place of geography irnomat planning, Calcutta
Geographical Reviewi,2(3):27 - 35.

Chatterjee, S.P. 1952. Land utilization survey aiwihh districts,Geographical
Review of Indial4(3):32 - 39.

Chattraj, S. 1984Emerging Patterns of Agricultural Landuse in KamrDygstrict.

Unpublished Ph. D. Thesislorth Eastern Hill University, Shillong



Chaudhari, D. and Pooja Parvati, K.B. 1996. Immddtorest Resource Management
and Development Policies on Environment with Sgedreference to
Northeastern State®aper Presented in XVIII Indian Geography Congress-
National Association of Geographers, India (Octol22-31, 1996),North-
Eastern Hill University, Shillong, pp. 62-63.

Chaudhry, Mahinder. 1995. Global population growehpnomic development and
environmental impact : case study of India, 199Q€REconomic and Political
Weekly 30(49): 3163-3167.

Chauhan, D.S. 196&tudies in Utilization of Landigra Shivalal Agrawal Company,
Agra.

Chauhan, D.S. and Dhyan, S.K. 199gjroforestry: An approach to sustainable
production technology for Hilly areasn: (Sarma, B.K. and Goswani.N.
(eds). Lecture Notes on Off-Campus Training on HagnSystem for the
Agricultural Officers of Mizoram, ICAR Complex f&MEH Region, Barapani),
Directorate of Agriculture, Government of MizoraAizawl.

Chauhan, V.S. and Singh, Surendra. 1972. Landzafiiiin in Mediterranean
countries,The Geographical Observed(3): 41-48.

Chopra, Kanchan and Kadekodi, Gopal K. 1999. Omeralising Sustainable
Development: Economic-Ecological Modelling for Developing Coue$,
Saga Publications India Pvt. Ltd., New Delhi.

Chouridule, P.B. 1974. Rural Land Use NutritiorBimandara DistrictProceedings of

Symposium on Rural Land Use, Nagpur Universgipy,135 — 154.



Chouridule, P.B. 1975. Rural land use: a study @thods,The Deccan Geographer,
8(1&2): 173-178.

Coleman, Alice. 1961. The second land use : pregaesl prospeciGeographical
Journal, 127(4): 168-73.

Colney, Lalnunsiama. 1988. Soil and watershed Suo¥gart of Tlawng catchment,
Mizoram using Remote sensing technigues$roject ReportAgriculture and
Soil Division, Indian Institute of Remote Sensibghradun — 248001.

Colney, Lalnunsiama. 1991. Analysis of shiftingtation dynamics using Remote
sensing technigues and status report on flora amaaf of Tuivawl catchment,
Aizawl district, Mizoram.Project Report (unpublishedMIRSAC, Science &

Technology, Govt. of Mizoram. Pp.12 — 15.

Compton, J. 1989. The integration of research axténsion. In: Compton, J.L.
(ed.).The Transformation of International Agricultural $&arch and

DevelopmentLynne Rienner, Boulder. Pp113-36.

Dale, Ann and Robinson, John B. 1996Achieving Sustainable Development,

University of British Columbia Press, Vancouver.

Daly, H. 1990. Toward Some operational principldssastainable development,
Ecological Economics: 1-7.

Daly, Herman E. 199Beyond Growth: The Economics of Sustainable Devedoyp,
Beacon Press, Boston MA.

Das, Anup, Ghosh P.K., Choudhury B.U., Patel DMRinda G.C., Ngachan S.V. and

Chowdhury P. 2009. In: Panigrahy S., Ray S.S. aadh& J.S. (eds),



Archives XXXVIII — 8/W3 Workshop Proceedings: Impact of Climate Change
on Agriculture,International Society for Photogrammetry and Ren&nsing
(ISPRS). Space Application Centre, Ahmedabad, |ntifa— 18' Dec. 2009.
Pp 32 - 37.

Das, H. and M.M. Das. 1989. Land use pattern in Ragladiya-Puthimari basin,
North Eastern Geographe?1(1&2):12 - 18

Das, K.K.L. 1969 Population and Land Resources in North Bihar Plalgst of the
Kosi. Unpublished Ph. D. ThesBhagalpur University.

Das, M.M. 1976.Workable Methodology of Land Use Survé)gepartment of
Geography, Gauhati University, Guwahati.

Das, M.M. 1982. Agricultural land use and cropppaitern in AssamGeographical
Review of Indiag4(4):61 - 70.

Das, M.M. 1984Peasant Agriculture in Assarmter-India Publications, New Delhi.

Das, M.M. and Dultta, L. 1986. Regional variatiorland use and agriculture in N.E.
India, North Eastern Geographet8(1&2):23 - 32

Das, Pannalal. 1973. Changes in land use pattddelofa DunGeographical Review
of India, 35(1): 52-60.

Das, S.L. 1979Pattern of Population and Land Use in the Distraft Bhagalpur
Unpublished Ph. D. ThesiBhagalpur University.

Das, Sanjukta. 1996. Relevance and CompatibilitySostainable Development in
Arunachal Pradesh. In: Shukla, S.P. and Sharma,ed§),(Sustainable
Developmental Strategy (Indian Context), Mittal Feddions, New Delhi, pp.

276-288.



De Groot, Rudolf, S. 1987. Environmental functi@ssunifying concept of ecology
and economicsThe Environmentalisi(2):123.

Department of Horticulture, Government of Mizora2011.Dawning of Horticulture
Development in MizoramPublished by Mission Director, TMNE, Govt. of
Mizoram.

Department of Sericulture. 200&uide Book to Sericulture under Special SGSY,
CADC, Department of Sericulture, Government of Mizoranzaiwl.

Desta, Asayehgn. 1999Environmentally Sustainable Economic Development,
Greenwood Publishing Group.

Devi, H.S., Hmingthanpuii and Sarma, K.K. 2008. @& in Vegetation Cover of
Dampa Tiger Reserve, Mizoram.Project Report.

Devis, Kenneth P. 1976&.and Use.McGraw-Hill Book Company, New York, New
Delhi, etc.

Dewan, M.Ashash and Yamaguchi, Yasushi. 20(%lied Geography 2%lIsevier,

3251 Riverport Lane, Maryland Heights, USA, pp.-3201

Directorate of Agriculture. 2004. Organic Farmigri. Extn. Series No. 13/2004,
Directorate of Agriculture, Government of MizoraAizawl.

Directorate of Agriculture. 2007 rainer's Manual,Directorate of Agriculture (Crop
Husbandry), Government of Mizoram, Aizawl.

Directorate of Agriculture. 20105ystem of Rice Intensification (SRI) Manual — A
revolution Method of Rice cultivationDirectorate of Agriculture (Crop

Husbandry), Government of Mizoram, Aizawl.



Directorate of Census Operations, Mizoram. 2@dnsus of India 201Rrovisional
Population Totals, Paper 1 & 2, Mizoram series 16.

Directorate of Economics and Statistics. 20$8@atistical Handbook of Mizoram,
Government of Mizoram, Aizawl, p xxviii.

Directorate of Economics andStatistics. 20R2atistical Handbook of Mizoram,
Government of Mizoram, Aizawl, p 141.

Directorate of Industries. 199%tatus of Mineral based Industries in Mizoram,
Directorate of Industries, Geology & Mining Wingo@rnment of Mizoram,
Aizawl.

Dudley, E. 1993The Critical Villager: Beyond Community Participati Routledge

Press, London.

Dutta, B.B. 1986Land Use Pattern in North-East Indiblorth-East India Council for
Social Science Research, Gagan Publishers, Ludhiana

Ellis, W.W., Raab T. Robert and Abdon, R. 2001. Kiemlge Sharing and Distance
Learning for Sustainable Agriculture in the Asiaciia: The Asia-Pacific
Regional Technology Centre. Paper presented *atSéameo Education
CongressChallenges in the New Millennium, 26 — 29 MarchQ2ZBangkok

Thailand.

Environment and Forest Department. 1989. HandbaokM@oram ForestfForest
Extension serie89(2): 12 — 14.

ERDAS. 1999. Erdas Field Guide5th Edition, Revised and Epanded; Erdas, Inc.,
Erdas Worldwide Headquarters, 2801 Buford Highwely, Atlanta, Georgia,

USA.



Faroogi, A.A. and Sreeramu, B.S. 200dultivation of Medicinal and Aromatic
Crops, Revised Edition, Universities Press (India) Pmvdttd., 3-5-819
Hyderguda, Hyderabab .

Farooquee, Nehal A., Majila, B.S. and Kala, C.P04&0Indigenous knowledge
systems and sustainable management of naturalroesoin a high altitude

society in Kumaun Himalaya, Indid. Hum. Ecal 16(1): 33-42.

Flora, C. and Flora, J. 1989. An historical pergipemn institutional transfer. In: J.L.
Compton, J.L. (ed.), Ae Transformation of International Agricultural

Research and Developmétynne Rienner, Boulde. pp. 7-32.

Fosberg, F.R. and M.H.Sachet. 19@8anual for Tropical Herbaria Rengum

Veg.39.

Franke, Richard W. and Barbara H. Chasin. 189éhe Kerala Model Sustainable?,
Presentation at the International Conference onalder Development
Experience: National and Global Dimensions, 9-1icddeber 1996, New
Delhi.

Franks, T.R. 1996. Managing sustainable developnasiinition, paradigms, and
dimensionsSustainable Developmed(2): 53-60.

Ganguly, J.B. 19965ustainable Human Development in the North-Eag®&gion of
India, Regency Publications, New Delhi.

Garg, S.P. 1968.and Utilization in Saharanpur DistriciUnpublished Ph. D. Thesis

Agra University.



Gaur, A.C. 2010Biofertilizers in Sustainable Agricultur®irectorate of Information
and Publications of Agriculture, Indian Council éfgricultural Research
(ICAR), Krishi Anusandhan Bhavan, Pusa, New Delti0 012.

Geethakrishnan, K.P.1990. Sustainable developnmremperation; In: Malcolm. S.
Adiseshiah (ed.)Sustainable Development: Its Content, Scope andegBri
Lancer International, New Delhi, p.7.

Glen, Trewartha and Coulter, J.W. 19B4nd utilization in ManchuriaGeographical
Review.24(3): 419 — 422.

Ghai, D. and Vivian, J. 198&rassroots Environmental Action: People’s

Participation in Sustainable DevelopmetiNRISD/Routledge, London.

Ghosh, Alak. 1997. Making Development Sustainabiteldéd Economic Reforms in
India. In: Kartik C. Roy, Hans C. Blomqgvist andelthar Hossain (eds).
Development That LastBlew Age International (P) Limited, Publishers,vNe
Delhi, etc., pp. 317-330.

Ghosh, S.P. 198%orticulture in North Eastern IndiaPrinted and Published by
S.K.Dutta, Associated Publishing Company, New Delfil0 007.

Global Open University. 2008ustainable Development PolicieBaper — 2, Self

Instruction Materials, Dimapur, Nagaland, pp 1&-&255 — 57.

Goel, P. K. and Trivedi, R. K. 199Zhemical and Biological Methods faWater
Pollution, Soil and Plant Analysidlst Ed., Published by Env. Publications,
Post Box — 60, Karad.

Goodland, L. and Ledec, G. 1987. Neo-classical eecncs and principles of

sustainable developmeiiicological Modeling38: 23.



Gopalakrishnan, R. 1990. Ecological balance aneldpwment process in North-east
India, North Eastern Geographe?2(1&2): 10-21.

Goswami, D.C. 1989. Floods and their Impact on Aggiculture of Assam. In:
Goswami, P.C. (ed.Agriculture of Assaminstitute of Development Studies,
Guwabhati, pp. 191-207.

Goswami, P.C. 1988. Land Utilisation and Its Ecomimplications (With Special
Reference to Assam. In: Thakur, P. (eBripfile of a Development Strategy for
India’s North-EastSpan Publications Pvt. Ltd., Guwahati, pp. 24- 34.

Gowariker, Vasant and Ignacy Sachs. 1994. Redefittie good society: a North-
South dialogue on challenges of'2entury,Economic and Political Weekly,
29(23): 1383-1385.

GSI. 2011.Geology and Mineral Resources of Manipur, Mizorawagaland and
Tripura, Geological Survey of India (GSI), Miscellaneoudblpeations, No. 30
Part IV, Vol. | (Part — 2),

Gupta, J.P. 1978. Agricultural land use regions tlé upper Ganga Khadar,
Geographical Outlookl3(2):8 -16.

Gupta, N.L. and Gurjar, R.K.1993. Sustainabilityl @levelopment process. In: Gupta
N.L. and Gurjar, R.K. (eds)Sustainable Developmentvol. |, Rawat
Publication, Jaipur, p. 1.

Gupta, N.L. and R.K. Gurjar. 199%ustainable Development Vol. | and Vol. I,
Rawat Publications, Jawahar Nagar, Jaipur.

Hailey, John. 1998. Management education for sustde developmenBustainable

Development6(1): 40-48.



Hammond, Allen. 1995.Environmental Indicators: A Systematic Approach to
Measuring and Reporting on Environmental Policy fBenance in the
Context of Sustainable Developmafirid Resources Institute, ISBN.

Hempel, Lamont C. 2000. Environmental Governance: The Global Challenge
Affiliated East-West Press Pvt. Ltd., New Delhi.

Hendrick L.E. and Copenheaver C. 2009. Vegetatimnges in rural communities of
the Southern Appalachian Mountains in Virginia, U®ountain Research

and Development29(1): 21-29

Heywood, lan, Cornelius, Sarah, and Carver, St&@)3. An Introduction to
Geographic Information Systengecond Edition (2003), Pearson education
(Singapore) Pte. Ltd., Indian Branch, 482 F.|.BEpBeganj, Delhi.P 1 & 2.

Hillman, A. 1957.Community Organisation and Planninlew York, Macmillan,
pp. 44-48.

Hobart, M. 1993.An Anthropological Critique of Development: The Gtb of

Ignorance.Routledge Press, London.

Huang, Q. and Cai, Y. 2009. Mapping Karst rock autbwest ChinaMountain

Research and Development, International Mountaicie€dp, 29(1):14 — 20

ICAR .1997. Handbook of Agriculture (Facts and Figures for Fams, Students and
All interested in Farming)Directorate of Information and Publications of
Agriculture, Indian Council of Agricultural Resear¢lCAR), Krishi Bhavan,

New Delhi — 110 001.



ICAR.

ICAR.

ICAR.

ICAR.

2006.Handbook of Agriculture (Facts and Figures, Studeantd All interested
in Farming), Directorate of Information and Publications of Agiture,
Indian Council of Agricultural Research (ICAR), Khi Bhavan, New Delhi —
110 001.

2006.Handbook of Fisheries and Aquacultutgyectorate of Information and
Publications of Agriculture, Indian Council of Agultural Research (ICAR),
Krishi Anusandhan Bhavan, Pusa, New Delhi — 110 012

2008. Handbook of Animal HusbandryDirectorate of Information and
Publications of Agriculture, Indian Council of Agultural Research (ICAR),
Krishi Anusandhan Bhavan, Pusa, New Delhi — 110 012

2010. Handbook of Horticulture,Ed. Dr. K.L.Chadha, Directorate of
Information and Publications of Agriculture, Indi&@ouncil of Agricultural

Research (ICAR), Krishi Anusandhan Bhavan, Pusa; Nelhi — 110 012.

IIRS. 2002. Biodiversity Characterization at Larmse Level in North-East India

Using Satellite Remote Sensing and Geographic rimétion SystemA joint
Project report of the Department of Biotechnolp@government of India &
Department of Space, Government of India, Indiastitute of Remote

Sensing, Department of Space, Dehradun — 248 Qfdradchal State, India.

Inamdar, N. R. 1993. Sustainable development: tmeept and policy perspectives,

Inglis,

The Indian Journal of Public Administratio®(3): 372-386.
J. 1993.Traditional Ecological Knowledge: Concepts and GasibRC

Report. Ottawa, Canada.



lyer, K. Gopal. 1996 (ed.fustainable Development: Ecological and Sociocaltur

Dimensionsyikas Publishing House Pvt. Ltd., New Delhi.

Jackson, M.L. 1973Soil Chemical AnalysisPrentic Hall of India Pvt. Ltd, New
Delhi.

Jaggi, G.S., Mishra, A.P., Madhusudanan, R and &zgiB.M. 1986.Systematic
Geological Mapping in Parts of Aizawl District, Miam, Unpb. Mss.,
Progress Report for the field Season 1985 — 1986|dgical Survey of India.

Jain, S.K. and R.R. Rao. 194 Handbook of Field and Herbarium Method®day

& Tomorrow, New Delhi.

Jalal, D.H. 1982. Strategy for Optimal Land UseUrP. Himalaya, Uttarkahand
Bharati, Vol. 4.

Jena, Damodar. 1998. Reconciliation of ecologynenacs and ethics is necessary,
Southern EconomisB/(9): 11-13.

Jha, B.N. 1980.Problems of Land Utilization:A Case Study of Kosi Regijon
Classification Publication, New Delhi.

Jha, L.K. 1997Natural Resource Management (Mizoram) VolAIR.H. Publishing
Corporation, New Delhi.

John, M. Ingty. 1995. Sustainable Development of North East India: Présen
Situation and Future Perspectivieresented in Seminar on Nagaland Ghandhi
Ashram (January 3-5, 1995), Guwabhati.

Jolly, S.Manjeet, Dr.1987. Sericulture and its Emoics. In: Manjeet S.Jolly (ed.),

Appropriate Sericulture TechniquesDirector, International Centre for



Training & Research in Tropical Sericulture, Manavaldi Road,
Srirampuram, Mysore — 570 008, India.
Kala, C.P. 2002. Indigenous knowledge of Bhotiybalrcommunity on wool dying

and its present status in the Garhwal Himalayaalr@urr. Sci,83:814-817.

Kalra, N.K., Singh, L., Kachhwah, R. and Joshi, D2010. Remote sensing and GIS
in identification of soil constraints for sustaitalmevelopment in Bhilwara

District, Rajasthan]. of Indian Society of Remote SensB&;,279 — 290.

Kar, Mandira. 1972. Rural land-use in Nagalandeagyaphical noteGeographical
Review of India34(3): 295-96.

Karimi, S.M. 1949-50. Land Utilization in Dinapurh@sahra (A Village of Bihar),
The GeographerAligarh Muslim University, Aligarh, pp. 27-33.

Khan, M.J. 1982. Changing patterns of crop land useEastern U.P.,The
Geographer29(1): 42 - 49.

Khan, S.A. 1980. Distributional patterns of lance us Ganga-Yamuna Doablhe
Geographer,27(1): 13 — 21.

Kish, George. 1968. A new land use map of Italye Geographical Reviewg8(1):
270 — 296.

Klingebiel, A.A. and Montgometry, P.H. 1961. Landgability Classification, USDA
Handbook 210Soil Conservation Service. Washington, DC.

Kolay, A.K. 1993.Basic Concepts of Soil Sciend#/jley Eastern Limited, Ansari
Road, Daryaganj, New Delhi — 110 002.

Konwar, M. 1990. Landuse and Cropping Pattern instI¢hasi Hills District of

Meghalaya. In: Rai, R.K. (ed.Hill Area Development, Geographical Society



of North-Eastern Hill Region (Indiapepartment of Geography, North Eastern
Hill University, Shillong, pp. 78-88.

Kostrowicki, J. 1968. Agricultural typology, agritwral regionalization and
agricultural developmen21® I.G.C. Abstract Paperalcutta.

Kostrowicki, J. 1983. Land use systems and thepaich on environment: an attempt
at a classificationThe Geographe30(1):17 - 25.

Kumar, Ashok. 1995The Organisational Analysis - A New Approach to d &sse
Planning,Reliance Publishing House, New Delhi.

Kumar, C.S. and Singh, A.K. 1996. Environment &wtainable Development in
Sonbhadra District, Uttar Pradesh. In: Singh, R(Bd.), Research in
Geography, Land Use Changes and Sustainable DewvelopVol. I,A.P.H.
Publishing Corporation, New Delhi, pp. 293-298.

Kumar, G. 1996. Crisis of Development: An AnalysfsDevelopmental Processes in
Mizoram. Paper Presented in XVIII Indian Geography Congrisdional
Association of Geographers, India (October 29-3394), North-Eastern Hill
University, Shillong, pp. 166-167.

Kumar, Jainendra. 1986and Use Analysis: A Case Study of Nalanda DistBdtar,
Inter-India Publications, New Delhi.

Kumar, K.V and Guha, A., 2010. Remote Sensing Agpions in Geosciences. In:
Roy, P.S., Dwivedi, R.S., and Vijayan, D.(ed®emote Sensing Applications,
National Remote Sensing Centre (NRSC), Indian Spdgesearch

Organisation, Department of Space, Hyderabad. BR206.



Kuwari, Al N.Y. and Kaiser, M.F. 2011. Impact of ntto gas field development on
landuse/landcover changes at Al Khore, North Qaising remote sensing and
GIS”, Mountain Research and Development, InternationaliMain Society,

31: 1144 — 1153.

Lahiri, R. 1950. Land utilization in some villagesar JasidihCalcutta Geographical
Review, 12(1):15 -23.

Lal, D.S. 1993.Climatology. Chaitanya Publishing house, 5-A University Road,
Allahabad. Pp 7-8.

Laldailova, K. 2001Land ownership pattern, Land use and Sustainableldpment
in Mizoram.A thesis submitted to North Eastern Hill University the award
of Ph.D. degree in Economics Department, Unpubdishss.

Lalramnghinglova, H. 2003Ethno-Medicinal Plants of MizoramPublished by
Bishen Singh Mahendra Pal Singh, Dehradun, IngalP— 12.

Lele, Sharachchandra M. 1991. Sustainable developnaecritical review".World
Development]9(6): 607-621.

Lilesand, M.Thomas and Kiefer, W. Ralph. 200Remote Sensing and Image
Interpretation,Third Edition, John Wiley & Sons, New York, USA.

Long, N. and Long, A. 1992. Battlefields of Knowtge: The Interlocking of Theory

and Practiceln: Social Research and Developmdtdutledge Press, London.

Lorrain, J.H. 1988. Dictionary of the Lushai Languagdhird reprinted, Tribal
Research Institute, Aizawl, Mizoram.
Maithani, B.P. 1992Environmentally Sound Development Strategy for Aras,

Mittal Publishers, New Delhi.



Mandal, B. 1969. Crop combination regions of Norhar, The National
Geographical Journal of Indidl5:125-37.

Mandal, B. 1982.Land Utilization: Theory and PracticeConcept Publishing
Company, New Delhi.

Mather, A.S. 1986Land UselLongman, New York.

Meadows, Donella H., Jorgen, Randers and Meadowsnid L. 1992Beyond the
Limits: Confronting Global CollapseEnvisioning a Sustainable Future,
Chelsea Green Publishing.

Mehra, R.K., 2006.Textbook of Soil ScienceDirectorate of Information and
Publications of Agriculture, Indian Council of Agultural Research (ICAR),

New Delhi — 110 012.

Melamid, Alexander. 1958. Land use in CyprusThe Geographical Review
58(1):112-113.

Mezher, Toufic. 1997. Sustainable developmentesgias for LebanorSustainable
Development5(2): 55-64.

MIRSAC and NESAC. 2009. Study of Bamboo flowerimgMizoram using Remote
sensing & GIS,A Project Report,Mizoram Remote Sensing Application
Centre, Aizawl.

MIRSAC and NESAC. 2011. Applications of Remote Seg® GIS in Sericulture
Development for the State of Mizoramh, Project ReportMizoram Remote
Sensing Application Centre (MIRSAC), DirectorateSzfience & Technology,

Government of Mizoram, Aizawl in Collaboration withorth Eastern Space



Application Centre (NESAC), Department of Spaceyvé&oment of India,
Umiam, Shillong.

MIRSAC and NRSA. 1998Integrated Mission for Sustainable Development of
Mizoram using Remote Sensing and GIScience, Technology and
Environment, Aizawl.

MIRSAC. 2008.Mapping of Potential Areas for Wet Rice CultivationMizoram
using Remote Sensing and Geographic Informatione8y$GIS),Mizoram
Remote Sensing Application Centre (MIRSAC), Scier&eTechnology,
Planning Department, Government of Mizoram, Aizawl.

MIRSAC. 2009. National Land use Land cover Mapping using Multrporal
Satellite data Mizoram. Mizoram Remote Sensing Application Centr
Science & Technology, Planning department, AizaMizoram, A Project
report.

MIRSAC. 2009.Natural Resources Atlas of Mizorafublished by Mizoram Remote
Sensing Application Centre, Directorate of Scienaead Technology,
Government of Mizoram, Aizawl.

MIRSAC. 2012. Meteorological Data of MizoramMizoram Remote Sensing
Application Centre (MIRSAC), Directorate of Scien@d Technology,
Government of Mizoram, Aizawl.

Mishra, A. and Chidambaram, R.P. 20Qperationalization of Precision Farming in
India, Project Report, Department of Civil Engineering,0ll€ge of

Engineering, Guindy. Anna University, Chennai.



Mishra, B.P. 1983. The ecological basis of land pils&ning,Indian Geographical
Studies, Res. Bull. N&l.

Mishra, S.N. 1964Land use in the Khadar and ravine tract of the fomeddle
Gomati valley. National Geographical Journal of Indid0(3&4): 53 - 72

Mishra, S.N. 1993. People's participation for susiale developmentThe Indian
Journal of Public Administratior89(3): 424-434.

Misra, R.P. 1993. Sustainable development: ecadbgperspectivesThe Indian
Journal of Public Administratior85(3): 256-257.

Mitchell, Gordon. 1996. Problems and fundamentdissustainable development
indicators.Sustainable Developmed{1): 1-11.

Mitra, S. and Roy, S. 1982. Changing pattern ofdlarse in Rangli Rangliot.
Geographical Review of Indid4(1): 27 - 41

MIRSAC and NRSA. 1990. Land use Land cover Mapmhd.izawl! District using
Remote Sensing Techniques,Project Report on Nationwide land use land
cover mapping of Mizoram.

Mohapatra, A.C. and Alempokba, I. 1982. Land usea iNaga villageHimalaya,
6(7): 13-19.

Moock, J. 1992. Introduction. In: Moock, J. aRthoades, R. (eddpiversity,

Farmer Knowledge and Sustainabilit@ornell University Press, Ithaca.

Moore, Ron and Ryan, Jan. 19%ustainable Development: Policy and Practice,

New Age International (P) Limited, Publishers, NBeihi, etc.

Mukherjee, P.K. 1996. Sustainable Developmentalbleros and Prospects in

Arunachal Pradesh: A Botanist's View. In: Shukl&.Snd Sharma, N. (eds),



Sustainable Developmental Strategy (Indian ConteMiftal Publications,

New Delhi, pp. 259-2609.

Munsell Color Chart. 1990Munsell Soil Color ChartsEdition Revised, Macbeth
Division of Kollmorgen Instruments Corporation, 24Moth Calvert Street,
Baltimore, Maryland 21218.

Nandy, D.R.1982. Geological set up of the Eastern Himalayas and Rlagkai —
Naga Arakan — Yoma (Indo — Burma) Hill Ranges in relatio thelndian

Plate MovementMisc. Publ. Geol. Surv. India No. 141, pp. 20821

Narayana, Dhruva V.V. 200&0il and Water Conservation in IndiRirectorate of
Information and Publications of Agriculture, Indi&@ouncil of Agricultural
Research (ICAR), Krishi Anusandhan Bhavan, Pusa; Nelhi — 110 012.

Nautiyal, B. P., Vinay Parkash, R.S. Chauhan, HaRsirohit and Nautiyal, M.C.
2001. Assessment of germinability, productivity asabt benefit analysis of
Picrorhiza kurrooacultivated at lower altitudeCurrent Science81(5): 579-

585.

Nautiyal, B. P., Vinay Parkash, R.S. Chauhan, HaRsirohit and Nautiyal, M.C.
2003. Germinability, productivity and economicaability of Rheum emodi
cultivated at lower altitudeCurrent ScienceB4(2): 143-148.

Nayak, D.K. 1990. Social Perspectives on Hill A@velopment. In: Rai, P.K. (ed.)
Hill Area Development,The Geographical Society of North-Eastern Hill

Region, Shillong.



Nayar, K. R. 1994. Politics of sustainable develepmmEconomic and Political
Weekly29(22): 1327-29.

Negi, S.S. 1989Forest Types of India, Nepal and Bhutdteriodical Expert Book
Agency, Vivek Vihar, New Delhi — 110 095, India.

NEIST. 2009.NEIST Jorhat Technologiesnformation & Business Development
Division, North East Institute of Science & Techmgy (A National R & D
Institute of CSIR), Jorhat — 785 006, Assam.

NESAC. 2007 Remote Sensing and GIS Base Forest Working Plarnsrfpr Hills,
North Cachar Hills District, Assanm\orth Eastern Space Application Centre
(NESAC), Umiam, Meghalaya and Forest Departmer(@. Mlills Autonomous
District Council, Haflong, Assam.

NRSA, 1979.Satellite Remote Sensing Survey of Natural Ressus€eMizoram,

NRSA. Project ReportDepartment of Space, Hyderabad,.

NRSA, 1995. Integration and generation of actioanplintegrated Mission for
Sustainable Development, Technical Guidelindsssion Management Core
Team, NRSA, Hyderabad.

NRSA. 2004. Applications of Remote Sensing, Training and EdanatNational
Remote Sensing Agency (NRSA), Department of Spaogernment of India,
Balanagar, Hyderabad — 500 037.

NRSA. 2006.Manual of National Land Use Land Cover Mapping gsiMulti-
temporal Satellite Dataland Use Division, RS & GIS Application Area,
National Remote Sensing Agency (NRSA), Departméi@pace, Government

of India, Balanagar, Hyderabad — 500 037.



NRSC. 2011Land Use Land Cover Atlas of India (Based on Mugiiporal Satellite
Data of 2005 -06)Land Use Division, Remote Sensing & GIS Applicatio
Area, National Remote Sensing Centre, IRSO, Departraf Space, Govt. of
India, Hyderabad, pp 86 — 87.

Okalebo, J. R., Gathua, K. W. and Woomer, P.L. 128Boratory Methods of Soll
and Plant Analysis: A Working ManudlSBF Programme, Kenya. 22-29.

Opeyemi, Z.A. 2006. Change detection in land usg land cover using Remote
Sensing data and GIS. (A case study of llorin ane@mvirons in Kwara State),
A project submitted to the department of Geographyiversity of IBADAN
in partial fulfilment for the award of Master ofctence (M.Sc.) degree in
Geographical information systenurpublish mss.

Pachuau, Rintluanga. 2009Mizoram — A study in Comprehensive Geography,
Northern Book Centre, New Delhi.

Pandey, M. C. 1990. Some Measures to Control Enmenmtal Degradation in the
North Eastern Region. In: Rai, P.K. (eddill Area Development,The
Geographical Society of North-Eastern Hill RegiShjllong.

Parthasarathy, V.A. 1993orticulture in Farming Systenl.ecture Notes on Off-
Campus Training on Farming System for the Agriqalt@fficers of Mizoram
(Sarma, B.K. and Goswami, S.N. (eds), ICAR Compiex NEH Region,
Barapani), Directorate of Agriculture, GovernmehMizoram, Aizawl.

Pathak, C.R. 1990. Development Strategy for Nodkt&rn Region. In: R.K. Rai
(ed.),Hill Area DevelopmentThe Geographical Society of North-Eastern Hill

Region, Shillong, pp. 30-45



Pearce, D.W., Markandya, A. and Barbier, E. 188eprint for a Green Economy,
Earthscan Publications Limited, London.

Pearce, David. 1988. The Sustainable Use of NatRedources in Developing
Countries. In: Turner, R. Kerry (edJustainable Environmental Management:
Principles and PracticeBelhaven Press, London.

Pollack, Gerald. 201Mater ScienceJniversity of Washington, Pollack Laboratory,
USA.

Prasad, M. 1976. Changing use of land in villageulsghia. Indian Geographical
Studies, Res. Bull No. 7.

Prasad, N. 1978. Land use patterns and changesr@ay®Rurban centre near Ranchi.
Indian Geographical Studies, Res. Bull. No. 10.

Pratap, Dinesh. 1996. Planning Strategy for SustdénDevelopment-A Case Study
of Forest Resourves of Utter Pradesh HimalayaSimgh, R.B. (ed.)Research
in Geography, Land Use Changes and Sustainable |Dawent Vol. 1A.P.H.
Publishing Corporation, New Delhi, 147-156.

Prihar, S.S. and Sandhu, B.S. 2002igation of Field Crops — Principles and
Practices,Directorate of Information and Publications of Agiture, Indian
Council of Agricultural Research (ICAR), Krishi Asandhan Bhavan, Pusa,
New Delhi — 110 012.

Radford, A.E. 1986Fundamentals of Plant Systematietarper & Row Publ., New

York.



Raghavaswamy, V. and Vaidyanadhan, R. 1980. Larel stadies from aerial
photographs: a case study of Vishakhapatnam arghitsons.Geographical
Review of India42(1): 35 - 49

Rai, R.K. 1981. Hill slopes, land use and soil Enosaround ShillongGeographical
Review of India43(4): 51 - 66

Rajan, Mohan Sundara. 20006pace Todayfourth Edition, National Book Trust
India, A — 5 Green Park, New Delhi. p- 141.

Rao, D.P. 1996. Remote sensing application in mteg study for sustainable
development,Proceedings of Regional Workshop on Remote Serfsing
Sustainable DevelopmerBRSC, Dept. of Science and Technology and NES,
Govt. of West Bengal. Pp 6 — 25.

Rao, V.L.S.P. 1947. Soil survey and land use amalysdian Geographical Journal,
22(3).

Rao, V.V.and Raju, P.V. 2010. Remote sensing Apfibois for Water Resources
Management. In: Roy, P.S., Dwivedi, R.S., and \4myD. (eds), Remote
Sensing ApplicationNational Remote Sensing Centre (NRSC), Indian &pac
Research Organisation, Department of Space, Hyddrdlp 133 — 164.

Ravishankar, T and Sreenivas, K. 2010. Remote &gnsi Soils and Land
Degradation, In: Roy, P.S., Dwivedi, R.S., and y&a, D. (eds),Remote
Sensing Applicationg\ational Remote Sensing Centre (NRSC), Indian Space
Research Organisation, Department of Space, Hyddrddp 81 — 107.

Ray, Binayak and Ghosh, Robin. 1996. Sustainableldpment in India: how

likely?. In: Ghosh, R.N. Melotte, Y.M. and Siddiqud.A.B.(eds.)Economic



Development and Changes: South Asia and the ThiotldWNew Age
International Limited, Publisher, New Delhi. Pp61223.

Ray, Binayak and Ghosh, Robin. 1997. Sustainableeldpment in India: Economic
and Administrative Reforms- a Precondition. In: #arC. Roy, Hans C.
Blomqvist and Iftekhar Hossain (edd)evelopment That Lastdew Age
International (P) Limited, Publishers, New Delhp. B31-351.

Redclift, Michael. 1987.Sustainable Development: Exploring ContradictioNew
York: Methuen Co. Ltd., London.

Repetto, R. 1990. Can development be sustainabtgeduby Morris Miller,
Development3: 4.

Rohini, V.S. and Bhat, B. Jayarama. 2001. Enviram@adeconcern- need of the hour.
Southern Economis#0(10): 13-15.

Roy, B.K. 1961. A sample study in land utilizatiohfive villages of Ballia (U.P.).
National Geographical Journal of Indi26: 3-9.

Roy, B.K. 1968. Measurement of rural land use irmagarh, Middle Ganga Valley.
The Geographer, Special Number, Land U$e22 - 27.

Roy, S.R. 1976. Land use and settlements in theeiatés of Bhojpur and Rohtas,
Bihar. Unpublished Ph. D. ThesiBhagalpur University.

Roy, Sumit. 1996. Development, environment and pgvesome issues for
discussion.Economic and Political WeekIg1(4): 29 - 41.

Rynjah, L. 1981. Land Use Pattern-Jhuming and @hntgettled and Terraced

Cultivation with Related Problems. In: Mathew,Td.je North Eastern Hill



Regions of India-Problems and Prospects of DevedopyAgricole Publishing
Academy, New Delhi. Pp. 31-37.

Sangkima, Dr. 1992Mizos Society and Social Change3pectrum Publications,
Guwabhati.

Santhanam, M.L. 1993. Community participation fastainable developmenthe
Indian Journal of Public Administratior39(3): 413-423.

Sarma, K.K. 2005. Satellite based assessment afreithtion in Karbi Anglong
District of AssamA news letter from North Eastern Space ApplicaGamtre,
2(2): 4 -6.

Sarma, M. C. 1970. Exploration on the land utii@at of Kamrup. Deccan
Geographer8:15-24.

Sarma, M.C. 1970. Deharkuchi: a study in agricaltuand useJournal of North-
East India Geographical Societ¥, 102-1009.

Sarmah, Rana and Bora, A.K. 1995. Impact of slapdand use in the Dhaleswari
Basin of North-East Indidlill Geographer,11(1&2): 13-19.

Satapathy, K.K. 1993Vatershed Management in Farming Systeatture Notes on
Off-Campus Training on Farming System for the Agitaral Officers of
Mizoram (Sarma, B.K. and Goswami, N (eds), ICAR @tr for NEH
Region, Barapani), Directorate of Agriculture, Gowaent of Mizoram,
Aizawl.

Satyal, G.S. 1999. Sustainable use of natural ressucase study of a tribal village

in the Kumaun HimalayaGeographical Review of Indi&]l:183-195.



Sawmliana, M. 2003The Book of Mizoram Plants (Includes some Wild Atsrand
Birds of Mizoram, Published by P.Zakhuma, Chanmari West, Aizawl,

Mizoram

Saxena, M.R., Saxena, P.P., and Vaidyanath, V. .1884d use planning using
remote sensing technology in Dindi reservoir basidian J. Landscape
System and Ecol. Studig$§l):24 - 30.

Schollenberger, C.J. and Simon, R.H. 1928termination of exchange capacity and
exchangeable bases in soil by ammonium acetateocheth. Soil Scb9: 13-
24.

Scott, Alister. 1997. The role of forums in susédile development: a case study of
Cardigan Bay ForunSustainable Developme®(3): 131-137.

Scott, Anthony, Robinson, John and Cohen, David9519anaging Natural
Resources in British Columbia: Markets, Regulatjormd Sustainable
DevelopmentUniversity of British Columbia Press, Vancouver.

Sen, A.K. 1974. Categorization of land utilizatianits in arid zoneThe Deccan
Geographer12(1): 61-71.

Sen, G. 1992Indigenous Vision: Peoples of India, Attitudes tovitEonment.Sage

Publications, New Delhi.

Sengupta, Ramprasad. 20@cology and Economics: An Approach to Sustainable
DevelopmentOxford University Press, New Delhi.
Shafi, M. 1961.Land Utilization in Eastern Uttar PradeshAligarh Muslim

University, Aligarh.



Shafi, M. 1966. Techniques of rural land use plagnwith reference to India.

Geographer13(2): 15 - 28

Shafi, M. 1972. Land Use Studies: A Trend Report; A Survey of Relem
GeographyPopular Prakashan, Bombay.

Shah, S.A. 199@-orestry for PeopleDirectorate of Information and Publications of
Agriculture, Indian Council of Agricultural Reseérc(ICAR), Krishi
Anusandhan Bhavan, Pusa, New Delhi — 110 012.

Shankar, D. 2006. Medicinal plants conservation amglication of traditional

knowledge of medicinal plantSRLHT Medicinal Plants DatabasgAtree.org).

Sharma, H.S. and Chattopadhyay, Srikumar. 1998stainable Development: Issues
and Case StudiesCommission on Sustainable development, National
Association of Geographers, India (NAGI), Concepiblizhing Company,
New Delhi — 110 059.

Sharma, J.P. 1972. Problems of land utilizatiotheanHimalayan Ravi-Chenab Doab.
Geographical Review of Indi&4(4): 354-68.

Sharma, R.K. and Chadha, G.K. 1982. Farm sizgation and intensity of land use
in Indian agricultureArthvigyan,24(1): 42 - 49

Sharma, S.C. and Sharma, R. 1980. Land capabilgéysification and land use
planning: a case study of block Padrau@sographical Review of India,
42(1): 14 - 19.

Sharma, S.K. 1980. Influence of market factor oncadfural land use in the environs

of Sagar cityThe Geographe27(1): 17 - 28



Sharma, S.K. 1998. Sustainable development:. somdaskees.Employment News,
23(18): 1-7.

Shaw, Dave and Sue Kidd. 2001. Sustainable devedoprand environmental
partnership at the regional scale: the case ofamuiility in North West.
European Environmeni1(2): 112-123

Shinde, S.D. and Patwar, C.T. 1978. A study in cagpral land useDeccan
Geographer14(1): 18 - 25.

Shukla, S.P. and Sharma, Nandeshwar (eds). 1886tainable Developmental
Strategy (Indian ContextMittal Publications, New Delhi.

Singh, A.K. and Singh, N.P. 2004gricultural Terminology,Concept Publishing
Company, Mohan Garden, New Delhi — 110 059.

Singh, A.L. and Wase, T. 1981. Changing patterng@pb land use in Aligarh district.
The Geographe28(1):8 - 17.

Singh, B. 1977. Land use: its efficiency, stagesl aptimum use.National
Geographical Journal of Indid,3(1&2): 27 - 36.

Singh, B.B. 1975. Rural land resource use of Babdmutk: a geographical analysis.

The Geographical Observet](1): 32-47.

Singh, J.P. 198QJrban Land Use Planning in Hill Areas (A Case Stodl\shillong,
M.C.Mittal, Inter-India Publications, Delhi.

Singh, Katar. 1999. Sustainable development: soeftections. Indian J. of
Agricultural Economics4(1): 6-41.

Singh, N.P., Singh, O.P. and Jamir, N.S. 1996t&huable Agriculture Development

Strategy for North Eastern Hill Region of India: Bhukla, S.P. and Sharma,



N. (eds), Sustainable Developmental Strategy (Indian Conteki)ttal
Publications, New Delhi. Pp 346-351.

Singh, R. R. 1982.Pattern of Land Use in Manipur Valleynpublished Ph. D.
Thesis. Gauhati University, Guwahati.

Singh, Sunita. 2012. Land suitability evaluatiord danduse planning using remote
sensing data and geographic information systemnigubs. International
Journal of Geology, Earth and Environmental Sciend8SN: 2277-2081

(Online) 20122(1): 1-6.

Singh, Surendra and Singh, L. Sunil. 1995. Changiaigerns of general landuse in
MeghalayaHill Geographer,11(1&2): 71-85.

Singh, Surendra. 1989-90. Landuse patterns in #neuws sizes of land holdings in
Uttar PradeshHill Geographer,8(1&2):65 — 72.

Singh, Surendra. 1995. Landuse patterns in MegaalayTiwari, B.K. and Surendra
Singh (eds), Ecorestoration of Degraded HillsKaushal Publications,
Shillong. Pp. 95-110.

Singh, Ujagar and Pandey, J.N. 1972. Recent Chandesmd Utilization in Saryupar
Plain, India Montreal, International Geography of 2% International
Geographical Congresgp. 764-67.

Singh, V.B., Sema, K.A. and Alila, P. 200@Horticulture for Sustainable Income
and Environmental Protection, Vol. 1 & Byinted and Published by Concept
Publishing Company, New Delhi.

Sinha, B.N. 1968. Crop combination technique: acdedor an ideal toolDeccan

Geographer6(2):41 — 49.



Sinha, R.N.P. 1965. Present land use pattern ial ¢gaigated area of Patna district,
Bihar. Geographical Outlook4(1): 18 — 29.

Smith, C.E. Jr. 1971.Preparing Herbarium Specimens of Vascular Plants
Agriculture Information Bulletin No. 348, US GovtPrinting Office,

Washington DC.

Solow, Robert. 1974. The economics of resourcesthadesources of economics.
American Economic Review, M&4(2): 54 - 63

Srivastav, Nirankar. 1996. Status of Environmentd abevels of Economic
Development in MeghalayaPaper Presented in XVIII Indian Geography
Congress-National Association of Geographers, In@atober 29-31, 1996),
North-Eastern Hill University, Shillong, pp. 166-16

Srivastava, S.P. 1996. Sustainable developmeniessand considerations. In: Gopal,
lyer (ed.), Sustainable Development: Ecological and Sociocaltur
DimensionsVikas Publishing House, N. Delhi, p. 5.

SRSC. 2004Vulnerability Analysis of Cyclone in MizorarState Remote Sensing
Centre, UnpublishedProject Report Science, Technology & Environment,
Planning department, Government of Aizawl. Pp 1156,

SRSC. 2006. Natural Resources mapping of Mizoramgulemote Sensing & GIS,
Aizawl District, State Remote Sensing Centre, MazorA Project Report.

Stamp, L.D. 1951 Land for Tomorrow: The Under-Developed Woldoomington.

Stamp, L.D. 1962The Land of Britain: Its Use and Misudeggngmans Green and Co.

Ltd., London.



Stamp, L.D. 1964Applied GeographyBungay: Penguin Book, Richard Clay and Co.
Ltd.

State Land use Board, Directorate of AgricultureM8nor Irrigation and RRSSC.
1999. Natural Resources Data Base Generation of MizoratateSand
Landslide Hazard Zonation of Aizawl District, Miaon (Using Remote
Sensing and Geographical Information Syste@fate Landuse Board,
Directorate of Agriculture and Minor Irrigation, @@rnment of Mizoram,
Aizawl and Regional Remote Sensing Service Ceh8RO, Department of
Space, Government of India, Dehradun.

Subramanian, S.K. and Seshadri, K. 2010. Remotsi8efor Groundwater studies.
In: Roy, P.S., Dwivedi, R.S., and Vijayan, D. (ed&jemote Sensing
Applications National Remote Sensing Centre (NRSC), Indiarc&iesearch
Organisation, Department of Space, Hyderabad. Bf226.

Sudhakar, S. and Rao, Kameshwara S.V.C. 2010.iggtipn of Remote Sensing
Technologies in Land use & Land Cover Analysis &sdIn: Roy, P.S.,
Dwivedi, R.S., and Vijayan, D. (eddgemote Sensing Applicationsational
Remote Sensing Centre (NRSC), Indian Space Rese@mganisation,
Department of Space, Hyderabad. Pp 21 — 48.

Sukla, S.P. 1976. Land Use in Arunachal PradeshD&s, M.M. (ed.),Workable
Methodology of Land Use Survepepartment of Geography, Gauhati
University, Guwahati. Pp. 104-113.

Tandon, H.L.S.1991. Fertilizer equivalent on farard/ manure, green manure and

biofertilizers.Fert News36 :69-79.



Taori, Kamal. 2000. Towards Sustainable Human Development Issues and
ChallengesConcept Publishing Company, New Delhi.

Taragi, R.C.S., Kumar, K. and Samant, Sudha. 19B9-@nduse disparities in the
Himalayas: a case studytill Geographer,8(1&2).

The Global Open University. 2008. Sustainable dgwelent policies, Paper -2, Self
Instruction Manual, Dimapur, Nagaland, p- 55.

The Global Open University. 2008ustainable Development Policies, Paper -2, Self
Instruction ManualDimapur, Nagaland, p- 55

Tisdell, C.A., Roy, K.C. and Gannon, J. 1996.t&usbility of Tribal Villages in
West Bengal: The Impact of Technological and Enwinental Change at
Village Level. In: Ghosh, R.N., Melotte, Y.M. andd8ique, M.A.B. (eds.)
Economic Development and Changes: South Asia aad tivd World,New
Age International Limited, Publisher, New Delhi¢cepp. 231-252.

Tisdell, Clem. 1988. Sustainable development:edifig perspectives of ecologists
and economists, and relevance to LD@erld Development,6(3): 373-384.

Torbick, N., Ge, J. and Gi, J. 2009. Changing si@feonditions at Kilimanjaro from

Multiscale ImageryMountain Research and Developm&®(1):5 — 13.

Triparthi, V.B. 1968. Changing patterns of cropdarse in the lower Ganga-Yamuna
Doab.Geographer15(1): 6 - 16.

UNDP. 1991 Human Development Repottnited Nations Development Programme,
New York, Oxford Press, p. 4

Upadhyaya, K.K. 1987 Alternate Model of Development for Mizoraim. Maharani,

V.S. (ed.). Deep and Deep Publications, New Debi-263.



USDA, Soil Survey Staff. 199650il Survey ManualUnited States Department of
Agriculture (USDA). First Indian Edition, Oxford & BH Publishing Co. 66
Janpath, New Delhi.

USDA. 1988.Soil Taxonomy, A basic System of Soil Classifinatos Making and
Interpreting Soil SurveysJS Department of Agriculture, Soil conservation
Service, Robert E. Krieger Publishing Company, Mata Florida 32950,
USA.

Vaidya, B.C. 1997Agricultural Landuse in India (A Study in YashodssB), Manak
Publications, Pvt., Ltd., New Delhi.

Velde, E.J.V. 1979. The role of ecology in the depment geography of
Northeastern Indialhe North Eastern Geograph@(1&2): 1-18.

Viederman, Stephen. 1993. Sustainable developnadrdt is it and how do we get
there? Current History,92(573): 180-185.

Vink, A.P.A. 1975. Land Use in Advancing Agricultur§pringer-Verlag, New York.

Vora, Kunali M.E. 2011Application of Remote sensing & GIS in Waterdhauduse
Development.National Conference on Recent Trends in Engingen
Technology, May 2011, B.V.M. Engineering College, .V\Nagar,

Guijarat,India. Pp 12 — 16.

WCED. 1987.Our Common Future World Commission on Environment and
Development, Oxford University Press, Oxford.
WCU. 1991. World Conservation UnipRaring for the Earth World Conservation

Union, Gland (Switzerland), UNEP, p-11.



World Bank. 1992. World Development Report, 1992Development and
Environment, New York, Oxford University Press, Oxd.

Yadav, J.P.S. 1965. r@p Land Use Patterns in RajastharConference of
Geographers, Bhilwara.

Yadava, R.K.R. 1974.and Utilization Survey in Zamina Tahsil (Ghazifistrict),
Unpublished Ph. D. Thesi&orakhpur University.

Young, Anthony. 1991 Agroforestry for Soil ConservationCAB International,
International Council for Research in AgroforestBPCC Wheatons Ltd.,

Exeter, UK.



APPENDIX — |

SOCIO-ECONOMIC DATA OF AIZAWL DISTRICT, MIZORA M

Sl. | Name of | Popu- Lite- Edu- Heal Vety|Water| Elec- ComBank | Occupa
No | Village/ lation racy % (cation fth Supp| Trici- muni tion
Town -ly ty cati
on
1 2 3 4 5 6| 7 8 9 10 11 12
1 Mauchar | M-397 | M-96.0 P—-1 §SC 0OSs/ | E BPC TC-385
F-361 F-89.7 M-1 PWS TAG-0
T-758 T-93.0 H-0 TIND-1
HSS-0 TOW-
C-0 12
2 | Kani M-62 M-86.0 P-1 oS TC-62
F-65 F-87.8 M-1 TAG-1
T-127 T-86.9 H-0 TIND-0
HSS-0 TOW-1
C-0
3  N.Tinghmur M-359 | M-88.9 P-1 SC OSs/ | E BPC TC-315
F-352 F-825 M-1 PWS TAG-0
T-711 T-88.8 H-0 TIND-2
HSS-0 TOW-
C-0 17
4 | Zohmun M-692 | M-91.3 P-3 SC 0OSs/ | E BPC TC-575
F-671 F-83.3 M-2 PWS TAG-2
T-1363 | T-87.4 H-1 TIND-1
HSS-0 TOW-
C-0 77
5 Palsang M-187 | M-95.7 P-1 SC OS/ | E BPC TC-190
F-188 F-805 M-1 PWS TAG-0
T-375 T-92.7 H-0 TIND-O
HSS-0 TOW-
C-0 17
6 Upper M-67 M-96.6 P-1 0OSs/ | E BPC TC-75
Sakawrdai| F-69 F-949 M-0 PWS TAG-0
T-136 T-958 H-0 TIND-0
HSS-0 TOW-3
C-0
7 Lower M-1011 | M-93.6 P-5 PHC OS/ | E TC-826
Sakawrdai| F-987 F-93.7 M-4 §SC PWS TAG-5
T-1998 | T-93.6 H-1 TIND-25
HSS-0 TOW-
C-0 124
8 N.Khawd- | M-84 M-915 P-1 0OSs/ | E TC-88
ungsei F-67 F-96.0 M-1 PWS TAG-0
T-151 T-934 H-0 TIND-0
HSS-0 TOW-4
C

I
o




1 2 3 4 5 6 8 10 12
9 Vaitin M-474 | M-82.8 P-2 SC os/ BPC TC-457
F-435 F-79.1 M-1 PWS TAG-0
T-909 T-81.0 H-1 TIND-O
HSSE-0 TOW-
C-0 27
10 | Khawpuar| M-188 | M-81.9 P-1 os/ BPC TC-201
F-213 F-823 M-1 PWS TAG-0
T-401 T-82.1 H-0 TIND-O
HSE-0 TOW-2
C-0
11 |LuakchhuahM-6 M-100 P-0 oS TC-7
F-5 F-100 M-0 TAG-0
T-11 T-100 H-0 TIND-O
HSSE-0 TOW-0
C-0
12 | E.Damdiai| M-107 | M-96.4 P-1 os/ TC-110
F-106 F-843 M-0 PWS TAG-0
T-213 T-904 H-0 TIND-O
HSE-0 TOW-3
C-0
13 | Thingsat M-116 | M-91.6 P-1 §BSC os/ TC-95
F-117 F-90.6 M-0 PWS TAG-0
T-233 T-91.1 H-0 TIND-O
HSSE-0 TOW-6
C-0
14 | New M-439 | M-943 P-2 §C (ON) BPC TC-336
Vervek F-394 F-86.3 M-1 TAG-1
T-833 T-906 H-1 TIND-1
HSE-0 TOW-
C-0 104
15 | Lungsum | M-189 | M-95.3 P-2 os/ TC-177
F-190 F-806 M-1 PWS TAG-0
T-379 T-934 H-0 TIND-1
HSSE-0 TOW-
C-0 10
16 | Ratu M-1128| M-96.2 P-4 [SC os/ BPCMRB | TC-878
F-1136 |F-955 M-3 PWS TAG-2
T-2264 | T-959 H-1 TIND-
HSSE-0 19
C-0 TOW-
129
17 | Sunhluch-| M-226 | M-79.5 P-1 os/ TC-221
hip F-191 F-68.8 M-0 PWS TAG-0
T-417 T-745 H-0 TIND-4
HSSE-0 TOW-1
C-0




2 3 4 5 6 7 8 9 10 11 12
Sailutar M-234 | M-91.4 P-1 SC OS/ | E BPC TC-78
F-231 F-82.0 M-1 PWS TAG-90
T-465 T-86.8 H-0 TIND-O
HSS-0 TOW-
C-0 16
N.Serzawl| M-289 | M-93.4 P-1 [SC OS/ | E BPC TC-274
F-231 F-88.6 M-1 PWS TAG-5
T-520 T-91.2 H-0 TIND-O
HSS-0 TOW-
C-0 25
Sawleng M-742 | M-935 P-3 BSC OSs/ | E BPC TC-560
F-678 F909 M-1 PWS TAG-10
T-1420 | T-92.3 H-1 TIND-8
HSS-0 TOW-
C-0 43
Chhanch- | M-77 M-935 P-1 OS/ | E TC-85
huahna F-73 F-87.9 M-0 PWS TAG-0
Khawpui | T-150 T-90.8 H-0 TIND-1
HSS-0 TOW-7
C-0
Kepran M-378 | M-97.8 P-2 SC OSs/ | E BPC TC-366
F-374 F959 M-1 PWS TAG-1
T-752 T-96.9 H-0 TIND-1
HSS-0 TOW-
C-0 30
E. Phaileng M-551 | M-95.1 P-3 SC RAH|OS/ |E BPC TC-609
F-544 F-942 M-1 PWS TAG-0
T-1095 | T-946 H-1 TIND-
HSS-0 11
C-0 TOW-
39
Pehlawn M-319 | M-97.1 P-2 SC OoSs/ | E TC-331
F-287 F94.7 M-1 PWS TAG-1
T-606 T-959 H-0 TIND-8
HSS-0 TOW-
C-0 19
Khanpui M-680 | M-94.7 P-3 OoSs/ | E BPC TC-597
F-635 F-90.2 M-1 PWS TAG-0
T-1315 | T-925 H-1 TIND-6
HSS-0 TOW-
C-0 61
Khawruhl-| M-1068 | M-94.1 P-5 PHCRAH| OS/ | E BPCMRB | TC-704
ian F-998 F-93.8 M-2 PWS TAG-52
T-2066 | T-939 H-1 TIND-4
HSS-0 TOW-
C-0 173




1 2 3 4 5 6 8 10 12
27 | Tuirinikai | M-15 M-90.9 P-0 (ON TC-4
F-12 F-100 M-0 TAG-13
T-27 T-947 H-0 TIND-O
HSS-0 TOW-0
C-0
28 |HmunnghakM-163 | M-95.0 P-1 os/ BPO TC-160
F-167 F-92.2 M-0 PWS TAG-0
T-330 T-946 H-0 TIND-O
HSS-0 TOW-5
C-0
29 | Lailak M-161 | M-99.2 P-1 os/ TC-159
F-118 F-95.7 M-0 PWS TAG-0
T-279 T-97.7 H-0 TIND-O
HSE-0 TOW-2
C-0
30 | Darlawn M- M-96.2 P-7 PHC os/ SPC |SBI TC-997
10409 F-924 M-5 SC PWS TE TAG-118
F-9895 |T-943 H-4 TIND-17
T-20304 HSS-1 TOW-
C-0 500
31 |N.Khawlek| M-368 M-96.1 P-1 SC os/ BPC TC-271
F-322 F-96.2 M-1 PWS TAG-0
T-690 T-96.1 H-0 TIND-2
HSS-0 TOW-
C-0 21
32 | Vanbawng M-661 M-96.1 P-2 SC oS/ BPC TC-422
F-611 F-93.2 M-2 PWS TAG-0
T-1272 | T-947 H-1 TIND-O
HSS-0 TOW-
C-0 72
33 | Lamherh M-254 | M-94.4 P-1 os/ TC-232
F-204 F87.4 M-1 PWS TAG-0
T-458 |T-91.4 H-0 TIND-O
HSS-0 TOW-9
C-0
34 | Suangpui-| M-906 M-90.6 P-4 SC os/ BPCMRB | TC-703
lawn F-834 F-89.1 M-2 PWS TAG-1
T-1740 | T-899 H-1 TIND-2
HSS-0 TOW-
C-0 113
35 | Zawngin | M-273 | M-96.9 P-1 os/ TC-278
F-252 F-93.7 M-1 PWS TAG-2
T-525 |[T-954 H-0 TIND-O
HSS-0 TOW-
C-0 16
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Phullen M-844 |M-948 P-4 SC RAH|OS/ |E BPC|SBI TC-647
F-851 F-949 M-4 PWS TAG-0
T-1695 | T-948 H-2 TIND-1
HSS-0 TOW-
C-0 123
Thanglai- | M-340 | M-959 P-1 OS/ |E TC-332
lung F-317 F-929 M-1 PWS TAG-0
T-657 T-944 H-0 TIND-0
HSS-0 TOW-
C-0 19
Luangpawn M-195 | M-94.3 P-1 OS/ |E TC-142
F-189 F-88.7 M-1 PWS TAG-0
T-384 T-91.7 H-0 TIND-O
HSS-0 TOW-9
C-0
PhuaibuangM-1119 | M-979 P-4 SC OS/ | E BPC TC-1527
F-1064 |F-92.8 M-2 PWS TAG-0
T-2183 |T-954 H-1 TIND-14
C-0
Khawlian | M-888 | M-94.7 P-3 SC |RAH|OS/ |E BPC TC-840
F-793 F-80.7 M-1 PWS TAG-3
T-1681 | T-924 H-1 TIND-10
HSS-0 TOW-
C-0 109
N.E. M-263 | M-96.1 P-1 OS/ | E TC-260
Tlangnuam F-298 F-945 M-1 PWS TAG-0
T-561 T-952 H-0 TIND-O
HSS-0 TOW-
C-0 18
Daido M-257 | M-97.2 P-1 SC OSs/ | E TC-183
F-234 F-91.7 M-1 PWS TAG-0
T-491 T-947 H-0 TIND-0
HSS-0 TOW-
C-0 21
Hualngoh-| M-294 | M-98.8 P-1 SC OS/ | E BPC TC-180
mun F-315 F-91.2 M-1 PWS TAG-2
T-609 T-949 H-0 TIND-2
HSS-0 TOW-
C-0 47
Thingdawl| M-429 | M-96.4 P-1 SC |RAH| OS/ |E BPC TC-386
(Melriat) | F-409 F-959 M-1 PWS TAG-0
T-838 T-96.1 H-1 TIND-0
HSS-0 TOW-
C-0 60




Vi

2 3 4 5 6 7 8 9 10 11 12
Kelsih M-331 | M-96.1 P-1 OS/ |E BPC TC-244
F-348 F-956 M-1 PWS TAG-23
T-679 T-958 H-1 TIND-0
HSS-0 TOW-
C-0 41
Falkawn M-441 | M-97.9 P-2 HO OS/ |E BPC TC-361
F-418 F-955 M-1 PWS TAG-0
T-859 T-96.8 H-1 TIND-4
HSS-0 TOW-
C-0 40
Muallung-| M-536 | M-98.2 P-3 RAH| OS/ | E BPC TC-473
thu F-460 F-96.4 M-1 PWS TAG-0
T-996 T-97.3 H-0 TIND-1
HSS-0 TOW-
C-0 44
Tachhip M-470 | M-99.0 P-2 [SC OS/ |E BPC TC-396
F-423 F-98.1 M-1 PWS TAG-1
T-893 T-986 H-1 TIND-3
HSS-0 TOW-
C-0 47
Aibawk M-675 | M-98.8 P-3 PHCPD 0OS/ | E SPCMRB | TC-418
F-643 F-979 M-1 §SC PWS TE TAG-5
T-1318 | T-984 H-1 TIND-3
HSS-0 TOW-
C-0 180
Sateek M-434 | M-97.2 P-1 OS/ |E BPC TC-446
F-421 F-96.4 M-1 PWS TE TAG-0
T-855 T-96.8 H-0 TIND-3
HSS-0 TOW-
C-0 63
Phulpui M-496 | M-979 P-2 [SC OS/ |E BPC TC-459
F-488 F-952 M-1 PWS TAG-0
T-984 T-965 H-1 TIND-3
HSS-0 TOW-
C-0 36
Khawhmi-| M-25 M-95.0 P-0 0S E TC-19
nglokawn | F-10 F-100 M-0 TAG-0
T-35 T-96.6 H-0 TIND-0
HSS-0 TOW-0
C-0
N.Lungsai| M-52 M-100 |P-1 (0N E TC-51
F-46 F-97.7 M-0 TAG-0
T-98 T-989 H-0 TIND-O
HSS-0 TOW-1
CcC-0




Vil
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S.Maubuan| M-228 | M-984 P-1 SC Os/ |E BPC TC-216
F-219 F-989 M-1 PWS TAG-1
T-447 T-98.7 H-1 TIND-O
HSS-0 TOW-17
C-0
Thiak M-361 | M-99.7 P-2 0OSs/ | E BPC TC-302
F-360 F-980 M-1 PWS TAG-0
T-721 T-988 H-1 TIND-O
HS<S-0 TOW-27
C-0
Sumsuih | M-404 | M-93.6 P-2 SC Os/ |E BPC TC-386
F-362 F-80.6 M-1 PWS TAG-0
T-766 T91.7 H-1 TIND-O
HS<S-0 TOW-
C-0 25
Hmuifang | M-105 | M-97.8 |P-1 RAH| OS/ |E BPC TC-83
F-95 F-98.7 M-1 PWS TAG-0
T-200 T-98.2 H-0 TIND-0
HS<S-0 TOW-
C-0 13
Lungsei M-130 | M-100 P-1 oS/ |E TC-153
F-103 F-98.7 M-1 PWS TAG-0
T-233 T-995 H-0 TIND-O
HSS-0 TOW-1
C-0
Samlukhail M-637 M-95.7 P-2 SC RAH|OS/ |E BPO TC-617
F-617 F-939 M-1 PWS TAG-0
T-1254 | T-948 H-1 TIND-8
HS<S-0 TOW-
C-0 42
Chamring | M-112 | M-989 P-1 OS/ |E BPC TC-86
F-115 F-96.8 M-0 PWS TAG-0
T-227 T-97.8 H-0 TIND-O
HS<S-0 TOW-2
C-0
Lamchhip| M-358 | M-95.5 P-2 SC oS/ |E SPC TC-313
F-325 F-98.1 M-1 PWS TAG-0
T-683 T-96.8 H-1 TIND-O
HS<S-0 TOW-
C-0 17
Chawilung| M-244 M-95.2 P-1 OS/ | E BPC TC-247
F-209 F-948 M-1 PWS TAG-0
T-453 T-950 H-0 TIND-2
HS<S-0 TOW-8
C-0




viii
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Sialsuk M-1043| M-99.1 P-4 PHCD OS/ |E SPC MRB | TC-846
F-1052 |F-96.9 M-2 SC PWS BPC TAG-2
T-2095 | T-98.0 H-1 TE TIND-11
HSS-0 TOW160
C-0
Sailam M-366 | M-97.1 P-1 RAH| OS/ | E BPC TC-270
F-378 F-947 M-1 PWS TAG-1
T-744 T-959 H-1 TIND-8
HSS-0 TOW-
C-0 39
Neihbawih M-170 | M-97.1 |P-0 (O E TC-64
F-133 F-92.7 M-0 TAG-42
T-303 T-952 H-0 TIND-4
HSS-0 TOW-
C-0 30
Sairum M-3 M-100 P-0 (O E TC-4
F-1 F-100 M-0 TAG-0
T-4 T-100 H-0 TIND-O
HSS-0 TOW-0
C-0
Sihphir M-2791 | M-97.3 P-8 [SC OSs/ | E BPCMRB | TC-1463
F-2666 | F-95.1 M-4 PWS TE TAG-176
T-5457 | T-96.2 H-2 TIND-24
HSS-0 TOW-
C-0 649
Nausel M-85 M-97.1 P-1 (0N TC-88
F-82 F-91.9 M-0 TAG-2
T-167 T-94.7 H-0 TIND-O
HSS-0 TOW-1
C-0
Muthi M-350 | M-98.3 P-2 OS/ |E BPC TC-324
F-315 F-989 M-1 PWS TAG-2
T-665 T-986 H-1 TIND-O
HSS-0 TOW-30
C-0
Tuirial M-216 | M-98.1 P-1 oS E TC-40
Jail F-192 F-909 M-0 TAG-
T-408 T-945 H-0 117
HSS-0 TIND-O
C-0 TOW-21
Tuirial M-296 | M-97.8 P-1 OoSs/ | E TC-136
F-174 F-89.6 M-0 PWS TAG-44
T-470 T-950 H-0 TIND-3
HSS-0 TOW-
cC-0 144




1 2 3 4 5 6 7 8 10 11 12
72 | Bung IB M-80 M-91.8 P-1 oS TC-17
F-71 F-925 M-0 TAG-9
T-151 T-921 H-0 TIND-0
HSS-0 TOW-
C-0 15
73 |Lungleng- | M-328 | M-100 P-1 SC OS BPC TC-227
F-312 F-97 M-0 TAG-0
T-640 T-985 H-0 TIND-O
HSS-0 TOW-
C-0 21
74 |N.Lungleng M-275 | M-975 P-2 D oS BPC TC-287
F-269 F-97.4 M-2 TAG-3
T-544 T-974 H-1 TIND-0
HSS-0 TOW-
C-0 22
75 | Samtlang | M-355 | M-946 P-1 os/ BPC TC-269
F-311 F-90.2 M-1 PWS TAG-38
T-666 T-926 H-1 TIND-0O
HSS-0 TOW-
C-0 51
76 | Sairang M-2829| M-97.8 P-3 PHC|RAH| OS/ SPC MRB | TC-676
F-2205 |F-948 M-1 §SC PWS TE TAG-
T-5034 | T-95.3 H-1 378
HSS-0 TIND-
C-0 47
TOW-
1354
77 | Aizawl M-115986 M-97.3 |P-191 HO HO | OS/ TO JAB, TC-
F-112294 F-97.4 M-139 SC D PWS PO [SBI, | 2757
T-97.4 H-85 NH [CVS TE MRB | TAG-0
T-228280 HSS-17 MH RAH BP UCB | TIND-
C-21 [TBH O,SNABA | 1459
UC-1 PO FRD | TOW-0
U-1 ED ADBI/
TC-2 SP UIIC
WP-1 O |MUCO
ITI-1 HPCLIC
ATI-1 VB
FR&TI-1 SIDBI
78 | Buhban M-287 | M-98.3 P-1 SC os/ BPC TC-275
F-297 F-96.9 M-1 PWS TAG-1
T-584 T-976 H-0 TIND-2
HSS-0 TOW-14
C-0
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79 | Mualmam| M-37 | M-96.7 P-1 oS TC-16
F-45 F-91.2 M-0 TAG-0
T-82 T-93.8 H-0 TIND-1
HS<-0 TOW-3
C-0
80 | Sesawng M-1438 M-94.9 P-4 os/ BPC TC-1165
F-1355 | F-91.8 M-2 PWS TAG-57
T-2793 | T-934 H-1 TIND-5
HSS-0 TOW-
C-0 184
81 | Tualbung | M-385 | M-95.3 P-1 E TC-391
F-355 |F-952 M-1 TAG-0
T-740 |T-953 H-1 TIND-1
HS<-0 TOW-14
C-0
82 | Dilkhan M-90 |[M-986 P-1 oS/ BPC TC-88
F-94 F-97.2 M-0 PWS TAG-0
T-184 |[T-97.9 H-0 TIND-0
HS<-0 TOW-2
C-0
83 |N.Lungphef M-352 | M-89.7 P-1 oS/ C TC-365
F-332 |F-895 M-1 PWS TAG-0
T-684 |[T-896 H-1 TIND-0
HS<-0 TOW-7
C-0
84 | Sihfa M-507 | M-98.6 P-2 oS/ BPC TC-525
F-480 |F-976 M-1 PWS TAG-0
T-987 |[T-981 H-1 TIND-0
HS<-0 TOW-32
C-0
85 | Seling M-1823| M-93.5 P-3 oS/ BPC TC-461
F-1091 |F-93.1 M-1 PWS TE TAG-42
T-2914 | T-934 H-1 TIND-16
HS<-0 TOW-
C-0 1069
86 | Phaibawk| M-20 |[M-100 [P-0 oS TC-22
F-25 F-100 M-0 TAG-1
T-45 T-100 H-0 TIND-0
HS<-0 TOW-3
C-0
87 | Edenthar M-7 M-100 P-0 (ON TC-10
F-4 F-100 M-0 TAG-0
T-11 T-100 H-0 TIND-0
HS<-0 TOW-0
C

o




1 2 3 4 5 6 8 1( 12
88 [Tuikhurhlt | M-46 M-100 P-0 (ON TC-50
F-52 F-100 M-0 TAG-1
T-98 T-100 H-0 TIND-O
HSS-0 TOW-0
C-0
89 | Thingsul | M-763 M-96.5 P-2 os/ TC-484
Tlangnuam| F-577 F-95.7 M-1 PWS TAG-6
T-1340 [T-96.1 H-1 TIND-7
HSS-0 TOW-
C-0 263
90. | Thingsulth-M-1927 | M-88.8 P-7 §SC os/ SPC TC-1095
liah F-1601 |F-91.9 M-5 PWS TE TAG-54
T-3528 | T-90.2 H-1 TIND-10
HSS-0 TOW-
C-0 634
91 |Aichalkawr | M-62 M-94 P-0 (0N} TC-34
F-54 F-83.7 M-=0 TAG-4
T-116 |[T-89.2 H-0 TIND-O
HSS-0 TOW-
C-0 12
92 | Saisih M-36 M-96.2 P-0 (ON TC-12
Vety Farm| F-32 F-92.0 M-0 TAG-2
T-68 T-941 H-0 TIND-O
HSS-0 TOW-
C-0 16
93 | MualphengM-322 | M-96.5 P-1 os/ BPC TC-217
F-325 F944 M-1 PWS TAG-5
T-647 T-954 H-0 TIND-2
HSS-0 TOW-
C-0 21
94 | Lenchim M-161 | M-100 |P-1 SC os/ BPC TC-123
F-143 F-99.2 M-1 PWS TAG-0
T-304 | T-996 H-0 TIND-1
HSS-0 TOW-
C-0 12
95 | Darlawng | M-265 M-96.6 P-1 os/ BPC TC-328
F-263 F-95.2 M-0 PWS TAG-0
T-528 T-959 H-0 TIND-O
HSS-0 TOW-
C-0 14
96 | Tlungvel M-1218 | M-96.3 P-5 SC os/ TE TC-907
F-1232 |[F-949 M -2 PWS TAG-88
T-1450 |[T-956 H-1 TIND-39
HSS-0 TOW-
cC-0 209




Xii

1 2 3 4 5 6 7 8 9 10 11 12
97 | Phulmawi| M-130 | M-99.1 P-1 OS/ | E BPC TC-145
F-129 F-96.3 M-1 PWS TAG-0
T-259 T-97.8 H-0 TIND-O
HSS-0 TOW-5
C-0
98 | Tawizo M-159 | M-96 P-1 OS/ | E TC-118
F-125 F-91.2 M-1 PWS TAG-0
T-284 T-939 H-0 TIND-O
HSS-0 TOW-
C-0 17
99 | Maite M-401 | M-95.3 P-1 SC OSs/ | E BPC TC-372
F-381 F93.0 M-1 PWS TAG-0
T-782 T-942 H-0 TIND-1
HSS-0 TOW-
C-0 16
10C | Saitual M-5768 | M-95.5 P-13 PHCD OS/ |E BPC|SBI TC-3189
F-5198 |F-95.7 M-6 SC PWS SPC TAG-58
T-10966 | T-95.6 H-3 TE TIND-36
HSS-1 TOW-
C-1 1891
TOTAL |M-1668771M-96.7 |P-391 HO-7HO- |OS- | E-96 PC-1|SBI-4|TC-
F-158799F-96.3 M-247 [TBH 1 100 BPC|MRB-|39365
T-325676[T-96.5 H-134 -1 D-5 |[PWS -58 10 |TAG-
HSS-19 MH- RAH|-81 SPC-|UCB- |3145
C-22 [1 |14 7 |1 TIND-
UC-1 NH-1D-4 TE- NABA |1845
U-1 PHC-CVS 11 | RD-1|TOW-
TC-1 5 -1 TO-1IDBI-1/80973
CVS-1 SC- VB-1
WP-1 47 SIDBI-
ITI-1 1
SSATK1 UlIC-1
FR&TI-1 LIC-1
N.B: M = Male, F=Female, T = Total,

P = Primary School, M = Middle School, H = High oh HSS = Higher

Secondary

Centre,

School, C = College, SC = Subi€emHC = Primary Health

CHC = Community Health Centre, D = Dispensaries HRA Regional Animal
Health Centre, HO = Hospital, OS = Ordinary Spniglls, PWS = Pipe Water

Supply,

E = Electrified, BPO = Branch Post Office, SPO =bh3Rost Office,

TE

Telephone Exchange, SBI = State Bank of India, AB\pex Bank, MRB =
Mizoram Rural Bank, TC = Total Cultivators, TAG =Total Agricultural
Labourers, TIND = Total Industrial Labourers, TOW atal Other Workers.




APPENDIX - 1l

Xiii

WATERSHED CODE AND STATISTICS OF MICRO-WATERSHED IN

AIZAWL DISTRICT

A. Tlawng - A2 Watershed (No. 3c2a8)

Sub- Area of Area of
waters Mini- Area of Micro-watershed (in Sq km) Mini- Sub-
Waters watershed | watershed
hed hed no S S
no. 1 a b c d e f d % g %
km km
4 8.59|14.94 2.92| 6.12| 7.06|39.63| 1.11
3c2a8b 5 9.82| 7.59(14.93| 8.65 40.98| 1.15(118.28| 3.31
6 10.43| 8.98(11.92| 6.34 37.67| 1.05
4 11.20| 5.99|13.65|6.74| 9.64 47.22| 1.32
3cza8c—¢ 13.47| 9.12| 8.78]8.89|14.61 54.88| 1.53]10%10]2:85
1 7.88| 7.71113.06|9.51| 8.95 47.10| 1.32
3c2a8d— 751 9.86| 9.41 26.78] 0.75] /3:88/2.07
Total 294.26| 8.23
B. Tlawng - A1 Watershed (No. 3c2a9)
Area | Area
Sub- of of
waters Mini Area of Micro-watershed (in Sg km) Mini- | Sub-
hed Waters water |water
hed no. shed | shed
no. S S
a b C d e f q % 9 %
km km
1 8.23| 6.72| 8.54| 6.54112.37|/10.85|53.25| 1.49
6 6.29|13.91{14.90 35.11| 0.98
3c2a% 171 33] 9.97(12.62|11.68 45.64| 1.2g|1 /16| 484
8 8.29/14.08| 9.43| 7.35 39.16| 1.09
2 6.85| 8.37[10.61|12.03| 7.42|45.28| 1.27
3c2adb—y 6.79] 7.72| 554| 6.76| 2.24 29.05/0.81| ‘33| 208
Total 247'51 6.92




C. Tuirial - A3 Watershed (No. 3c2b3)

Xiv

Area of Area of
Sub- Mini Area of Micro-watershed (in Sq km) Mini- Sub -
Waters |\ i-ters watershed | watershed
hed hed no Sq Sq
no. | a b c d e f g K % %
m km
3 9.37| 7.81| 8.51| 9.13 34.8] 0.97
3c2b3b 4 11.77 8.38| 11.09| 8.76 40.0¢ 1.174 99.5492.78
5 9.46| 8.13] 7.15 24.74 0.69
1 11.63 8.67| 12.07| 14.959 9.84 9.11 66.25 1.8%
3c2b3c 3 8.27 9.61| 9.62| 9.85910.3510.798.26| 66.74 1.89143.3:}4.01
5 10.3¢ 10.39 0.2¢
Total 242.816.79
D. Tuirial - A2 Watershed (No. 3c2b4)
Sub- | Mini- _ _ Are_a_ of Area of
Area of Micro watershed (in Sg km) Mini- Sub -
waters | Water
watershed| watershed
hed shed S S
no. no. a b C d e f g h kq % 9 %
m km
3c2bdal 2 5.60|14.54(12.02|12.79/9.06(7.75| 8.74(9.13|79.65| 2.23| 79.652.23
1 8.18| 9.56| 8.26| 7.31 33.31/0.93
3c2b4b| 2 14.79| 8.61|10.18|10.97 44.55|1.25[121.7713.41
3 12.84/10.23|/10.00|10.84 43.91|1.23
1 13.29/13.31| 8.73|12.46/6.65(9.31 63.75|1.78
3c2b4c| 2 11.88| 9.26| 9.62| 9.83 40.58| 1.13151.3(}4.22
3 13.00{13.79| 8.16| 3.408.62 46.97|1.31
Total 352.779.86




E. Tuirial - A1 Watershed (No. 3c2b5)

XV

Area of Area of
Sub- Mini- Area of Micro watershed (in Sg km ) Mini Sub -
Wate watershed | watershed
waters rshed
hed no. no. a b c d e f g S % S %
km km
1 11.8111.89| 7.29| 8.45|11.16 50.60| 1.42
3c2b5a 2 11.1§ 7.61 51321? 9.37112.95 49.27| 1.38 169.11 4.74
3 6.99 8.54 2111.65|14.47|14.93 69.30| 1.94
1 8.21 7.29/6.74|11.09 33.33] 0.93
2 7.74 6.69|5.68 20.09| 0.56
3c2b5b| 3 7.73 9.47/6.27| 6.90| 8.36|6.39/9.96|55.08| 1.54|163.344.56
4 3.03 8.29(/8.05| 7.17 26.53| 0.74
5 6.4] 6.76|8.64| 6.51 28.31| 0.79
1 9.06 6.92/11.03 9.13| 6.99 43.13| 1.21
2 10.45 3.38 13.83| 0.39
3c2b5c| 3 9.14 5.46|12.09 8.06 34.75| 0.97]203.7]5.70
4 5.3012.90(9.67|14.72/10.85|10.28 63.72| 1.78
5 6.42 4.48|8.04| 8.53| 8.90| 7.4244.55|48.34| 1.35
1 13.87(10.42| 11.0¢ 35.31| 0.99
2 [11.87]10.00| 6.0 9.50| 8.32 45.69| 1.28
3c2b5 3 14.4% |13.77| 13.9: 42.11| 1.18
1 /
d 4 5.68(12.41|12.49 8.21 38.78| 1.08 25913 7.2
5 [13.2:]10.50| 7.39 6.23(11.28|9.45 58.08| 1.62
6 [13.5| 7.87| 9.6 8.09 39.14| 1.09
1 9.26| 3.95| 9.5511.55(11.94 46.25| 1.29
2 8.72| 8.47(13.5411.13|11.64 53.50| 1.50 ) .
3c2b5e 314 73/11.50| 9.8 26.04] 0.73| 2] 423
5 14.8]110.61 25.42| 0.71
Total 946.6(26.47




F. Tuivai - A3 Watershed (No. 3c2c6)
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Area of
Sub- | Mini | Area of Micro-watershed (in Sq km)  Mini- Area of Sub -
waters | Waters watershed watershed
hed hed S
no. no. a b C d e f 91 % Sg km %
km
1 [13.67| 7.86[12.0(|10.25/13.01 56.79| 1.5¢
3c2c6al 2 [12.1z] 7.54[11.4¢]11.17 42.26| 1.1§ 163.84| 4.58
3 [14.1:113.72(11.91| 8.75|10.98|5.29164.79| 1.8]
Total 163.84| 4.58
G. Tuivawl - A Watershed (No. 3c2f1)
Sub- | Mini- _ _ Are_a_ of Area of
waters | Waters Area of Micro-watershed (in Sq km) Mini- Sub-
watershed| watershed
hed hed Sq
no. no- a b C d e f g km %
3c2fla 1 11.4510.7C {11.13 33.27| 0.93 8032 2.5
2 9.25| 9.44 8.15| 5.94 14.26 47.05|1.32 T
1 [14.5€¢| 9.97,7.95(11.05 14.5314.5% 72.64|2.03
2 [12.0€(14.5614.62 41.25|1.15
3 [14.2(]12.70 6.91| 8.24 42.05/1.18
4 7.29| 8.95 6.84| 8.97 32.05( 0.90
3c2flb 5 6.05| 8.06 7.02|12.70 13.83 47.66| 1.33|414.03 11.5¢
6 7.16| 9.4112.5¢|10.76 39.90| 1.12
7 9.12| 8.80 8.12| 7.45 7.98| 9.11 11.261.84|1.73
8 [4.1¢| 8.43 8.01 30.60| 0.86
9 11.5:(11.0114.3¢| 9.12 46.04| 1.29
1 11.11/12.078.13|7.25 38.56| 1.0§175.61 4.91
3c2flb 3 [12.07] 9.859.26|/13.71 7.99| 8.0¢ 60.97| 1.7(
5 [14.7¢]12.5112.359.14|10.09| 9.83 7.36|76.08| 2.13
2 [11.9(]11.7278.84|9.88 42.34| 1.18§144.19 4.02
3c2fle 3 10.4:({14.037.57|6.56| 9.08| 7.5(C 55.17| 1.54
4 7.08| 9.65| 6.99]| 8.55 32.28| 0.9
5 7.41]6.99 14.40| 0.4(
Total |814.1% 22.7]




H. Tuivai - A2 Watershed (No. 3c2f2)
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Sub- | Mini- . | Areaof | Area of
waters | Waters Area of Micro-watershed (in Sq km) Mini- Sub-
watershed| watershed
hed hed Sq Sq
no. no. a b C d e f 9| km % Kkm %
1 8.73| 7.69|10.80 27.22| 0.76
2 9.98/12.97(11.32| 14.0§ 9.41 57.76| 1.6]
3c2f2a 3 13.79/10.82|12.56| 10.9(011.14 59.21| 1.6€213.7/5.98
4 10.38/11.09| 6.41| 9.23 37.11| 1.04
5 11.82| 7.36|13.22 32.41| 0.91
1 14.16| 7.09| 5.16|10.7911.83(7.95|10.68 67.63| 1.89
3c202b 515 65[12.72[ 10.44 31.81] 0.8¢ 044278
Total 313.18.76
I. Tuivai - A1 Watershed (No. 3c2f3)
Sub- | Mini- . | Areaof | Areaof
Area of Micro-watershed (in Sq km) Mini- Sub-
waters | Wate
watershed | watershed
hed | rshed S S
no. no. a b c d e f q % 91 %
km km
1 6.44| 6.51 12.95| 0.36
3c2f3a| 2 6.10| 9.60|13.66| 7.65 37.02| 1.04|97.81| 2.74
3 5.79(110.7910.16| 7.97|7.23| 5.94|47.84| 1.34
Total 97.81] 2.74
J. Mat - A Watershed (No. 3d1a6)
Sub- | Mini- | Area of Micro-watershed (in Sq Argqof Area of Sub-
waters | Wate km) Mini- watershed
watershed
hed | rshed S S
no. no. a b c d e d % d %
km km
1 8.04 77.9| 9.73 25.56| 0.71
3dla6o| 2 6.73| 8.32| 8.84(10.62 34.51| 0.96(103.42 2.88
3 7.93| 9.54| 5.84|11.21| 8.8 43.35| 1.21
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K. Statistics of Tlawng,Tuirial, Tuivai and Mat Sub-Catchments

NAME OF SUB- AREA OF SUB- % OF SUB-
SL.NO | CATCHMENT AND SUB- CATCHMENT CATCHMENT
CATCHMENT NUMBER (Sq km)
1 3c2a — Tlawng 541.75 15.15
2 3c2b - Tuirial 1542.19 43.12
3 3c2c — Tuivai_2 163.84 4.58
4 3c2f — Tuivai_1 1225.11 34.26
5 3dla - Mat 103.42 2.89
TOTAL 3576.31 100.00
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APPENDIX - Il

DESCRIPTION OF SOIL SERIES

The morphological description, soil analysis anernpretative groupings of

14 soil series of Aizawl District, Mizoram are giveelow. These soils are formed

under humid tropical with mean annual rainfall @68mm. The pedons described

here are all comprise of mixed mineralogy and hiyyemic temperature class:

1. Vervek Series (Map symbol —1) :

Vervek soil series is a member of loamy skeletakeah Hyperthermic

family of Typic Udorthents. They are deep, darkgwlsh brown, clay loam, and

well drained, strongly acid horizons. It occurstolh top with a slope of 1 — 10%.

The associated soil series is Sialsuk — a Typidroghrepts.

Typifying pedon :

Loamy skeletal — mixed forest

Horizon | Depth Descriptions
(cm)

Al 0—11 | Dark yellowish brown (10YR 4/4) moist, clay loameak sug
angular blocky, 30 40% gravels, many fine and medium rg
clear wavy boundary.

AC 11 — 25 Dark yellowish brown (10YR 4/6) moist, clay loameak suk
angular blocky, 55% coarse fragments, common fine
medium roots, smooth boundary.

C 25 - 55| Yellowish brown (10YR 5/6) moist, clay loam, weakbs
angular blocky, 80% coarse fragments, para lithic

Use and vegetation : Mostly under mixed forest and abandoned jhum.

Type location

Near Vervek Village, Aizaldistrict, Mizoram.

No. of profile examined : 4

Interpretative grouping : Land capabiBtyb class : Ve

Soil analysis

: Physical Characters-
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Horizon Depth Mechanical analysis
(cm) Sand % Silt % Clay %| Iexture
Al 0-11 42 23 35 Clay loam
AC 11-25 43 21 34 Clay loam
C 25 -55 44 21 35 Clay loam
Chemical Characters-
Organiq CEC Exchangeable bases
. Depth| pH B.S.
Horizon Carbon| Meq/ Meq/100gm
(Cm) 1:2 ++ ++ + + %
% 100gm Ca Mg K Na
Al 0-11| 54% 135 | 26.15 15| 15| 0.54 0.35/ 14.65
AC 11 -25 5.25 1.10 25.42 1.3 1.1| 0.36 0.25 12.62
C 25-55 5.120 1.00 25.32 1.1 1.0 0.35 0.22| 10.90
2. Sialsuk Series (Map symbol — 1, 10) :

Sialsuk series is a member of loamy skeletal, mikggderthermic family of

Typic Dystrochrepts. They are deep to very deepl wieained and have dark

brown, clay loam, strongly acid horizon. It occumsstly on hill top/crest and hill

side slopes of more than 50%. One of the assdcsdé series is Sihphir — a

Typic Hapludults.

Typifying pedon :

Loamy skeletal — current andabandoned jhum.

ots

Arse
noth

Horizon Depth Description
(cm)

Ap 0-14 Dark yellowish brown (10YR 4/3) moist, clay loaf
weak sub-angular blocky, many fine and medium g
clear smooth boundary, 10% coarse fragments.

Al 14 - 35 Dark yellowish brown (10YR 4/4) moistay loam,
moderate sub-angular blocky, 25 - 35% coa
fragments, many fine and medium roots, clear sm
boundary.

A3 35-58 Dark yellowish brown (10YR 4/6) moistag loam,
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weak sub-angular blocky, 40% coarse fragments,

mon

common fine and medium roots, clear wavy bounda
B2 58 - 80 Yellowish brown (10YR 5/6) moist, clayam, weak
sub-angular blocky, 50% coarse fragments, com
medium roots, gradual smooth boundary.
C 80-110 | Yellowish brown (10YR 5/6) moist, clayaim, weak

sub-angular

blocky, 65%

medium roots.

coarse fragments,

few

Use and vegetation

Type location

No. of profile examined :

Interpretative grouping

Mostly under current arahdoned jhum.

Near Sialsuk Village, Aizawisidict, Mizoram.

14

Land capability sudss : IVe & Vlle

Soil analysis Physical characters-
Horizon Depth Mechanical analysis
(cm) Sand % Sit%| Clay%|  cvwure
Ap 0-14 42 19 39| layloam
Al 14 - 35 41 22 37| Clay loam
A3 35-58 42 23 35| Clay loam
B2 58 — 80 42 24 34 Clay loam
C 80 -110 44 25 31 Clay loam
Chemical characters-
Horizon | Depth pH |Organic/ CEC Exchangeable bases | B.S.
(cm) 1:2 |Carbon| Meqg/ Meqg/100gm %
% | 100gn} Ca™" | Mg*™| K* | Na

Ap 0-14 5.15 | 1.55 7.886 0.6 4.6 (1121148| 56.21
Al 14 -35 5.25 | 1.46 6.052 0.11 3.4 0.08¢ 0.158| 50.3]
A3 35-58 512 | 1.24 5836 0.3 2.1 0.077 0.154| 45.0
B2 58 - 80 5.07 | 0.95 6.895 0.3 2.50.11¢ 0.197| 45.04
C 80-110 | 5.03| 0.87 6.195 0.2 2.6 0.094 0.178| 49.0

Aibawk Series (Map symbol — 2, 3)
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Aibawk soil series is a member of fine loamy, ndixbyperthermic family
of  Typic Dystrochrepts. They are very deep, dghowish brown, clay loam
and well drained, very strongly acidic horizonsodturs on hill side slope of less
than 50%. The associated soil series is Thinggttk a Typic Hapludults.

Typifying pedon: Fine loamy — current and abadoned jhum.
. Depth -
Horizon Descriptions
(cm)
Ap 0-15 | Dark yellowish brown (10YR 4/4) moist, clay loamgea

sub-angular blocky, 4%oarse fragments, many fine |
medium roots, clear smooth boundary.
Al 15 - 35| Dark yellowish brown (10YR 4/5) moist, clay loamgead

subangular blocky, 6% coarse fragments, many fine

medium roots, gradual smooth boundary.
A3 35-58 | Yellowish brown (10YR 5/6) moist, clagaim, weak sub

angular blocky, 12% coarse fragments, common fing

many medium roots, clear smooth boundary.
B2 58 - 88 | Strong brown (7.5YR 4/6) moist, clayrgaveak sukangula

blocky, 15% coarse fragments, few fine and cammediun

roots, gradual smooth boundary.
C 88 - 115 Strong brown (7.5YR 5/6) moist, clay loam, weak-amigulal
blocky, 20% coarse fragments, few medium roots.

Use and vegetation X Mostly under current arahdbned jhum.
Type location : Near Aibawk Village, Aizawl Digct, Mizoram.
No. of profile examined : 9
Interpretative grouping Land capability suasd : llle & IVe
Soil analysis :  Physical Characters-
Horizon Depth Mechanical analysis
_ Texture
(cm) Sand % Silt % Clay %

Ap 0-15 40 21 39 Clay loam
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Al 15-35 41 21 36 Clay loam
A3 35-58 39 22 39 Clay loam
B2 58 — 88 38 25 37 Clay loam
C 88 — 115 37 22 40 Clay loam
Chemical Characters-
Horizon | Depth Organiq CEC Exchangeable bases.S.
(cm) T_ZI Carbon| Megq/ Meq/100gm %
% 100gnf Ca™ | Mg™ | K" | Na’
Ap 0-15(4.88| 1.24 958 0.5 39 0.1X%614 | 48.26
Al 15-354.72 | 1.15 986 | 03| 3.7 0.119.13 | 42.77
A3 35-58/4.71 | 0.95 9.72| 054 23 0.118.19 | 32.56
B2 58—-88|4.60 | 0.72 1094 04| 31 0.116.17 | 32.68
C 88-1134.56 | 0.54 10.74 05| 3.1 0.106.12 | 35.80

4. Darlawn Series (Map symbol - 6,7, 11,13) :

Darlawn series is a member of loamy skeletal, mixggherthermic family

of Umbric Dystrochrepts. They are very deep, damwn to yellowish brown,

clay loam to clay, well drained, strongly acidicviery strongly acidic horizons. It

occurs on hill side slope of more than 25%. Theoaisited soil series is Tawizo —

a Humic Hapludults.

Typifying pedon: Loamy skeletal — mixed forest ancabandoned Jhum.

clear smooth boundary.

Horizor Depth Descriptions
(cm)
Al 0-16 | Dark brown (10YR 3/3) moist, clay loam, weak sarmgula

blocky, 12% coarse fragments, many fine and mediwis

A3 16 — 38| Dark brown (10YR 4/3) moist, clay loawegak subangulal
blocky, 30% coarse fragments, many fine and medots
gradual smooth boundary.

B2 38 - 62 | Dark yellowish brown (10YR 4/5) moist, sandy clayeal
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sub-amgular blocky, 40% coarse fragments, few fine

common medium roots, gradual smooth boundary.

B3 62 -91 | Yellowish brown (10YR 5/5) moist, clayeak subangulal
blocky, 50% coarse fragments, common medium I
gradual smooth boundary.

C 91 - 126 Yellowish brown (10YR 5/6) moist, clay, moderatebsu

angular blocky, 70% coarse fragments, few mediuntsto

Use and vegetation

Type location

No. of profile examined

Interpretative grouping

: Mostly under mixed forest @ld abandoned Jhum.

: Near Darlawn Village, Aizaw! Dist, Mizoram.

15

: Land capability subssla: IVe & Vle

Soil analysis ‘Physical characters-
Horizo Depth Mechanical analysis
n (cm) [Sand% | Silt% | Clay % Texture
Al 0-16 42 19 39 Clay loam
A3 16 — 38 40 20 40 Clay loam
B2 38 -62 44 13 43 Sandy clay
B3 62-91 41 12 47 Clay
C 91 -126 39 13 48 Clay
Chemical Characters-
Horiz| Depth pH | Organic, CEC Exchangeable bases | B.S.
on (cm) 1:2 | Carbon| Meg/ Meq/100gm %
% | 100gn| Ca™ | Mg™| K* | Na’
Al 0-16 5.35% 1.22 5.06 0.7 1.9 0.24 0.1883.08
A3 16-38| 524 111 6.19) 0.6 2.6 0.21 0.158.96
B2 38-62| 5.12 1.08 4.62| 0.6 0.9 0.19 0.134.18
B3 62-91] 5.04 0.78 552 0.6 1.d 0.32 0.142.37
C 91-126 5.01] 0.61 4.60f 0.8 0.8 0.23 0.048.50

Suangpuilawn Series (Map symbol — 4, 5, 8,9,12,13)
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Suangpuilawn series is a member of fine loamy, thiXeyperthermic
family of Umbric Dystrochrepts. They are very deépsrk brown to yellowish
brown, sandy clay loam to clay, well drained, mediacidic to very strongly
acidic horizons. It occurs on hill side slope ofrivas slope categories. The

associated soil series is Tawizo — a Humic Hapbsdul

Typifying pedon : Fine loamy — Mixed forest andBamboo forest.
_ Depth L
Horizon Descriptions
(cm)

All 0 - 13| Dark brown (10YR 3/3) moist, sandy clay loam, wealb
angular blocky, 2% coarse fragments, many fine @auediun
roots, clear smooth boundary.

Al2 13 — 36| Dark brown (10YR 4/3) moist, sandy clay loam, wealb
angular blocky, 4% coarse fragments,nypdine and mediu

roots, gradual smooth boundary.
A3 36 — 56| Dark yellowish brown (10YR 4/4) moist, sandy clagin, wea

subangular blocky, 5% coarse fragments, few fine arahy
medium roots, clear smooth boundary.

B2 56 — 86| Dark Yellowish brown (1®¥R 4/6) moist, sandy clay loa
weak subangular blocky, 10% coarse fragments, few me

roots, clear smooth boundary.

B3 86 — 112 Yellowish brown (10YR 5/4) moist, sandy clay loaneak sub
angular blocky, 20% coarse fragments, few mediuntsto

C 112-134 Strong brown (7.5YR4/6) moist, clay, medium sub wda
blocky, 35% coarse fragments, sticky and plastic.

Use and vegetation : Mostly under mixed forest bamboo forest.

Type location : Near Suantgowun Village, Aizawl District, Mizoram.
No. of profile examined : 17

Interpretative grouping : Land capability sub sladlle & Vle

Soil analysis: Physical characters-

Horizon Depth Mechanical analysis

Teovinre
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(cm) | Sand % Silt % Clay %
All 0-13 47 24 29 Sandy clay loam
Al2 13-36 46 24 30 Sandy clay loam
A3 36 — 56 42 22 36 Clay loam
B2 56 — 86 40 20 40 Clay loam
B3 86 — 112 40 18 42 Clay loam
C 112-134 34 17 49 Clay
Chemical Characters-
Horiz- | Depth oH Organic| CEC Exchangeable bases BS.
on (cm) 1 Carbon| Meq/ _ MTlloogim + %
% 100gn Ca Mg K Na
All 0-13 5.87 1.62 7.67 1.1 2.1 0.09 0.1%53.94
Al2 13- 36 5.72 1.56 7.82 1.0 2.1 0.13 0.1845.56
A3 36-56| 5.3% 1.24 5.64| 0.4 1.1 0.12  0.2139.03
B2 56-86| 5.08 0.88 4921 0.6 0.9 0.10 0.1634.31
B3 86 —-112) 484, 0.72 454 0.4 0.8 0.12  0.1730.93
C 112-134| 4.6% 0.52 472 0.2 0.6 0.183 0.194.54

Tuivaw! Series (Map symbol — 14):

Tuikual series is a member of fine loamy, mixedpdryhermic family of

Fluventic Dystrochrepts. They are very deep, daokvio to dark yellowish brown,

clay loam surface
acidic horizons. It occurs on flood plains of vg#ie The associated soil series is

Saitual — a Fluventic Umbric Dystrochrepts.

Typifying pedon

Fine loamy — mostly cultivated.

and clay loam sub - surfgoeorly drained, very strongly

Horizon| Depth(cm Descriptions

Ap 0-14 Dark Yellowish brown (10YR 4/4) moist, sandy clayain
weak subangular blocky, many fine and medium roots,
smooth boundary.

Al 14 - 38 Dark yellowish bmn (10YR 4/5) moist, sandy clay log
weak subangular blocky, common fine and many meg
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roots, gradual smooth boundary.

A3

38 -61

boundary.

blocky,

common medium

Dark yellowish brown (10YR 4/6) moidayloam, weak sup

angular roots,

clear s

B2

61 -82

Yellowish brown (10YR 5/4) moist, sandgpy, weak suf

angular blocky, few medium roots, gradual smoothnalary.

J

B3

82-108

blocky.

Yellowish brown (10YR 5/6) moist, clayedium subangula

Use and vegetation

Type location

No. of profile examined

Interpretative grouping

Mostly under cultivation.

Near Tuivawl River, Aizawl! Disttj Mizoram.

6

Land capability sub cladse

Soil analysis :Physical characters-

Horizon| Depth Mechanical analysis
(cm) Sand % Silt % Clay % Texture
Ap 0-14 52 19 29 Sandy clay loam
Al 14 — 38 52 18 30 Sandy clay loam
A3 38-61 44 20 36 Clay loam
B2 61 - 82 45 16 39 Sandy clay
B3 | 82-108 35 20 45 Clay
Chemical characters-
Horizon| Depth Organic| CEC Exchangeable bases B.S.
(cm) 22 Carbon| Meqg/ Meqg/100gm %
% | 100gn Ca™ | Mg™ | K* | Na’
Ap 0-14 | 482 0.99 6.01| 0.6 1.8| 0.120.19| 45.16
Al 14 -38| 4.7% 0.77 5.39 0.4 14 0.090.20| 38.82
A3 38-61| 4.70 0.48 438| 0.2 1.0| 0.080.19| 33.83
B2 61-82| 461 041 4.04| 0.2 0.9 0.010.13| 30.84
B3 82-108 | 4.55| 0.38 3.29| 0.1 0.8| 0.070.12| 2547

Saitual Series (Map symbol — 14) :



XXVili

Saitual series is a member of fine loamy, mixedydnghermic family of
Fluventic Umbric Dystrochrepts. They are very deeyk brown to dark
yellowish brown, sandy clay loam surface and clagm sub-surface, poorly
drained, strongly acidic horizons. It occurs orofigplains and narrow valleys. The

associated soil series is Tuivawl — a Fluventictiyahrepts.

Typifying pedon Fine loamy — mostly cultivated an fallow land.
Horizon| Depth Descriptions
(cm)

Ap 0-12 | Dark brown (10YR 3/3) moist, sandy clay loam, weak
angular blocky, many fine and medium roots, clearootl
boundary, 5% coarse fragments.

Al 12 — 30| Dark brown (10YR 4/3) moist, sandy clay loam, weakb
angular blocky, many fine and medium roots, gracsrabotl

boundary, 6% coarse fragments.
A3 30 — 48| Dark yellowish brown (10YR 4/4) moist, sandy clagain, wea

sub-anglar blocky, few fine and common medium ro

gradual smooth boundary, 8% coarse fragments.
Bl 48 — 71| Dark yellowish brown (10YR 4/6) moist, clay loameak sub
angular blocky, common medium roots, clear smoatnbary

10% coarse fragments.
B3 | 71 -105 Dark brown (7.5YR 4/4) moist, clay loam, weak sarmgula

blocky, few medium roots, 30% coarse fragments.

Use and vegetation : Mostly under cultivation.

Type location : Near Saitual Town, Aizawl DistriMizoram.
No. of profile examined 8

Interpretative grouping : Land capability sub cladse

Soil analysis: Physical Characters-

Horizon| Depth Mechanical analysis
(cm) Sand % Silt % Clay %
Ap 0-12 53 19 28 Sandy clay loam

Texture
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Al 12 -30 50 20 30 Sandy clay loam
A3 30-48 50 18 32 Sandy clay loam
Bl 48 - 71 41 22 37 Clay loam
B3 71- 105 40 22 38 Clay loam
Chemical characters:
Horizon| Depth | pH | Organic | CEC Exchangeable bases B.S.
(cm) 1.2 | Carbon | Meq/ Meqg/100gm %
% 100gm| Ca™ | Mg™| K* | Na'
Ap 0-12 | 548 1.12 4.89 0.6 11 0.18 0.18 44.07
Al 12-30| 542 1.05 3.36 0.6 0.9 0.11 0.12 43.87
A3 30-48| 5.25 0.95 3.06 0.4 0.6f 014 0.14 34.18
Bl 48 -71| 5.23 0.88 2.68 0.2 0.2 0.09 0.18 29.71
B3 71-105 5.18| 0.67 2.74 0.2 0.2 0.06 011 21.22

8. Tuirini Series (Map symbol — 14) :

Tuirini series is a member of fine loamy, mixéygperthermic family of

Aquic Dystrochrepts. They are very deep, yellowisbwn to brownish yellow,

mottles of low chroma, clay loam surface and sasldy loam sub-surface, poorly

drained, medium acidic to strongly acidic horizolisoccurs on flood plains of

narrow valleys. The associated soil series is dwiv a Fluventic Dystrochrepts.

Typifying pedon :

Fine loamy — mostly cultivated.

Horizon| Depth Descriptions
(cm)

Ap 0-13 | Yellowish bran (10YR 5/4) moist, clay loam, moder
medium sulkangular blocky, many fine and medium roots, si
and plastic, clear smooth boundary.

Al 13 - 28| Yellowish brown (10YR 5/6) moist, clay loam, wealedmn
sub-angular blocky, many fine and medium roat$cky an(
plastic, clear smooth boundary, 3% coarse fragments

A3 28 — 56 | Yellowish brown (10YR 5/8) moist, clay loam, mode
medium subangular blocky, few fine and common med
roots, sticky and plastic, clear smooth boundaff 8&oars
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fragments.

B2

56 — 82

Brownish yellow (10YR 6/5) moist, sarallgy loam, weak su
angular blocky, few medium roots, gradual smoothnaary

10% coarse fragments.

O

B3

82-112

Brownish yellow (10YR 5/6) moist, sandlgycdoam, weak sup

angular blocky, few medium roots, 20% coarse fragse

112 -125

Brownish yellow (10YR 6/6) moist, clay loam, weaksangula

blocky, few medium roots, 40% coarse fragments.

Use and vegetation

Type location

No. of profile examined

Interpretative grouping

Mostly under cultivation @aféndoned Jhum

Soil analysis: Physical characters-

Land capability sub cladse

Near Tuirini river, Aizawl Distt, Mizoram.
7

Horizon| Depth Mechanical analysis
(cm) Sand % Silt % Clay % Texture
Ap 0-13 41 19 40 Clay loam
Al 13 -28 43 20 37 Clay loam
A3 28 - 56 44 19 37 Sandy clay loam
B2 56 — 82 46 18 36 Sandy clay loam
B3 82-112 48 20 32 Sandy clay loam
C 112 - 125 50 19 31 Sandy clay loam
Chemical Characters-
Horizon| Depth Organic| CEC Exchangeable bases B.S.
(cm) 22 Carbon| Meq/ Meqg/100gm %
% 100gm Ca™ | Mg™ | K* | Na'
Ap 0-13| 6.08 1.44 7.79 1.1 2.9 0.09 0.19 40.Y9
Al 13-28| 545 1.24 6.35 0.8 2.6 0.0/ 0.16 43.62
A3 28 -56| 5.3 1.08 6.77 0.6 2.5 0.08 0.22 44.92
B2 56-82| 5.31 0.76 5.89 0.4 1.8 0.06 0.28 47.34
B3 82-112| 5.22 0.65 4.27 0.4 0.9 0.14 0.27 50.42
C [112-12%5.11] 0.62 5.66 0.6 1.1 0.22 0.21 51.22
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9. Aizawl Series (Map symbol - 5) :

Aizawl series is a member of clayey, mixed, hypemthic family of Typic
Dystrochrepts. They are very deep, dark yellowisbwin surface and strong
brown sub-surface, clay loam surface and clay sutase, well drained, strongly
acidic to very strongly acidic horizons. It occuns hill side slopes of less than

50%. The associated soil series is Suangpuilawriadoric Dystrochrepts.

Typifying pedon : Clayey — Abandoned jhum and rixed forest
Horizor| Depth Descriptions
(cm)

Ap 0-14 | Dark yellowish brown (10YR 4/4) moist, clay loameak suk
angular blocky, many fine and medium roots, stieky plast,
clear smooth boundary, 3% coarse fragments.

Al 14 — 34| Dark yellowish brown (10YR 4/6) moistay loam, weak sup

angular blocky, common fine and many medium roatea

smooth boundary, 5% coarse fragments.
A3 34 -49 | Yellowish brown (10YR 5/4) moist, clayaim, weak sulangula

blocky, common medium roots, 8% coarse fragmenksa

smooth boundary.
B2 49 - 72 | Yellowish brown (10YR 5/6) moist, clagpderate medium sdb

angular blocky, few medium roots, sticky and plastigradug
smooth boundary, 12% coarse fragments.

B3 72 - 102 Dark brown (7.5YR 4/4) moist, clay, moderate medisob;
angular blocky, 15% coarse fragments, sticky aadty.

C 102 -12§ Strong brown (7.5YR 5/6) moist, clay, moderate mpdisuly
angular blocky, sticky and plastic, 25% coarserfragts.

Use and vegetation : Abandoned jhum and mixedstore
Type location : Near Maubawk village, Aizawl, Mam.
No. of profile examined 6

Interpretative grouping : Land capability sub cladde

Soil analysis: Physical characters-

Horizon| Depth Mechanical analysis

Tovinre
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(cm) Sand % Silt % Clay %
Ap| 0-14 43 19 38 Clay loam
Al | 14-34 40 20 40 Clay loam
A3 | 34-49 40 19 41 Clay loam
B2 | 49-72 34 21 45 Clay
B3| 72-102 32 18 50 Clay
C | 102-128 31 17 52 Clay
Chemical characters-
Horizon | Depth Organic| CEC Exchangeable bases | B.S.
(cm) EZ Carbon | Meg/ Meq/100gm %
% 100gm ca™ | Mg* | K* | Na'
Ap 0-14 | 544 | 1.68 5.66| 0.6 1.6 0.30.18 | 48.8(
Al 14 -34| 540 | 1.55 485 04 1.4 0/28.15 | 52.66
A3 34-49 | 526 | 0.92 3.75] 0.2 1.2 0.10.12 | 38.96
B2 49-72| 511 | 0.78 3.13] 0.2 0.8 0/10.14 | 42.62
B3 72-102 4.98 | 0.59 290 | 0.1 0.6 0.1D.12 | 39.15
C 102 -1284.92 | 0.51 228 | 0.1 0.4 0.19.11 | 43.01
10.  Sihphir Series (Map symbol — 3, 10) :

Sihphir series is a member of fine loamy, mixegpdrthermic, Typic
Hapludults. They are deep to very deep, well ddhined have dark yellowish

brown to strong brown, sandy clay loam to clay, med acidic to strongly acidic

horizon. It occurs on hill side slopes of variowagories. One of the associated

soil series is Aibawk — a Typic Dystrochrepts.

Typifying pedon:

Fine loamy — Current jhum.

medium subkangular blocky, many fine and medium roots, ¢

smooth boundary.

Horizon | Depth Descriptions
(cm)
Al 0 —12 | Dark yellowish brown (10YR 4/4) moissandy clay loam, we
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B21t 12 — 28 Dark yellowish brown (10YR 4/6) moist, sandy claam, wea
medium subangular blocky, many medium roots and com
fine roots, clear smooth boundary, patchy thin msita

Yellowish brown (10YR 5/4) moist, clay, moderatediuen sub

B22t 28 — 62
angular blocky, many medium and few fine roots chwatthir
cutans, clear smooth boundary.
62 — 84 Yellowish brown (10YR 5/5) moist, clay, mad¢e mediun

subangular blocky, few medium roots, 5% coarse frags]

B23t

patchy thin cutans, clear smooth boundary.
Yellowish brown (10YR 5/6) moist, clay, moderate dien

B3 84-118

sub-angular blocky, few medium roots, 10% coaragrfrents.

Use and vegetation Current jhum.

Type location Near Sihphir village, Aizawl, Miiam.
12

Land capability sub clad¥e & Vlles

No. of profile examined
Interpretative grouping

Soil analysis: Physical characters-

Horizon Depth Mechanical analysis .
cm) | Sand% | Silt% Clay % exture
Al 0-12 46 21 33 Sandy clay loam
B21t | 12-28 45 20 35 Sandy clay loam
B22t | 28 -62 37 21 42 Clay
B23t | 62 -84 36 20 44 Clay
B3 84-118 35 19 46 Clay
Chemical characters-
Horizon| Depth| pH | Organic| CEC Exchangeable bag B.S.
(cm) | 1:2| Carbon | Meq/ Meqg/100gm %
% 100gm Ca™| Mg*™| K*| Na'
Al 0-125.84|2.14 12.71| 21| 29 0.250.21 | 42.94
B21t | 12-285.67| 1.76 10.93| 14| 26 0.220.17 | 34.78
B22t | 28 -625.46| 1.42 854 | 06| 1.0 0.150.17 | 27.27
B23t | 62 -845.25| 0.94 818 | 04| 1.0 0.130.11 | 23.62
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B3

84-11§

5.21|0.81 711 | 0.2] 1.0 0.1D.14 | 23.36

11. Thingsulthliah Series (Map symbol -1, 6, 7, 9, 112) :
Thingsulthliah series is a member of loamy skeletaked, hyperthermic

family of Typic Hapludults. They are deep to vemseg, dark yellowish brown to

brownish yellow, sandy clay loam to clay, well dwdl, strongly acidic horizons. It

occurs on hill top and hill side slopes of vari@lgpe categories. The associated

soil series is Chalfilh — a Humic Hapludults.

Typifying pedon

Loamy skeletal —abandoned jhum ad Mixed forest.

Horizor] Depth Descriptions
(cm)

Al | 0-14 | Dark yellowish brown (10YR 4/4) moist, sandy clayam
weak medium sub-angai blocky, many fine and medi
roots, 15% coarse fragments, clear smooth boundary.

B1lt | 14 — 38| Dark yellowish brown (10YR 4/5) moist, sandy clayamn
medium subangular blocky, common fine and many meg
roots, 35% coarse fragments, patchy thin cutatear smoo
boundary.

B2t | 38— 72| Dark yellowish brown (10YR 4/6) moist, clay loamea}
medium subangular blocky, common medium roots, 4
coarse fragments, patchy thin cutans, clear smuomtihdary.

B3 | 72-96| Yellowish brown (10YR 5/6) moist, gllbam, weak mediu
subangular blocky, few medium roots, 45% coarse frags
clear smooth boundary.

C 96-125| Brownish yellow (10YR 6/6) moist, clay, moderate diuen
sub-angular blocky, 50% coarse fragments.

Use and vegetation

Type location

: Abandoned jhum ancdhforest.

: Near Thingsukhl village, Aizawl District, Mizoram.

No. of profile examined :18

Interpretative grouping : Land capability subasd : llle, IVe & Vlle

Soil analysis: Physical characters-
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Horizo | Depth Mechanical analysis
n cm) [ Sand% | Sit% | Clay % Texture
Al 0-14 48 20 32 Sandy clay loam
B1t | 14 - 38 46 19 35 Sandy clay loam
B2t | 38-72 45 17 38 Clay loam
B3 72 — 96 42 18 40 Clay loam
C 96-125 37 18 45 Clay
Chemical characters-
Horizo| Depth Organic| CEC Exchangeable bases B.S.
n (cm) Fl)z Carbon | Meqg/ Meqg/100gm %
% 100gn Ca™ | Mg™ | K* | Na’
Al 0-14| 5.65 1.44 1091 14 26 | 0.26) 0.14 42.2/
B1lt | 14 - 38| 5.54 1.25 9.80 1.6 18 048 O0{17 33.72
B2t | 38 -72| 5.46 1.08 9.74 16 1.4 0404 0{15 3331
B3 | 72-96| 5.32 0.82 858 0.8 0.9 0[12 0|11 24.77
C 96-125| 5.21 0.74 787 0.b 1.0 041 0{18 24.19

12. Khawlian Series (Map symbol -2, ,4):

Khawlian series is a member of clayey, mixed, hiypgmic family of
Typic Hapludults. They are very deep, dark browrdaok yellowish brown, clay
loam surface and clay sub-surface, well drainedngty acidic to very strongly
acidic horizons. It occurs on hill side slopeseaxd than 25%. The associated soil

series is Aibawk— a Typic Dystrochrepts.

Typifying pedon: Clayey — Current Jhum and Banboo forest.
Horizo| Depth Descriptions
n (cm)

Al 0 - 14 | Dark yellowish brown (10YR 4/4) moist, sandy clayeal
medium sulkangular blocky, many fine and medium roots, si
and plastic, clear smooth boundary.

B1lt | 14 — 38| Dark yellowish brown (10YR 4/5) moist, light clagoderat
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medium sukangular blocky, many fine and medium roots, si

and plastic, patchy thin cutans, clear smooth baond

B21t

38 - 61

Dark yellowish brown (10R 4/6) moist, light clay, moderd
medium subkangular blocky, few fine and common med
roots, sticky and plastic, patchy thin cutans, rcleaoot

boundary, 8% coarse fragments.

B22t

61-82

Yellowish brown (10YR 5/6) moist, clapedium sukbanguld
blocky, few medium roots, sticky and plastics, patctmn

cutans, clear smooth boundary, 12% coarse fragments

B3

82-105

Strong brown (7.5YR 4/6) moist, clay, medium suigula

blocky, sticky and plastics, 25% coarse fragments.

105-126

Strong brown (7.5YR 4/6) moist, clay, medium sgula

blocky, sticky and plastics, 40% coarse fragments.

Use and vegetation

Type location

No. of profile examined

Interpretative grouping

Bamboo and mixed forest.
Near Tuivamit village, Aizawl, kbiram.
8

Land capability sub cladde

Soil analysis: Physical characters-

Horizo| Depth Mechanical analysis
n | (cm) | Sand% | Sit% Clay % Texture
Al 0-14 46 11 43 Sandy clay
B1it | 14 -38 45 13 42 Sandy clay
B21t | 38-61 38 16 46 Light clay
B22t | 61 -82 35 17 48 Clay
B3 | 82-105 31 19 50 Clay
C | 105-126 27 20 53 Clay
Chemical characters-
Horizo | Depth Organic| CEC Exchangeable bases B.S.
n (cm) T_ZI Carbon| Meq/ Meqg/100gm %
% | 100gn Ca” | Mg™ | K" | Na'
Al 0-14| 521 1.94 8.07 1.1 2.7 0.24 0J/12 51.

69
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B1lt | 14 -38| 4.92 1.58 799 1.0 2 0[l6 0O}16 33.67
B21t | 38 -61] 4.8 1.32 716 1.p 06 0Of16 018 31.60
B22t | 61-82 4.71 0.92 6.32 0.6 3 014 013 27.22

B3 | 82-105| 4.65 0.65 518 0.4 0.6 008 0{10 22.85

C 105-126 4.61 0.51 5.17) 0.2 04/ 047 0.12 1573

13.  Chalfilh Series (Map symbol—-4,5, 7, 2]1) :

College Veng series is a member of fine loamy, chixe/perthermic family
of Humic Hapludults. They are very deep, well degirand have dark brown to
dark yellowish brown, clay in texture, very stropgdcidic horizon. It occurs
mostly on hillside slopes of various slope categmriOne of the associated soil
series is Suangpuilawn — a Umbric Dystrochrepts.

Typifying pedon: Fine Loamy — mixed forest.
Horizon| Depth Description
(cm)

Al 0-15| Dark brown (10YR 3/3) moist, clay, moderanedium sub
angular blocky, many fine and medium roots, 3% ¢
fragments, clear smooth boundary.
B1t | 15- 37| Dark yellowish brown (10YR 4/4) moist, clay, mode

medium sub-angular blocky, commomdi and medium roo

7% coarse fragments, patchy thin cutans, clearo#
boundary.
B21t | 37 — 67| Dark yellowish brown (10YR 4/5) moist, clay, modeg

medium subangular blocky, common medium roots, ]

coarse fragments, patchy thin cutans, clear smuomtihdary.
B22t | 67 — 92| Dark yellowish brown (10YR 4/6) moist, clay, modeg
medium subangular blocky, few medium roots, 16% co

fragments, patchy thin cutans, clear smooth boyndar
B3 92-127| Dark yellowish brown (10YR 4/6) moist, sandy clayamn
moderate medium sudngular blocky, few medium roots, 2

coarse fragments.

Use and vegetation : Mixed forest and Bamboo fores



Type location

No. of profile examined

Interpretative grouping
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Near Chalfilh , Aizawl DistridJizoram.
17

Land capability sub clad¥e & Vie

Soil analysis :Physical characters-

Horizon| Depth Mechanical analysis
(cm) Sand % Silt % Clay % Texture
Al 0-15 34 19 47 Clay
B1t 15-36 36 19 45 Clay
B21t | 36 -67 37 17 46 Clay
B22t | 67-92 31 18 51 Clay
B3 92-127 49 22 29 Sandy clay loam
Chemical characters-
Horizon| Depth Organic| CEC Exchangeable bases B.S.
(cm) I:CL): Carbon| Meqg/ Meqg/100gm %
% | 100gm Ca™ [Mg™*| K | Na
Al 0-15| 496 1.67 8.63 1.2, 14 0.110.12| 35.15
B1t 15-36| 4.82 1.15 9.15| 0.8, 2.1 0.080.14| 34.42
B21t | 36-67| 4.76 0.92 851| 06| 1.3 0.060.12| 29.52
B22t | 67-92| 4.67 0.72 853| 06| 14 0.170.14| 27.39
B3 | 92-127| 463 056 | 7.93| 06| 1.3 0.050.16| 26.94

14.

Tawizo Series (Map symbol — 8, 12, 13) :

Tawizo series is a member of loamy skeletal, mixegherthermic family

of Humic Hapludults. They are very deep, dark brdaiyellowish red, clay loam

to clay, well drained, very strongly acidic horizott occurs on hill side slopes of

more than 25% slope. The associated soil seri&uangpuilawn — an Umbric

Dystrochrepts.

Typifying pedon

Loamy skeletal — Bamboo and mixedorest.
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Horizon| Depth Descriptions
(cm)
Al 0-14 | Dark brown (10YR 3/3) moist, clay loam, weak mecg

sub-angular blocky, many fine and medium rootgEkgt

and plastic, 20% coarse fragments, clear smoothdany.

B21t 14 — 34| Dark yellowish brown (10YR 4/4) moist, clay lod
moderate medium sudagular blocky, many fine a
medium roots, sticky and plastic, 35% coarse frags
patchy thin cutans, clear smooth boundary.

B22t 34 — 61| Dark yellowish brown (10YR 4/6) moist, light cl

moderate medium sudmgular blocky, few fine a

common medium roots, sticky and plastic, 40% c(

fragments, patchy thin cutans, clear smooth boyndar

B3 61 —98| Strondrown (7.5YR 4/6) moist, clay, moderate med
sub-angular blocky, few medium roots, sticky and pltas

45% coarse fragments, clear smooth boundary.

C 98 —130| Strong Brown (7.5YR 5/6) moist, clay, moderate et
sub-angular blocky, sticky and plastic§5% coarg

fragments.
Use and vegetation : Abandoned jhum and mixedstore
Type location : Near Durtlang village, Aizawl, &éiram.
No. of profile examined 14
Interpretative grouping : Land capability sub clad¥e & Vie
Soil analysis :Physical characters-
Horizon| Depth Mechanical analysis
(cm) Sand % Silt % Clay % Texture
Al 0-14 37 24 39 Clay loam
B21t | 14-34 39 22 39 Clay loam
B22t | 34-61 38 20 42 Light clay
B3 61 - 98 35 19 46 Clay
C 98 -130 33 18 49 Clay




Chemical characters-

Horizon| Depth | pH | Organic| CEC Exchangeable bases | B.S.
(cm) | 1:2 | Carbon| Meq/ Meq/100gm %
% | 100gm| Ca™" |Mg™"| K" | Na
Al 0-14| 492 1.8 6.07 0.4 1.6/ 0.190.17| 39.04
B21t | 14-34 4.84| 1.11 6.42 0.4| 1.4/ 0.120.18| 29.97
B22t | 34-61 4.67| 0.86 7.61 0.6/ 1.2 0.140.28| 31.70
B3 61-98| 4.62| 0.72 6.81 0.6| 0.8/ 0.160.17| 25.16

C 98 -130 4.61| 0.65 5.60 0.4 0.4 0.110.14| 23.29
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