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PREFACE 

 

 Agriculture is the backbone of our country and has always been 

India's most important economic sector. The need to provide food security to 

the ever-increasing population has necessitated the sustainable management 

of agriculture with advanced technology and a search for the potentials of 

such sustainable agricultural practices. As the land resources are of diverse 

nature and also limited in places, it is essential to assess them specifically for 

efficient management in order to avail optimal benefits. Man has been looking 

for suitable land and other endowed natural resources since the Bronze Age 

to practice agriculture till date, by assessing the possibilities through the 

analysis of physical elements in almost every region. Though the world is 

blessed with enormous resources, the utilization of these resources, however, 

depends upon the existing physical factors such as nature of the land and 

prevailing climatic factors. Therefore, assessment of determinant factors is a 

prerequisite for selection of appropriate sites for intensive agricultural 

activities as there are many significant factors that have been neglected after 

considerable investment of money and efforts.  

Similarly, the nature of present jhumming system is resulting to loss of 

soil nutrients and subsequent low productivity compelling to abandon the 

existing agricultural plot. Sometimes, extreme geographical conditions like 

highly undulating nature of the terrain may also disfavor agricultural 

development therefore, it is essential to assess the governing elements or 

factors to analyze the potentials of agricultural development in a particular 

region. In a large country like India, the problems of land use, land 

degradation and agricultural development in the context of developmental 

planning deserve to be considered and assessed at regular  intervals  on 

large scale and also at  micro-level.  It is necessary to have a detailed study at 

micro level for a clear-cut comprehension of any region for formulation of 

various developmental strategies. 

 Farming systems or agricultural practices in hilly regions can be 

carried out only at limited spatial scale due to the restrictions imposed by 

physical conditions especially, topographic elements which act as major 

agents for soil erosion, slope failure and mass wasting down slope.   
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Mizoram can be regarded as one of the backward areas in the country 

due to limitations imposed by the existing geographical conditions. It has 

remained a victim of food scarcity due to insufficiency of agricultural products 

where most of the domestic and basic essential commodities are imported 

from the neighbouring states and countries. The prevailing agricultural 

systems are subsistent, providing merely marginal needs of the rural farmers 

without a surplus for the urban population.  

Keeping in view of the existing physical conditions in Mizoram, an 

attempt has been made to explore the potentials of agricultural development 

by analyzing the governing physical factors such as climate, topography, 

slope, soils, water resources and existing land use pattern using the 

advanced techniques of remote sensing and geographical information 

systems for sustainable agricultural practices.  

The study area exhibits chronological as well as chorological variations 

in the amount of rainfall. Each and every part of the area, however, receives 

adequate amount of rainfall with moderate temperatures, owing to its location 

along the tract of the southwest Indian monsoon.  

The slope classes ranging from 0% to 35% gradients, with due 

assessment and consideration, have been regarded to provide potential sites 

for different land based activities. The remaining slope class, with a quarter of 

the total watershed area characterized by gradients above 35%, has been 

regarded unsuitable for land-based activities due to its physically induced 

severe soil erosion, inapplicability for farm mechanization and deficient 

moisture retention capacity. 

 The major geomorphic features identified in the area mostly belong to 

structural and fluvial landforms.  The area is tectonically active as evidenced 

by the presence of number of faults, fractures, lineaments and scarps. Most of 

the river courses are guided by the existing faults and fractures. Flood plains, 

palaeo-channels and valley fills are the prominent landforms of fluvial origin. 

The availability of water resources is the major setback in the area. An 

attempt has been made in this study to delineate surface as well as ground 

water potential zones. The groundwater potential of Teirei watershed has 

been classified into five major classes and based on its expected potential 

most of which exhibit favourable characteristics for harnessing groundwater. 
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Similarly, soil erosion is found to be one of the major obstacles towards 

the development of agriculture in Mizoram. An attempt has also been made to 

identify the soil erosion intensity zones to suggest various land use practices 

in the area. The entire study area is afflicted by the problems of soil erosion 

as a consequence of its fragile ecosystem. The total annual soil loss in the 

study area is estimated to be very high.  

The study area has been classified into six local soil units based on the 

different determinants of soil types. Considering their relevant properties in 

respect to plants’ growth, all the major soils found in the area are highly 

suitable for different types of land-based activities which could be proven from 

the diverse existing land use pattern.  

Agriculture, horticulture, livestock, aquaculture, commercial plantations, 

forestry and combination of these systems are some of the important existing 

farming systems in the area. It is essential to consider these existing land use 

patterns which show the adaptability and viability of particular types of 

agricultural practices by the farmers. Hence, the formulation of results has to 

consider the physical factors which could serve the potential areas for 

development of the prevailing agricultural system and more significantly the 

viable remedial and improvement measures for each distinct unit so as to 

carry out the most feasible and sustainable agricultural system which are at 

the disposal to the doors of the inhabitants. 

Based on the integration of the multi-thematic data through advanced 

techniques of remote sensing and geographical information systems various 

alternative land use practices such as intensive wet rice cultivation, 

agricultural plantations, horticulture and  aquaculture have been suggested. 
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1.0 Introduction 

Agriculture development has the highest priority in all countries, 

irrespective of their development. Infact, it is the backbone of our country and 

has always been India's most important economic sector. Throughout the 

world, it is the man’s most important prime activity and still remains as the 

only reliable source of food, fibre and other products (Sarma, 1993). The need 

to provide food security to the ever-increasing population has necessitated the 

sustainable management of agriculture with advanced technology and a 

search for the potentials of such sustainable agricultural practices. As the land 

resources are of diverse nature, it is essential to assess them specifically for 

efficient management in order to avail optimal benefits. 

Since the domestication of plants and animals, man has been looking 

for places having potentials of agricultural development as they provide food 

and other needs for his survival. In fact, primitive agriculture began in forested 

uplands (Sauer, 1952) but after gaining knowledge of land productivity and 

fertility during the Bronze Age, it had shifted to the river valleys due to 

potentials of good agricultural production. Since then, man has been looking 

for suitable land and other endowed natural resources  to practice agriculture 

till date, by assessing the  possibilities through the analysis of  physical 

elements in almost every region. 

The world is blessed with enormous resources, but the utilization of 

these resources, however, depends upon the existing physical factors such as 

nature of the land and prevailing climatic factors. It was, in fact, the 

constraints on irrigation and rapid rate of soil erosion that had compelled the 
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Neolithic people to shift their agricultural activities from uplands to the areas 

nearby river valleys and deltas along the coastal regions. Similarly,  the nature 

of present jhumming system which is  resulting  the loss of  soil nutrients   and 

subsequent low productivity with further consequence to abandon the existing 

agricultural plot. Sometimes, extreme geographical conditions may also 

disfavor agricultural development therefore, it is essential to assess the 

governing elements or factors to analyze the potentials of agricultural 

development in a particular region. Assessment of determinant factors is a 

prerequisite for selection of appropriate sites for intensive agricultural 

activities as there are many significant factors that have been neglected after 

considerable investment of money and efforts (Pillay et.al. 2005). 

Surveys reveal that, agriculture provides approximately one-third of the 

gross domestic production and employs roughly two-thirds of the                        

ever-increasing population (Sundaram, 2002). Since independence of the 

country, India has passed through several hard phases of agricultural 

development with its most spectacular Green Revolution for wheat production, 

White Revolution for milk and Blue Revolution for massive development in 

aquaculture. Agriculture provides the bulk of wage goods required by the non-

agricultural sector along with a variety of raw materials for various industries. 

Agriculture is indeed the primary source of the majority of human basic needs. 

Moreover, the direct share of export from agriculture and allied sectors is 

about 18%. Thus, assessment of agriculture potentiality has been the utmost 

important task in order to meet the increasing demands of the ever-increasing 

population. 
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In a large country like India, the problems of land use, land degradation 

and agricultural development in the context of developmental planning 

deserve to be considered and assessed at regular  intervals  on large scale 

and also at  micro-level.  It is necessary to have a detailed study at micro level 

for a clear-cut comprehension of any region for formulation of various 

developmental strategies. A small but the most feasible unit like watershed 

proves to be a convenient segment for a detailed study and evaluation of 

existing natural conditions as well as for implementation of appropriate 

programmes and policies. Most of the physical factors such as physiography, 

slope of the terrain, soil characteristics, land use, hydrological behavior and 

other relevant factors   responsible for obtaining most productive interaction 

between land and water resources to produce food, fodder, fuel and fibre are 

related to the nature of the drainage basin called watershed (Satapathy, 

1993). As the country is being characterized by diverse physico-climatic 

conditions with well endowed resources, many of these assets are being 

utilized and some are also kept unutilized. In order to exploit significantly or 

utilize the resources to the best possible extent, it is essential to assess its 

potentials on a regional scale and also at micro-level. Many of the macro and 

micro regions such as the Himalayas, the Thar, the North-East forests etc. are 

still at the initial stage of development due to lack of assessment of their 

potentiality for development. In regions where physical diversity prevails with 

deterministic influence, there is always a need for analysis of the physical 

factors to find out potentiality of any region in regard to agriculture and other 

development. Ignorance is mostly associated with economic poverty due to 

the absence of scientific evaluation or negligence of determinant factors of 
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sustainable development which mostly arise from the problems of physical 

environment. Sometimes, deficiency in equipments and tools for efficient 

investigation of such factors has been the obstacles for development in 

addition to the physical factors such as topography, slope, geomorphic 

elements, drainage, climatic conditions etc. The advanced techniques of 

remote sensing and geographical information systems can be employed to 

analyze the physical factors reasonably and also to quantify the available 

natural resources accurately particularly, in remote areas where  the data is 

often unreliable or non-existent which is essential for formulating various 

developmental strategies.    

It is therefore, necessary that various kinds of land resources are 

utilized according to their capability so as to maintain sustainable production 

with minimum degradation of environment. Use of land in such a manner by 

adopting scientific methods can be achieved through proper land use planning 

with due consideration of the physical environment and their limitations for 

controlling deterioration processes of natural resources. Land is the basic 

resource of human society but its availability being inelastic, it is necessary to 

look for suitable agricultural activities. It is true that nature does set a limit 

through its adverse geographical features but man and his activities could 

modify the physical conditions to nullify the geographic obstacles if proper 

scientific analysis were made on the determinant natural factors. A systematic 

research approach provides an important tool to identify the production 

constraints and prospects of farmers’ farming system. Agricultural potentiality 

can be best measured and estimated through analysis of these governing 

factors which could either serve as constraints or prospects. 
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Farming system or agricultural practices in hilly regions can be                

carried out only at limited spatial scale due to the restrictions imposed by 

physical conditions especially, topographic elements which act as the               

major constraints for farm mechanization and also the active agents for                 

soil erosion, slope failure and mass wasting downslope. Inadequate 

knowledge of the existing land resources and their potentials to support 

agriculture and the associated unscientific land use practices have                    

posed serious threats to the available resources further leading to 

environmental degradation. This fragile ecosystem of hill areas therefore, 

needs special attention of researchers and simultaneously scientific 

evaluation so as to find out suitable areas to carry out sustainable agricultural 

practices for each specific spatial unit. 

Mizoram can be regarded as one of the backward areas in the             

country due to limitations imposed by the existing geographical conditions.                

It has remained a victim of food scarcity due to insufficiency of agricultural 

products where most of the domestic and basic essential commodities                

are imported from the neighbouring states and countries. The prevailing 

agricultural systems are subsistent, providing merely marginal needs                        

of the rural farmers without a surplus for the urban population. The yield,                  

in the prevailing agricultural system, is very low, which is about 17.7                      

and 19.59 quintals per hectare for paddy and other crops respectively, 

although high and constant labour input is required (Pachuau, 2009).                  

This dominant subsistent farming has therefore resulted to low                   

economic conditions of the farmers who remain helpless to practice modern 

agriculture with requirement of comparatively higher input per unit area.  
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Awareness on the predominant subsistent and unsustainable land use 

practices in the state is widespread among planners, concerned bureaucrats 

and scientific community other than the farmers. This condition is one of the 

major obstacles towards agricultural development in the state of Mizoram 

because the farmers are not prepared to counteract the problems of land 

resources which have resulted to unproductive land use due to the 

unscientific farming system lacking conservative measures to degradation. 

Land resources are rapidly degraded due to deforestation and subsequent 

soil erosion making the field unsuitable for permanent cultivation. Farming 

practices are carried out at many places over steep slopes where irrigation, 

mechanization and transport facilities are absent in addition to extreme rates 

of soil erosion and subsequent loss of fertility due to lack of adoption of 

remedial measures. These factors have imposed problems of food security in 

this region. Evaluation of the physical factors which determine agricultural 

development such as land and water resources is therefore, one of the first 

steps to achieve self-sufficiency in food and allied agricultural products.  

The detrimental influence of soil erosion as the major causes of the 

cited negative outcomes of land use systems has never been given due 

importance and hence soil loss estimation does not gain priority towards 

sustainable development plan within the state. Hilly areas of the Himalayas, 

including Mizoram, have remained ‘victims of environmental degradation’ due 

to operation of chemistry amongst the negative aspects of the earth’s  

physical environmental spheres resulting to severe soil erosion which further 

poses obstacles towards land based activities and environment. The natural 

factors like topography and climate are conducive to accelerate soil erosion 
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(Solanki et.al. 1996). As a consequence of its ruggedness and the influence of 

monsoonal rainfall coupled with loss of forest cover, the fragile catchments 

are prone to low water retention and high soil loss associated with runoff 

(Rawat et.al. 1994) thereby reducing the available soil nutrients and moisture. 

In many cases, cultivations are done where soils are extremely susceptible to 

severe erosion. Such spatial unit could never provide a potential area for 

development of sustainable agriculture as erosion greatly affects the long-

term viability of land resources utilization. Estimation of soil erosion in terms of 

quantity and spatial distribution therefore provides a scientific knowledge 

towards the assessment of potential zones for sustainable agricultural 

practices. 

The assessment of agricultural potentiality in Mizoram, especially in the 

Teirei watershed of Mamit district is therefore, necessary to bring about 

development through the sustainable utilization of the rich natural resources 

available in the region. Bordering the states of Assam and Tripura and also 

the neighboring country Bangladesh, the district is likely to develop if the 

present commercial crops and allied agricultural practices are managed 

properly as per the limitations set by the physiographical factors. There have 

been certain serious negative consequences due to improper land use 

practices which resulted to serious environmental hazards like landslide, soil 

erosion and subsequent land degradation. Increasing agricultural lands in the 

hilly areas without having ample knowledge of their potentiality and 

inadequate soil conservation measures, lack of proper planning, exploitation 

of forest for quick returns, overgrazing etc. seems to be leading to soil erosion 

and other environmental problems.  
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The present study is an attempt to explore the potentials of            

agricultural development in Teirei watershed by analyzing the existing 

physical factors such as climate, topography, slope, soils, drainage,               

surface water resources and groundwater potential in order to                       

suggest potential zones for sustainable agricultural practices using the 

advanced techniques of remote sensing and geographical information      

system. 

1.1 Background of the Study Area 

  1.1.1 Location and Extent 

 The study area ‘Teirei watershed’ is located in the                        

north-western part of the state and lies, geographically, between                 

23⁰ 35’ - 24⁰ 12’ north latitudes and 92⁰ 22’ - 92⁰ 33’ east longitudes 

(Fig.1.1). The watershed stretches in north-south direction in an                         

area of about 680 km² which is about 22.5% of the total geographical                      

area of Mamit district with an areal extent of about 3026 Km².                     

The area covers parts of the Survey of India topographical sheets                   

viz. 83D/8, 83D/12, 84A/5, 84A/6 and 84A/9. The watershed                          

is sandwiched and located between the two prominent hill                  

ranges namely, the eastern Mamit and western Hachhek which                  

run parallel to each other to the entire length of the main course                  

of the river Teirei. The watershed is bounded on the north                             

by the state of Assam, on the west, southwest, south and east                     

by watersheds of Langkaih, Khawthlangtuipui, Mar and Tut of             

Mizoram  respectively.  
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Fig. 1.2   Satellite Image of Teirei watershed                                                                   

(IRS P6, LISS IV, FCC Geocoded of 2013)  
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Fig. 1.3   Relief Map of Teirei watershed. 
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1.1.2 Topography 

The study area is composed predominantly of mountainous 

terrain with a maximum elevation of 1261 metres above mean                      

sea level at the eastern part of the watershed and the lowest                              

of 24 metres at the northern-most part of the watershed near                         

its confluence with the river Tlawng. The hill ranges in the                              

area are aligned in parallel sets mostly oriented in north–south 

direction and inclined towards north (Fig. 1.3). The hill ranges are 

separated by narrow and deep valleys in its geographical set-up.                  

As the area is tectonically active, the rivers which flow in this                        

area are controlled by faults and fractures to a considerable extent,                

as a result, a majority of the river systems in the area follow               

the existing structural valleys. 

 1.1.3 Climate 

The area experiences humid tropical climate owing to its 

tropical-monsoon location and exhibits precipitous characteristics with 

sufficient solar radiation (Table 4.1). The entire study area falls in the 

humid mild tropical agro-climatic zone (Fig. 3.4) which is characterized 

by torrential rainy season with water surplus and luxuriant vegetative 

growth. Taking into account of the existing local climatic conditions 

experienced at different locations, the maximum temperatures are 

recorded in the low-lying areas mostly along the river valleys especially 

in the middle reaches of the watershed and the minimum temperatures 

along the main ridge of the Mamit hill range especially, in and around 
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the  village North Sabual which is located at the eastern part of the 

watershed. The climatic parameters have been analyzed taking the 

climatic data of 27 years (1986-2012). The south-eastern part of the 

watershed receives more rainfall about 2950mm where as rest of the 

watershed receives about 2700mm. There are still micro-climatic 

variations particularly in rainfall distribution within the watershed as 

shown in figure 4.3. The average annual humidity in the study area is 

about 76% and annual average mean temperature is 22.3⁰C. The 

major amount of rainfall in the watershed  is caused by the south-west 

monsoon during April-September. The study area being located 

between the two main ridges, the westward facing slope of the Mamit 

ridge with highest elevation of 1261 metres receives more precipitation 

than the lee-ward   side of Hachhek ridge with lower elevation of about 

345 metres. 

 

1.1.4 Drainage 

The river Teirei has originated near Saithah village at an 

elevation of about 1080 metres above mean sea level. The main river 

‘Teirei’ runs over a length of about 105 km which flows towards north in 

the study area, finally, flows in northeast direction and joins the river 

Tlawng near Bairabi village in Mizoram. Sakei Lui, Hmawngzui                     

Lui, Ramri Lui, Lotha Lui, Kawrthah Lui, Aisih Lui, Darlak Lui,                

Meidum Lui, Sengmatawk Lui, Saisih Lui, Kawrnu Lui, Setlak Lui, 

Hawrhpup Lui, Bawngva Lui, Suangkuang Lui, Lenkhang Lui and                    



- 14 - 
 

Chi Lui are the prominent tributaries to the river Teirei (Fig. 4.12). The               

total length of all streams in the watershed is computed to be                  

about 2797 km. The main course of the river Teirei has been ranked     

as 6th order according to Strahler’s (1964) scheme of stream ranking.                

Like other parts of Mizoram, the majority of stream courses along with 

the main course of the river Teirei are controlled by major faults and 

fractures to the maximum extent due to the on-going tectonic activity in 

the watershed. 

 

 1.1.5 Lithology 

Geologically, the area belongs to the Surma group of                     

rocks consisting of sandstones, siltstones and shales of Tertiary                 

age (Fig. 4.14), thrown into long folds (Ganju, 1975). It is the                

southern extension of the Purvanchal Himalayas, formed by the 

accumulated sediments of the then existing Tethys Sea, under 

compressional forces of tectonic movement of the Indian plate.               

A major part of the study area is covered by sandstone (Fig. 4.14).     

Siltstone is seen as two long and linear patches stretching                          

from northern part of the watershed to southwestern part and also                 

in the southeastern part of the watershed.  Siltstone is found strewn              

in the entire area as small patches and seen extensively in the                

flood plain of Teirei river in the northeastern part and also in the  

central and southern parts of the watershed where palaeo-channels 

exist.  
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1.1.6 Soils 

The prominent soil types found in the area are mostly                 

Entisols, Inceptisols and Ultisols which are unevenly distributed.                 

The combined taxonomical soils of Entisols and Inceptisols, locally 

named as, Typic Udorthents and Fluventic Umbric Dystrochrepts 

covering  about 22% of the watershed area are found in the                    

regions adjoining the main river course and major tributaries.                      

The combination of Umbric Dystrochrepts and Humic Hapludults                    

of Inceptisols and Ultisols respectively, constitutes the most dominant 

soil group which covers more than half of the watershed                           

area. Along the main ridges and their adjacent side slopes,                  

between 500 – 1000 metres of elevation on moderately sloping                        

to very steep slopes, Humic Hapludults and Typic Dystrochrepts 

combined to form pedo-geographic regions accounting for almost                  

one-fourth of the study area. Other soil groups include Typic 

Udorthents and Fluventic Dystrochrepts of the combined Entisols                 

and Inceptisols covering over 3.6% of the area. The remaining                   

areas are covered by Hapludults with Typic and Aquic               

characteristics and the Dystrochrepts with Umbric and Fluventic-

Umbric sub-types. 

1.1.7  Vegetation 

The area, being dominated by moderately elevated hills with 

warm-humid temperature and precipitous climatic condition, supports 

tropical wet-evergreen and tropical semi-evergreen forest types with 
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numerous species of trees and bamboos. The southwestern part of the 

area is characterized by tropical wet evergreen and the rest by tropical 

semi-evergreen forest types with a variety of plant species.  The total 

area under forest is estimated to be about 570 Km² which accounts for 

almost 84% of the entire watershed. As the area is receiving high 

amount of rainfall it is exhibiting luxuriant growth of vegetation with tall 

boles and herbaceous undergrowth.  Epiphytes and parasites along 

with tree ferns, palms, aroides, orchids, bryophytes and lichens are 

found in the study area. Lianas, sedges and grasses are seen along 

the banks of rivers and streams as in other parts of Mizoram (NERLP, 

2012). The prominent plant species found in the area are Artocarpus 

chama, Schima wallichi, Erythrina stricta, Ulmus lancifolia, Ostodes 

paniculata, Michelia oblongia, Sapium baccatum, Bombax insigne, 

Albizzia chinesis, Helicia robusta, , Smilax gabra, Entada pursaetha, 

Cordia dichotoma, Cayratia obovata, Maesa Montana, Leea 

compactiflora, Morus macroura, Premna coriasea, Quercus lineate, 

Kydia calycina, Styrax polysperma, Bombax ceiba, Ficus semicordata, 

Kadsura heteroclite, Garcinia sopsopia, Bauhinia vaerigata, Helicia 

excelsa, Sterculia villosa,Schima wallichii, Symplocos racemosa, 

Prunus nepalensis, Acacia pennata, Vitex pendicularis, Alphonsea 

ventricosa, Mesua ferrae, Tetrameles nudiflora etc.  

1.1.8 Socio-Economic Condition 

The watershed accommodates 34 settlement areas such as 

hamlets, villages and towns with a total population of about 33,000 

persons accounting for slightly more than 50% of the total district 
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population. Most of the settlements are well-connected by road network 

such as national highway, state highway, district roads and                  

village roads with a total length of about 268 kilometres (Table 4.4 & 

Fig. 4.10). 

There are about 6,900 households out of which about 73% are 

estimated to belong solely or partially to Jhummias or shifting 

cultivation for livelihood. The other agricultural practices or land-based 

activities include cultivation of paddy, vegetables and animal 

husbandry. The major horticultural crops and commercial plantations 

grown in the area  are   orange, banana, pineapple, arecanut, rubber, 

oil-palm, timber-forestry etc.  Aquaculture is also practiced at certain 

sites particularly, in the central, northern and northeastern parts of the 

watershed. 

It is estimated that about 5% of the study area has been used 

every year for shifting cultivation allotted generally from the villagers’ 

owned community lands. The figure, after implementation of the New 

Land Use Policy, has recently come down to about 3.5%. The 

community lands allocated for shifting cultivation account for almost 

40% (272 km2.) of the watershed area. This type of traditional system 

of cultivation, still practiced popularly in the area is, economically and 

ecologically, the most unsustainable system of cultivation leading to 

destruction of valuable dense natural forest through the processes of 

slashing, burning and abandoning the cultivated lands. 

The extensive utilization and practice of this primitive agricultural 

system and the rapid uncontrolled increase in population in this area 
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are leading to tremendous pressure and degradation of the available 

natural resources. The area has a population density of 49 persons per 

km2 which is very high for areas with mountainous terrain where arable 

land is limited. The carrying capacity of the existing permanent 

agricultural land within the study area is estimated to be 1320 persons 

per km2 as against the figure of 1130 of the district as a whole                 

(NLUP Survey, 2011). 

1.2 Scope and Limitations 

The achievement of a stage from generalization to specification 

remains a vital interest in geographic studies which requires the     

investigations to be oriented to micro areal units. The scope and boundary                     

in the present context has been confined to the most viable smallest 

geographic and planning unit which is the watershed. Any watershed,                  

being characterized by particular geographic features could mean,                           

to some extent, that the findings, achievements and remedial measures 

adopted in the present study could not be wholly applicable to                               

other watersheds. 

 The issues and tasks of the present study on the venture to                         

plan agricultural development in the watershed of river Teirei                     

concentrate themselves more on the physical aspects and partially                 

neglect the socio-economic aspects required for developmental planning.         

The study has, however, considered and included within its scope,                        

the existing land use pattern and production of different agricultural                     

crops under different land use systems and the socio-economic problems                
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of the inhabitants in such a way that the suggested remedial measures                  

suit and embrace the local farmers and also the State planners as a whole. 

 Knowing that geographic determinism is more where primitive 

agricultural systems and low economic conditions prevail, the present                

study assessed the natural resources that favour sustainable land use                   

and those acting as barriers to development using the advanced                

techniques of remote sensing and geographical information systems. 

Considering the basic amenities, this study has its link to the                 

topographical features like slope, soil types, existing land use systems, 

climatic conditions, water availability and soil erosion with a plan for 

agricultural  development  of  the  subsistent  farmers  in  the  area. 

 Certain restrictions were imposed by natural and anthropogenic  

factors such as the nature of terrain, the dense tropical forest,                       

inefficient transport services, minor insurgency and unavailability of                         

local records of the required data. The highly undulating hilly terrain                       

with high rising ridges and valleys with varying  side features  and complex 

slopes imposed complications towards the construction of well-connected 

road network in the area, which in turn hampered the free flow for local 

studies of all the places. Inaccessibility due to dense forest canopy in the area 

also acted as an obstacle for spot verification of different land use practices. 

In addition to the natural causes, the minor insurgency group of the Bru 

people had changed the pre-existing peaceful atmosphere to move in and                  

around the study area. These problems and limitations had, to some                  

extent, narrowed down the scope of the study, thereby bringing minor 

difficulties to carry out the present study.  
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1.3 Relevance of the Study 

Hilly regions are, in general, characterized by diverse negative   

physical settings that many spatial units appear to be unsuitable                            

for utilization. This is true but there also exist certain areas which could                  

well support particular agricultural system. However, spatial analysis                         

of each and every unit has to be performed taking into account the                     

major physical factors that determine agricultural development. Hence, 

evaluation of physical factors which favour agriculture has turned out                         

to be the primary objective of the present study.  

The hilly tribal regions have witnessed tremendous changes in the land 

use/ land cover especially in agricultural land use as a result of population 

pressure and rapid rate of degradation to cultivated lands. The changes in the 

agricultural land use could be in the state of negative as well as positive. 

Therefore, an attempt has been made to comprehend whether the land use 

change follows the traditional subsistent agricultural system or the improved 

and more sustainable agricultural practices. 

High rate of soil erosion has been regarded as the prevalent                  

factor that contributes to land degradation particularly the major driving force 

of compulsion to shift agricultural lands viz. jhumming. Being such a 

detrimental action, quantification of soil erosion has come up to be one                     

of the objectives so that specific conservation measures are adopted for               

each particular spatial unit. 

Shifting cultivation has gained traditional status and immense 

importance in the tribal community. The system is well-adapted to the               

tribal culture that merely political measures to do away with the same                  
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have proven their ineffectiveness. There has arisen a need to find                          

out remedial and improvement measures to menace the negative impact                

of jhumming and more importantly alternative land use system which could 

well suit the tribal culture, economically viable, socially acceptable and 

environmentally sustainable.  

 

1.4 Objectives 

 The hypothesis during the initial stages of this study was the 

deterministic role of slope elements as the major driving forces of               

different existing land use pattern and further land degradation. Keeping these 

factors in view, the present study is aimed at achieving the following 

objectives. 

1. To evaluate the potentials for agricultural development in the area. 

2. To find out temporal changes in the agricultural land use pattern. 

3. To quantify soil erosion and prioritize soil conservation units with 

reference to agricultural development. 

4. To suggest remedial measures and alternative land use farming 

systems. 

 

1.5 Organization of the Work 

 The entire research work has been organized into seven chapters 

followed by list of references cited in the work and appendices. 

The introductory chapter puts forth the general introduction and 

background of the study area, scope and limitations, relevance of the study, 

objectives and organization of chapters of the present research work.  
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The second chapter presents relevant literature which has been 

reviewed for guidance and inculcation of ideas for successful completion of 

the present research work. The reviewed literature has been systematically 

classified and arranged under three divisions as international, national and 

regional.  

Chapter three has attempted to show various databases of spatial 

information and methodologies adopted for generating different thematic 

maps of physical features of the study area which have been integrated to 

show the thematic layer depicting areas having potentials for different        

land-based activities.  

The fourth chapter deals with the evaluation and a detailed description 

of different physical factors determining agriculture development, suitability of 

different spatial features and their spatial extent. 

Chapter five presents a separate methodology for soil loss estimation, 

evaluation of soil erosion and description of soil loss distribution along with the 

associated determinant factors of soil erosion for each distinct spatial unit.  

The sixth chapter reports the results and discussion of the research 

work, i.e. the different areas which are having potentials for development of 

various agricultural practices and also the areas not suitable for agriculture 

due to legislation reservation and predicted long term unsustainability.  

The last chapter contains recommendations for improvement, 

conservation of natural resources and sustainable agricultural practices with 

conclusion at the end. 
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2.0 Introduction 

Quite a good number of studies have been carried out globally on 

various aspects of agriculture development, land use planning, soil loss 

estimation and conservation using the most sophisticated tools and 

techniques including remote sensing and geographic information system. 

These studies have provided impetus for the evaluation of physical factors 

determining the potentials for agriculture development. Classification of the 

review of literature is made for better comprehension based on spatio-political 

organization and their abstract boundaries which include internationally 

published literature, nationally valued records and regionally recommended 

publications which are useful to carry out the present study effectively. 

 

2.1 International 

Queen et.al. (2003) have made an attempt to relate the frequency of 

slumping to watershed characteristics that potentially have the greatest effect 

on soil mass wasting on Nemadji River Watershed of Minnesota using the 

sophisticated GIS  software  tools and techniques. GIS analysis of watershed 

variables, affecting mass wasting, such as land use and forest cover, stream 

channel gradient and length, degree of slope, total length of roads and 

watershed area were carried out. The study showed that the occurrence of 

soil mass wasting, most likely, was an expression of the cumulative effects of 

land use activities that have taken place over the past century. The removal of 

white pine forests at the turn of the century, the accompanying expansion of 

agricultural development, road construction and the conversion from white 
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pine to aspen-dominated forests all affected processes that would be 

expected to reduce slope and channel stability. 

Inoue et. al. (2009) have carried out a study  in the mountainous region 

of northern Laos on land use and carbon stock, by application of  GIS and 

remote sensing techniques.  They have stated that, land use is increasing 

drastically due to the combined effect of increasing population pressure and 

governmental regulation on land use. Land use is strongly related to the 

ecosystem carbon stock as well as to food security and sustainability of forest 

resources. The area of slash-and-burn land-use has been increasing 

consistently to date with the annual rate of 3–5% in the past decade. In 

average, 77% was abandoned after a single year cropping and the area with 

fallow periods shorter than 4 years was approximately 64%. The ecosystem 

carbon stock was assessed based on synthesis of the land use and ground-

based measurements of carbon in the soil and fallow vegetations. Results 

suggested that the ecosystem carbon stock would continue decreasing under 

the present land-use condition with short fallow cycle. It was also suggested 

that the carbon sink capacity of ecosystem would be recovered or enhanced 

by alternative land-use/ecosystem management practices that would allow 

longer fallow periods. 

Alba et.al. (2012) have attempted the detection of land cover change in 

Brazil through classification of satellite imagery using GIS. During their 

assessment on the reliability of GIS and remote sensing techniques, it was 

confirmed that errors associated to classification methods are mainly due to 

the spectral signatures, by undefined classes or occurrence of pixels of 

transition and the errors derived from digitization were insignificant. 
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Atmospheric conditions and the regional topography also influence the 

process of classification. Land cover has changed in a dynamic way, 

sometimes with significant transformation rates of one class to another. It was 

concluded that truth of field proved to be an optimal method for improvement 

of results, but the cost of process, in time, financial and human resources is 

incremented. They have further given that classification of remote sensing 

images appear as useful tool in terms of land use at  local or  regional scale. 

Pimental and Kounang (1998) have made an attempt to establish the 

diverse affect of soil erosion in different ecosystems based on soil erosion 

ranks and inferred that the most serious environmental problems in the world 

have occurred because of its negative influence in all the natural and human-

managed ecosystems. It was estimated that the world‟s average soil loss of 

13 to 40 ton haˉ¹ yrˉ¹ is 13 to 40 times faster than the rate of renewal and 

sustainability. The study has showed that soil erosion degrades soil quality by 

loss of water content, soil organic matter, nutrients, biota and soil thickness in 

various natural, agricultural and forest ecosystems, thereby reducing the 

productivity of the land, thus a greatest threat to food security for the ever-

increasing population at alarming rate. The computed soil loss reveals that 

one millimeter of soil, easily lost in one rainstorm is seemingly so minute that 

it goes unnoticed but this loss of soil over a hectare amounts to 15 tons yrˉ¹. 

Studies on soil conservation and sustainable agriculture on the Loess 

Plateau of China, carried out by Guobin (1998) have revealed that the region 

with its deep and loose loess and severe erosion constitutes, from a global 

point of view, as a special region. The annual average soil loss in the area 

was estimated to be 3720 tons/km² which needs special conservative 
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measures for being the country‟s highest resources region. The 

characteristics of the loess, slope features and precipitation as well as 

vegetative cover are the physical factors affecting soil loss. In addition, human 

induced factors are found to be major determinants for the extreme rate of 

erosion in this region. This large amount of soil loss has become a major 

threat to sustainable agriculture development because implementation of soil 

conservation is limited by factors of low farmers‟ income, low productivity and 

low standard of living which are the observed consequences of soil erosion. 

Analysis of spatial structure of landscape elements, in Sardina, Greece 

using GIS has been prioritized by Vigiatzakis et.al. (2004) for determining 

biodiversity and sustainable development. They stressed that GIS has 

facilitated the development of detailed environmental resource inventory for 

landscape character assessment and mapping. Divisions of different 

homogeneous segments was made based on physiographic characteristics 

such as contours and geological data, and then sub-delineation of units were 

made for soils and anthropogenic land use systems. It was given that GIS 

provides significantly increased opportunities for space and time analysis 

whose products are, further, easy means of comprehension for non-expert 

audiences where the participation of public in the environmental decision 

making process is desirable and necessary. 

Rosli et.al. (2008) have examined the morphologic characteristics of 

Pahang basin in  Malaysia using digital elevation model (DEM) generated 

using GIS software and land use/ land cover maps of decadal interval. The 

studies performed within the undulating topography revealed that the human-
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induced changes on physical characteristics and land use might trigger floods 

and other negative consequences in the low lands with significant magnitude. 

The United Nations Food and Agriculture Organization (FAO), 1999, 

through consultation of their experts presented the scenario of tropical soils 

and their impact on agricultural productivity and food security. Their studies 

focused mainly on soil degradation by water erosion and considered fluvial 

actions as the major cause of degraded agriculture, pasture and forest land 

world-wide (Oldeman, et.al, 1990). The process of soil degradation is crucial 

to address the whole problem of erosion-induced loss in soil productivity. It is 

revealed that yield decline with erosion follows a curvilinear, negatively 

exponential form which represents a sharp initial decline from a status of high 

productivity, followed by successive stages of decreasing impact. The general 

conclusions drawn from their studies are that in humid tropical areas, it is 

possible to use simple soil loss-productivity model and that all tropical soils 

are sensitive to losses in organic carbon and that soil chemical properties are 

more influenced by erosion than soil physical properties. The studies also 

suggested that conservation measures should always go to the pre-eroded 

soil whereas applications of such measures are not much effective and 

feasible to the already eroded soils of the world‟s tropical regions. 

Miyazaki (2006) has studied the flow of water in soils and the soils 

moisture condition along the slopes. Taking into account the different slope 

elements or general classification of slope into top, shoulder, mid-slope, foot 

and bottom, the moisture conditions at the top and shoulder are generally 

drier whereas the foot and bottom are characterized by high moisture content. 

However, even a small topographical alteration through cutting or banking of 
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soil influences the moisture condition of the slope. Temperature gradient of 

soil is another driving force for the movement of both liquid water and water 

vapor that a daily change in the temperature profile influence water movement 

in the soil. There is an evident temporal increase in volumetric water content 

in the surface soil at midnight but disappears with sunrise. This type of 

temporal moisture increase in the surface zone provides preferable condition 

for plants growth. 

Assessment of groundwater availability and mapping of hydro-geologic 

unit is one of the pre-requisite works for spatial land use planning and 

appraisal of potentials for agricultural development. Such works, however, 

involve the analysis of other parameters that determine groundwater. 

Geomorphic forms being the determinant factors of groundwater flow and 

availability Poole et.al. (2006) made an analysis of geomorphic conditions in 

the basin of river Flathead draining the mountain of Glacier National Park, 

USA. The study highlighted the significance of applied hydro-geologic 

computer model underscored the importance of geomorphic controls on 

groundwater and surface water flow dynamics in regard to flow direction, 

magnitude and stability of hyporheic flow within individual patches. The 

strongest interactions between hydrology and geomorphology in a river 

network exist at spatial scales where the highest levels of geomorphic 

diversity are expressed. Simplification or alteration of geomorphic structures 

such as straightening river course, filling overflow channels for agriculture etc. 

at a given scale can influence hydrologic dynamics greatly that it may yield 

unexpected changes in the hydrologic flow network both locally and 

throughout the area with subsequent consequences for ecosystem processes. 
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Blanco and Lal (2008) have carried out a study on soil resilience and 

its importance towards conservation of soil degradation which has direct 

impact on the growth of plants and crops for agricultural development. Soils 

are prone to degradation processes, yet most soils have the inherent capacity 

to resist exogenous and endogenous perturbations and regain and recover 

depending on the severity and duration of degradation processes and the 

intensity of restorative mechanisms. This resilient power or the capacity to 

recover, however, proved sometimes ineffective as many soil types are 

degraded at rapid rate which exceeds the recovery rate hence necessitates 

certain supports or management practices. The key to improve resilience of 

soil is the adoption of practices that increase the input of soil organic matter. 

Soil organic matter improves the soil pore structure, increase water infiltration, 

and reduces soil compaction and runoff and soil erosion. Thus the works on 

strengthening soil resilience power are essential suggestive measures for 

attainment of agricultural development. 

A general description of facts about food security, soil erosion and 

conservation in tropical regions was made by Cook (1988) which stated that 

the tropics constitute the world‟s major battle-ground between efforts to attain 

food security and to preserve fragile ecosystems. The tropical regions having 

large areas of steep lands, the potential and actual misuses of these lands 

have caused worldwide concern about widespread deforestation, erosion and 

silting of reservoir downstream. Calculations indicate annual soil loss of 500 

ton haˉ¹ or more which appears to be a major threat towards future potentials 

for agricultural development to provide food security to this populous region. 

Besides, there are certain constraints towards agricultural development in the 
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tropics which include lack of a sufficiently detailed land resource database, 

lack of adequately trained specialists and lack of well-coordinated technology 

transfer networks. Suggestions therefore made for agriculture development 

should include conservation of soil erosion and acquisition of relevant 

database and technology along with skilled specialists to deal with each 

specific problem. 

Hurni (1988) has contributed valuable suggestions of the nature and 

practices of subsistence agriculture and also provided options for 

conservation of land resources in such agricultural system. The study has 

revealed that subsistence farming incorporates constraints in which 

determinant  factors for high productivity are diverted to other purposes which 

make the farming system more subsistent. Examples were cited including the 

use of crop residues which are subjected to increase humus content but are 

used for feeding domestic animals. Similarly, animal dung which is likely to be 

used as fertilizers is burned due to shortage of firewood and its excellent 

heating qualities. A practical knowledge on the constraints of constructing 

terraces over steep slopes was also cited which is attributed to the high labour 

input requirements unaffordable by subsistent farmers. Therefore, farmers of 

each specific region should be given several options which are socio-

economically viable and affordable to them depending upon the available 

resources. 

Most research works on soil erosion and its control have been carried 

out on flat or rolling lands with a maximum slope of about 20 percent. Slopes 

exceeding this figure have been neglected because they have been 

traditionally considered marginal for farmers (Lal, 1988). He further expressed 
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his ideas that the steep lands exceeding 20% are also suitable for cultivation 

provided measures are taken up to support the marginal lands. Such 

measures should include quantification of soil erosion of each specific spatial 

unit for implementation of appropriate land use system and assessment of 

slopes, rainfall and land capability for allocation of specific management 

support practices. 

Masters and Wiebe (2000) have made an attempt to find out the extent 

in which input use and output levels can be attributed to climatic differences 

among other factors.  Introducing a new measure of climate, i.e. the 

prevalence of seasonal frost which they hypothesized an important 

complement to key inputs, they proved that low temperature is strongly 

associated with more investment in farm inputs and greater agricultural 

production which provides an evidence that fertilizer use is higher where there 

is low temperature and relatively higher elevated land. 

Agricultural activities are very sensitive to climate and weather 

conditions that agricultural decision maker can be either at the mercy of these 

natural factors or try to benefit from them (Finnish Meteorological Institute, 

2006). According to the writers, hailing from the Finnish Meteorological 

Institute, moisture presence are pre-requisite conditions for crops that rainfall, 

being the major source of moisture content, has to be analyzed for agricultural 

studies. It has also presented specific climate-related information required for 

consideration while making analysis of agriculture and its allied activities, and 

such information should include selection of land use and management 

practices, crops and irrigations which could suit the climatic conditions. 
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A study was made by Aydinalp and Cresser (2008) on the effects of 

climate upon agriculture to show changes in crop and livestock yield as well 

as the economic consequences of dynamic climatic conditions. The main 

findings of the study is concerning the role of human adaptations in 

responding to climate change, possible regional impacts to agricultural 

systems and potential changes in patterns of food production and prices. 

Climatic dynamics are expected to change hydrologic balances and input 

supplies in agricultural systems through their parameters such as 

temperature, precipitation, soil moisture and sea level. The study has 

revealed that these climatic effects are greater in the tropical regions because 

dynamics of climatic parameters often caused infestation of the tropics, more 

easily, by pest and diseases. 

Lillison (2009) work of the UN Framework Convention on Climate 

Change, Copenhagen has revealed  that agriculture produces the food we all 

need and affects land, water and energy use and production that relationship 

assessment of climate and agriculture is absolutely necessary. It was stated 

that climate mitigation and adaptation efforts must compliment the production 

of food security, and climate policy must adopt an integrated approach 

supporting sustainable agriculture because climate plays an important role 

towards agricultural development especially for subsistence farming 

communities as alternation of climatic conditions have significant impact on 

the potential for reducing hunger or agricultural development. 

O‟Keefe (1983) presented in his paper a brief summary of his interview 

with the farmers which disclosed that large funds are not necessary for 

successful implementation of soil conservation measures but simply getting 
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started from the grass-root level. The interviewed farmers of Kenya who 

successfully over-come soil degradation added that terrace constructions are 

capital intensive and ecologically unhealthy and economically not viable to the 

marginal farmers and that the cheapest, most simple and eco-friendly 

affordable practice is to leave an unploughed strip across the hill slopes. The 

paper stated that rural agricultural programmes or planning must consider 

what the farmers think, want and understand and that policies and 

programmes should not be drawn up at office tables above the heads of the 

farmers. 

 Olorunfemi (1983) opined that monitoring changes and time series 

analysis is quite difficult with traditional method of surveying. Further, he 

stated that the techniques of satellite remote sensing have proved to be of 

immense help for preparing accurate land use and  land cover maps and 

monitoring changes at regular intervals of time. The technique is perhaps the 

only method of obtaining the required data on a cost and time – effective 

basis in highly inaccessible areas. 

Gray (2005) performed intensive investigations of micro-regions of rural 

Burkina Faso areas to find out the effects of wealth status on agricultural 

practices and soil fertility and suggested economic and environmental friendly 

measures to promote equitable agricultural development to bridge the gap 

between the rich and the poor through agriculture. His major objectives being 

the search for appropriate planning actions to achieve sustainable 

development, the paper, through the findings showed that the wealthier 

farmers farm much larger areas but have fewer trees in their fields and their 

lands exposed lower fertility than the poorer farmers, that sustainable 
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development could be achieved through policies to make the wealthy farmers 

aware of their degrading lands and the poorer farmers avail financial support 

for higher farm input.  

Evaluation of potentials for agricultural development and planning 

involves assessment of suitability of physical resources such as land, water 

and climate etc. for different kinds of appropriate land use for conservation of 

resources or sustainable development that care has to be taken towards the 

impact of suggested changes on the land use types. Recous et.al. (2010) 

have analyzed the impact of land use changes on soil properties. Their study 

has revealed that the tillage of soils untilled for 14 years or the ploughing of 

the 5-years old grasslands were major disturbances for the soil which led to a 

very fast evolution of soil organic matter pools, nitrogen fluxes and microbial 

activities towards the characteristics observed for tilled and arable situations. 

Conversely, the shifts from till to no-till, and the establishment of grassland on 

soil previously cropped with annual species did not change significantly their 

soil characteristics at the time scale of the study. 

Hartemink (2010) has presented findings on the effects of land use 

change on soil fertility in the tropics. He opined that land use change mostly 

focused on deforestation, croplands expansion, urbanization, pasture 

expansion and agricultural intensification which influence the fertility of soil 

either negatively or positively. Many of the soils have been improved since 

people started cultivation whereas many have also been degraded mostly due 

to the input and the nature of land use changes occurred. Soil utilization or the 

changes in the land use should therefore be made considering the pre-

existing land use type and the extent of degradation they could have caused.  
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The quality of land can markedly affect the level of agricultural 

productivity during the early stages of economic development of any region. 

Given the dominance of the agricultural sector in the economic structure of 

developing countries, the factors such as the physical attributes of land  such 

as topography and fertility, the land tenure system, the ratio of labour to land 

and the extent of natural resource endowments are likely to exert a major 

influence on the speed of development, as determinants of the pace of 

agricultural advance and the pace of industrialization based on a healthy 

agricultural sector or the exploitation of indigenous resources, (Thirlwall, 

2004). According to him, the geographical factors such as the nature of the 

land, and God-given factors like weather, must be included in any list drawn 

up to answer the question “Why have some countries developed earlier than 

others, and why have some countries remained in a traditional or transitional 

state longer than others?” He further stressed the importance of agriculture as 

a complimentary of industrial growth as well as a source of saving and capital 

accumulation. 

Hua (2006) conducted studies on land use and its impact on soil 

nutrients availability. He classified the different agricultural land use of 

Yanging basin of Beijing into 5 types and estimated the abundance of soil 

organic carbon, nitrogen and phosphorus in each of the land use category. He 

found that soil nutrient concentration is higher in the upper layers of each soil 

samples collected. Organic content is highest under orchard lands whereas 

nitrogen and phosphorous are highest under vegetable lands within 0-10 cm 

depth of the soil layer. The concentrations of all the 3 nutrients, as a whole, 

are highest under vegetable lands within the depth of 10-25 cm. There were, 
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however, no significant differences in soil nutrients concentration among the 4 

land use types beyond the depth of 40cm. 

Sieberth et.al. (2010) have reported that irrigation is most important in 

water use sector accounting for 70% of the global freshwater and 90% of 

consumptive water uses, and that groundwater use in irrigation is still 

increasing both in absolute terms and in percentage of total irrigation, leading 

in places to concentration of users exploiting groundwater storage at rates 

above groundwater recharge. They also stated that the aquifers that host 

groundwater offers reliability and flexibility in access to water that irrigation 

canals can hardly match which are further coupled by less vulnerability of 

groundwater to pollution than the surface water. According to them, aquifer 

recharge is mainly influenced by hydro-meteorological factors such as 

intensity, duration and volume of precipitation and the ambient atmospheric 

conditions. 

Zeleke and Hurni (2001) have studied land use and land cover 

changes and their implications for mountain resource degradation. They 

suggested that analysis of land use change should involve the questions such 

as the extent and degree, the consequences of the changes, the future trends 

of changes and the overall implications of such changes at the micro and 

macro level. Their analysis on the spatio-temporal changes in the land use 

presented that vegetation cover has completely declined, the rate of loss  

became higher and that soil productivity is dwindling. 

Anders  et.al. (2006) have stated that spatial variability in precipitation 

has received little attention inspite the large spatial differences in the 

precipitation pattern which are strongly controlled by topography. They 
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attempted the estimations of precipitation rates from tropical rainfall using 

satellite radar to show rainfall gradients across the Himalayan ranges. The 

model of orographic precipitation predicts a positive relationship between 

precipitation and two topographic derived factors: the saturated vapour 

pressure at the surface and this pressure times the slope. The model 

indicated that rainfall spatial pattern is strongly related to topography and 

therefore must co-evolve with the topography. The decrease in temperature 

and saturation vapour pressure with height in the atmosphere and the direct 

forcing of air up slopes, especially at low elevations, are key controls on 

precipitation in the Himalayan at scales greater than 10 km. 

Similar study was conducted by Suzuki et.al. (2004) to explain the 

mechanism of topography effects on rainfall distribution with regard to the 

spatial scale of mountain slopes and some topographic factors such as 

elevation, inclination and direction of mountain slopes. The study was made 

for hydrological application and water resources management for agriculture 

etc. in mountainous regions and concluded that rainfall had a tendency to 

differ noticeably between the eastern and western side of the mountain which 

are the windward and leeward sides respectively. 

Barrow (1994) pointed out that land degradation is a reduction in rank 

or status of the land. Land is degraded when it suffers from the loss of intrinsic 

qualities and capabilities. Negative changes in soil and land need to be 

accurately monitored and their long-term effects and ecological risk should be 

estimated and thereby check the decreasing agriculture potentials. 

Shi (2002) has made an assessment of Erosion Risk with Universal 

Soil Loss Equation(USLE)  and the advanced techniques of geographical 
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information system in Hanjiang river area using soil data, land use inventory, 

digital elevation data, and climatic atlases to generate USLE factor values. 

Maps of USLE factor were integrated with IDRISI Software to generate a 

composite map of erosion intensity. It was found that the extreme erosion 

areas are mainly slope-lands and down-lands in the middle reaches of the 

river and hence appropriate soil and water conservation practice to control the 

volume of soil loss was needed in the prescribed area.  

Hall et.al. (2004) assessed the use of remote sensing and GIS in 

Argentina to provide a proof of concept that remote sensing data, especially 

synthetic aperture radar and ground-based GIS data can be successfully 

integrated for planning purposes. The results suggest that the approach used 

is reasonable and that with future refinement, it offers planners and decision 

makers a timely and cost effective means to locate and monitor changes in 

the landscape or land cover. 

The works of Hajime (2004), on “Analysis of Agriculture Potentiality and 

Its Determinant Factors Using Remote Sensing and GIS” for Honduras in 

California clearly assessed the principal variables that have statistically 

significant relationship with agriculture development. A correlation analysis 

was carried out to determine the relationship between agriculture 

development and variables associated with anthropogenic and physical 

factors. It was found that slope, altitude and distance to water are variables 

whose correlation coefficients show almost the same pattern of relationship 

with agriculture practices influencing farmers‟ decision to allocate land into 

non-irrigated, perennial and forest land use categories. There is also a 

negative correlation between altitude and irrigated cropland, which is 
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supported by the fact that most irrigated fields are located in the valleys along 

the rivers where the altitude is relatively low. 

Mohammed (2007) has conducted few studies in Malaysia to provide 

information to planners on appropriate measures to be implemented for 

agriculture development and soil conservation. Land resource was classified 

into 9 categories according to their capability for agricultural use and 

proposed a map representing agricultural practices to be carried out and also 

the rate of soil erosion in different areas. 

To develop a sustainable land use planning decision and to forecast 

possible future changes in growth patterns, an attempt was made by Dewan 

and Yamaguchi (2007) to evaluate land use and expansion of land 

degradation in Bangladesh using satellite images and socio-economic data. 

Spatial and temporal dynamics of land use changes were quantified using 

change detection technique using GIS software. The analysis revealed that 

substantial growth of built-up areas resulted significant decrease in the areas 

of water bodies, cultivated lands and vegetation. 

Bhattarai and Conway (2008) have examined the effects of socio-

economic and demographic factors on land use and forest cover dynamics in 

the Bara district of the Central Tarai region in Nepal using remotely sensed 

data. The studies suggested that there has been an attempt to convert 

hitherto non-agricultural land to agricultural land and the image analysis 

inferred a rapid increase in the number of farm plantations. These tree 

plantations on farmland are away to diversify household activities to minimize 

financial risks in the monsoon dependent farming system and also the 

favourable actions with high potentiality for their development. Their findings 
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suggested that land use dynamics have been influenced by several factors, 

including economic incentives for farm plantation, shortages of farm labour 

and environmental awareness in response to loss of forests cover. 

A relationship analysis of the distribution of land use, slope and 

elevation was done by Kurucu et.al. (2004) in the Soke region of Turkey 

based on the generation of digital elevation model coupled with Landsat- 5 

satellite imagery interpretation. They cited that planning for land use should 

be based on slope inclination, slope facets and elevation above sea level and 

that there is a direct relationship between slope and soil-depth and erosion 

which are the basic soil features. Through their observation of landuse-slope-

elevation relationship, they found that the slope gradients of 0-2%, 2-8%,       

8-16% and above 18% are largely dominated by the land use types of 

irrigated cotton, orchards with citrus and vineyard, olive grooves with figs and 

shrubs with a mixture of forests respectively. They stressed that the use of 

digital elevation model  provides quick and more reliable results as compared 

to conventional methods. 

 

2.2 National 

Ratnam (1979) has inferred that agricultural development has now 

become a complex process and that a system approach is called for to chart 

out the future growth part. It needs fresh re-evaluations of the strengths and 

weaknesses of the agricultural resource base such as land and water for each 

river basin or watershed and identify the obstacles to the flow of technology 

and infrastructure investments at each macro-regional level. He stated that 

agricultural land use planning should meet two conditions, such as the 
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participation of community towards the need for changes in the land use and 

involvement of political actions to manage the policy. 

Pathak (2001) has carried out a study on the assessment of land 

resources in India with reference to utilization and planning policies and 

showed that a sound land use policy, through comprehension of existing land 

use, is required to achieve development. The geographical availability of land 

being limited, one has to think about whether to convert the non-agricultural 

land to agricultural land or to intensify the existing cultivated lands? According 

to his study, such options or changes should vary regionally depending upon 

the factors input and the physico-climatic and soil characteristics. He stressed 

that land use planning for agricultural development need to be carried out 

simultaneously at national, regional and local levels with an integrated 

approach to development in each aspect such as forestry, agriculture, non-

agricultural land use and area not-available for any productive use. 

Bandyopadhyay et.al. (2009) have agreed that land suitability potential 

evaluation is an important step to detect the environmental limit in sustainable 

land use planning. Such evaluation should deal with the assessment of land 

characteristics for the specific use. In their study, land suitability evaluation in 

a watershed has been carried out through close examination of the indicators 

and parameters such as soil texture, organic matter content, soil depth, slope 

and land use/land cover. Satellite imagery of the study area have been 

classified for land use/land cover map preparation, while toposheet and 

ancillary data have been used for the preparation of  slope maps and soil 

properties determination. An integrated land suitability potential (LSP) index 

was computed considering the contribution of various parameters of land 
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suitability. The watershed was categorized as good, fair, moderate, average, 

poor and not suitable by adopting the logical criteria. These categories were 

arrived at by integrating the various layers with corresponding weights in a 

geographical information system (GIS). Their study demonstrates that a 

watershed can be categorized into spatially distributed agriculture potential 

zones based on the soil properties, terrain characteristics and analyzing 

present land use. 

A study made by Singh (2004) on the need and strategies of land use 

planning has revealed that the rise in population puts more pressure on arable 

land, grazing, forestry, wildlife, tourism and urban development. Most of the 

land available to meet current and future food requirement has been already 

in use that any further expansion must necessarily involve the utilization of 

fragile and marginal lands which could cause negative consequences. He 

opined that proper planning on land use for optimum benefit is therefore 

necessary to provide food security. According to his observation, the essential 

aspect for successful land use planning is acquisition of strong database and 

knowledge of land resources. Further, he has stated that land use planning 

should not only consider land suitability for agriculture but also include 

effective forest expansion for ecological balance, increase in agricultural 

productivity, improvement in irrigation facilities and conservation measures of 

degradation to land quality and water availability. 

Narayan (2004) shared his view that land evaluation and classification 

has to be standardized, based on various characteristics including soil 

characteristics, water, structure of the land, slope and topography etc., and  if 

all these parameters taken into consideration, the farming practices are bound 
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to improve to the economic benefit of the poor farmers leading, further, to 

agricultural development. To achieve this, however, there is a need for 

assessment of the cited parameters using cost-effective technology. He 

pointed out the necessities of procuring a near real time data of the prevailing 

land use practices that land use mapping should be done using remotely 

sensed data as well as affordable high-powered computer system such as 

GIS software. This, if well realized and applied could stimulate better growth 

from agricultural development and rural economy and further industrial 

growth. 

Prakash et.al, (2007) have documented a viable methodology for 

deciding alternative land use options in a watershed of river Chintapatla, 

Andhra Pradesh. Considering the existing land use/ land cover, soils, slope 

and geomorphology, developmental plan for agriculture in the watershed was 

worked out. The work, unlike many others, adopted the methodology in which 

assessment of soil and water degradation came first and then followed by 

planning of alternative land use practices. This new approach was found to be 

very useful as it first takes into account the evaluation of degradational factors 

that the plan for new land use practices could fairly reduce further degradation 

to land and water resources. Further, the land use plan would result not only 

to agricultural development but also menace degradation problems without 

incurring extra-cost for management of resources degradation. 

Bhan et.al. (2001) have discussed the integrated use of remote 

sensing and GIS technology for sustainable agricultural development in India 

with case examples of several regions. They felt that the solutions for 

providing food security without affecting the agro-ecological balance lies in the 
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adoption of new research tools particularly from aerospace remote sensing 

combined with GIS. Their studies of different regions and watersheds within 

India were on Cropping System Analysis, Zonation of Agro-ecological regions, 

Soil Erosion Inventory, Carbon Dynamics and Land Productivity. Studies 

made in these areas clearly indicated that the cited tools and means of 

research works  are very effective and accurate for suggesting action plans or 

management of strategies for agricultural sustainability of any region. 

Ahmad (1985) stated that geomorphic elements have immensely 

affected agriculture at macro, meso and micro regional scales which can be 

seen in marked differences in technique, typology, pattern and problems of 

agriculture in different geomorphic landforms. Further, geomorphology has 

provided the basis of agriculture and has set out the pattern that could be 

feasible and fruitful in different landscapes. The influence of geomorphology 

towards agriculture could be seen from different perspectives such as land 

exposure to sunlight or rainfall for plants growth, farming constraints on steep 

lands, ground moisture content or irriga-bility and feasibility of construction of 

agricultural transport network in dissected terrains or plains.  

Chakraborthy et.al., (2003) have characterized and evaluated the 

vegetative dynamics and land use/land cover types of Birantiya Kalan 

watershed in western Rajasthan. They found that conventional methods of 

detecting land use/land cover is expensive, low in accuracy, time consuming 

and particularly difficult in large areas. Similarly, Chopra and Tandon (1990) 

reported that conventional methods of mapping are expensive, laborious, time 

consuming and require long term hydro-geomorphological database when 

compared to remote sensing techniques, as it provides quick, reliable and 
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significant information for delineation of target areas for ground water 

exploitation. 

Krishnamurthy et al., (1996) has carried out the delineation of ground 

water potential zones of Marudaiyar basin in Tamil Nadu through the use of 

different thematic maps such as lithology, landforms, lineaments, surface 

water bodies, drainage density, slope and soil maps which were integrated. 

The findings showed high conformity with the bore well yield data collected in 

the field. Sarkar et al. (2001) have used GIS software as a tool to evaluate the 

ground water potentiality of Shamri micro-watershed in Himachal Pradesh. 

The study established that GIS is a potential tool for facilitating the generation 

and use of thematic maps to identify the ground water potentialities of an 

area. 

Thematic maps on geomorphology, geology, soil, land use, forest or 

vegetation, drainage and slope were integrated by Murthy et al. (2003) to 

suggest suitable land and water resources development plans. The water 

resources development plan depicted the zones of exploitation through water-

wells, development and conservation through rain water harvesting structures. 

Land resources development plan depicted the alternative land use practices 

through double cropping, horticulture, etc. Almost similar to this work was 

performed by Uday Raj et al. (1995) who made integration of spatial 

information on land use, soil, hydro-geomorphology, drainage, slope and 

transportation network to arrive at composite mapping units which are unique 

combination of various resources. This action plan comprising of alternate 

land use practices and a comprehensive plan for soil conservation and water 



 

- 48 - 

 

harvesting structures like check dams, sunken pits, etc., was suggested to 

improve the productivity of Hirehalla watershed in Bijapur district. 

Ram (2009) has carried out selection of suitable land use in Haryana 

by dividing the state into five physiographic units such as (i) Silwalik Hills                

(ii) Piedmont and Rolling Plains (iii) Aluvial (iv) Aoelian Plain and Sandunes, 

and (v) Aravalli Hills. He has made investigations on these physiographic 

zones and studied the land use patterns and the interchanging relationship 

between physical features, land utilization and the cropping pattern and 

concluded that for any success in land use planning especially in agricultural 

land use, farmers participatory approach and site suitability approach are 

essential as the plan has to be „User Specific‟ and „Location Specific‟. 

Manchanda et.al. (2002) in their publication have illustrated that soil 

survey constitutes a valuable resource inventory linked with the survival of life 

on the earth. The technological advancements in the field of remote sensing 

and geographical information system have been a boon for such surveys.                

It has been described in their paper the role of remote sensing and 

geographical information system (GIS) technologies for mapping and 

characterizing soils at various scales. The spectral behaviour of soil and its 

components, which is fundamental to derive  information from remote sensing 

data, has also been discussed with illustrations along with the scope of 

present day remote sensing data for varying levels information generation. 

Hassan (1972) has explained the importance of relief and rainfall in 

determining the typical land use practices and social life of people living in the 

rugged hilly Kumaon region, while Sharma, (1984) has made an attempt to 

highlight the physical and cultural environment and their impact on land use 
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pattern and crop combination in the Ton basins of Madhya Pradesh. Similarly, 

Yadav, (1975) has conducted a comprehensive spatio-temporal analysis of 

physical and non-physical factors affecting the choice of farming system in 

Gurgaon district (Haryana). It was stated that the use of land and causes of 

regional imbalances in levels of agricultural production lie within the 

framework of physical and non-physical variables. 

Pandy and Nathawat (2006) have carried out a study on land use/ land 

cover mapping of Haryana, India. They observed that the heterogeneous 

climate and physiographic conditions in these districts has resulted in the 

development of different land use/ land cover in these districts. An evaluation 

by digital analysis of satellite data indicates that majority of areas in these 

districts are used for agricultural purpose. The hilly regions exhibit fair 

development of reserved forests. It is inferred that land use/ land cover 

pattern in the area are generally controlled by agro-climatic conditions, ground 

water potential and a host of other factors. 

 Saraf et.al. (2002) have cited the importance of groundwater for 

agriculture and ecological balances and the necessities to evaluate 

groundwater potential zones using advanced accurate techniques such as 

integrated remote sensing and geographical information system. There are 

three components in their study, i.e. (i) Demarcation of groundwater potential 

zones (ii) Identification of recharge sites. (iii) Suitability analysis for future 

artificial recharge sites.  The evaluation of groundwater resource showed that 

watershed is the most appropriate unit for groundwater recharge estimation 

because of the controlling effects of groundwater movement by natural 

boundaries like valleys and ridges. Further,  groundwater recharge depends 
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not only on the specific yield of the aquifer materials but also on many other 

factors viz. soil properties, geomorphic features and land use. From these 

studies, areas having greater potentials for groundwater resources and 

agricultural development are demarcated which include geological structure 

having combined proportion of sand, silt and clay, geomorphic flood plains 

and alluvial fill, pedologic red gravity soil, adjoining areas of lower order 

streams. 

Both agriculture and rural societies are tightly bonded together 

because development in either one of the two leads to improvement on the 

other. Sundaram, (2002) through his study on rural development has shared 

experiences on the importance of irrigation towards Indian agriculture. He has 

given that irrigation had significant impact on the quality of life of the rural 

population, viz. the agricultural labourers. Irrigation is capable of increasing 

agricultural wages, the number of working days available for agricultural 

workers which improve quality of the rural lives and further benefited the 

agricultural inputs. Investment in irrigation leads to multiple benefits, both at 

the micro and macro levels. He has also stressed the advantages of 

groundwater for its bountiful availability, low cost for utilization, more 

environmental friendly and higher land productivity that agricultural planners 

should always consider its problems and prospects towards utilization or 

availability of underground water. 

IGNOU-SIM (2003) highlighted rainwater management for rain-fed 

farming which teaches the importance of storage of harvested water. It 

depicts that it is very important to provide an efficient storage of rain or runoff 

water to make it available at the peak time of demand provided that the quality 
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of water is checked for suitability for irrigation. Other than the direct use for 

irrigation, runoff harvesting plays many other vital roles such as aquifer 

recharging and flood control of areas at downstream of the watershed. 

Identification of groundwater recharge zones is an essential task to 

comprehend spatial availability of groundwater for use in agriculture or any 

other purposes. An attempt was made by Srinivasamoorthy, et.al. (2009) in 

Tamil Nadu to demarcate weathered zones, its thickness and to identify 

groundwater potential zones using geo-electrical resistivity method. It was 

found that there exist variation of weathering intensity with depth or presence 

of weaker zones and that lithology, in general, have a significant control over 

weathering of rocks and associated groundwater potential. Parallel to this type 

of work but with other methodology, i.e. GIS and remote sensing techniques 

were applied by Suneetha and Babu (2009) in Andhra Pradesh for preparing 

thematic layers of geology, lineaments, geomorphology, surface water bodies 

and drainage. Variations in groundwater potential are observed wherever 

there are changes in the type and orientation of bedrock, lineaments, general 

slope, thickness of weathered zone and types of soil. The analysis showed a 

very strong relationship between geomorphic units and groundwater 

resources. Occurrence of groundwater in the study area is confined to 

secondary permeable structures, i.e. fractured and weathered horizons and in 

upper unconsolidated materials where as areas with steep slopes are having 

poor prospects of groundwater availability. 

Rao, et.al. (2008) have made an estimation of groundwater recharge 

for a drainage basin in Andhra Pradesh with the application of GIS techniques 

to analyze the prepared maps of geology, rainfall, groundwater level and other 
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relevant data. The estimation was performed with precipitation-based annual 

groundwater recharge through water table fluctuation method and rainfall 

infiltration method. Their investigations during the years of 2005 and 2006 

showed that the groundwater changes or recharge from rainwater are 29.7% 

and 22.7% respectively. However, the contribution of rainfall directly to 

groundwater recharge is 8.5% and 8.7% and the remaining 21.2% and 14% is 

due to groundwater recharge from rainwater reserved in the water 

conservation structures such as check dams, contour bunds, tanks etc. for the 

years 2005 and 2006 respectively. It was also observed that the deeper the 

pre-monsoon groundwater level, the more the recharge occurred from various 

sources. Moreover, it was estimated that the minimum rainfall requirement to 

initiate the recharge process is around 250mm in the study area as certain 

amount of rainfall is required for recouping the soil moisture deficit. 

Groundwater prospect maps were prepared by the NRSA (2008) to 

show the different controlling factors of groundwater recharge and 

concentrations. It was given that the occurrence and movement of 

groundwater is a function of lithological, structural, geomorphical and 

hydrological parameters. Based on the evaluation of each parameter, a 

criterion was worked out to suggest the type of wells to be constructed in each 

specific hydro-geomorphic unit. Suggested structure types of groundwater 

recharge were also given depending upon the hydro-geomorphic conditions 

and prioritization of recharge structures was also made. 

Satapathy (1993) has presented his scientific evaluation of slope 

categories which could serve as potential areas for raising different kinds of 

agricultural practices. He stated that hilly regions are under continuous state 
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of degradation due to soil erosion caused by unscientific land use practices, 

and has given the slope limits along with soil thickness which could provide 

potential conditions for agricultural land use practices. 

Changes in the land use pattern are the physical manifestation of the 

processes of land resource exploitation within the geographic economic and 

social frames (Pathak, 2001). As stated by Pathak, it is also a sign of 

anthropogenic adaptation to the physical conditions which is acquired as a 

result of comprehension of land resource suitability for specific agricultural 

system. Thus evaluation of dynamics and temporal changes in the land 

use/land cover system is an important task for assessment of potentials for 

agricultural development. 

Mathur and Wanasinghe (1979) have cited the importance of rural 

institutions in agricultural development and the necessities of considering 

people‟s participation, to some extent, while making evaluation of potentials 

for development. According to them, people‟s organization is very important 

towards implementation of agriculture developmental programme as it is 

capable of raising agricultural productions and making agricultural policies 

more affective which could resulted to all round development and economic 

prosperity of the rural people to carry out more sustainable agricultural 

system. 

Malhotra, et.al. (2005) have explained some key issues in natural 

resources management and highlighted that management and evaluation of 

natural resources have to consider 3 dimensions which are categorized as 

ecological, economic and ethnological. If one attempts an evaluation of 

natural resources for potentials of utilization, it has to take into account 
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whether the resources utilization would by physically possible, economically 

viable and culturally acceptable. The findings of such potentials should further 

consider the effects of their utilization on the physical or biological nature of 

the resources, and their potentiality should provide multiple uses for 

development in several realms. 

Analysis of agricultural development and potentiality should involve 

sustainability (Gautam, 2004) so that the potentials on utilization suit 

sustainable agriculture. The author has provided some parameters of 

sustainable agriculture which are aptly defined as  enhances the quality of 

environment and the resource base, provides the basic needs of human, 

economically viable  and enhances the quality of life for farmers and society 

as a whole. 

Vijayshri, et.al. (2004) have provided some details of the ways through 

which environment influence agriculture as a whole. Due importance was 

given to climate for it is the primary determinant of agricultural productivity. 

Temperature has been attributed to exert major influence on agriculture in 

such a way that a rise in temperature could be resulted to severe water 

stress, decreased agriculture production in the tropics, major changes in the 

ecosystems and certain risk of natural hazards driven by increased rainfall 

intensity. In every agricultural planning or analysis, it is important to include 

the temperature effects on soil nutrients, hydrological effects on soil properties 

and soil carbon depletion which are all the determinant factors of agricultural 

development potentials. 

Gupta and Vijayshri (2004) defined land use planning as preparation of 

plans for change in the present land use for betterment or to utilize the 
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available land by the society in a different manner. They strongly 

recommended that any future use of the land should satisfy 3 basic needs of 

the people – food, shelter and clothing while maintaining the potential of the 

resource. Land use planning as related to agriculture should not merely be the 

rational use of land put to cultivation or bringing more land area under culture 

but should include conservation of resources from erosion, resource health 

and application of modern technology as well as ecological balance. 

The physical determinants of agriculture pattern and the influencing 

factors of agriculture potential, according to Singh and Dhillion (1994), are 

terrain with its altitude, slope, drainage and soil erosion; the climate, 

comprising temperature, rainfall and water balance; the soils – its different 

categories, erosion and conservative measures, and; the water resources viz. 

surface and groundwater. Hasan (1972) explained the importance of relief 

and rainfall in determining the typical agricultural practices and rate of soil 

degradation in the rugged-hilly Kumaun region.  

  Haldipur and Bhattacharya (1996) in their paper “Identification of 

Problems for Agricultural Development and Prioritization” held their view that 

Agricultural productivity today is dependent on the works of different complex 

organizations. The supply of agro-meteorological data, scientific culture of 

land, application of appropriate inputs and topographical data depends on 

various experts. Thus the use of GIS and remote sensing techniques, capable 

of supplying all these data have become great advantages for agriculture 

development. 

A paper, named “Land Resources Development potentials in Hilly 

regions” presented by Sarkar (1996) reflected that the potentials of land 
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resources for agricultural development depend on the optimum utilization of 

available water and modern techniques such as fertilizers and high yielding 

varieties and management of the land according to their characteristics. 

Geographical phenomena should be studied first and land should be 

managed accordingly. 

Dhillon (1997) in his comprehensive paper on the influence of 

landforms on agriculture land use and land degradation and the limitations 

imposed by slope facing or away from the solar radiation have been 

discussed. He emphasized on the influence of physical settings other than 

socio-economic determinants. 

Mandal and Mandal (1998) in their paper, “Agro-climatic Data Base for 

Research in Agriculture,” discussed the development of geographical 

research in agriculture by analyzing the aspects of climatic influence over 

agriculture and land use planning. They also assessed how research could be 

extended in different allied fields through the utilization of agro-climatic data 

base. 

Srinivas et.al. (2002) have made an attempt to estimate the potential 

and actual soil loss due to soil erosion based on the estimation of quantum of 

soil loss. Site characteristic and soil conservation units are delineated using 

Universal Soil Loss Equation (USLE) and GIS techniques.  

A research work dealing with watershed management from different 

perspectives and assessing the existing land use, soil, slope and 

geomorphology was undertaken by Prakash et.al. (2003).  It was concluded 

that the first step necessary for implementing alternative sustainable land  use 
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need to be based on soil & water conservation measures, groundwater 

prospects, land capability etc. 

Soil erosion assessment and evaluation of land capability using GIS 

was conducted by Shrestha and Rajendra (2000) in Uthai Thani region. The 

study recommends the need of long-range conservation measures to address 

the problems of soil degradation and classifies the study area according to the 

capability of land.  

Hanif (2005), stressed upon the need of soil categorization and 

topographical as well as climatic regionalization for understanding the 

capabilities of agricultural production. Geo-informatics could be helpful for 

studies.  

Sarkar (2006) made Soil Resource Appraisal towards Land Use 

Planning using GIS and remote sensing in West Bengal for delineating the 

physiographic units based on the variations in image characteristics. The 

satellite remote sensing data coupled with ground truth were translated in 

terms of soils using composite interpretation map as base. On the basis of 

physiographic variations and soil or soil site characteristics such as texture, 

depth, slope, erosion etc. the problem areas were identified and land use plan 

has been suggested for overall development of the study area (micro-

watershed). Land capability classification was also made based on these soil 

properties. 

In his work on “Site Suitability Analysis for Agriculture in parts of Doon 

Valley using Geo-informatics” Dwivedi (2006) estimated the areas having 

potentials for production of selected crops such as khair, murrah etc. Geo-
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informatics tools, according to the study, are effective for assessment, 

monitoring and inventory of such crops.  

Raju and Anikumar (2006) have made a comparative study in 

Udumbanchola taluk in Idukki district, Kerala using multi-date satellite image 

and arrived at a reasonable conclusion on the temporal changes in land use 

between 1910 and 1997. Yagoub and Giridhar (2006) have made an attempt 

to evaluate and quantify agricultural land use and land cover changes in Abu 

Dhabi during 1972-2000 using multi-temporal LANDSAT satellite data by 

adopting digital change detection techniques. 

Bhattacharya and Rambabu (2007) have explained the processes of 

soil erosion leading to huge amount of soil loss and low productivity of crops 

in the north-eastern part of India. He has developed  a model describing the 

relationship between the top soil loss due to erosion and the level of 

productivity. 

Ahmad and Kanth (2007) have identified areas of Liddar basin with 

diverse physio-climatic conditions where farming systems are highly 

vulnerable to soil erosion. More than half of the area is subjected to high 

erosion with soil loss rates as high as 34.5 tons/ha/year. They have 

categorized the area into 4 intensity zones of erosion based on the rate of soil 

erosion. 

Pandey and Dhillion (2000) using GIS and Remote Sensing, carried 

out the assessment of Agriculture Potentials, Land Degradation and Land Use 

Zonation of Dillong river basin  in Andhra Pradesh. Various thematic layers 

viz. slope, photo-lineament, thrust buffer, relative relief map, geology,          

land use / land cover map were generated using GIS analysis. He has, 
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successfully, with high accuracy, divided the area into 5 zones in which he 

marked the areas having the potentials for agriculture growth. 

Saha and Martin (2009) have made scientific land evaluation to assess 

the potentials and constraints for agricultural development in a watershed. 

Qualitative land evaluation procedures viz. USDA land capability classification 

and FAO land evaluation procedures have been used for soil site suitability for 

various utilization types. Different land quality parameters viz. soil texture, 

depth, erosion, slope etc. were evaluated using GIS and remote sensing 

techniques.  

 

2.4: Regional 

Das (2006) has carried out intensive field studies on agronomy in the 

north-east India with special reference to jhumming system. His studies reveal  

that shifting cultivation has certainly witnessed infinitesimal change with the 

passage of time and that the jhum cycle has declined from a healthy 20-year 

cycle to just 5-year cycle and even below it. The whole issue of sustainable 

development of jhum-centred land use system has to be viewed from a variety 

of different perspectives such as population pressure on land, social 

organization, cultural landscape, conservation and management of natural 

resources and land degradation issues. Failures on the trial and tribulation of 

alternatives to jhumming were examined to show such transformation as more 

detrimental to the environment. The introduction of modern technologies to 

replace the jhumming system through the State‟s intervention cut into the 

socio-cultural life of the jhummias abruptly for these farmers are not used to 

cultivating in terraces with high input implements. It is suggested that 
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agricultural development in north-east India could be achieved with special 

focus on the existing natural landscape and the socio-economic and cultural 

adaptability of the farmers to the proposed alternative farming systems. 

A review on the development in north-east India was made by Agarwal 

(2006) in which he has stated that agriculture and its related activities are the 

backbone of the economy of all northeastern states along with its strong 

human and social capital. The jhum system is capable of sustaining itself 

even in the absence of government assistance, market and technology but 

considering the increasing pressure of population on land resources, the 

system is detrimental to ecology and environment. Formation of cooperatives 

to help in operationalization of market mechanisms and reduction of imported-

goods through the increase in land productivity by means of modern inputs 

are suggested resolutions. To achieve overall development, the available 

potentials come from agriculture development and its allied activities. 

Updating land records with surveys for resource mapping was recommended 

for proper planning. 

Mishra and Misra (2002) have made an attempt to look for potentials of 

development through sustainable agricultural practices in nort heast India and 

showed that shifting cultivation is the predominant form of agriculture 

prevalent in the region which accounts for 1.5% of the total geographical on 

annual basis. This type of agriculture has however affected 5.75% of the total 

area in the northeast India at one time or the other showing that there has 

been large scale of resource depletion and environmental degradation. It is 

stated that the resources degradation should be checked by all means so that 

not only the soil but also the most important nutrients should be preserved 
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and have suggested that agro-based small scale industries, animal based 

farming systems, semi-permanent farming with perennial plants and 

agriculture etc. could successfully served as alternating to jhumming system 

in order to improve the socio-economic system and development in the field of 

agriculture. 

Rainwater harvesting is one of the suggested measures to provide 

irrigation to agricultural lands but its viability and feasibility depends upon the 

physical geographic conditions as well as the socio-economic status of each 

individual unit. Samuel and Satapathy (2008) have made investigations in the 

northeast India which showed that rainwater harvesting can be implemented 

efficiently and economically as a viable alternative to drinking water supply 

scheme or on-farm irrigation projects considering the fact that any land 

anywhere in the northeast can be used to harvest rainwater. This is 

considered to be an ideal solution to water problem where there is inadequate 

groundwater supply or where surface water resources are either not available 

or insufficient. They suggested storage of rainwater in two ways viz. storing in 

an artificial storage and in the soil media as groundwater. Runoff in the form 

of a spring or stream can be harvested using simple, eco-friendly and cost-

effective technologies such as u.v. resistant plastic lined ponds, ferro-cement 

tank etc. which they suggested as sustainable, locally adoptable, economical, 

and affordable to all the farmers and highly attractive. 

Agricultural development is always said to have dependent upon other 

socio-economic conditions but the studies made by Narain et.al. (2004)  in the 

hilly states of India revealed a deviating result. Estimation of socio-economic 

development in 11 states was made using indicators out of which 5 
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parameters are directly concerned with agricultural development and the rest 

12 indicators described the level of development in infrastructural services. It 

was observed that agricultural development and over-all socio-economic 

development are not associated in hilly states. Literacy rate as well as 

infrastructural facilities in respect of banking, medical, educational and other 

economic enterprises were not found to be associated with agricultural 

development but with the overall socio-economic development only, which 

indicated that a new set of tools is necessary to have a direct impact for 

agricultural development. 

Singh (1999) has made an evaluation of physical and socio-economic 

resources of Arunachal Pradesh based on reliable parameters. Based on the 

findings, the state has been divided into different resource regions in which 

different types of developmental planning could be initiated. Further, he has 

depicted different methodologies for evaluation of specific kinds of resources 

based on their availability and spatial distributions. 

Prasad (1993) documented agriculture scenario in northeast hilly 

region based on his studies and experiences and wrote that a farming system 

research approach provides an important tools to identify the prospects and 

constraints of the farmers for production. He has discussed about the 

significant factors controlling agriculture development and suggested that 

evaluation of potentials and planning for agriculture development should 

consider soil erosion, retention of rainfall, run-off storage and management of 

silt. He has highlighted that agriculture, horticulture, livestock, forestry and 

combinations of these could flourish in the hilly regions and has also 
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suggested the slope inclination limit which could serve as potential areas for 

development of different land based activities. 

Sharma (1993) has carried out detailed investigations on suitable 

farming system practiced in different parts of northeast India. He described 

different types of suitable land use practices adopted by the indigenous 

people for a more sustainable farming system. These include the integrated 

farming of rice on terraces with aquaculture and millets by the Apatani tribals 

of Arunachal; the unique „tilla‟ land use of Tripura where fodder, multiple 

livestock and aquaculture are practiced together with run-off harvest for 

making farm ponds; the Zobo farming system of Nagaland implemented on 

ridge-top of elevated ranges with steep slopes where the land use system 

follows allotment of the hill-top for forests, the middle part of the slope for 

water harvesting, the lower part for cattle yards and the foot hill for paddy 

fields. He has also documented the application of green manure by diversion 

of run-off through cattle-yard and to the paddy fields which is practiced in 

Nagaland and the bamboo drip irrigation of Jaintia hills in Meghalaya. All 

these practices, inspite of the existing unfavourable physiographic conditions, 

proved to be an appropriate farming system and potential for sustainable 

agricultural development. 

Prasad (2008) has quoted the importance of water resources as the 

most critical input for agriculture that efficient use of water is vital for the 

development of sustainable development. The source of all water is 

precipitation that analysis of the pattern and distribution is necessary. The 

national per capita annual availability of water is 1820 cubic metres whereas 

that of the Brahmaputra-Barak is as high as 16589 cubic metres sharing 31% 
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of the country‟s annual water resources. However, utilization of water 

resources in the northeastern states, especially groundwater, is low indicating 

immense potential for improving agricultural activities through systematic 

groundwater exploitation. 

A study carried out by the Institute of Resource Development and 

Social Management (IRDAS) in 1994 under the sponsorship of the 

Government of Mizoram has revealed soil erosion and land degradation 

problems in the State for prioritization of watershed with high degree of land 

degradation. Dividing the State into 22 well-defined watersheds, analysis was 

done through the use of index ratings and value given to 5 major determinants 

of erosion such as slope, rainfall, soil, vegetation cover and land use 

practices. Each of the 5 factors was further sub-divided into specific units and 

assigned weighted value to indicate their quantum of influences in the whole 

processes. The final intensity index was arrived at by multiplying the index 

value of each unit. Based on their study, Teirei watershed, among the 22 

watersheds of Mizoram was placed the highest priority which was attributed, 

by this study, to higher population pressure exerting exploitation on natural 

resources. The computed Erosion Index Value (EIV) of Teirei watershed with 

74,857 was 13.6 times higher than the lowest Kawrpui watershed having 

5,499 EIV.  

Kumar (2010) through his case study of Tuichhuahen watershed, 

Mizoram, has made an attempt to highlight the significance of watershed as a 

planning unit especially in hilly terrains where mobility of people, commodity 

and resource utilization are controlled and directed by the topographical 

attributes hence, level of their development. He has also highlighted the 
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advantage of planning at watershed level lies in the fact that hierarchic system 

of smaller basins fits exactly in the next larger basin and care has to be taken 

to safeguard the interest of the people living down-stream. Further, he has 

stated that watershed management strategies are eco-friendly and labour 

intensive involving primarily local man-power, available technology and 

resources that there exist better chances of success. It envisages involvement 

and active participation of local communities in resource management hence 

evolution of development plans from the grassroots level.  

An attempt was made by Tiwari (2006) for analysis of chronological 

variations in rainfall and their relations to forests cover in Mizoram. It was 

documented that climatic conditions, in general, play an important role in 

every spheres of human activities such as agriculture, forestry, tourism etc. 

and in particular, the development of forest cover is very much dependent on 

the amount of rainfall which in turn affects the environment as a whole. 

Further, rainfall assumes special significance as it affects the water supply in 

the hill state hence domestic and agricultural activities directly. The analysis of 

the meteorological data revealed that there has been erratic behaviour of 

rainfall during the study in such a way that for certain years a periodic 

decrease in rainfall was recorded but did not continue for the whole period. It 

was also inferred that this irregularity could be the consequence of sharp 

fluctuations in the area of forest cover.  

 Singh (1994) has discussed some agricultural problems in Mizoram 

which he viewed as the outcome of interactions of physical and socio-cultural 

processes in which relief, soil fertility, steep slopes, drainage and climate play 

a vital role. He had documented that out of the total geographical area, 
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approximately 2.5% constitutes flat lands; 3% are terrace-able for 

miscellaneous crops and; 1% comes under suitable slopes for horticultural 

activities. Other problems, according to him, are irrigation difficulties imposed 

by non-availability of under-groundwater, young erosive rocks and lateritic soil 

and uncertainty with uneven distribution of rainfall. 

Land degradation being one of the major obstacles towards agricultural 

development, it is necessary to make a search for sustainable land use 

practices which are less degradative to land resources. Zonunsanga et.al. 

(2012) from their comparative assessments of economic viability and soil 

degradation under different land use practices in Mizoram showed that the 

geographical conditions and socio-cultural as well as economic viability of the 

forest tribes best suited to the practice of horticulture due to its less 

degradative nature and better generation of income to the farmers. The soil 

loss under the existing horticulture system when compared with other land-

based activities, under similar physical conditions in the study area, is found 

to be much lower and that the productivity of crops per unit area is 

approximately 4.5 times higher than other land use practices 

Zonunsanga et.al. (2012)  viewed the hill areas of Mizoram as the 

„victims of environmental degradation‟ due to the operation of chemistry 

among the negative aspects of the different realms of the earth‟s spheres. 

Obstacles towards agricultural development and degradation of green 

environment are all attributed to the works and consequences of soil erosion. 

Shifting cultivation, the major factor and cause of degradation to green 

environment has also gained its negative conception just because of high 

erosion intensity which does not permit the cultivation of the same plot for 
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more than a year or two hence a shift is necessary which further leads to 

deforestation thereby degrading or reducing of the green environment. They 

stressed that such situation has necessitated a change in the existing pattern 

of agricultural land use and a search for sustainable land use practices. 

Colney and Lungmuana (2011) have delineated major soil types in 

Aizawl district of Mizoram with the help of remote sensing and GIS 

techniques. They have classified 3 great soil groups, 8 subgroups and 14 

series in the study area. Inceptisol dominates the area and all the soils are 

acidic with low organic carbon content of 0.38% to 1.94% which tends to 

decrease with increasing depth. They have classified the area  into six land 

capability classes such as IIe, IIIe, IVe, Ve, VIe and VIIe and found that the 

major limitation comes from soil erosion ranging from moderate to severe 

owing to the nature of different slope gradients. The acidity of soil was 

attributed to heavy rainfall but concluded that the area is suitable for 

agriculture and horticulture and allied activities such as sericulture, forest 

plantation etc. 

Laldailova (2001) in his work entitled “Land Use Change in Mizoram” 

has revealed the unfavourable physiographic conditions of Mizoram which 

impose scarcity of land for the increasing population. He also discussed the 

socio-economic factors of the changing land use through time. Rinawma 

(2003), in his book  entitled “Geomorphology and Agricultural Development in 

Mizoram provides some information about the impact of morphometric 

elements on agricultural land use in Lunglei District. 
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3.0 Introduction 

As the present study is an attempt to evaluate the potentials                     

of agricultural development in the area through the analysis of physical 

factors, different advanced methodologies have been adopted to                     

generate data on various aspects. The relevant data on various aspects                 

has been collected from both primary and secondary sources. The                  

primary data has been collected mostly through intensive field surveys                     

and personal interviews. The secondary data has been collected from               

various published and unpublished reports and journals. Multi-thematic                

data has been integrated using overlay techniques and analyzed in GIS 

environment.  

Survey of India toposheet on 1:50,000 scale have been used                        

to delineate watershed boundary, drainage network, topographic                 

information, settlements and transport network. The thematic layers                       

such as topography/ relief, geomorphic features, climate, drainage,                 

lithology, soils, land capability and soil erosion status, drainage density, 

lineament density, slope, surface and groundwater potential zones                         

and land use/land cover have been prepared by using Survey of India 

toposheets and multi-date satellite imagery (IRS 1D, LISS III, FCC geocoded 

and IRS P6, LISS IV, FCC geocoded of kharif and rabi seasons) coupled                

with intensive field observations by adopting standard mapping methods                 

and advanced data processing and analysis techniques of GIS. All                             

the field surveys have been carried out with GPS to map the dynamic 

settlements, transport network and other land use/ land cover systems.                 

GIS techniques have been used for layer-wise thematic data generation                 
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and integration for suggesting potential zones of various agricultural                

practices and soil conservation measures. Strahlers’s (1957 & 1964)         

methods of stream ranking have been followed for stream ordering.                         

Soil analysis has been carried out to understand the significant soil      

properties. The Universal Soil Loss Equation developed by Wischmeier                 

and Smith (1978) and later revised by Renard, et.al. (1994) has been                     

used to quantify soil loss and to delineate soil erosion intensity zones.       

Change detection techniques have been adopted to find out spatio-temporal 

changes in the agricultural land use pattern between 2003 and 2013.                   

The detailed methodology adopted for each aspect of the study is                  

presented below.  

 

3.1 Base Map 

 Preparation of base-map is a prerequisite task in all geographical 

studies related to spatial analysis in order to comprehend the location of 

geographical phenomena prevailing at a given time and space. Location map 

of the study area has been prepared using Survey of India topographical 

maps on 1:50,000 scale. Topographical maps such as  83D/8, 83D/12, 84A/5, 

84A/6 and 84A/9 of 1:50,000 scale have been used to delineate  boundary of 

the watershed and other relevant topographic information on a tracing paper  

following the water divide which is  encircled the watershed. The base map 

prepared on tracing paper showing every detail has been scanned using Ao 

size scanner and digitized using ArcGIS 9.1 software. Errors occurred while 

digitization process have been removed by editing process techniques. The 

map layer has been projected to geographic co-ordinate system later to 
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polyconic co-ordinate system in order to have all measurements  in real world 

units.  

 

3.2 Slope map 

Quite a good number of methods are available as proposed by   Rich 

(1916), Wentworth (1930), Smith (1939), Calef (1950), Strahler (1956) to 

prepare slope map of the area. However, in the present study the two most 

advanced methods such as (i) All India Soils and Land Use Survey (vide Soil 

Survey Manual published by Indian Agricultural Research Institute, 1971) 

using surface contours on 1:50,000 scale Survey of India toposheets and               

(ii) ArcGIS Spatial analyst module by using digital elevation model of the year 

2013 at 30m resolution acquired by Shuttle Radar Topographic Mission 

(SRTM) have been used to prepare slope map of the study area. 

 

A number of topographic changes have been observed in the area by 

comparing both the slope layers as the contour data extracted from Survey of 

India toposheets is about 40 years old.  In order to avoid mis-interpretations, 

the digital slope map prepared by ArcGIS software using SRTM elevation 

data has been used in the present study.  

 

 3.2.1  Preparation of slope map by manual method 

The methodology adopted for the preparation of slope map by 

All India Soils and Land  Use Survey method is presented in table 3.1. 

Spaces between contours form the basis for such classification of 

different slope categories in the study area. 
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Fig. 3.1   Digital Elevation Model (DEM) of Teirei watershed 
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Table 3.1  Slope  category,  slope percentage and 

lower & upper limit of  contour spacing. 

Slope 
Category 

Lower and Upper limit   
of Slope Percentage 

Lower and Upper limit of                
contour spacing 

1  0-1%  More than 4 cm 

2  More than 1 % up to 3%  More than 1.33cm and up to 4 cm 

3  More than 3% up to 5%  More than 0.8 cm and up to1.33 cm 

4  More than 5% up to 10%  More than 0.4 cm and up to 0.8 cm 

5  More than 10% up to l5%  More than 0.26 cm and up to 0.4 cm 

6  More than 15% up 1o35%  More than 0.11 cm and up to 0.26 cm 

7  More than 35%  Less than 0.11 cm 

Source: All India soils and land Use Survey  
(vide soil survey manual, IARI., 1971). 

 

  A slope map of the area  has been prepared  in percentage by    

following the above methodology with seven slope classes such as                         

(i) nearly level (0-1%),  (ii) very gently sloping (1-3%),  (iii) gently 

sloping (3-5%)   (iv) gently to moderately sloping (5-10%),   (v) strongly 

sloping (10-15%),  (vi) moderately steep to steep sloping (15-35%) and   

(vii) very steep sloping (above 35%). 

 

 3.2.2 Preparation of Digital Slope layer 

  The elevation data at 30 m resolution acquired by the                   

Shuttle Radar Topographic Mission (SRTM) which is downloaded                     

in TIFF format from United States Geological Survey website 

(www.cgiar.csi.org, 2010) has been used to prepare slope map of the                 

http://www.cgiar.csi.org/
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study area with the help of spatial analyst module in ArcMap  9.1 

software. As the elevation data is in TIFF format, the data has                    

been opened directly in ArcMap software. All the DEM errors like     

sinks have been removed by using ‘fill sinks’ option in Arc                 

Hydrology module before generating the slope map.  A slope layer               

has been generated in percentage by default with seven slope                

classes such as (i) nearly level, (ii) very gently sloping,                                   

(iii) gently sloping, (iv) gently to moderately sloping, (v) strongly 

sloping, (vi) moderately steep to steep sloping and (vii) very steep 

sloping. Later, this layer has been reclassified into six slope classes by 

merging the slope classes nearly level land and very gently sloping by  

considering the presence of very small extent of nearly level land. The 

slope map of the area depicting six major classes is shown in figure 4.6 

and table 3.2 & 4.2. 

 

Table 3.2  Major  Slope categories 

Slope 

Category 
Slope Class 

Slope 

Percentage 

1 Nearly level to  Very gently sloping 0-3% 

2 Gently sloping 3-5% 

3 Gently to Moderately sloping 5-10% 

4 Strongly sloping 10-15% 

5 Moderately steep to Steep sloping 15-35% 

6 Very steep sloping above 35% 
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3.3 Land Use/Land Cover map 

 The methodology developed by National Remote Sensing Centre 

(1995), Department of Space, Govt. of India, Hyderabad has been adopted in 

the present study to prepare land use/land cover map of the area. Satellite 

imagery acquired by the IRS 1D, LISS III of the year 2003 and the IRS P6, 

LISS IV of the year 2013, FCC, geocoded  in both digital and hard copy form 

procured from National Remote Sensing Centre have been used.  

As the supervised/unsupervised classification in ERDAS Imagine 

software may lead to  mis-interpretation of the features due to dense forest 

cover with a variety plant species in the area, only  visual interpretation 

techniques have been adopted  following the elements of image interpretation 

such as size, shape, shadow, texture, tone/colour, pattern, site/location, 

association and resolution. The data has been interpreted and digitized  on-

screen  using workstation tools  in ArcGIS 9.1  software with reference to 

survey of India toposheets. Later, the thematic data layer has been edited to 

remove all errors occurred while digitization of the features and assigned 

labels to arcs and  polygons  corresponding to different  land use/land cover  

features set  earlier. ‘Clean’ and ‘Build’ commands have been executed to 

build topology and feature attribute table. The coverage has been reprojected 

to polyconic co-ordinate system from geographic co-ordinate system as the 

satellite data is in geographic co-ordinate system in order to have all 

measurements in real world units.  

Field checks have been conducted to verify and update the data 

interpreted on satellite imagery. The data has been updated with ground 

truthing then the final land use /land cover map layer has been composed at 
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required scales with the help of ArcMap desktop software tools in order to 

produce hard copy map. 

 The final map depicts six major land use/land cover units  such as 

Built-up land, Agricultural land, Forest, Wastelands, Water bodies  and  under 

others category only Shifting Cultivation areas including both Current and 

Abandoned  as shown in figure 4.9 & 4.12 and  table 3.3 & 4.3. 

 

Table 3.3   Major Land use/Land cover units 

Sl. 

No. 
Land Use/Land Cover  Unit 

1.   Built-up land 

Settlements 

 Roads 

2.   Agricultural land 

(i) Wet Rice cultivation 

Wet Rice CultivationCropland (ii) Agricultural Plantations 

(iii)  
(iii) Aquaculture (Fishery) 

3.   Forest 

4.   Wasteland 

(i) Land with/without scrub 

(ii) Barren rocky /stony waste/sheet rock area   

(iii) area (iv) Waterlogged/Swampy/Marshy area 

5.   Water bodies 
(i) River/Stream 

(ii) Ponds/Tanks 

6.   Others 

(i) Current Shifting cultivation 

 (ii) Abandoned Shifting cultivation 

(iii)  (iii) Mining Sites 



- 92 - 
 

3.4 Geomorphic map 

 The geomorphic map of the area  has been prepared using Survey                

of India topographical maps and IRS P6, LISS IV, FCC, Geocoded                  

satellite imagery following the elements of image interpretation such                          

as size, shape, shadow, texture, tone/colour, pattern, site/location,    

association and resolution. The data has been interpreted and digitized                 

on-screen following the visual interpretation techniques using workstation in 

ArcGIS 9.1 software. The coverage has been processed to remove all              

errors occurred while digitization of various geomorphic features. Labels               

have been assigned to arcs and polygons corresponding to geomorphic 

features set earlier. ‘Clean’ and ‘Build’ commands have been executed               

to build topology and feature attribute table. The coverage has been 

reprojected to polyconic co-ordinate system from geographic co-ordinate 

system as the satellite data is in geographic co-ordinate system in order to 

have all measuring units of the real world.  Field checks have been conducted 

to verify and update the data interpreted on satellite imagery during land 

use/land cover ground truthing. The data has been updated and the final map 

layer has been prepared with the help of ArcMap desktop software tools in 

order to produce hard copy map. 

  The geomorphic map exhibits two types of major features such                 

as Structural landforms and Fluvial landforms.  Structural landforms include  

(i) Structural hills, (ii) Structural valleys (iii) Fault scarp/ Escarpment and              

(iv) Fault/ Fracture/ Lineament.  Fluvial landforms identified in the area include 

(i) Flood plain (ii) Palaeo channels  and (iii) Valley fills  as shown in figure 4.8 

and  table 3.4. 
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Table 3.4   Major geomorphic features 

Sl. No. Geomorphic features 

1. Structural  (i) Structural hills 

  (ii) Structural valleys 

  (iii) Fault scarp /Escarpment 

  (iv) Fault/Fracture/Lineament 

2. Fluvial  (i) Flood plain 

  (ii) Palaeo channel 

  (iii) Valley fill 

 

 

3.5 Soil map 

The generation of soil map is one of the most complicated tasks                   

as many aspects are involved in its preparation. Soil map of Mizoram                

prepared by the Department of Agriculture, Govt. of Mizoram (MSDA) (1997) 

represented in a tri-colour of major soil types based on the 500 m contour 

division is used as the base-reference for soil mapping of the area. 

Reclassification is done using the taxonomy of soil developed by the                  

United States Department of Agriculture (USDA) (1987) and the Food and    

Agriculture Organization (FAO) (1974) by considering soil units, sub-units and                 

their general properties as well as their associated attributes of each soil               

type and units.  The depth of various soil layers is utilized as it carries a 

utilitarian meaning – about drainage, resistance to erosion and available 

moisture capacity (Stallings, 1957). The drainage classes are further used                 

for division of permeability as well as textural analysis. The geological                  



- 94 - 
 

map of Mizoram prepared by (MIRSAC, 2009) is interpolated to identify                

the parental rocks – sandstone, shales, siltstone etc. which commands the 

texture and structure of the soil. Soil, being the primary outcome of 

geomorphic processes, slope gradient, the controlling factors of weathering, 

mass movement and water retention capacity is given special attention                     

in which the slope-gradient classes adopted by the United States       

Department of Agriculture, following the slope gradients of 0% – 10%,                    

10% - 20% and above 20% are successfully used by overlaying process. 

Slope batteries such as length, angle and shape determine the thickness of 

soil – both horizon A and B, the proportion of sand in the eluvial and the 

amount of clay in the horizon A (Roy, 1980).  

 Soil data, in respect to the content of organic carbon, nitrogen, 

potassium and phosphorous have been procured from the samples collected 

from different places by the Department of Agriculture, Government of 

Mizoram. Amongst the different places where such soil samples were 

collected, field investigations for textural and structural analysis were made in 

52 specific locations, as shown in figure 3.2, with help rendered by the village 

farmers in locating such soil sampling sites. Manual examinations were 

performed following different methodologies suggested by the Department of 

Land and Water Conservation (Evans, 2001), the Standard Procedure of Soil 

Texture Analysis (Berry et.al. 2007)  and the USDA Soil Textural Triangle to 

quantify important elements such as clay content, texture class etc. as shown 

in the table 3.5. Analysis of the organic carbon content was made in the 

laboratory of the Agriculture Department, Mizoram by technical staff following 

their standard analysis procedures. 
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Fig. 3.2 Location of soil samples. 
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 Fig. 3.3  Soil Texture Triangle developed by  United States  

Department of Agriculture.  

 

 Based on the study of soil properties, soils in the area have 

been reclassified into six major classes with the combinations of different local 

soil types such as (i) Typic Udorthents & Fluventic Umbric Dystrochrepts                 

(ii) Umbric Dystrochrepts & Humic Hapludults (iii) Humic Hapludults & Typic 

Dystrochrepts (iv) Typic Udorthents & Fluventic Dystrochrepts (v) Typic 

Hapludults & Aquic Hapludults (vi) Umbric Dystrochrepts & Fluventic-Umbric 

Dystrochrepts and (vi) Typic Hapludults & Umbric Dystrochrepts by means of 

interpolation  with elevations, slope, parental rocks and also the existing land 

use / land cover (Fig. 4.17).  
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Table 3.5 Methodology of Manual Soil Textural Analysis 
 

Ribbon 

Length 

(mm) 

Coherance 

(Compactness 

of 3 - 5cm 

diameter Ball) 

Feel 

& 

Other features of a Moist Ball 

Approx 

Clay % 

Texture 

Class 

Nil Nil 
Gritty feel, sand grains adhere         

to fingers, cannot be moulded 
< 5% Sand 

5 Very Slight 
Gritty, medium size sand grains             

felt, cannot be moulded 
5 – 10% 

Loamy 

Sand 

5 - 15 Slight 

Sticky, sand grains adhere to  

fingers, cannot be moulded,         

clay stain discolours fingers 

5 – 10% 
Clayey 

Sand 

15 - 20 
Slight – Just 

Firm 

Gritty, dominant sand grains             

are medium size and visible 

10 – 

20% 

Sandy 

Loam 

15 - 25 Just Firm 
Fine sand can be heard when  

rubbed between thumb & finger 

10 – 

20% 

Fine 

Sandy 

Loam 

About 

25 
Spongy to Firm 

Smooth spongy feel, greasy if 

organic matter present, ball 

easy to manipulate, no obvious 

sandiness/ Silky, very smooth 

when manipulated 

About 

25% 

Loam/  

 

Silty 

Loam 

25 - 40 Strong 
Sandy to touch, medium sand             

grains visible in fine matrix 

20 – 

30% 

Sandy 

Clay 

Loam 

40 - 50 Strong 
Smooth plastic feel, no                       

obvious sand grains 

30 – 

35% 

Clay 

Loam 

50 - 75 Firm 

Plastic & smooth, fine sand              

felt, silky feel, can be moulded               

and rolled into a rod 

35 – 

40% 

Sandy 

Silty 

Clay 
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3.5.1 Land Capability and Soil Erosion status 

For the present study, the Land Capability map at 1:4,50,000 

scale for Mamit District, prepared by the Mizoram State Remote 

Sensing Centre (2005) has been used after delineation of the 

watershed from the map.  According to this land Capability 

classification, based on slope gradients and the types, depth and 

drainage of soils, the area has been divided  into five major land 

capability classes such as IIe, IIIe, IVe, VIe and VIIe (Fig. 4.18) and 

subclasses have also been made corresponding to limitations 

observed as given below: 

The subclasses are designated by small letters e, w, s or c 

suffixed to the class number where, 

  e = risk of erosion, 

 w = wetness, drainage or overflow, 

 s = root zone limitation of soil and, 

 c = climatic limitations. 

 

3.6  Climate 

 The climatic data  from 1986 to 2012 compiled from meteorological 

records of different organizations and published  by the Mizoram Remote 

Sensing Application Centre (MIRSAC, 2012), Department of Science and 

Technology, Govt. of Mizoram has been used to analyze various                         

climatic parameters such as annual  rainfall and its  trend with 5 years        

moving average, mean temperature and relative  humidity as shown in                 

table 4.1. The watershed map has been overlaid on the agro-climatic zones 
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map of Mizoram prepared by the Department of Agriculture, Government of 

Mizoram. The study area falls in the humid mild tropical agro-climatic  zone 

(Fig. 3.4). 

 

 

Fig. 3.4    Agro-climatic Zones of Mizoram. 
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3.7  Drainage 

  The existing drainage network map of the area has been prepared 

using Survey of India topographical maps and updated the new drainage 

channels and changes in streams and the main river course due to the on-

going tectonic activity with the help of IRS P6, LISS IV, FCC, geocoded 

satellite imagery following the elements image interpretation such as size, 

shape, shadow, texture, tone/colour, pattern, site/location, association and 

resolution.   

 

3.8   Lithology  

 Lithology map prepared by Mizoram Remote Sensing Application 

Centre (MIRSAC, 2012), Department of Science and Technology, 

Government of Mizoram has been used to delineate major litho-units 

distributed in the study area. The identified major litho-units include mostly  

the Bhuban formations consisting of sand stones, siltstones and shales                 

as shown in figure 4.14. 

 

3.9  Drainage density 

  It is the ratio of the length of drainage channels in an unit area.  

Drainage density of the area has been computed by dividing  the total  length 

of streams present  in an unit area by area of that grid. For this purpose the 

whole area of the watershed has been divided into 1360 grids of 1 km2 on 

1:50,000 scale map of watershed boundary. The tracing has been scanned 

using Ao size scanner and saved it into Tiff image format. The grid image file 

was projected to geographic co-ordinate system later to polyconic system in 
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order to have all measuring units of the real world. The drainage coverage 

has been overlaid on the grid file in ArcMap software to compute grid-wise 

length of all streams present in each grid. The total length of streams in each 

grid has been measured with the help of feature selection tool from the 

attribute table. The drainage density of each grid has been prepared by using 

the following formula. 

 

 

  Drainage density =      Length of streams in grid 

Area of grid 

 

 

   The final drainage density map of the area has been prepared                

based on the values obtained and also the classes required by                

interpolation technique. The drainage density map of the area depicts                  

five major classes such as very low, low, medium, high and very high as 

shown in figure 4.13. 

 

3.10  Lineament Density 

   Lineament density of the area has been computed by dividing the total 

length of faults/fractures/lineaments present in an unit area   by area. For this 

purpose the whole area of the watershed has been divided into 1360 1km2 

sized grids on 1:50,000 scale map. For this purpose the whole area of the 

watershed has been divided into 1360 grids of 1 km2  on 1:50,000 scale map 

of watershed boundary. The tracing has been scanned using Ao size scanner 
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and saved it into Tiff image format. The grid image file was projected to 

geographic co-ordinate system later to polyconic system in order to have all 

measuring units of the real world. The fault/fracture/ lineament  coverage has 

been overlaid on the grid file in ArcMap software  to compute grid-wise length 

of all lineaments present in each grid. The total length of lineaments in each 

grid has been measured with the help of feature selection tool from the 

attribute table. The lineament density map of the area has been prepared by 

using the following formula. 

 

 

   Lineament  density      =      Length of lineaments in  grid 

                         Area of grid 

 

 

 The final lineament density map of the area has been prepared              

based on the values obtained and also the classes required by using 

interpolation technique. The lineament density map of the area depicts              

five major classes such as very low, low, medium, high and very high as 

shown in figure 4.15 

 

3.11  Groundwater Potential 

Groundwater potential zones in the area  have been delineated  based 

on the integration of the thematic layers such as drainage density, slope, 

geomorphic features and  lineament density. The criteria  adopted to delineate 

groundwater potential zones is presented in the table 3.6. 
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Table 3.6 Criteria adopted for delineation of groundwater potential zones 

 

 

Five groundwater potential zones such as (i) very poor, (ii) poor,                    

(iii) moderate to good, (iv) good to very good and  (v) excellent  have been 

delineated as shown in figure 4.16 & table 4.7. 
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Structural valley Sandy-silty clay 

Nearly level 

to Very 

gently 

sloping 

Low High Excellent 

Flood plain 

Unconsolidated 

fluvial 

sediments 

Very Gentle Low Low Excellent   

Piedmont  plain Sandstone Gentle Low High 

Good to 

very 

good 

Structural hills 

and linear ridges 
Sandstone steep slope High High 

Poor to 

moderate 

Residual hills and 

parts of structural 

hills 

Sandstone Very steep High Low Very poor 
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3.12 Soil Loss Estimation 

The Universal Soil Loss Equation (USLE), developed by Wischmeier 

and Smith (1978) and the Revised Universal Soil Loss Equation (RUSLE) by 

Renard, et.al. (1994) have been employed in the present study  to quantify 

soil loss  using six factors such as (i) rainfall erosivity, (ii) soil erodibility, 

(iii)slope length, (iv) slope steepness, (v) crop management and                            

(vi) conservation support practices. This is an empirical and the widely used   

model globally for erosion assessment and control (Laflen, 2003).  The 

formula to estimate average annual soil loss in tons per hectare per year is 

given below. 

 

A = R*K*L*S*C*P 

where, 

 

A = Average Annual Soil Loss Rate (t haˉ¹ yearˉ¹) 

R = Rainfall Erosivity (MJ mm haˉ¹ hˉ¹ yearˉ¹) 

K = Soil Erodibility (t ha h haˉ¹ MJˉ¹ mmˉ¹) 

L = Slope Length (Runoff Velocity) 

S = Slope Steepness (Gravitational Effect) 

C = Crop Management (Canopy Protection Service) 

P = Conservation Support Practices. 

 

The detailed explanation of the method along with its estimation is 

presented in chapter 5 on Erosion and Conservation. 
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3.13  Data Integration 

The thematic layers of  slope, climate, soils, soil erosion intensity, 

geomorphic features, land use/land cover, drainage systems, drainage 

density, groundwater potential,  lithology and  protected forest have been 

integrated  in ArcGIS workstation using ‘union’ and ‘intersection’ overlay 

techniques. Based on the thorough analysis of final integrated coverage after 

performing   ‘Clean’ and ‘Build’ operations, different areas suitable for various 

agricultural practices have been delineated by following the criteria of 

weightage   to each feature in all the thematic layers. The final map                  

depicts potential sites for various agricultural practices  in the study area 

(Fig.6.1 &  6.2). 
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4.0 Introduction 

Agriculture, in its broad sense is very vast. It covers activities like 

horticulture, irrigation, land development, soil and water conservation, animal 

husbandry, dairying, poultry, piggery, fishery, handloom and other village 

industries, social forestry and setting up of agro-based and forest-based 

industries (Sundaram, 2002). Agricultural development depends on multiple 

factors of the components of environment. Any assessment of potential 

agricultural use should first focus on several basic issues. Agriculture as 

considered here encompasses the use of arable land, horticulture,               

agro-forestry, pisciculture and silviculture.  Assessment of agricultural land 

use potential should take into account the physical aspects such as climate, 

drainage, soils, topography, slope, groundwater, landforms, land use, soil 

erosion etc. whose characteristics affect the physical and economical 

feasibility of agricultural productions. 

It is a well-known fact that agricultural development takes place at 

differential rates and stages, hence disparities have been observed worldwide 

especially in hilly regions which exhibit higher variations in regard to physical 

environment (Zonunsanga, et.al. 2012). These regional differences in 

development are generally attributed to disparity in technological 

advancement and spatial variations in the physical environment. Yadav 

(1975) had rightly documented that the use of land and causes of regional 

imbalances in levels of agricultural production lie within the framework of 

physical variables. In fact, agriculture is primarily determined by physical 

factors such as climatic, physiographic and pedogenic characteristics of each 

geographical unit on the earth surface.  
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Rainfall determines agricultural development to the great extent                  

due to its direct control over plants growth through moisture availability.                

Soil is among the most important determinants of agriculture in regard to                      

the system and development of agriculture because the properties of                      

soil such as structure, permeability and more significantly the content of 

organic matter and texture greatly determine the availability of potential 

nutrients and moisture holding capacity for growth and development                         

of agricultural crops. Slope determines the physical viability and economic 

feasibility of various agricultural practices as certain crops require                    

flatlands and at the same time gently sloping lands proved more                        

suitable for other particular crops. Moreover, slope exerts major influence 

upon soil-moisture retention capacity, soil texture and permeability as                    

well as the rate of soil erosion through their gravitational effects. Land                  

use system manifests, to a great extent, the potentials of agricultural 

development. The existing land cover types, density and  locations affect              

the moisture availability and soil properties – the rate of biological 

decompositions which are the sources of organic carbon and nutrients                    

for crops and plants. Similarly, other physical factors also exert                        

certain influences upon potentials for agricultural activities and land use.        

An attempt has been made in this chapter to analyze the physical 

aspects of Teirei watershed such as climate, slope, geomorphic features, land 

use/land cover, surface water resources, groundwater potential, soils and land 

capability along with erosion status using the most advanced technology of 

remote sensing and geographical information system. 
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4.1  Climate 

Climate plays a very significant role in vegetation development along 

with the other terrain properties such as slope, slope aspect, lithology, soils 

etc. Climate alone controls the growth and development of vegetation to the 

large extent by controlling temperature, precipitation and humidity. Plant 

environmental stress constitutes a major limitation to agricultural production 

and the farmer‟s livelihood (Pankaj et.al. 2004). Analysis of climatic 

parameters should never be neglected towards any developmental activity or 

plan in agriculture. Climate exerts major influence on land quality by affecting 

both the range of potential agricultural land uses and the cost and level of 

production. Its principal control is on the potential for plants growth, by 

determining the energy available for photosynthesis and water supply to plant 

roots. Its more direct effects on crops or stock come from the exposure to 

damaging wind, persistent wetness or high humidity and frost which can 

cause damage, disease or stress (MAFF, 1988). The elements of climate that 

control the economic development of a region are rainfall, temperature, 

humidity, sunshine, wind and the number of rainy days (MIRSAC, 2005). 

Climatic control upon man‟s activities, especially agricultural practices 

becomes greater in underdeveloped or developing countries where 

agricultural crops and the farmers solely depend upon the mercy of the 

nature. The present climatic study is an attempt to understand the climatic 

feasibility to plan for agricultural development in the area. 

 The climate of Mizoram, as a whole, falls under the humid tropical 

monsoon type which is neither very cold nor very hot. The climate is 

controlled by location, physiographic features, pressure regime in the origin of 
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monsoon, tropical airmasses, local mountains and valley winds (MIRSAC, 

2005). Besides, the Chin Hills, Arakan Yoma Hill tracts and Chittagong Hill 

tracts also play an important role in shaping the climatic condition of Mizoram 

as a whole (Das, 1992).  

Table  4.1   Mean monthly distribution of climatic parameters                       
(averaged for 27 years) 

Months 
Rainfall 

(mm) 

Temperature (⁰C) Relative 

Humidity (%) Min Max Mean 
 

JANUARY 9.23 7.38 26.83 17.11 72.45 

FEBRUARY 27.50 8.38 29.68 19.03 59.83 

MARCH 104.00 12.13 32.98 22.56 55.70 

APRIL 206.70 15.58 33.93 24.76 68.73 

MAY 379.00 17.36 33.74 25.55 74.08 

JUNE 437.60 19.42 33.08 26.25 83.30 

JULY 472.70 21.36 32.56 26.96 86.20 

AUGUST 535.10 21.18 35.15 28.17 86.23 

SEPTEMBER 495.40 20.93 32.97 26.95 88.10 

OCTOBER 288.20 17.53 31.67 24.60 85.90 

NOVEMBER 44.90 12.17 30.00 21.09 77.60 

DECEMBER 21.20 6.87 27.23 17.05 74.37 

 

 The climatic data pertaining to Teirei watershed collected from different 

rain gauge stations located at Mamit, West Phaileng and Kawrthah by various 

organizations in the state and compiled by Mizoram Remote Sensing 

Application Centre (MIRSAC, 2012) for a period of 27 years (1986-2012) has 

been analyzed to understand the influence of climate on the study area. The 

average parameters of climate such as rainfall, temperature and relative 

humidity are shown in table 4.1. 
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4.1.1  Precipitation 

Precipitation, especially rain, has a dramatic effect on 

agriculture. All plants need at least some water to survive, therefore 

rain, being the primary source of water for agriculture for most part of 

the world and the most efficient means of watering, is important to 

agriculture. Precise knowledge of the three main characteristics of 

rainfall such as its amount, frequency and intensity is essential for 

planning its full utilization in agriculture (Dastane, 2002). While regular 

rain pattern is usually vital to healthy plants, too much or too little 

rainfall can be harmful, and even devastating to crops. Thus analysis of 

rainfall remains a prerequisite task for agricultural development. 

The study area exhibits chronological as well as chorological 

variations in the amount of rainfall. Each and every part of the area, 

however, receives adequate amount of rainfall owing to its location 

along the tract of the Southwest Indian monsoon. Analysis of the 

available data revealed that generally the rainfall season starts with the 

onset of monsoon which begins from the second half of April and ends 

up by the month of October every year whereas the remaining season 

starting from the month of October to the first part of March remain 

more or less dry. The months of June, July, August and September are 

the most precipitous months whereas December to February remains 

the driest period. 
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Fig. 4.1   Mean monthly rainfall averaged for 27 years  (1986-2012). 

The year-wise amount of average rainfall in the study area show 

increasing and decreasing trends irregularly. The rainfall in the area 

ranges between 2331mm and 3100mm with the exception of                   

6457mm and 5543mm in the years 2009 and 2010 respectively. The 

computation of yearly rainfall shows positive aspects or stability as 

shown in figure 4.2. The monthly rainfall data, recorded during this 

period reveal that the months of January and December experience       

the least rainfall amount with 9.23mm and 21.2mm respectively.                

The period starting with March and ending with August receives 

substantial amount of rainfall throughout the year which ranges 

between 104mm and 535mm respectively. The total number of rainy 

days varies from 117 to 155 with an average of 136 days. It has been 

observed that during the monsoon period between May and October 

the area receives high amount of rainfall of about 2608 mm which is 

quite higher than the precipitation of humid climate with 2039 mm 
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(Subrahmanyam, 1982). As the area falls under humid mild tropical 

agro-climatic zone (Fig. 3.4) the area produces enormous water 

surplus which is the characteristic feature of humid mild tropical agro-

climatic zone with luxuriant growth of vegetation during the rainy 

season even up to November and the period from December to 

February is believed to be the dry period. Though, the period between 

March and May is said to be the dry period, the area receives 

convectional rainfall quite frequently.  As a whole the area produces 

enormous water surplus during major part of the year. 

The amount and intensity however, appears, during certain 

period, excessive which sometimes bring negative results such as crop 

destruction along with high rate of soil erosion causing loss of soil 

fertility. 

 

Fig. 4.2   Rainfall trend during 1986-2012 with five years moving average.  
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Fig. 4.3   Rainfall distribution (mm) in Teirei watershed. 



- 118 - 
 

4.1.2  Temperature 

Temperature and rainfall are considered to be the two most 

important factors of climate which play a major role in the agriculture of 

the highlands (Amare, 1980). Latitude, altitude, winds, rainfall and 

humidity, with varying magnitude have significant impacts on 

temperature conditions in the study area. The salient thermo-

characteristics as observed from the monthly recorded data during the 

years 1986 to 2012 is that temperatures do not fluctuate much 

throughout the year. The computed temperature data of 27 years 

period shows that the month of September with maximum 31ºC, 

minimum 18.7ºC and mean 24.9ºC is the hottest period whereas the 

month of January with 26.3ºC and 8.5ºC as maximum and minimum 

temperature respectively is the coldest period of a year having the 

lowest mean temperature of 17.4ºC. The months of December, 

January and February experience the mean temperatures below 20ºC, 

and; the months from March to November exhibit the mean 

temperatures above 21ºC but less than 25ºC. 

The most fluctuated temperature or the highest range of 

temperature of 19.3ºC is observed in the month of April and the lowest 

of 11.6ºC in the month of July. The temperature remains high during 

summer season, especially in the low-lying areas like valleys but the 

frequently down-pour of the monsoon plays the role of temperature 

moderation hence the ranges of temperature are lower during summer 

time. To be more specific, the highest temperature recorded was 

36.7ºC during the month of April in 1999, and the lowest of 5.4ºC 
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during December in the year 1991. To make the temperature 

characteristics in general description, moderate temperatures are 

experienced all throughout the year and it also to be documented that 

the temperatures are suitable for most of the agricultural crops found 

worldwide. 

Fig. 4.4   Mean monthly temperature (°C) 

 

4.1.3  Relative Humidity 

Humidity is the amount of water vapour present  in the air mass 

at a given time and place and; relative humidity refers to the ratio 

between the amount of water vapour present  in the air of a given 

temperature and the maximum amount of water vapour that the air 

could hold at that temperature, if saturated; usually expressed as a 

percentage (Lodha, 2000). This water vapour content in the air 

constitutes only a minute fraction generally lesser than 4% by volume 

but plays immense meteorological importance upon the heat budget 

and daily weather conditions through its atmospheric moisture 
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influence. Relative humidity is directly related to the rate of evaporation 

or temperature and therefore affects the growth of vegetation and 

man‟s activities. 

The average amount of relative humidity for the 4 years 

recorded at a single station in the study area is 76.04%. The months 

from June to November exceed this average value whereas December 

to May usually, is less than the average. The month of September with 

88.1% experienced the highest amount followed by 86.23% during 

August. The months of February and March exhibit the lowest and 

second lowest records with average monthly relative humidity of 55.7% 

and 59.83% respectively. 

 

Fig. 4.5   Mean monthly relative humidity 

 

4.2  Slope 

 Slope is one of the several significant terrain parameters which play a 

major role in various developmental planning activities which are carried out 
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on land. Slope elements are controlled by a variety of climato-morphogenic 

processes to a large degree which determine the appropriate land use 

practice and its sustainability. Particularly, slope is very important in 

delineation of ground water potential zones as the degree of slope controls 

the infiltration capacity of the terrain. In general, the steep sloping areas 

facilitate high run-off allowing less time to percolate rainwater whereas gently 

sloping areas allow more water to percolate into the sub-surface. 

Slope is considered as one of the most important elements of 

topography which affects directly the agricultural activities in the study area. 

Its deterministic influence could be seen from different types of land-based 

activities. In fact, slope determines the long term sustainability and feasibility 

to land use. Similarly, the aspect of slope is also very important in 

understanding the intensity of soil erosion, water retention capacity, 

infiltration, stability of soil, viability of farm mechanization and exposure to 

sunlight for photosynthesis of plants. Therefore, as reflected from the 

conditions that exist in the study area, evaluation of slope is very essential in 

order to prioritize the areas of potential sites for agricultural use.  

 The digital slope map prepared with the help of spatial                   

analyst module in ArcMap 9.1 depicts six major slope classes               

ranging from nearly level – very gently sloping (0 - 3%) to very  steep sloping 

areas of above 35% (Fig. 4.6). Among the slope classes identified in                   

the area, it has been observed that the major extent of about                      

350.91km2 (51.60%) of the watershed exhibits moderately steep to steep 

sloping which is associated with hilly terrain  throughout the watershed               

while very less extent of about 10.87km2 (1.60%) exhibits nearly level                      
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to very gently sloping which is mostly seen in the northern, northeastern and 

central  parts of the watershed which is associated with flood plain where                   

intensive wet rice cultivation is practiced.  The detailed description of each 

slope class along with its distribution in the study area is presented here. 

Table 4.2    Major slope classes  and their areal extent 

Slope 

Category 

Slope  Areal extent  

Class Percent (km2) (%) 

1 Nearly level to  Very gently sloping 0-3% 10.87 1.60 

2 Gently sloping 3-5% 15.41 2.27 

3 Gently to Moderately sloping 5-10% 107.56 15.82 

4 Strongly sloping 10-15% 34.31 5.05 

5 Moderately steep to Steep sloping 15-35% 350.91 51.60 

6 Very steep sloping < 35% 160.94 23.67 

Total 680.00 100 

 

 4.2.1 Nearly level to Very gently sloping (0 - 3%) 

 This slope class covers an area of about 10.87km2 which is only 

1.60% of the total area of the watershed. This slope class is associated 

with flood plain composed of fertile clayey soils where intensive wet 

rice cultivation is practiced which is seen extensively in the northern, 

northeastern and central parts of the watershed (Fig. 4.6). 
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 4.2.2 Gently sloping  (3 - 5%) 

 As seen in Fig. 4.6, the gently sloping land is seen adjoining the 

slope class of nearly level to very gently sloping. However, their 

concentrations are generally limited in the middle part of the watershed 

in north – south direction mostly in linear form where wet rice 

cultivation and shifting cultivation are practiced.  The total areal extent 

of this slope class is 15.41 km2 (2.27%). A major part of this slope class 

is associated with wet rice cultivation whereas part of it is associated 

with shifting cultivation.   

 

 4.2.3  Gently to Moderately sloping (5 - 10%) 

 This slope class is seen extensively in the area from north to 

southern-most parts and also few patches in the eastern part covering 

an area of about 107.56km2 (15.82%) which is associated with shifting 

cultivation and dense forest cover particularly in the north and central 

parts  as seen in  figure 4.6. 

 

 4.2.4 Strongly sloping (10 - 15%) 

 Strongly sloping class is found as small patches from north to 

southern most part and concentrated mostly  towards western part  of 

the watershed covering  an area of about 34.31km2 (5.05%). It is also 

seen as very small patches in the eastern part.  All these areas are 

mostly associated with dense forest cover and   very less extent with 

shifting cultivation (Fig. 4.6). 

 



- 124 - 
 

 4.2.5 Moderately steep to Steep sloping (15 - 35%) 

 Moderately steep to steep sloping class is found extensively in 

almost all parts of the watershed (Fig. 4.6). The total areal extent of this 

slope class is about 350.91km2 (51.60%). This is the predominant 

slope class covering a major part of the watershed mostly associated 

with dense forest and also shifting cultivation at places. 

 

 4.2.6 Very steep sloping (> 35%) 

  This slope class is found extensively in the western and eastern 

parts of the watershed which is mostly associated with the two main 

ridges namely, the eastern Mamit Hill Ridge and western Hachhek Hill 

Ridge with dense forest cover (Fig. 4.6). A few patches in the south-

central parts are associated with shifting cultivation. The total areal 

extent of this slope class is about 160.94km2 which is 23.67% of the 

total area of the watershed. 

As a whole the watershed exhibits diverse topography 

comprising flat lands to steep hill ranges with escarpments of which 

elevations are ranging from nearly sea level up to more than twelve 

hundred metres.  
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Fig. 4.6  Distribution of slope classes. 
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Fig. 4.7   Major Slope classes. 

4.3   Geomorphic Features 

 Geomorphology implies the science of description of various forms of 

the earth‟s surface (Singh, 2012) or the interpretative description of the 

topographic and geometric or relief features, while Thornbury (1954) pleaded 

for the inclusion of submarine forms in addition to surface relief or forms of the 

earth‟s surface. Bloom (1979) included, in his definition, the systematic 

interpretation to provide certain important clues to understand and reconstruct 

past geomorphic history of an area. As landforms are the products of multi-

cyclic and poly-genetic geomorphic processes, it is useful to understand the 

morpho-dynamics of the landscape. Evaluation or analysis of geomorphic 

features helps in the acquisition of knowledge on spatial units which are 

favourable or hazardous to development of agriculture. Some geomorphic 

00% - 03% Nearly Level - Ver Gently

03% - 05% Gently Sloping

05% - 10% Gently - Moderately Sloping

10% - 15% Strongly Sloping

15% - 35% Moderately Steep - Steep

>    35% Very Steep Sloping
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features could serve, directly or indirectly, potential conditions for agriculture 

in one way or the other that it is essential to understand the nature of the 

landscape through the identification and classification of landforms which 

belong to a particular environment   systematically. Landforms also provide 

ample clues to delineate groundwater potential zones through their lithological 

conditions which vary with terrain. Thus, geomorphic studies   appear to play 

a significant role in various area developmental plans. The present 

geomorphic study is an attempt to understand the geomorphic environment of 

the study area for planning of agricultural development. 

 As the area is topographically young and immature, it exhibits most of 

the topographic features with high relief.  The major geomorphic features 

identified in the area mostly belong to structural and fluvial landforms. The 

significant structural landforms seen in the area are structural hills, structural 

valleys, faults, fractures, lineaments and scarp whereas the prominent fluvial 

landforms include flood plains, palaeo-channels and valley fills (Fig. 4.8) 

 

4.3.1  Structural hills  

Structural hills are the landforms formed by various endogenic 

processes and shaped and modified by several external processes 

mostly by fluvial agencies particularly, in a hilly terrain. The structural 

hills of the area have been classified into narrow and broad-crested 

which mostly exhibit linear to arcuate shapes with definite trend lines. It 

is found that a majority of the hills are narrow crested (Fig. 4.8). As a 

whole, the existing geomorphic features, other than slope elements, 

favours the anthropogenic land culture for agriculture development. 
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The hill ranges in the area are separated by narrow, steep and 

deep structural valleys. A majority of the hill ranges are oriented in 

north-south direction. The structural hills in the eastern, southern and 

western parts show higher elevation of around 800 – 1200 metres 

whereas the central, northern and northwestern parts exhibit low 

elevation of 100 – 300 metres as the terrain incline towards the north.  

 

4.3.2  Structural valleys  

Structural valleys are also the prominent structural features 

along with structural hills found in the area. It is seen that majority of 

the valleys are controlled by faults and fractures to a large extent as 

the area is tectonically active. The valleys are deep and exhibit steep 

valley walls and follow the general trend of hill ranges. (Fig. 4.8). As 

seen in the area, the first order streams are also controlled by the 

existing faults and fractures to some extent.  

 

4.3.3 Fault/ Fracture/ Lineament  

Faults, fractures and lineaments are the synonymous terms 

which show definite displacement of sub-surface litho-units on one side 

in comparison with the other either horizontal, vertical or oblique. 

Though, they are similar in their physical appearance on satellite 

image, each has specific characteristics. 

  Faults and lineaments are definite linear features but  

lineaments are longer and wider than faults whereas fractures                  

can be distinguished as minor features due to development of small 
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cracks in the country rocks (Bates and Jackson,1987). All these 

features are the clear indications of the on-going tectonic activity in               

the area. 

 

Quite a good number of faults, fractures and lineaments                      

in criss-cross manner have been identified in the area. It is found                   

that a majority of the valleys are controlled by faults and fractures                    

to a considerable extent In fact, the river Teirei appears  to be guided by 

active faults at several sections along its entire length in the area as 

seen on satellite image. As a whole, the lineaments are generally 

oriented in NE-SW and NW-SE directions  in the area. The presence of 

good number of lineaments indicates  the on-going tectonic activity in 

the area. 

 

4.3.4 Fault Scarp  

It implies a long, more or less continuous cliff or relatively steep 

slope facing in one general continuity of the land by separating two 

levels or gently sloping surfaces, and produced by erosion or faulting 

(Bates and Jackson,1987).  

 

  A number of fault scarps are seen at several places in the area 

with variable length up to 500 metres. The fault scarps which are seen 

in this area appear to be formed by upliftment of the area due to the on-

going tectonic activity. 
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 4.3.5  Flood plain  

Flood plain is a flat surface adjacent to a stream or river 

primarily composed of unconsolidated fluvial sediments like gravel, sand 

and silt normally subjected to periodic flooding by parent stream or river 

(Bates and Jackson,1987). 

A narrow stretch of flood plain over a length of about 8 km is 

seen in the northeastern part of the watershed before the confluence of 

Teirei river with the river Tlawng  near Bairabi (Fig. 4.8 & Plate). 

 

4.3.6 Buried channels 

Buried channels are the abandoned river courses which indicate 

the former flow direction of fluvial systems usually found in 

alluvial/deltaic plain. These are normally concealed by surfacial deposits 

(Bates and Jackson,1987). 

Buried channels are the prominent fluvial landforms seen                      

in the middle reaches and also in the downstream sections of                       

the watershed before the confluence of river Teirei with Tlawng                

where nearly level lands filled with fluvial sediments, mostly with                 

clayey sands, exist. (Fig. 4.8). These abandoned river courses are 

mostly found on the right side of the main river course of Teirei which                

reveals that the river is shifting towards its left side. Further,                        

the presence of number channels particularly, in the middle reaches 

where extensive plain lands are seen with clayey-sands reveals                    

that the river is shifting its course quite frequently. 
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4.3.7  Valley fill  

Valley fill constitutes boulders, cobbles, pebbles, gravel, sand 

and silt which are deposited by streams or rivers normally in a fluvial 

valley (Bates and Jackson,1987).  

Valley fills are the prominent fluvial landforms which are 

composed of unconsolidated sedimentary materials like angular 

boulders, cobbles, pebbles, gravels, sand and silt of various thicknesses 

seen at places on small scale in the area. The valley fills are seen                     

in the area at places particularly, at the confluence of first order  

streams (Fig. 4.8). 

As a whole, the geomorphic features identified in this area 

reveal several significant inferences of the terrain conditions. 

Particularly, in the middle and downstream sections due to the presence 

of clayey-sands and also low topographic elevation, the river has 

developed an extensive plain. Further, the river has abandoned its 

course quite frequently, probably, due to on-going tectonic activity. The 

area as whole exhibits number of faults and fractures which signify               

the intensity of tectonic activity in the area. In addition, most of the 

valleys in this area are controlled by faults and fractures and the main 

course of the river Teirei itself, is guided by major faults at several 

sections. It is surmised, therefore, from this study that the area                       

is tectonically active along with the other parts of Mizoram. Further,                 

the presence of clayey-sand particularly, in the middle and             

downstream areas support wet rice cultivation and also favourable for 

horticultural development. 
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Fig. 4.8   Geomorphic map. 
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4.4  Land Use/ Land Cover 

Land use is referred to “Man‟s activities and the various use which are 

carried on land” whereas land cover is referred to “natural vegetation, water 

bodies, rock/soil, artificial cover and others noticed on the land” (NRSA, 

1989). Resource assessment is one the important aspects for their 

management and optimum utilization. Land use/land cover studies play a vital 

role in various developmental strategies as it offers valuable knowledge of the 

existing vegetation resources along with their spatial distribution and also 

pattern.  The land use/ land cover information is the basic prerequisite for 

land, water and vegetation resources utilization, conservation and 

management. Land use patterns are the physical manifestations of the 

processes of land resource exploitation within the geographic, economic and 

social frames (Pathak, 2001). Land resources are becoming scarce due to the 

ever-increasing population pressure. A thorough knowledge of the various 

land-based activities help in developing an integrated framework to check 

land degradation in an area. Thus, land use constitutes an essential element 

in planning and management of land resources properly. Mapping of the land 

use and land cover pattern helps in the comprehension of geographical space 

or spatial units which are under serious threat to environmental problems and 

the determinant factors bringing such negative consequences. It helps in the 

processes of allocation of land for different sustainable uses. 

Similarly, land use change detection is the process of identifying 

differences in the state of different  land use pattern by observing at different 

times which helps in analyzing  probable causes for  degradation of  land, 

water and vegetation/forest resources. This technique is thus, useful to 
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estimate the agricultural products thereby to understand food security and 

other environmental changes.  

The present land use/ land cover study is an attempt to understand the 

existing land use/land cover pattern and particularly, to analyze changes in 

the agricultural land use between the years 2003 and 2013. 

Table  4.3   Major land use/land cover units 

Sl.No. Land Use/Land Cover (2013) Area (km2) Area (%) 

1. Built-Up Land 10.95 1.61 

2. Agricultural Lands (a+b+c) 

       (a) Wet Rice Cultivation (Kharif+Rabi) 23.46 3.45 

       (b) Plantation/Horticulture 9.51 1.40 

       (c) Aquaculture (Pisciculture) 3.71 0.55 

3. Forest 570.38 83.88 

4. Wastelands (a+b) 

       (a) Barren rocky/ land with/without scrub 9.66 1.42 

       (b) Waterlogged 2.75 0.40 

5. Water Bodies (a+b) 

       (a) Ponds/Tanks 0.61 0.09 

       (b) Rivers/Streams 1.12 0.16 

6. Others (a+b) 

       (a) Jhumming (i+ii) 

                      (i)  Current 24.33 3.58 

                      (ii) Abandoned 22.49 3.31 

       (b) Mining  1.03 0.15 

TOTAL 680.00 100.00 
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 Based on the interpretation of the multi-date satellite imagery coupled 

with limited field checks, six major land use/land cover units such as Built-up 

land, Agricultural land, Forest, Wastelands, Water bodies and others 

category, including jhumming, abandoned jhumming and mining areas have 

been identified in Teirei watershed as shown in figure 4.9 and 4.11 as well as  

table 4.3. 

 

Built-up land             (1.6%)

Agricultural land      (5.4%)

Forest                        (83.9%)

Wasteland                  (1.8%)

Water bodies            (0.3%)

Others                          

(7.0%)

Fig. 4.9 Land use/ land cover. 

 

4.4.1 Built-up Land 

Built-up land refers to an area of human habitation developed 

due to non-agricultural use like buildings, transport and communication 

lines, industrial activities etc. Roads and settlements are the land use 

units under built-up land category identified in the study area 

(NRSC,1989).  
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Zamuang, Rengdil, Kawrthah, Tuidam, Kawrtethawveng, 

Bunghmun, Serhmun, Damparengpui, Teirei, Salemboarding, 

Khawhnai, Tuirum, Lallen, Chhippui, Kawnmawi, West-Phaileng, North-

Sabual, Vawngawnzo, Damdiai, Suarhliap, Saikhawthlir, Chuhvel, 

Kananthar, Sihthiang, K.Sarali, Chilui, Bawngva, Darlak, Nalzawl and 

the district Capital - Mamit are the  settlements identified in the area. 

Most of the settlements are well-connected by metalled roads, viz. 

National Highway, State Highway and District roads, whereas some 

are connected by un-metalled link roads (Village Road) and still few 

remain unconnected. The whole network of roads and settlements in 

the area together cover an area of about 11 km2 (Fig. 4.10). 

Table 4.4   Road network 

 

 

 

 

 

 

 

4.4.2  Agricultural Land 

It is comprised of the lands primarily used for farming and for 

production of food, fibre and other horticultural crops. It includes land 

under crops, fallow, plantations etc. (NRSC,1989). 

Name of the Road Length (Km) 

National Highway 45.52 

State Highway 36.53 

District Road 133.39 

Village Road 52.38 

Total 267.82 
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Fig. 4.10  Transport Network & Settlements 



- 138 - 
 

4.4.2.1  Wet rice cultivation (WRC) 

Wet rice cultivation is the major crop land under 

agricultural   land category identified in the area. Croplands are 

seen extensively on the flood plain of the river Teirei over a 

length of about 8km particularly, before its confluence with the 

river Tlawng and also in the central part of the watershed on 

nearly level lands with fluvial deposits mostly of clayey-sandy 

soils. The major crops, other than rice, are potato, cauliflower, 

bean, mustard, cabbage, carrot, garlic and onion. The total areal 

extent of the cropland under this land culture is about 23km2. 

(Fig. 4.9 & 4.11). 

 

4.4.2.2  Agricultural Plantation 

It is described as an area under agricultural tree crops 

and other horticultural nurseries, planted adopting certain 

agricultural management techniques (NRSA, 1989). The 

common agricultural plantations dominating the area are coffee, 

flowers and tropical fruits such as citrus, guava, banana, mango, 

litchi, pine apple, jackfruit and papaya as well as the highly 

commercialized crops viz. rubber, betel-nut/areca-nut and oil-

palm. Other than the commercial plantations namely citrus, 

banana and pineapple found extensively on large scale, all the 

other crops generally thrive on small scale within and around the 

settlements to serve the local demands. The total areal extent 

covered by this land-based activity is about 9.5 km2. 
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4.4.2.3 Pisciculture  

Fish farming is one of the important practices along with 

other agricultural practices which is seen at some places 

particularly, in the middle and lower reaches of the watershed. 

This type of aquaculture is found mostly in the ponds which are 

adjoining the main river course where favourable conditions like 

clayey soils exist. Fish farms are seen extensively in the middle 

parts of the watershed where extensive plain lands exist with 

clayey soils. Most of the fish farms found in the area also serve 

the sources for irrigation also. The total areal extent of this 

feature is 3.71km2. 

 

4.4.3  Forest 

It is an area bearing an association predominantly of trees and 

other vegetation types capable of producing timber and other forest 

produce (NRSC,1989).  

The area supports tropical wet-evergreen and tropical semi-

evergreen forest  types with numerous species of trees and bamboo as 

it is dominated by moderately elevated hills with humid climatic 

condition.  The prominent tree species such as  Tlangham (Lyonia 

ovalifolia), Sialhma (lfelica excela), 'I'iar (Saurauja punduana). Kharuan 

(Eloeocarpus lanceofoliu, Thingsia  (Castanopsis Tribuloides), Fartuah 

(Erythriana stricta), Hlai (Quercus helferiana). Khaukhim (Sterculia 

colararata), Thal (Quercus dilatata), Thingsir (Sapidus barak) Vang 

(Albizzia sliptdata), Zinghal (Stereo spermum chelonoides), 
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Phunchawng (Bombax malabaricum), Vaube (Bauhinia variegata) etc., 

are found in the area. Bamboo forest is commonly found in the study 

area which has been serving the area‟s economy by its massive sale 

for paper production in the neighbouring state of Assam and for local 

handicraft products. The total areal extent of the forest cover is 570.38 

km2 (83.88%). 

4.4.4  Wasteland 

It is described as degraded land which can be brought under 

vegetative cover with reasonable effort and which is currently under 

utilized land and which is deteriorating due to lack of enough water and 

soil moisture and very rugged topography. (NRSC,1989). 

Land with /land without scrub, barren rocky area, water-logged 

land and mining areas are the prominent wasteland features identified 

in the area. Barren rocky areas are seen extensively in the area mostly 

associated with cliffs, escarpments and also in the mining areas                

(Fig. 4.11).  The total areal extent of these wasteland features is about 

13.44 km2. 

4.4.8 Land with/without scrub 

They occupy relatively higher topography like uplands or 

high grounds with or without scrub. These lands are generally 

prone to degradation or erosion. These exclude hilly and 

mountainous terrain (NRSA,1989). 
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There are some areas in the middle and upper reaches of 

the watershed with and without scrub covering an area of about 

9.5km2 which are mostly the resultant of deteriorated lands 

caused by severe soil erosion from temporal land culture. 

4.4.9 Barren rocky/Stony waste/ Sheet rock area 

It is defined as the rock exposures of varying lithology 

often barren and devoid of soil cover and vegetation and not 

suitable for cultivation. They occur amidst hill forest as openings 

or scattered as isolated   exposures or loose fragments of 

boulders or as sheet rocks on plateau and plains. It includes 

quarry or gravel pit or brick kilns (NRSA, 1989).  

4.4.10 Waterlogged land  

Waterlogged land is that land where the water is at/near 

the surface and water stands for most of the year. Such lands 

usually occupy topographically low lying areas. It includes lakes, 

pond and tanks (NRSA, 1989). 

Waterlogged areas are seen along the main river course 

of the watershed spreading in an area of about 2.7km2. 

 

 4.4.5  Water bodies 

 It is an area of impounded water, areal in extent and often                  

with a regulated flow of water (NRSC, 1989). The main course                         

of the river Teirei and its major tributaries run over a length of                   
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about 273 km which are considered as the major source of                         

water in the area along with ponds and tanks. Ponds and tanks                   

are seen in the central and northern parts of the area where extensive 

wet rice cultivation is practiced.  Aquaculture (Pisciculture) on small 

scale is also practiced in this area especially, in the central and 

northern parts where the terrain is nearly level to gently sloping                

(Fig. 4.11) The total areal extent of the water bodies in the area is 

about 1.73 km2. 

 

 4.4.6 Others  

 It includes all those features which can be treated as 

miscellaneous because of their nature of occurrence, physical 

appearance and other characteristics (NRSC, 1989). Being temporal in 

nature, the areas under mining and the system of shifting cultivation, 

both current and abandoned are kept under this category. 

 

  4.4.6.1 Shifting Cultivation (Current) 

     Presumed to have originated in the Neolithic period 

(Maithani & Srivastava 1997), shifting cultivation, also known as 

jhumming, is still the most prevalent form of agriculture practiced 

by nearly two hundred tribal groups in the hilly areas of 

northeast India (Singh 1994). In the study area, it is the only 

agricultural practice found extensively along the hill slopes 

where gradients generally exceed 15%. The areal extent of the 

current shifting cultivation is about 24 km2.  
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  4.4.6.2 Shifting Cultivation (Abandoned) 

   These are the shifting cultivation areas which have 

been abandoned after intensive use for a year or two. The land 

use system very often exhibits more or less the features of land 

with / without scrub. These areas are seen throughout the 

watershed adjacent to the current shifting cultivation sites.  The 

total areal extent of the abandoned shifting cultivation in the 

watershed is about 22.5 km2. 

 It is surmised based on the observations of the existing 

land use/land cover pattern in the area, wet rice cultivation along 

with shifting cultivation are practiced extensively. In addition,  

fish farming is also seen at places adjacent to the present 

agriculture fields. 

4.4.6.3 Mining/Industrial waste 

   It is an area associated with mining or industry with 

excavated materials or waste dumps or storage dumps of 

earthen material or industrial material. Such waste dumps are 

sometimes covered with or without vegetation. (NRSA, 1989). 

There are a few mining areas in the central part of the 

watershed covering an area of about 1km2. 
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Fig. 4.11   Land use/ Land cover map (2013). 
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4.5  Water Resources 

 Availability of water resources is one amongst the prerequisite 

conditions for agricultural development for plants growth. All plants need at 

least some water to survive, therefore, any attempt for developing agriculture 

has to take into account farm‟s accessibility to water resources. Arid regions, 

in many parts of the world could provide suitable topographical features and 

favourable locations but are out of reach for agriculture due to the absence of 

water for plants and crops. 

 Though the area receives high amount of rainfall during the major part 

of the year as stated earlier in this chapter, however, it is partial due to its 

seasonal characteristics. During the dry periods, groundwater appears to be 

the major source of water for agricultural activities at some places in the 

watershed. It is therefore essential to evaluate the water resources for 

efficient utilization in agricultural development. The present study of water 

resources is an attempt to assess the existing surface water resources in the 

form of drainage and ponds/ tanks/reservoirs and groundwater in the area.   

4.5.1  Surface water resources  - Drainage system/Ponds/Tanks 

Teirei is the major river which flows in the study area. Sakei Lui, 

Hmawngzui Lui, Ramri Lui, Lotha Lui, Kawrthah Lui, Aisih Lui, Darlak 

Lui, Meidum Lui, Sengmatawk Lui, Saisih Lui, Kawrnu Lui, Setlak Lui, 

Hawrhpup Lui, Bawngva Lui, Suangkuang Lui, Lenkhang Lui and Chi 

Lui are the prominent tributaries to the river Teirei. The main course of 

the river „Teirei‟ falls under 6th order category according to Strahler‟s 

(1964) scheme of streams ranking (Fig. 4.12 & table 4.5).  
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Fig. 4.12   Drainage network of Teirei river. 
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Table 4.5   Stream order and their length 

 

 

 

 

 

 

 

 

It is found that all the prominent streams mentioned above are 

perennial in nature. The drainage network could provide efficient water 

resources in the study area. Similarly, there are some prominent ponds 

and tanks particularly in the northern, northeastern and central parts of 

the watershed where plain lands and clayey sands exist. In addition, 

there are some water bodies in the form of waterlogged/marshy lands 

along the buried channels in the area as seen in northern and central 

parts, mostly adjacent to the main river course (Fig. 4.12). Most of the 

ponds and tanks in this area are converted into aqua-farms for fish 

farming and also for irrigation. 

Further, as the area is tectonically active most of the tributaries 

and the main river are controlled by faults and fractures to the large 

extent as a result the existing drainage system plays a dual role in 

Stream Order 
Stream Length 

(Km) 

First Order 1751.13 

Second Order 519.79 

Third Order 253.97 

Fourth Order 131.61 

Fifth Order 69.27 

Sixth Order 71.91 

Total 2797.68 



- 148 - 
 

recharging and also in discharging groundwater. As a whole the 

northern, northeastern and central parts in addition to all the perennial 

streams including the main river are proven to be good sources of 

surface water.  With the exception of the 1st and 2nd order streams, all 

the other perennial streams with excellent supply of water could be 

used in the agricultural lands for irrigation. Even some  1st order 

streams, other than those on very steep slopes, are perennial in nature 

with potentials to provide efficient irrigation all throughout the year. 

They provide water, during dry season, through groundwater 

discharge. There exist eight tributaries with 5th order of streams joining 

the main river course at regular intervals which show that the area has 

immense potential of water resources for harnessing irrigation for 

agricultural development. 

Careful observation of drainage density and frequency provides 

considerable knowledge on accessibility, vicinity, efficiency and 

capability of irrigation system in one way or the other.  It may be 

affirmed, in general, that large number of rivers and streams are 

available throughout the study area regardless of the means or types of 

irrigation systems required for harnessing the water resources. Most of 

the drainage system, being located in the  narrow and deep valleys, 

accessibility of the same from highly elevated land may proved 

unfeasible or impractical for it would require efficient power supply to 

harness water for irrigation. But fortunately, the elevated lands could 

well support horticulture, plantation and agro-forestry with only 
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seasonal requirements of water that could be proficiently established 

from rainwater and its harvesting system. 

Analysis of some drainage parameters like drainage frequency 

and drainage density has revealed some significant clues about the 

distribution of drainage channels in the area. The drainage frequency 

ranges from 7.5 to 11.6 per km2 and the drainage density is 3.1 to 

4.3km per km2 of geographical area. On an average, there exist 10.07 

streams and 4.1 km long network of streams and rivers per sq.km. 

within the watershed. Among the suitable areas covering the entire 

watershed, the northeast, central and southeastern parts of the area 

exhibits comparatively poor drainage network but are still proficiently 

distributed for agricultural uses (Fig. 4.12). 
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Fig. 4.13   Drainage density of Teirei watershed. 
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4.5.2 Groundwater Resources 

Identification of groundwater recharge zones is an essential task 

to comprehend spatial availability of groundwater for use in agriculture 

or any other purposes. Surface water resources such as rivers, 

streams and rainfall are sometimes inadequate with specific place and 

time that very often farmers have been compelled to rely on 

groundwater resources. However, delineation of groundwater potential 

zones requires analysis of its major determinants such as slope, 

density of drainage, lithology and geomorphic features as well as 

lineament density, for they have direct influence upon recharge and 

storage of groundwater. Therefore, the amount of rainfall in the study 

area being adequate for groundwater recharge, evaluation of such 

elements is prerequisite. Groundwater potential zones in the study area 

can be delineated by studying the existing terrain conditions cited  

above.  

4.5.2.1 Slope 

General slope of the terrain has  immense influence upon 

soil-moisture retention capacity, soil texture and permeability, 

hence groundwater recharge either from direct run-off or stream 

flow. Infiltration of surface water is hampered by steep slopes 

where most of the water is wasted by run-off. Soil moisture 

retention capacity is also low due to sub-surface flow by 

gravitation thereby reducing the potential of groundwater 

recharge. On the other hand, gently sloping and flat lands nullify 
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the velocity of run-off, increase the rate of infiltration thereby 

enhance the water retention capacity of  the soil, hence favour 

the downward percolation of water as recharge for groundwater. 

4.5.2.2  Lithology  

Lithology, in general, plays a significant control over 

weathering of rocks and groundwater potential. Variations in 

groundwater potential are largely determined by changes in the 

thickness of zone and types of weathered rocks and soil 

(Srinivasamoorthy, et.al. 2009). In fact, groundwater recharge 

depends not only on the specific yield of the aquifer materials 

but also on many other factors viz. soil properties, geomorphic 

features and land use. Greater potentials for groundwater 

resources are associated with geological structure having 

combined lithological proportion of sand, silt and clay, 

geomorphic flood plains, alluvial fill and adjoining areas of lower 

order streams Saraf, et.al. (2002). 

Table 4.6    Major lithological formations 

Litho-unit Area (Km2) Area (%) 

Sandstone 397.05 58.39 

Siltstone-Shale 258.13 37.96 

Clayey Sand 24.82 03.65 
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Fig. 4.14   Major lithological formations. 

(Source: Mizoram Remote Sensing Application Centre) 
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Lithologically, the area belongs to the Surma group                

with the hills consisting of sandstones, silt-stones and                    

shales of Tertiary age, thrown into long folds (Ganju, 1975). The 

rocks are of sedimentary origin and are homogenous                    

in nature as far as the general aspects of soil and land  

formation is concerned. The Surma Group is represented                      

in the area by Middle and Upper Bhuban formations (MIRSAC, 

2005). The Major part of the area is composed of sandstone, 

silt-stone as extensive linear patches in north-south direction               

on the western and southeastern parts and clayey-sand                      

as small patches at certain pockets along the main river             

course. Among all the litholoigical formations distributed                      

in the area, sandstone and clayey-sand  are proved to have  

high water retention capacity. Therefore, from lithological 

viewpoint, the study area with heavy rainfall, is likely to have 

immense groundwater resources.  

 

4.5.2.3  Landforms 

Geomorphic features provide ample clues in delineation 

of groundwater potential zones as they have direct influence              

on groundwater prospects. Certain landform features are the 

major determinants of groundwater recharge and storage. 

Geomorphic features such as structural valleys, faults, fractures 

and lineaments provide ideal conditions for inflow of water to 
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underneath the surface through the pore spaces and cracks. 

Therefore, lineament density is found be the most important 

element in delineating groundwater potential zones. 

The entire study area consists of very strong network                  

of structural valleys along with faults, fractures and               

lineaments. There also exists valley fill at certain places,                      

but on small extent, to prove groundwater availability along        

such valleys. Besides, a few patches of low-lying  land along     

the main river course in the northeastern part of the area,   

during the outburst of summer monsoon, falls under flood                

plain to offer high water retention capacity which are                     

further subjected to partial infiltration for groundwater              

recharge. 

Based on the integration  of the thematic layers                   

of the  above discussed terrain factors with the help of                

overlay techniques in ArcGIS environment, the potential                

zones of groundwater have been delineated. The groundwater 

potential of Teirei watershed has been classified into five                 

major classes, such as very poor, poor, poor to moderate,              

good to very good and excellent based on its expected              

potential (Fig. 4.16 & table 4.7). 
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Fig. 4.15     Lineament density map. 



- 157 - 
 

 The spatial distribution of the groundwater along with their               

areal extent  in the study area is presented below. 

 

Table 4.7   Ground water potential 

Sl. No. Groundwater prospects Zone 
Area   

(Km2) 

Area 

(%) 

1 Very Poor  148.69 21.87 

2 Poor 37.16 5.46 

3 Poor – Moderate 430.18 63.26 

4 Good – Very Good 21.25 3.13 

5 Excellent 42.72 6.28 

 
Total 680.00 100.00 

 

(i) Very Poor potential Zone  

 The poor potential zone is mainly distributed along the main 

ridges in the western and eastern parts of the watershed. Similar zone 

is found in the southern, southcentral, eastern and also at some places 

in the  northeastern parts wherever steep sloped hills are present with 

siltstone and shale, covering  an area of about 149 km2 (21.87%).  

 

(ii) Poor potential zone  

  This zone is found distributed in the entire area as  small 

patches except in the northeastern part where they are extensive, and 

mostly associated with steep sloped parts of Mamit ridge. The total 

areal extent of this zone in the area is about 37 km2 (5.46%). 
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(iii) Poor to  Moderate potential Zone 

  The poor to moderate zone covers the largest area of about 

430.18 km2 of the watershed which accounts for 63.26% of the total 

area of the watershed. This zone is found extensively in the area 

irrespective of lithological conditions (Fig. 4.14 & 4.16). Though this 

zone is designated as poor to moderate, it can be treated as good zone 

for groundwater recharge through the strong network of faults, 

fractures and lineaments. 

 

(iv) Good to very good potential zone 

  The good to very good potential zone is distributed all along the 

main river course particularly, in the southern, central and northern 

parts of the  watershed covering a total area of about 21.25 km2 which 

is only 3.13% of the total area. 

 

(v) Excellent potential zone 

  This excellent potential zone is found in all parts of the 

watershed where major structural valleys are distributed and also  

along the flood plain over  a length of about 8 km in the northeastern 

part of the watershed. Though, this zone occupies only of about  43 

km2 (6.28%), it serves as a recharge zone for groundwater through the 

existing faults and fractures.  
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Fig. 4.16  Groundwater potential zones 
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4.6 Soils 

 Soil is a very important natural resource for the survival of human 

beings and also to achieve prosperity through agricultural development.  Soil 

is one of the most important determinants of land productivity, hence 

agricultural development, that the necessities of regional classifications based 

on their basic properties are the primary compulsions in the processes of 

evaluation of physical factors determining the potentials of agricultural 

development. Soil is a life supporting system upon of which human beings 

have been dependent from the dawn of civilization that comprehensive 

information on soil resources, its potentials, limitations and capabilities is 

required for a variety of purposes such as command area development, soil 

conservation in catchments areas, sustainable agriculture, watershed 

management etc. (Ravishankar and Sreenivas, 2009). The basic chemical, 

physical and biological properties of soil affect agriculture and the processes 

such as fertility, water retention and organic matter accumulation and 

decomposition affect soil properties (Mc Cauley, et.al. 2005). However, a soil 

may be highly fertile but not productive because soil productivity is the result 

of various factors such as good management practices, availability of water 

and suitable climate that limit the yields (Ram and Singh, 1993).  

Based on the different determinants of soil types, the study area has 

been classified into six local soil units. The major soils identified in the area 

are (i) Umbric Dystrochrepts & Humic Hapludults, (ii) Typic Udorthents & 

Fluventic Umbric Dystrochrepts, (iii) Humic Hapludults & Typic Dystrochrepts,                          

(iv) Typic Udorthents & Fluventic Dystrochrepts, (v) Typic Hapludults & 

Umbric Dystrochrepts and (vi) Fluventic Umbric Dystrochrepts & Aquic  
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Hapludults. The general properties of the soils identified in the watershed are 

presented in table 4.8 and their spatial distribution is presented in figure 4.17. 

 4.6.1 Typic Udorthents and Fluventic Umbric Dystrochrepts 

The regions adjoining the rivers and tributary streams support 

the combined taxonomical soils of Entisols and Inceptisols, locally 

named Typic Udorthents and Fluventic Umbric Dystrochrepts, which 

extend over 22.39% of the study area. They range in colour from 

yellowish brown on the surface to light-olive brown in the subsurface 

and constitute very deep soils on recent alluvium. Their geographical 

locations are confined to nearly flat lands and gently sloping lands 

where elevations do not exceed 500m (Fig. 4.17). The physical 

properties, in general, exhibit moderately low permeability, very fine 

structure and fine alluvial texture with an average organic matter 

content of 0.50%. Owing to their pedologic properties and geographical 

characteristics, the regions under this soil group has the highest 

potentials for intensive agriculture and irrigational facilities provided the 

low organic carbon content is supplemented by manures and fertilizers. 

 

 4.6.2 Umbric Dystrochrepts and Humic Hapludults  

The most prominent soil group covering more than 50% of the 

watershed constitutes Umbric Dystrochrepts and Humic Hapludults of 

Inceptisols and Ultisols respectively. The depth of soils are deep to 

very deep with dark brownish surface and dark-yellowish brown sub-
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surface colour geographically located below 500m under the slope 

classes of strongly sloping to very steep gradients. They are composed 

of young soil with limited profile and thin clay illuvial deposit. Fine 

granular structure, hence moderately rapid permeability, often 

described as fine-loamy with the highest organic matter content in the 

watershed are the physical properties of these soils which could have 

immense potentials for integrated farming system of aquaculture and 

agro-forestry along with livestock rearing. 

 4.6.3 Humic Hapludults and Typic Dystrochrepts  

Along the main ridges and their adjacent side slopes,                  

Humic Hapludults and Typic Dystrochrepts combined to form                  

pedo-geographic regions and are confined to the elevations between 

500 – 1000m above mostly on moderately sloping to very steep sloping 

areas. They account for 22.44% of the total watershed area whose 

formations are derived from limited profile of young soils with thin B-

Horizons. The depths are however very deep with colours of dark 

brown surfaces and dark-reddish brown sub-surfaces having rapid 

permeability, fine granular structure and fine loamy texture with an 

average organic carbon content of 0.55%. These soil regions had once 

supported the „Great Basket of Citrus Fruits‟ whose cultivation has, 

however, been deteriorated due to biological infections and perhaps 

depletion of soil moisture and nutrient contents for being devoid of 

irrigations for a long generation. Commercial plantations with 

evergreen species such as arecanut and rubber have come up serving 

the economy of the inhabitant farmers. 
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 4.6.4 Typic Udorthents and Fluventic Dystrochrepts  

Amidst the region cited above, few patches of land                 

accounting for 3.6% of the watershed area with Typic Udorthents                     

and Fluventic Dystrochrepts happen to exist where slope gradients              

are gentle to moderate thereby allowing fluvial deposits of streams and 

minor tributaries at certain sites, i.e. soils onrecent alluvium with little 

profile. These alluvium deposits, with the soil underneath formed very 

deep dark brown surfaces and yellowish-brown subsurface soils. Their 

structure, being very fine, the product texture also exhibits fine loamy 

alluvial hence moderately permeable. In regard to organic matter 

content, their averaged 0.65% ranks the second highest within the 

watershed. This soil group could well support upland paddy on terraces 

wherever water storage of streams and rainwater harvesting system                

could be made. Intensive agriculture could be practiced at such 

locational sites. 

 

4.6.5 Typic  Hapludults & Umbric Dystrochrepts 

The combined taxonomical soils of Entisols and Inceptisols 

locally named Typic Udorthents and Fluventic Umbric Dystrochrepts 

extending over 4.62km2 of the study area are found to exist                                

at an elevation above 1000m along the eastern main ridge.                    

They range in colour from dark brown surface and yellowish                   

brown sub-surface constituting very deep and young soils with                 

leached B horizon. Their geographical locations are confined                         
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at gently sloping to very steep slopes. The physical properties,                         

in general, exhibit fine granular structure, moderately rapid      

permeability and fine loamy texture with an average organic                     

matter content of 0.60%.  

 

4.6.6 Fluventic  Umbric Dystrochrepts &  Aquic  Hapludults 

Other than the cited five different types of soil, the remaining 

one with an areal extent of only 0.76km2, in spite of its minimal areal 

coverage, is characterized by complex properties. The soils, locally 

known as Fluventic  Umbric Dystrochrepts and  Aquic  Hapludults are 

found on the eastern ridge above 1000m elevation. Their colours range 

from very dark greyish to dark brown surface and brown to yellowish 

brown sub-surface. Being found on nearly level to gently sloping lands, 

they are formed by young soil with limited clay illuvial profile upto B 

Horizon, hence comparatively lesser depth with clayey texture, very 

fine structure and low permeability with high moisture retention 

capacity and 0.63% content of organic carbon.  
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Fig. 4.17  Distribution of soils. 
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Table 4.8  Soil types & Properties 
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4.7 Land Capability 

  Land capability classification provides significant information towards 

potential or limited areas suitable for land cultures. The different classes 

placed soils into general order of suitability or unsuitability for cultivation, 

forestry, grassland or other uses for sustained production and, the soils that 

have the least limitations or hazards with best response to management are 

placed in the highest category (MIRSAC 2005). As given in the earlier 

chapter, the entire study area exhibits 5 (five) different land capability classes 

such as class IIe, IIIe, IVe, VIe and VIIe based on the types, depth and 

drainage of soils and slope gradients (MIRSAC,2005). 

 Class IIe, characterized by deep, moderately fine textured soils and 

poorly drained subjected to water logging during rains are found on gently 

sloping valley land along the main river courses and major tributaries. Land 

under Class IIIe bears deep soil, moderate to fine textured and well-drained 

soils on strongly sloping to steep slopes. As seen in Figure 4.18, such sites 

are mostly associated with lower elevation below 400 metres amidst or 

between different stream orders.  The areas under Class IVe supports deep to 

very deep, moderately to fine textured well-drained soils on steep to very 

steep slopes along the main ridges and the hill sides in particular . The Class 

VIe land capability class portrays deep to very deep, moderately fine textured 

well drained soils on very steep slopes. Their distributions are well defined 

due to their concentration along the main ridge lines especially in the 

northeast, southeast and southwest. The areas under Class VIIe, having 

found on extremely steep slopes such as escarpment or cliff throughout the 

area which are suitable neither for forestry nor agriculture.  
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Fig. 4.18   Land Capability classes. 
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5.0 Introduction 

Generalization of hilly areas as backward in the developing                   

countries sounds logical if one considers the limitations imposed by their 

geophysical conditions. The fragile ecosystem of rugged topography and 

restrictions hailing from inaccessibility causes most of the developmental 

plans and works inappropriate for rapid progress. Agriculture, being the 

predominant source of livelihood to the people living in Teirei watershed, soil 

erosion remains the major agent of obstacle towards promotion of the living 

standard and development of their future economy. The potentials for 

agricultural development and promotion of livelihood, therefore, lay upon 

prioritization of soil conservation units through the assessment of soil loss in 

the Teirei watershed. 

Soil erosion is a complex and dynamic process by which the                        

top layer of soil is detached. It is considered to be a serious threat to                     

the long term viability of agricultural system which affects not only the 

productivity of land but also degrades the environment in downstream 

sections by heavy siltation, thereby decrease the carrying capacity of              

streams and rivers. It has been proven, scientifically, that the main              

causative factor to land degradation is soil erosion by run-off. As stated                 

by Hitzusen (1993), soil erosion is the first order category amongst the                

land degradation problems. It is essential to minimize soil erosion                      

through appropriate developmental plans and management practices of                

the limited available land. 
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The entire study area is afflicted by the problems of soil erosion as                    

a consequence of loss of forest cover coupled with the strong influence                     

of the roaring southwest monsoon and the nature of highly undulating 

topography. As the area is composed of sedimentary formations such as 

sandstone, silt-stone and clayey sands along with conglomerates brought 

down by fluvial agencies, it is prone to high degree of erosion. Considering 

the scarcity of land resources with increasing population pressure, soil 

conservation practices are very much essential to the long term viability of 

agriculture in   this area. 

Soil loss estimation is a capital intensive and time consuming                 

exercise by which conservation practices may be based on the examination 

and quantification of soil properties, topography, vegetation and climatic 

factors and the relation of these factors to regional and temporal 

characteristics. Soil, being the medium of growth for most of the living things, 

due importance has been given on this resource by mankind. Recognition of 

the detrimental influence of accelerated soil erosion on agricultural societies 

dates back to Plato and Aristotle (Montgomery, 2007) but its scientific 

investigations and quantification emerged only by the second-quarter of the 

20th Century from the United States. Since then, however, a number of 

devices and methodologies have been developed for soil loss studies. 

Soil erosion is the cumulative effect of a variety of processes by              

which earth materials are detached and transported across a given                 

surface. The potential for erosion is based on many factors including                        

soil types, slope and the energy or force of precipitation expected during                

the period of surface disturbance (Ezemonye, et.al. 2012). It is equally 
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important to consider the conditions of resistance factors such as                

vegetation cover or land use types and the controlling practices of 

anthropogenic activities. Thus, estimation of soil erosion has to be                          

based on the assessment of the influence of eroding agents and the               

resisting factors.  

To develop appropriate management strategies on a regional                    

scale, a quantitative assessment, based on mathematical model, is                

essential to infer on the extent and magnitude of soil erosion and             

subsequent loss. The present soil loss estimation is an attempt to quantify  

soil erosion using the Universal Soil Loss Equation (USLE) in order                        

to prioritize conservation units based on the intensity of erosion in the               

study area. 

Quite a good number of soil erosion estimation models exist                       

with varying degrees of complexity. Elwell and Stocking (1982) put                

forward and proposed the Soil Loss Estimation Model, whereas Lane and                     

Nearing (1989) developed the Water Erosion Prediction Programe                           

for the United States Department of Agriculture. The Griffith University 

Erosion System Template (Misra & Rose, 1990) and the European                       

Soil Erosion Model (Morgan, 1994) are also worth mentioning.                     

However, certain complexity and spatial applicability exist from the                      

points of technology, monitoring and physical settings that among all,                    

the simplest mathematical model is the Universal Soil Loss Equation 

(Fistikoglu, et.al. 2002).  
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The Universal Soil Loss Equation (USLE) is the most popular              

empirical model widely used for erosion prediction and control (Laflen, 2003). 

It is one of the most significant and effective methods formulated for                         

soil and water conservation in the 20th Century and later. The Universal                

Soil Loss Equation, developed by Wischmeier and Smith (1978), and                      

the Revised Universal Soil Loss Equation by Renard, et.al. (1994) quantify 

soil erosion using six factors representing rainfall and runoff erosivity (R),                

soil erodiblity (K), slope length (L), slope steepness (S), vegetative cover and 

management practices (C), and supporting conservation practice (P) using 

the following formula: 

A = R*K*L*S*C*P 

where, A = Average Annual Soil Loss Rate (t haˉ¹ yearˉ¹) 

R = Rainfall Erosivity (MJ mm haˉ¹ hˉ¹ yearˉ¹) 

K = Soil Erodibility (t ha h haˉ¹ MJˉ¹ mmˉ¹) 

L = Slope Length (Runoff Velocity) 

S = Slope Steepness (Gravitational Effect) 

C = Crop Management (Canopy Protection Service) 

P = Conservation Support Practices 

 

It is therefore necessary to quantify each of the controlling factors in 

order to estimate the total soil loss on a given unit area. The methodology 

adopted to quantify the factors is presented here. 
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5.1 Rainfall Erosivity – Factor ‘R’ 

 Rainfall Erosivity is one of the important factors to estimate soil loss                

in an area as it plays vital role in erosion. It is defined as the potential                

ability of rain to cause erosion. The process involves detachment, transport 

and deposition of soil particles. The major driving forces are from                    

raindrop impact and runoff over the land surface (Renard & Freidmund, 1994) 

that, it is necessary to estimate the kinetic energy of raindrop splash and                 

intensity of different spatial units at micro-regional scale. Variability of               

rainfall distribution over space and time directly influences the rate                       

and intensity of erosion by water that the determinant physical factors of 

rainfall distribution on a regional scale such as topography, elevation and                       

wind direction have to be considered for comprehensive analysis of                 

rainfall erosivity. The spatial pattern of precipitation is strongly related to 

topography and therefore must co-evolve with it (Anders et.al. 2006).                    

The rainfall patterns differ, depending on hill summit elevation whereby the     

hill positions experience maximum intensity of rain (Lentz, et.al. 1995). 

 It has been observed that the distribution of rainfall is not 

homogeneous throughout the study area, and for this, rainfall data collected  

from  different rain gauge stations are used for the preparation of iso-erodent   

map with the interpolation of relevant geographical attributes such as  

direction of the monsoon, topographical features and elevation of                       

different locations within the watershed. 

 Based on the elevation of each rain-gauge station, the watershed                  

has been divided into three spatial units or zones such as A, B and C whose               
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locations are in the northern, central and southern parts of the                    

watershed, respectively. Taking into account the topographical influence                  

on rainfall intensity experienced in the area, the three units are further  

subdivided into windward slope and leeward slope in which the latter has 

been observed to receive an average decrease in precipitation by 50 mm              

annually. In the windward side, the relationship between elevation                        

and rainfall, developed by Shreshta (1997) has been employed for 

preparation of the iso-erodent map.  

The equation to estimate „R„ is: 

  R = 1384.2 + 0.339z  where 

R = Rainfall in mm,  and 

z = Elevation in metres. 

 

 Using this equation, a decrease or increase in the amount of rainfall by 

approximately 100 mm annually, for every 300 metres of change in the 

elevation from the Meteorological stations have been made. This has enabled 

the micro-classification of the whole watershed into twelve zones and the 

different numerical values of the factor „R‟ derived from them. 

In the Universal Soil Loss Equation or its revised model, rainfall 

erosivity describes erosion intensity of rain and is derived from a long-term 

weather station observation in which its value increases as the amount                 

and intensity of rainfall increase. Of the six factors considered in the                     

USLE or RUSLE, the „R‟ factor is the most precisely defined (Yu, 1999).              
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The value of „R‟ is the product of event rainstorm kinetic energy in                  

MJ haˉ¹ and the maximum rainfall intensity in 30 minutes in mm per hour 

(Wischmeier & Smith, 1978; Renard & Freidmund, 1994). The „R‟ factor, used 

for the USLE estimation is the average annual sum of all individual storm             

erosion index values, EI30 where E is the total storm kinetic energy per                

unit area (MJ/ha) and I30, the maximum 30 minutes rainfall intensity (mm/h). 

To calculate the „R‟ factor, rainfall intensity data at 30 minutes intervals                 

are pre-requisite for at least 20 years so that natural climatic variations can      

be accommodated (Wischmeier & Smith, 1978). 

Due to certain limitations imposed by the unavailability of rainfall 

intensity records at 30 minutes interval or individual storm events, the model 

developed by Fournier (1960) and later modified by Arnoldus (1977 & 1980) 

with the name Modified Fournier Index  has been  used to calculate the „R‟ 

factor. This index is the most widely used model for simple relationship 

calculation for erosivity of annual precipitation and individual rainstorm events 

at 30 minutes interval.  

The equation is: 

C =  Σp²/ P  where 

  C = Modified Fournier Index 

  p = Monthly Rainfall of the Wettest Month 

  P = Annual Precipitation 

 The index has to be summed for the whole year and linearly correlated 

with EI30 (R) of the USLE as follows: 
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R = b + a(C)  where 

R = Rainfall Erosivity of the USLE 

b+c = Constant with varying values at different climatic zones,  

C = Modified Fournier Index. 

In the context of Indian monsoon climate, the „R‟ factor can be 

calculated by using the formula proposed by Singh, et.al. (1981) which is 

given here. 

R = 79+0.363P where 

P = Average Annual Rainfall in mm. 

Table 5.1   Rainfall Erosivity  

 

Zones 

Area 

West - II West - I East - I East - II 

A (North) 
1103 1066 1030 1012 

B (Central) 1122 1086 1050 1032 

C (South) 1224 1188 1152 1134 

 

 

5.2 Soil Erodibility – Factor ‘K’ 

Soil erodibility is one of the basic factors in estimating soil loss. The 

factor – K represents susceptibility of soil to erosion; the transportability of 

sediments; the amount and rate of runoff given a particular rainfall input as 

measured under a standard control (Weesies, 1998). Thus, it is a measure of 
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the inherent erodibility of a given soil under the standard condition of the unit 

USLE plot, maintained in continuous fallow of 72.6 feet long on a 9% slope 

gradient. The soil factors or properties that influence erodibility by water are 

those factors that affect infiltration rate, permeability and total water retention 

capacity along with the factors that allow soil to resist dispersion, splashing, 

abrasion and the transporting forces of rainfall and runoff. 

Soil taxonomy and classification is concerned with the relationship 

among soils, between soils and the factors responsible for their characteristics 

(Soil Survey Staff, 1999). Soils vary in an almost endless number of ways 

(Soil Survey Staff, 1966) and their varying characteristics with uneven 

distribution either on a worldwide or micro-level scales impose the need of soil 

classification based on their erodibility for the estimation of USLE. The soil 

erodibility factor of the USLE as given by Wischmeier, et.al. (1971) is 

composed of soil parameters such as percentile contents of silt and very fine 

sand; sand; organic matter, and; structure and permeability classes. Thus, 

enumeration of each parameters of the factor ‟K‟ at the micro-geographic 

scale is essential for estimation of soil loss. A considerable attention has to be 

paid to soil attributes such as particle size distribution, organic matter content 

and density of eroded soil in order to estimate soil erodibility (Wischmeier, 

et.al. 1971). 

For use as factor „K‟ in the USLE, a complex but common geographical 

classification of soil is made for the watershed. The determinant of soil 

properties such as elevation from mean sea level (temperature determinant), 

slope gradients, parental rock, vegetation type, soil depth, origin or soil 

forming processes are used through interpolation and overlay to draw soil 
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boundaries. The most important soil properties that influence the reflectance 

of soil are soil moisture content, texture, structure and iron content 

(Ravishankar & Sreenivas, 2009). Soil colours are obvious properties that 

have been used as differentiating characteristics at high categorical levels in 

most taxonomy (Soil Survey Staff, 1999). 

Soil map of Mizoram (Dept. of Agriculture, 1997) represented in a tri-

colour with  major soil types based on the 500 m contour interval has been 

used as the base-reference for soil mapping of the area. Reclassification is 

done using the taxonomy of soil developed by the United States Department 

of Agriculture (USDA) (1987) and the Food and Agriculture Organization 

(FAO) (1974) soil units, their sub-units and the general properties as well as 

their associated attributes of each soil types and units. The depth of soil 

layers has to be utilized as it carries a utilitarian meaning – about drainage, 

resistance to erosion and available moisture capacity (Stallings, 1957). The 

drainage classes are further used for division of permeability as well as 

textural analysis. The geological map of the area is interpolated to recognize 

the parental rocks – sandstone, siltstone, shales, etc. which commands the 

texture and structure of the soil.  

Soil, being the primary outcome of geomorphic processes such as 

weathering, mass movement and water retention capacity, their governing 

factor, viz. slope gradient has been given special attention in which the slope 

gradient classes prepared by the USDA for soil classification, following the 

slope gradients of 0 - 10%, 10 - 20% and 20% - above are successfully used 

by overlaying process. Geographic location of the soil such as hilly terrain, 

structural valley, river valley, plain and alluvium have immense control on the 
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depth, drainage, texture, humidity and fertility of soil (Mongia, 1993) that the 

factors with their associated soil properties are also referred for the map 

preparation. Vegetation cover and types, being the effective controlling factors 

of humus content in the soil, availability of organic matters to cause 

weathering and the ease of runoff, equal importance has been given on land 

use during demarcation of soil boundaries. Vegetation types proved to be 

good predictors of soil properties (Gerdol, et.al. 1985). 

The resultant final map with well-defined soil boundaries of six major 

types of soil, derived from interpolation and overlaying of several thematic 

layers of geographical phenomena is summed up for investigation and 

laboratory analysis to obtain the numerical values of the factor „K‟. 

Based on the areal extent or coverage area of the six soil                        

types found in the watershed, 52 soil samples were collected (Fig. 3.2). 

Texture of each soil sample, designated and recorded with identical               

figures and geo-referenced marks is analyzed manually following the 

Standard Procedure of Soil Texture Analysis (Berry et.al. 2007) and the 

USDA Soil Textural Triangle.  

The computed values of  soil parameters, viz. texture, OM content, 

structure and permeability are used for mathematical calculation of the USLE 

Soil Erodibility factor „K‟ using the equation developed by Lal, et.al. (1994) as: 

 

 K = 2.8 x 10⁻⁷ x M ¹ ̇ ¹ ⁴  (1.2 – a) + 4.3 x 10⁻³ (b – 2) + 3.3 (c – 3)

 where 
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M = Amount of Soil Particles (% Silt + % Very Fine Sand) 

a = Organic Matter Content 

b = Soil Structure Code as:   

01= Very Fine Granular;   02= Fine Granular; 

   03= Coarse Granular;   04= Lattice/ Massive. 

c = Soil Drainage or Permeability Class as:  

01= Fast;    02= Fast to Moderately Fast; 

   03= Moderately Fast;  04= Moderately Fast to Slow; 

   05= Slow;    06= Very Slow. 

 

 

Fig. 5.1 Soil Textural Triangle developed by  USDA 
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The nomograph developed by Wischmeier, et.al. (1971) has also been   

incorporated for easier computation of the value for factor „K‟. 

 

 

 

 

 

 

 

 

 

Fig. 5.2   Wischmeier’s Nomograph for computation of factor ‘K’ 

Table 5.2  Soil Erodibility 

Soils Area (Km²) ‘K’ 

Umbric Dystrochrepts & Humic Hapludults 345.25 0.55 

Typic Udorthents & Fluventic Umbric Dystrochrepts 152.25 0.66 

Humic Hapludults & Typic Dystrochrepts 152.62 0.51 

Typic Udorthents & Fluventic Dystrochrepts 24.5 0.54 

Typic  Hapludults & Umbric Dystrochrepts 4.62 0.57 

Fluventic Umbric Dystrochrepts & Aquic Hapludults 0.76 0.68 
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5.3 Topography – Factor ‘L.S’ 

 In the Universal Soil Loss Equation, the factors „L‟ and „S‟ are 

dimensionless  accounting for the effects of slope length and steepness. 

Slope length is defined as the distance from the point of origin of overland 

flow to the point where either the slope gradient decreases enough that 

deposition begins or the flow is concentrated in a defined channel 

(Wischmeier & Smith, 1978). Slope steepness refers to the angle of inclination 

of the slope or its gradients generally expressed in degree or percent. The 

product of „L‟ and „S‟ factors, in the USLE, is the topographical factor that is 

the expected ratio of soil losses from a given length and steepness of slope to 

corresponding losses from the standardized plot dimensions used in other 

terms of the USLE (22.13m long plot with 9% gradient) (Wischmeier, 1977). 

Topography affects erosion on two scales – macro and micro (Renard 

& Foster, 1983). Slope steepness, length and shape express the macro-scale 

and row side slopes and roughness configurations are the expressions of 

micro-topography. Topography, as expressed by slope steepness, length and 

shape at the macro-scale largely influence erosion. Shape of the slope is, 

however, less significant over large geographic areas than the degree and 

length of slope (Stocking, et.al. 1988). Increased slope length and steepness 

produces higher overland flow velocities and correspondingly higher erosion. 

Watershed topography and geomorphic characteristics that increase runoff 

volumes and the rates tend to increase erosion. The energy of the eroding 

agents increases with slope steepness; additional run-off accumulates with 

longer slope length, which increases the capacity of flow to detach and 
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transport soil particles. Erosion is greatest when steep slopes occur at the end 

of the slope where maximum runoff has accumulated (Renard, et.al. 1983). 

 There are number of methods for estimating slope steepness for use in 

the USLE (Dunn and Hickey, 1998) and various approaches and algorithms 

for quantifying slope length and steepness have been developed (Hickey, 

2000). The topographical sheets of the Survey of India on 1:50,000 scale at 

20 m contour   interval have been used as base-map for slope classification. 

Following the slope classes grouping of Mc Donald et.al. (1984), slope 

classifications are made based on the contour spacing adopted by the All 

India Soil and Land Use Survey (vide IARI, 1971) allowing seven classes of 

slope gradients ranging from 0% to above 50%, by which an average slope 

percent for each spatial unit is computed. Taking the mean of each slope 

classes, the value for factor „S‟ is computed using the following formula: 

S = 65.41 Sin² θ + 4.56 Sin θ + 0.065 where 

S = the Value of USLE factor „S‟ and 

Sin θ = the angle of inclination in degree. 

For more conveniences and availability of data for computation, the 

following equation, developed for slope gradient in percent (Wischmeier and 

Smith, 1978) has been used: 

S = (0.43 + 0.30s + 0.043s²) / 6.613  where 

S = the Value of USLE factor „S‟ and 

s = Slope Angle/Gradient in Percent. 
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The range of applications for the „S‟ factor calculation using these 

formulae are, however, limited to 18% slope (10.2o ) that the Nomographs 

developed by Wischmeier (1977) has been applied for the combined 

computation of the „L‟ and „S‟ factors. 

Slope length factor is the least variable factor of the USLE (Hurni Hans, 

1982). Soil loss is much less sensitive to changes in slope length (Mc Cool, 

et.al. 1987) that to avoid complications in computation processes, slope 

lengths of the watershed are classified into 7 groups on the basis of slope 

gradients as follows: 

Below 3% = 150 m;   3% to 10%  = 90 m 

10% to 15%  = 70 m   15% to 25%  = 50 m 

25% to 35%  = 40 m   35% to 50%  = 30 m 

Above 50% = 20 m 

 

For computation of the factor „L‟ the following formula developed by 

Wischmeier and Smith (1978) can also be used: 

L =  (x / 22.1)ᵐ    where 

L =  the Value of USLE factor „L‟ and 

x =  the Slope Length in metres 

m =  the Varying Value of Exponent of Slope gradient as 0.5 

for 5% slope, 0.3 for 3% slope and 0.2 for 2% slope etc. 
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Table 5.3   Distribution of ‘LS’ value 

‘L.S’ Value 
Area 

(Km2) (%) 

0.25 21.00 3.09 

0.90 108.50 15.96 

2.80 7.50 1.10 

4.00 90.25 13.27 

8.00 171.25 25.18 

11.0 185.00 27.21 

14.0 96.50 14.19 

Total 680.00 100.00 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.3   Wischmeier’s Nomograph for computation of factor ‘LS’ 
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5.4 Vegetation Cover/ Crop Management – Factor ‘C’ 

 The factor „C‟ values are the representative values for allocating                

the USLE land cover and management factors corresponding to each                 

crop or vegetation conditions (Dabral, et.al. 2008). It is defined as the                    

ratio of soil loss from a particular cropping and management to soil loss              

from a continuous tilled fallow area (Laflen, 2003). Value of „C‟ gradually 

decreases as the natural vegetation recovers (Katihara, et.al. 2000); its values 

presented in the USDA Agriculture Handbook No. 537 (Wischmeier and 

Smith, 1978) consider different canopy heights, densities and different ground 

surface cover rates. In fact, the effectiveness of protection served by a canopy 

against erosion  depends on these factors. The intercepted water reforms 

drop, which then fall to the ground cover or surface. The energy of the 

reformed  drops is usually much less than that of the non-intercepted drops                     

because their height of fall from the canopy is usually too low for                          

them to regain terminal velocity (Renard and Foster, 1983). However,                     

the reformed drops and stem-flow reach the ground that consequently                         

a canopy does not reduce run-off so much as it reduces Erosivity,                  

especially during large storms. 

Land use or vegetal cover is arguably the most important factor                      

in the erosion process (Chakale & Stocking, 1988). Protection of direct 

raindrops  by vegetation is the principal determinant of specific erosion rates, 

and  lack of vegetation controls the incidence of very high erosion (Stocking,     

1984). A vegetative canopy intercepts raindrops above the soil surface              

and ground surface covers, and tends to dissipate some of the                    

raindrops energy and reduce runoff velocity. Its role towards 
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protection/conservation of erosion also come in other ways such as 

encouraging greater infiltration of water, increasing surface organic                 

matter, thereby reducing the erodibility of the soil; and possibly other                

effects. Since the interception effect is the most significant under                           

the conditions of high intensity tropical rainfall, the coverage of vegetation   

plays an important variable of the USLE/RUSLE measurement. 

 Materials in contact with the soil surface are more effective                         

than a canopy in reducing erosion (Renard and Foster, 1983) because                 

the energy of raindrops striking this cover on the ground is completely 

dissipated. Furthermore, materials in contact with the soils slow down                     

the run-off velicity, which increases the flow depth, providing a greater                     

buffer for reducing the hydro-dynamic impact forces of the raindrop               

(Mutchler and Young, 1975). Hence, special attention has been given to    

upper canopy as well as the cover type and range on the ground surface                 

to compute the values of factor „C‟ while analyzing the land use or                

vegetation cover in the watershed. 

 Preparation of vegetation cover map for use in the USLE has to be 

based on scientifically sound technology, especially when the areas under 

investigation come to large geographical extent. For applications on national 

scale, the factor ‟C‟ can be estimated from mid-resolution satellite images (eg. 

Landsat TM) by applying the Normalized Difference Vegetation Index (Gitas, 

et.al. 2009). Mapping or classification of satellite imagery, further, needs 

ground investigation for reliable computation of vegetation cover of the 

canopy above the ground and on the ground. 
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 In the present study high resolution satellite imagery of the IRS P6 

LISS IV, FCC geocoded  on 1:50,000 scale has been used for computation of 

vegetation cover. Digital image classification  has been carried out using 

Image Processing software (ERDAS Imagine 9.1) to classify vegetation 

present  in the area . 

 Various classifications of vegetation cover have been developed for 

application to Indian context as well as worldwide out of which the commonly 

used classification of different vegetation cover have been made by Rao 

(1981) and the USDA – SCS (1972) as: 

Table 5.4   Land cover types and their corresponding 'C' values 

Cover Type 
‘C’ 

value 

 

Cover Type 
‘C’ 

value 

Agriculture (Paddy) 0.280 Shifting Cultivation 0.330 

Degraded Forest 0.008 Open Forest 0.008 

Dense Forest 0.004 Settlements 1.000 

Fallow Agriculture 0.180 Water Body 0.280 

 

 Considering the local conditions, minute fractions of modifications have 

been made for tropical vegetal cover with thick undergrowth based on 

extensive field investigations of the study area as: 0.002 for Primary Forest 

with canopy coverage higher than 50%; 0.005 for Secondary Forest with 20% 

- 50% canopy cover; 0.15 for Shrubs and Degraded Forest; 0.3 for Paddy 

Fields; 0.09 for Orchards and Plantations and;  0.00 for the dynamic built-up 

areas. 
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Table 5.5   Distribution of factor 'C' 

USLE Factor „C‟ 
Area 

(km2) (%) 

0.002 122.50 18.01 

0.005 428.50 63.01 

0.150 92.50 13.60 

0.300 10.50 1.54 

0.090 11.75 1.73 

0.000 14.25 2.10 

 

5.5 Conservation Practices – Factor ‘P’ 

 Rate of soil erosion or intensity is subjected to decrease if proper 

conservation practices are applied to combat or nullify the severity of run-off 

factors. The factor „P‟ mainly represents how surface conditions affect flow 

paths and flow hydraulics (Renard, et.al. 1991). The value tends to decrease 

as management  practices increase. Factor „P‟ may reduce soil loss to about 

0.60 for level areas, and to 0.90 (both in terms of tons/ha/yr) on slope of 25% 

gradients (Schulz, 1981). 

 In the study area, no major conservation practices are followed except 

on a minute scale such as house-site flower gardens which are of course 

negligible for mapping at 1:50,000 scale. Besides, terrace farming and 

contour farming exist at few places but their areal extent cover a fraction of 

hectare that they have been kept unmapped. The value for „P‟ factor has been 

assigned to be 1.0 for all the areas of the watershed. Thus, the entire study 

area bears a common value. 
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5.6 Estimation of soil loss 

Soil loss for the whole watershed area has been estimated using the 

Universal Soil Loss Equation by applying the values of the factors obtained in 

the present study. Owing to the existence of its negative characteristics in 

regard to erosivity, erodibility, topography, vegetation covers and absence of 

management practices, the area is experiencing a very high rate of soil 

erosion. The total annual soil loss from the 67,000 hectares area (excluding 

dynamic built-up lands of 1000 ha.) is estimated to be 75,04,000 tons. The 

interpolated final map of soil erosion clearly shows the spatial distribution of 

soil erosion in respect to geographic location and areal extent  and the major 

determinants of the rate of erosion in each spatial unit (Fig. 5.4). 

Based on the estimated annual soil loss per hectare, the watershed of 

Teirei has been classified into 6 erosional intensity units (Table. 5.6), including 

the dynamic anthropogenic built-up areas, They are 

(i) Very Slight with soil loss intensity of 0 to 10 tons/ha/yr. 

(ii) Slight with soil loss intensity of 10 to 20 tons/ha/yr. 

(iii) Moderate with soil loss intensity of 20 to 40 tons/ha/yr. 

(iv) Severe with soil loss intensity of 40 to 80 tons/ha/yr. 

(v) Very Severe with soil loss intensity higher than 80 tons/ha/yr. 

(vi) Unclassified soil loss intensity unit where anthropogenic 

activities prevail. 
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The computed soil loss data and final erosion intensity map, 

interestingly, follows the pattern of slope distribution and more significantly the 

pattern of vegetation density. This shows that the rate of soil erosion in hilly 

terrain is highly associated and determined by the protective services of 

plants and trees and also the gravitational influence of slope  towards run-off 

velocity.  

Table 5.6   Distribution of soil erosion  intensity zones  

Erosion Intensity 
Classes 

Soil Loss 
(ton haˉ¹ yrˉ¹) 

Area 
(km2) 

Area 
(%) 

Very Slight 00 – 10 142.25 20.90 

Slight 10 – 20 133.00 19.56 

Moderate 20 – 40 256.00 37.65 

Severe 40 – 80 33.25 04.89 

Very Severe above 80 101.25 14.89 

Unclassified Dynamic 14.25 02.10 

Total 680.00 100 

 

Out of the total area of the watershed, about 142.25 km2 (21%) falls 

under very slight intensity zone of soil erosion (0 to 10 t haˉ¹ yearˉ¹) (Fig. 5.4). 

Approximately 32% of these units are under dense forest with solely 

moderately sloping lands, whereas the remaining 68% of this zone is covered 

by open forest on 0% to 15% slope gradients. This shows that 100% of this 

zone concentrates on slopes below 35% gradients or moderately sloping 

lands.  Areas under this group are, therefore, distributed either on the lesser 

slope gradients of the river course and tributaries or the densely vegetated 
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areas. They are found to concentrate along the syncline between the two 

parallel ridge lines, the middle reaches of the eastern ridge line and the 

extreme south-western part of the watershed. 

The zone with slight intensity of soil erosion (10 to 20 tons haˉ¹ yearˉ¹) 

covers about 133 km2 (19.5%) of the watershed. Out of these units, about 

54.7% falls under thick vegetative cover on steep to very steep slopes and; 

45.3% of this zone comes under open forest on slopes of 10% - 25% 

gradients. These values depict that this zone is exclusively associated with 

either dense forest on steep slopes or open forest on gentler slopes. The 

spatial distribution of this zone tends to have close association with the zone 

of very slight intensity as these two zones are found to exist together – 

adjacent to each other except in the southwestern part of the watershed, i.e. it 

also follows the valleys of rivers and tributaries.  

The area with the largest areal extent falls in the moderate intensity 

zone of soil erosion with a loss of 20 to 40 tons haˉ¹ yearˉ¹ covering an area of 

about  256 km2 which is 37.65% of the total area of the watershed. As high as 

98.4% of this zone falls entirely under open forest with slope gradients of 

above 25% and the remaining 1.6% of this zone comes under the 

predominant jhumming with few plantation sites situated on nearly flat lands 

and gently sloping lands. This zone occupies mostly the northern three-

quarters of the watershed between the zones of slight and very slight erosion 

intensity. This means that the zone exists on both sides of the river next to the 

areas of low erosion intensity and along the downslope of the main ridge 

lines. 
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Fig. 5.4    Soil erosion intensity zones. 
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The severe intensity zone of erosion  with a loss of 40 to 80 tons haˉ¹ 

yearˉ¹ sharing approximately 4.9% of the watershed is mostly dominated by 

open forest on very steep slopes as well as wet rice cultivation sites on           

0 – 3% slope gradients. A few patches of open forest on gently sloping land 

also contribute to this zone wherever extremely negative aspects of soil 

properties and rainfall erosivity prevail together. The zone is found on the 

northeast, southwest, extreme southeast and the central parts of the 

watershed occupying very few patches.  

The erosion intensity zone with soil loss above 80 tons haˉ¹ yearˉ¹, 

designated as „very severe‟ covers an area of about 101.25 km2 (4.9%) of the 

watershed. Other than the nearly flat lands of 0 – 3% gradients, this zone is 

found scattered  everywhere on all the other slope classes but predominantly 

on moderately sloping to very steep sloping lands. Considering its associated 

vegetation cover, it is ,however, clear that more than 96% of this zone falls 

under the traditional shifting agricultural system and the remaining 4% is 

shared by plantations on steep to very steep slopes. These areas are found 

scattering throughout the watershed but their concentrations are higher in the 

northwest along the western ridge  and areas around the middle and upper 

reaches of the watershed. 

 

5.7 Prioritization of Conservation Units 

Soil erosion causes land degradation resulting to reduction in effective 

rooting depth, plant-available water, nutrient reserves, organic matter content, 

and structural properties (Lal, 1988) which are potential threats to the 
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environment or sustainability of ecosystem. Thus, soil erosion being the major 

cause of environmental degradation, its conservation measures from all 

possibilities which are at the disposal and adaptability of the watershed 

dwellers should be adopted. Such suggestions for conservation should take 

into account the viability on the existing physical conditions, the economic 

possibility, the social acceptability and most of all the sustainability in different 

spheres.   

Soil erosion and land degradation is the cumulative effect of various 

physical and biological factors out of which the most important are land slope, 

rainfall pattern, soil type, vegetation and land use (IRDAS, 1994). The rate 

and intensity of soil loss becomes higher when the negative aspects of the 

controlling factors operate in combination, whereas the intensity is low 

wherever the controlling factors work together ineffectively. Therefore, 

prioritization of conservation units has to be based considering the soil 

erosion rate, i.e. first priority has to be given to areal units where soil loss 

intensity is higher and more simply wherever the combined cited factors 

function together actively. 

Taking into account the very severe erosion intensity zone where 

annual loss of soil cover per hectare exceeds 80 tons, soil erosion is in 

operation actively due to less vegetative cover regardless of the soil types, 

slopes and rainfall.  As given, 96.3% of the total area under the very severe 

erosion intensity zone comes under shifting cultivation that prioritization of 

conservation unit should come first with the jhum sites. In most cases, 

jhumming is largely associated with moderate to steep sloping areas. 

Besides, under a situation where jhumming operate together with steep 
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slopes of 35% and above, soil loss exceeds even 900 tons/ha/yr. These 

intensity units, deserving the first priority of conservation, are found along the 

free-face slope of the main ridge line in the north-western part of the 

watershed; the foothills of the two main ridge lines in the middle reaches of 

the river and; the adjacent  synclines of  the main river course in the southern 

part of the watershed. Suggestion of conservation measures for these units 

remains one of the topmost problems. Hurni (1982) in his presentation at the 

World Association of Soil and Water Conservation Workshop had quoted: 

“Soil conservation always means change. „Traditional‟ ways of using 

the soil resources have failed to conserve it and call for a different way 

of agriculture. If soil conservation as a goal has been accepted, change 

must be accepted as well. The key questions, however, are these: 

What type of change is needed? What type of change is possible? 

While the first question usually can be answered with a list of 

measures, the second eliminates many of them.” 

Considering the existing physical and socio-economic conditions in the 

watershed, no measures (mechanical, technical etc.) already applied, appears 

to be affordable or viable for controlling erosion including the abolition of the 

so-called jhumming.  However, if improvements are adopted with all the 

accessible resources and possibility, the rate of erosion could be reduced. 

Such measures for improvement include the leasing of trees with thick and 

large canopy while slashing or burning and also linear patches of the most 

abundant fauna (usually bamboos) across the slope to act as natural barriers 

for reduction of run-off velocity and increase residue. 
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The second priority has to be given to open forest covers on very steep 

slopes exceeding 50% gradients and towards paddy fields where no 

conservation measure is practiced. More than 66% of the severely eroded 

areas come from the group of very steep slope supporting open forests 

revealing that the most viable measures of control comes with the leasing of 

such areas undisturbed for regeneration of vegetation. In most cases, open 

forests are the outcome of forest resources extraction and the practice of 

jhumming which once prevailed over the areas. Therefore, open forest on 

slope gradients above 50% should be allowed for regeneration and kept 

protected thereon. 

Open forests on slope gradients above 25% and jhumming on the 

nearly flat lands are the two major contributors of moderate erosion intensity 

of 20 – 40 tons per hectare annually.  The rate of soil erosion being moderate 

and not much threatening to degradation of the environment and biodiversity, 

this zone ranks the third order for prioritization of conservation. Another great 

positive characteristic is that the zone occupies the largest area with almost 

38% of the watershed showing the possibility of extending large scale 

conservation measures through simple means of afforestation or leasing the 

zone for vegetative regeneration. The other contributor – jhumming on the 

nearly flat lands can be converted to permanent agriculture for bearing 

favourable physical conditions such as gentle slopes, irrigability and 

accessibility. 

In general, erosion rates of 100 tons per hectare will remove the topsoil 

completely in about 20 years (Cook, 1988) which means that the rate of 

annual soil loss with the figure less than 20 tons per hectare will take at least 
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100 years to remove the soil cover completely. Being under such a positive 

state, the intensity zones of „very slight‟ and „slight‟ erosion together come 

under the last order for prioritization of conservation. Most of the two zones 

are supporting either dense vegetative covers regardless of other factors or 

open forest on moderately sloping lands which both prove the effectiveness of 

canopy protection services and slope gradients to control erosion. These 

zones are, however, necessary to preserve against anthropogenic use and 

should be kept for further regeneration. 

To conclude, it is to be documented that if soil conservation as a goal 

has been accepted politically and socially, the traditional shifting cultivation 

system with the already cited improvement measures should be limited to 

slope gradients below 10% and other anthropogenic land culture should 

accept the slope gradient of 35% as the ceiling. Relationship analysis has 

revealed that such actions would bring down the rate of erosion not higher 

than the moderate intensity. 

 

5.8 General Conservation Measures 

The aim of conservation measures has to be the preservation of quality 

and the measurement of continuous yield by establishing a balanced cycle of 

harvest and renewal (Ghosh, 2011). Other than the previously cited specific 

measures for controlling the soil loss on each erosion intensity unit, there 

exists a number of viable actions based on the determinant factors of erosion. 

Wherever extreme rate of erosion prevails, it is not always possible to nullify 
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or alter all the factors; hence at least one of the following actions may be 

taken for reduction of the threatening soil erosion. 

Change in the land use system is the most effective measure to reduce 

soil erosion by simple conversion to more dense vegetative cover. This 

measure is always applicable even when no other options for soil 

conservation exist. However, time period taken for regeneration to dense 

forest impose another time constraints that increasing undergrowth through 

grasses and bushes should come first depending upon the immediate needs 

of soil conservation whereas other means of restoration to thick canopy cover 

can be performed in the meantime. 

Land management through contour ploughing and minimum tillage               

for cultivated land, controlled grazing and area closure for grassland             

offers possibilities for erosion control (Hurni, 1988). Change in the slope 

characteristics, especially the slope length, is another option for effective               

soil conservation. Slope length determines run-off velocity and reduction                 

of slope length can be done with all types of physical structure that                     

either retain or divert surplus surface run-off. Even small amount of                

residue can greatly reduce run-off velocity (Kramer & Meyer, 1969).               

Residue on the soil surface can be augmented by simple economical    

methods through increasing litters and keeping obstacles like arranging 

bouldery-pebbly-gravel across the active channels on slopes. In traditional 

agricultural system, the option of changing slope gradient is the most 

frequently used method even without irrigation (Hurni, 1988). Terrace 

construction is the most common measures for the same but the problems                

in the study area are the high labour input requirements, the insufficient               
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soil depth and the high rainfall intensity whose maximum runoff cannot                  

be  retained  by  the  leveled  structures. 

The conditions of higher humus content, better infiltration and 

increased water storage capacity of the soil reduce soil erodibility 

(Wischmeier, et.al. 1971). Amplification of these conditions can be performed 

by natural and artificial fertilization and zero or at least minimum tillage. But 

there arises a big constraint towards implementation of such actions for the 

poor farmers of developing countries especially the backward forest tribals in 

northeast India hence, the most economical means come from utilization of 

dung or animal wastes and crop residue. 

Spatial planning for allocation of specific land use system should be 

made based on the physical conditions. Anthropogenic land-based activities 

should be restricted beyond the slope of 35% gradients unless population 

pressure urged the limit. Technical knowledge and materialistic supports 

along with associated awareness on financial credit and market generation 

encourage the marginal farmers to take up sustainable permanent farming 

system to tackle soil erosion or give-up subsistent jhumming. Acceptability 

and social support on soil conservation with permanent cultivation can be 

encouraged through experienced local farmers‟ statements on the 

sustainability of the land use. Cooperative societies can be set-up to provide 

support, technical resources and podium to share problems arising at each 

local level. 

Wherever agro-forestry or plantations are carried out, secondary 

undergrowth plantation of soft leaf species should also be encouraged to 

ensure rapid decomposition of plant leaves to increase litters. Simple 
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contouring can also be practiced either by digging or arranging small lines of 

hard rocks at regular interval on the slope which could be done easily using 

the locally available sandstones. 
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6.0 Introduction 

 Agriculture, horticulture, livestock, aquaculture, commercial plantations, 

forestry and combination of these systems are some of the important existing 

farming systems in the area. Agricultural activities include the cultivation of 

kharif, rabi and jhumming where daily basic needs such as rice and other 

vegetable dietary crops are grown. The common horticultural practices are the 

cultivation of citrus fruits, pineapples, squash, mango and banana. Livestock 

is mostly composed of dairy farming, poultry and piggery. Fish farming has 

also been practiced intensively at a few sites mostly within the low-lying 

valleys to provide local demands and recreational purposes. Commercial 

plantations, other than timber oriented, have recently come up with a variety 

of crops such as areca-nut, rubber and oil palm. Forestry include both private 

and government plantations to serve as timber and environmental protection 

respectively. Combinations of these activities as integrated farming systems 

are also to be found at a few sites where lands are intensively utilized owing 

to the scarcity of culturable land resources. It is essential to consider these 

existing land use patterns which show the adaptability and viability of 

particular types of agricultural practices by the farmers. Hence, the 

formulation of results has to consider the physical factors which could serve 

the potential areas for development of the prevailing agricultural system and 

more significantly the viable remedial and improvement measures for each 

distinct unit so as to carry out the most economical and sustainable 

agricultural system which are at the disposal to the doors of the inhabitants. 

Scarcity of land resources for agricultural uses in the study area 

generally comes from the topographical factors which cause slope instability, 
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high erosion, irrigation problem, soil moisture retention incapacity and 

inaccessibility or inapplicability of farm mechanization and tools. 

Geographically, possibilism is limited over unfavourable climatic and soil 

conditions (Kumar, 1997). However, the entire study area falls under the 

Humid Mild Tropical agro-climatic zone, providing favourable conditions for 

efficient growth of plants and crops (Fig. 3.4). As the precipitation is very 

heavy, i.e. more than 3000 mm, during the monsoon period from April to 

September, and even upto October, there is an enormous amount of water 

surplus which supports luxuriant growth of vegetation. Other than the 

topographic constraints, the study area is fortunately well-endowed with 

natural resources such as soil, climate, water resources and geomorphic 

features providing ideal conditions for development of agriculture. Therefore, 

priority has to be given to slope conditions during evaluation of potentials for 

land-based activities. To be specific, such potential areas however, should 

come under the following spatial units or be associated with: 

- Ensuring adequate protection of land against soil erosion with the 

application of indigenous technology or local-based resources 

which are physically, culturally and economically viable. 

- Soil erosion intensity zone where the rate or frequency of soil loss is 

within the permissible or considerable range. To be precise, the 

upper limit of slope gradient for all agricultural activities should be 

limited to 35% provided such land cultures support secondary 

undergrowth vegetation. 
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- Exclusion of steep slopes as potential areas for any land-based 

agricultural activities to avoid geomorphic hazards such as slope 

failure including mass movement, erosion etc. 

- Storage of run-off water or streams for provision of regular water 

supply for irrigational facilities and aquaculture using locally 

available resources. 

- Retention and storage of maximum moisture in the soil and 

underground from the rainfall or other sources. 

- Ensuring conservation and protection of the existing dense forest 

for improving ecological balance and biodiversity.  

Categorical classification based on the characteristics of each and 

every physical determinant factor of agricultural development remains a pre-

requisite task. Based on their properties, the different classes of physical 

features of each thematic layer have been considered depending upon their 

general potentialities for different kinds of agricultural activities and specific 

land use/ land cover practices. As given, the study area has witnessed the 

occurrence of high intensity of soil erosion as a result of low vegetative cover, 

rugged topography and high rainfall. Besides, most of the land use and land 

cover systems depend on the monsoon rainfall and there exist necessities for 

planning and provision of other sources of viable irrigational facilities such as 

increasing soil moisture retention capacities, runoff harvesting and 

construction of dams at minor streams. Therefore, hill tops and ridges have 

been kept for forest to provide moisture and nutrients moving down from the 

top as well as to reduce soil erosion. Further, the slope gradient of 35% is 

considered as the upper limit for anthropogenic use, other than forestry/agro-



 

- 220 - 
 

forestry, because worldwide studies have shown that efficient input to 

agriculture and farm mechanization on hillside is applicable within the slope 

gradient of up to approximately 35% (Ott, 1979; Ott, 1996). 

 

6.1 Potential Areas for Agricultural Land Use (Wet-rice Cultivation) 

 The term ‘agriculture’ here is confined to the intensive cultivation of 

staple food and vegetables belonging to the food items which are regarded as 

the basic needs for livelihood. The areas having potentialities for the practice 

of wet rice cultivation on a large scale is very nominal owing to the nature of 

topography in the study area (Fig. 6.1). Topographical barriers hence become 

the foremost important obstacle towards land utilization for agriculture as 

other factors could be somehow overcome with great efforts. Lands with slope 

gradients below 3%, designated as ‘nearly level lands’ are mostly found along 

the low lying drainage channels where irrigation could be provided without 

much effort. Such areas, being characterized by depositions, are having 

adequate soil depth and comparatively warmer climate owing to their low 

elevations and therefore provide potential areas for wet rice cultivation. 

Further, there also exist possibilities and potentialities for WRC on terraces on 

slopes upto 5%, generally found adjacent to the nearly level lands, where soil 

conservation measures could be implemented. Other than these two slope 

classes, it is assumed that utilization of higher slope degree does not serve a 

potential area for permanent cultivation as it is not viable for terrace 

construction due to high expenditure and vulnerability to mass movement of 

the loose soil in the prevailing fragile ecosystem. 
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 The entire study area receives adequate rainfall coupled with other 

favourable climatic conditions. Most of the lands with slope gradient of 3% as 

the upper limit are concentrated along river valleys for being the outcome of 

fluvial deposit. Hence efficient means of irrigation could be provided using 

both advanced and local technology such as diversion of water from upper 

source of perennial tributary streams, construction of minor dams and 

rainwater harvesting pit/tank at higher adjacent slopes. Sheet erosion of top 

surface clayey cover by rain-splash on the agricultural lands has been one 

major problems. In fact, the estimated soil loss from different land use 

systems reveals that wet rice cultivation areas have been seriously eroded 

due to exposure of the paddy field to direct raindrops. Hence agricultural 

lands should be protected from direct impact of raindrops by means of mixed 

cropping for maximum coverage of the top soil by agricultural crops. 

 Regardless of their location and accessibility, the areas having 

potential characteristics for paddy and terrace agriculture constitute about                  

11Km² and 15Km² respectively. These areas have, however, superimposed 

the potential areas for aquaculture or fish farming at certain locations. But still, 

these two farming systems, viz. agriculture and fish culture could well thrive 

together and provide complimentary services to each other in the form of 

irrigation for crops and fooding for fishes. 
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Fig. 6.1 Potential sites for development of WRC & Commercial plantation 
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6.2 Potential Areas for Commercial/Agricultural Plantations 

Large scale plantations of different tropical hard wood species for 

timber have been carried out for generations in the study area. These have 

provided substantial growth in the economy of the watershed inhabitants. 

However, the marketing processes of this farming system, since the recent 

past, have become complicated due to restrictions and enactment of Acts by 

the controlling authority, hence lose the popularity.  

The present dominant commercial farming systems practiced in the 

area have been the growing of rubber, areca-nut and oil-palm. These crops 

thrive best within the tropical humid climatic regime having the mean 

temperature of 26°C and annual rainfall of 200 - 300cm with high humidity. In 

regard to the soil properties, these crops are best suited to deep well-drained 

soils with loamy characteristics and mean pH of 4.0 to 7.5. The prevailing 

commercial crops are, therefore, considered best suited to the existing 

physical conditions of the study area. Besides, most of these cropped-lands, 

after maturity of the plants, do not necessarily require weeding and tillage that 

certain secondary undergrowth thrives to protect the soil from erosion. This 

condition of secondary undergrowth promotes the resilience of land to 

degradation of soil resources that the slope gradients upto 15% could provide 

potential areas for the land-based activities of extensive commercial farming. 

Practically, the major advantage of this agricultural system has been the 

development of this farming system regardless of water supply availability 

which means that they have proven themselves capable of achieving 

desirable growth with the prevailing seasonal rainfall. 



 

- 224 - 
 

Availability of market for products of commercial plantations in the 

study area is another advantage where agricultural products are marketed at 

ease. As the study area is well-connected with the neighbouring states of 

Assam and Tripura by the State’s highway and National highway, the 

products could be reached within a couple of hours. Besides, the State’s 

nearest railhead is located at the mouth of the main river to provide 

supplementary facilities for marketing. 

Allowing all the determinant physical factors for active control over the 

land culture for commercial plantations, the study area provides about 136km² 

for extensive cultivations of rubber, arecanut and oil palm. The final theme 

(Fig. 6.1) depicts that such favourable conditions are found scattering all over 

the watershed. 

 6.3 Potential Areas for Horticultural Land Use 

 The geo-climatic region of entire northeast India is suitable for growing 

a variety of horticultural crops in which mango and banana are natives to this 

region (Parthasarathy, 1993). Horticulture, which includes the growing of 

varieties of vegetable, tropical and sub-tropical fruits, spices, aromatic and 

medicinal plants as well as flowers and mushroom, is the backbone and future 

of rural economy which could be carried out successfully under/on undulating 

topography/terrain and varied agro-climatic conditions (Directorate of 

Horticulture, Govt. of Arunachal Pradesh). However, horticultural produces, 

being highly perishable, its cultivation prospect is decided not only by 

elevation and topography; other factors like hail storms, rainfall, temperature, 
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transport facilities etc. should also be considered for selection of suitable sites 

(Reddy, 1997). 

Horticulture, especially the raising of coffee, flowers and citrus fruits 

have been in practice in the study area since the past few generations, at 

comparatively higher altitude along the roadside of the main ridge-lines 

regardless of the sites suitability. These had been, once for a generation, the 

State ‘Basket of the Best Sweet Citrus’ which used to be exported on large 

scale to the neighbouring states and country. But these land cultures have 

been, unfortunately, suffering from the attacks of biological infections at 

regular interval and also physical deterioration which could have been caused 

by the inadequacy of soil nutrients and moisture due to erosion and 

mismanagement. At the lower altitude below 500 metres, tropical fruits such 

as guava, banana, mango, litchi, pine apple, jackfruit and papaya etc. have 

been grown to meet regional and local demands. These crops generally 

require well-drained soils with medium texture and aeration as well as 

temperatures ranging between 26° and 32° C (Agriinfo, 2011). 

The major disadvantage of the then existing horticulture, especially the 

citrus fruits, was their cultivation along the main ridge lines characterized by 

comparatively higher altitude and steep slopes with immense loss of plant-

supporting soil nutrients including soil moisture. The areas with suitable 

climatic properties of adequate rainfall and moderate temperature within the 

slope gradients of 15% to 35% serve the requirements of such horti-culture, 

hence about 308 Km², accounting for 45% provides potential areas for 

horticulture. 
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Considering the physical aspects, the best horticultural practice could 

come from the multi-tier cropping system in which various types of crops are 

grown together in such a manner that their canopies intercept solar energy at 

different heights and their roots forage the soil at different zones. The system 

may be carried out with the combinations of citrus and jackfruit at the top or 

the highest canopy and pineapple, ginger, dwarf coffee on the ground. 

Banana, being the native crop to this region, could thrive well throughout the 

study area that the same could be cultivated in combination with other 

horticultural crops to enhance canopy coverage for soil conservation and to 

provide shade to young undergrowth. 
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Fig. 6.2   Potential sites for development of Aquaculture and Horticulture 
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6.4 Potential Areas for Aquaculture (Fishery) 

The right selection of sites, for fishery, is probably the most important 

factor in determining the feasibility of viable operations. The history of 

aquaculture projects all over the world in which there are many that have 

been abandoned after considerable investment of money and effort (Pillay 

and Kutty, 2005). This shows the basic importance of selecting suitable sites 

for successful aquaculture. At the same time, it has to be recognized that 

compromises have often to be made, as ideal sites may not always be 

available, and conflicts over land and water use will have to be resolved.  

Favourable climatic characteristics, good quality of water and soil, 

perennial stream for regular water supply, and local topography are probably 

the five most important characteristics of a good site for fish farming. Of 

course, many other factors play into the decision of where to site a farm but 

these are considered the most important physical characteristics of any 

potential site.  

Climate is one of the most important physical elements exerting 

tremendous influence on fish farming. Water temperature governs the body 

temperature of fish, hence plays a crucial role in regulating the health and 

activities of fish. The most favourable temperature for growth is between 20°C 

– 30°C; the optimum being 25°C – 28°C, but this optimum is higher in tropical 

regions (Brown and Gratzek, 1979).  

Water is obviously important because it is the growing medium for the 

cultured fish. No fish farming can be expected to succeed without a plentiful 
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supply of good quality clean water. The sources of water could be rainfall or 

streams, but its supply should be regular. At the same time, excessive supply 

from these sources however, could create problems of slope failure, hectic 

sediment yields and stability of the check-dams. Therefore, local topography, 

i.e. elevation and slope of the land is also very critical. Poor drainage or high 

risk flood zones are to be avoided, while land with moderate elevations and 

no more than a gentle slopes in association with perennial streams should be 

preferred.  

Knowledge of different types of soils in India is helpful in understanding 

the problems related to the retentivity of the water by the soil and productivity 

of ponds, lakes and other water bodies located at different regions of the 

country (Jhingran, 1985). Soil quality is important because it determines 

fertility or productivity of the fish pond and the dam structural engineering 

design to ensure stability.  Permeability and porosity should compulsorily be 

considered during site selection and evaluation to avoid water percolation and 

infiltration to underground. Adequate clay content (about 20%) is required for 

earthen pond construction, which is important for good water retention.  

 Taking into account the existing unpolluted natural springs and their 

perennial nature, the deposited clay and loamy silt along the stream channels 

and, the gently sloping topography of the stream course with excellent 

drainage system for outflow, the area exhibits certain potential areas for fish 

farming. The valleys along the perennial tributaries, especially the first order 

streams on gently sloping lands and the second and third order streams could 

provide sites for successful aquaculture. The fourth order streams could also 
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be highly potential but there exists necessities for construction of the check-

dam with atleast wire-gabion structure to withstand the force of excessive 

accumulation of water.  

During site selection, construction of dams for fish farming at the close 

vicinity of agricultural fields has been highly considered so as to enable the 

provision of irrigation throughout the year. Lithologically, the area supports 

only 3.65% (25km2approx.) of the total watershed area under clay cover which 

has the maximum potentials for fish farming due to their maximum water 

retention capacity. However, some of the soils existing in the study area 

exhibit high clay content which are considered adequate for retention of water. 

Such soils include typic udorthents, fluventic dystrochrepts, fluventic umbric 

dystrochrepts, typic hapludults, aquic hapludults and umbric dystrochrepts 

whose concentrations are found on gently sloping lands with moderately 

drained, very fine structure and clayey texture. 

 In many situations, good-irrigated agricultural land may be the best site 

for pond farms for fish culture (Pillay and Kutty 2005) that the sites identified 

for successful sustainable aquaculture within the study area may be 

superimposed with suitable areas for agricultural crop-lands. Therefore, in 

view of the soil types, slope gradients, fresh water supply, climatic 

characteristics and accessibility, the study area supports as large as 28.5 Km² 

having potentials for aquaculture or small scale fish farming. The final map 

(Fig. 6.2) shows that such potential areas are found mostly along the main 

river course and its nearby tributaries. 
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6.5 Potential Areas for Forestry/ Agro-forestry 

 Owing to its tropical location, the study area could well support areas 

for forestry where man-made and natural vegetation could well flourish to 

provide vegetative cover. Topographical characteristics, being the barriers for 

anthropogenic use, the lands with slope gradients higher than 35% could be 

fully utilized for afforestation or natural vegetative growth. Such area accounts 

for about 156 km2 which is approximately 23% of the study area which could 

efficiently serve an adequate area for growth of biodiversity. It is worthy to 

mention that densely forested areas, with natural secondary undergrowth, are 

capable of rendering maximum protection for soil against erosion.  

 Agro-forestry provides another potential option for integrated land 

culture. It refers to the collective name for land use systems involving trees 

combined with crops and or animals on the same unit of land (Agriinfo, 2011). 

It is an efficient, integrated and sustainable land culture system whereby 

agricultural crops, forestry and livestock are simultaneously or in sequential 

manner tendered together. The main principle is that within the limited 

potential areas available for agricultural development, the land, water and 

sunlight should be effectively utilized for maximum benefit to the farmers. In 

agro-forestry systems, there are both ecological and economical interaction 

(Lundgren and Raintree, 1983). Being an integrated farming system, it could 

be, on the other hand, a threat to natural resources that one should ensure 

adequate protection of land against erosion with the use of local resource-

based soil conservation, maximum retention of rainfall within the area without 

affecting the crops, storage of runoff water – its use for pisciculture and 

irrigation wherever feasible, and management of silt. 
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In India, over half of the energy consumed on farms comes from the 

muscles of hand worked animals (Ghosh, 2011) and within the study area, 

livestock rearing provides, to a certain degree, the basic needs of the rural 

farmer. Some agricultural lands being inaccessible to farm mechanization, 

cattle have been in use for tilling the land and to provide milk. Other livestock, 

commonly poultry and piggery, are the sources of nutritional food items. The 

integration of livestock with agriculture, horticulture, agro-forestry, agri-horti-

silvi pasture systems not only augments the income from land but also 

generates additional employment and substantial amount of organic manure 

(Sarma, 1993). This farming system can be carried out on lands upto 100% 

slope with minimum of 0.5 m soil depth but contour-bunds, contour trenches 

and grassed waterways are the minimum requirements of land treatment 

(Prasad, 1993). On steeply sloping lands where agro-forestry is practiced, the 

ridges (hill top) should always be kept under forest; agricultural land use 

towards the foothill and; silvipastural practice towards the hill top. Manures 

and wastes of animals could be utilized for crops at the lower section whereas 

forestry at the ridges could serve as sources of water and moisture, fuel cum 

fodder trees, bamboo and timber trees which can be planted based on the 

farmers’ requirement. Movements of livestock should always be prevented on 

the slope for maintenance of slope stability, destruction to agricultural crops 

and unnecessary change on the soil surface. 

Taking into account the several aspects and characteristics of physical 

features in the study area, spatial delineation for the agro-forestry system may 

be limited only within the degraded forest (abandoned jhumming) areas where 

slopes do not exceed 50%. This could provide restoration and better 
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distribution of forest cover as well as better water retention capacity along the 

dry and degraded hill ridges.  

 

6.6 Temporal Changes in the Agricultural Land Use: 

 It has been observed that the study area witnesses drastic changes in 

the agricultural land use pattern, during the period from 2003 to 2013, 

particularly, in the extent of wet rice cultivation, agricultural plantation, 

aquaculture and jhumming (Table 6.1). As the major objective of the study is 

to find out temporal changes in the agricultural land use pattern during this 

period, analysis of changes in other land use/land cover units has not been 

taken up in the present study.  

Jhumming or shifting cultivation, despite of its categorical classification 

under ‘Other’ land use category, the system is the predominant land-based 

activities of farmers that assessment of changes in this land use system has 

been carried out. It has been observed that there has been a gradual 

decrease of  about 28% during the period 2003 with 34 Km2 to 2013 with 24 

Km2. This decreasing decadal change rate should be a matter of great 

concern due to the fact that jhumming has been considered as one of the 

major causes of degradation to natural resources. The decline in the areal 

extent of subsistent jhumming is indeed a positive achievement in agriculture 

despite of the increasing population pressure. This situation may be attributed 

to improvement in communication lines allowing trade liberalization for 

commercial crops and the increasing awareness on jhumming and its 

associated eco-environmental consequences. The so-called New Land Use 
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Policy (NLUP) of the Government may also be attributed but field 

observations proved that many of the NLUP beneficiaries have still continued, 

simultaneously, the activities of jhumming along with the NLUP. 

 

 

 

 

 

 

 

 

Fig. 6.3    Temporal Changes in the Agricultural Land use (2003 - 2013) 

 

The aquaculture (fishery) has also been observed to expand greatly 

with a decadal growth of 282%, i.e. 0.9 Km² in 2003 to 3.71 Km² in 2013. Fish 

farming has gained popularity since recently because of its dual role in 

serving food item and irrigation to agricultural lands. It has been observed that 

certain WRC sites have been converted/ transformed to aquaculture due to 

high maintenance cost of wet rice cultivation (WRC) areas and higher 

productivity from fishery per unit area. However, owing to the increasing 

population and greater demands for rice and vegetables, the largest temporal 

change, in terms of geographical extent, has still been observed in WRC 
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(Kharif) area in which this land-based activity expands by about 16 Km2. The 

extent of WRC areas in 2003 with 7.1km2 has been increased to 23.46 Km2 

by the year 2013 showing a high decadal growth of 230% in terms of areal 

extent. 

In terms of increasing decadal growth rate, agricultural plantation ranks 

the topper amongst all the other agricultural land use systems. There has 

been an increase of 589% from 2003 with 1.38 Km2 to 2013 with 9.51 Km2. As 

cited earlier, this drastic change is attributed to improvement in 

communication lines allowing trade liberalization for commercial crops and 

also the implementation of NLUP encouraging the cultivation of commercial 

crops which could be easily marketed to the adjoining states and country. The 

major crops under this agricultural plantation, practiced extensively, include 

the cultivation of arecanut, rubber and oil palm.  

Table 6.1   Temporal changes in agricultural land use pattern. 

Agricultural 
Land Use 

Area (km2) 
(2003) 

Area (km2) 
(2013) 

Temporal Change 

(km2) % 
 

Wet Rice Cultivation      7.10   23.46 (+) 16.36 230.42 

 

Agricultural 
Plantation 

    1.38     9.51 (+)   8.13 589.13 

 

Jhumming (Current)   33.96   24.33 (-)   9.63   28.36 

 

Aquaculture 
(Fishery) 

   0.97     3.71 (+)  2.74 282.47 

 

TOTAL   43.41   61.01 (+) 17.60   40.54 
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Introduction of the State Government’s flagship programme – the New 

Land Use Policy (NLUP), implemented extensively since 2009 has been one 

of the major contributors towards temporal change particularly in agricultural 

land use. Brief description of the same has been made as follows. 

6.6.1: The New Land Use Policy (NLUP):  

The State Government of Mizoram has initiated the NLUP to 

abolish the system of jhum cultivation by giving sustainable livelihood 

to the cultivators of Mizoram. The main objectives include the 

elimination of wasteful shifting cultivation, assurance of land distribution 

to all farmers for permanent means of livelihood, attainment of self-

sufficiency in rice and vegetables, regeneration of ecosystem and 

provision of commercial outlet to farmers through marketing 

infrastructure (Thanga, 2013). As per the Guidelines, the land-based 

NLUP activities have to cover 15% of the total geographical area, 60% 

under dense forest, 10% each for catchment area forest and 

community supply reserve forest, and 5% for built-up lands. It has been 

recommended that all the land-based activities under the NLUP should 

fall under Compact Areas allotted in each village by the Village 

Implementing Committee in order to ensure accessibility of the 

permanent agricultural lands through construction of link-roads to all 

the compact areas. 

The Programme’s strong recommendation for alternation of 

jhumming has resulted to commencement of permanent land culture. 

One of the components of NLUP being the cultivation of horticulture 
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and commercial crops such as arecanut, rubber, oil palm and other 

horticultural crops, the area witnesses tremendous temporal change 

from jhumming and Open forest to the cultivation of the cited crops. 

 

6.7 Areas Not Suitable for Agriculture 

 Evaluation of physical aspects has been made in the previous chapter. 

Based on the existing geographical conditions, certain parts of the study area 

have been found unsuitable to support anthropogenic land-based activities. 

Such areas include the protected reserved forests and the zones where steep 

slopes dominate to cause severe erosion when interfered by human beings 

for land-based activities.  

6.7.1 Slope-induced Severe Erosion Intensity Zones 

Soil erosion, a complex and dynamic process of top soil 

removal, affects not only land productivity but also degrades the 

environment downstream by sedimentation, thereby decreasing the 

carrying capacity of water bodies. It has been scientifically proven as 

the main attributor to land degradation (Angima, et.al. 2003) and 

categorized as the first order amongst the land degradation problem 

(Hitzusen, 1993). Being such an important determinants of soil 

conditions and physical environment which in turn affect the long term 

viability of agriculture, due weightage has to be given to different soil 

erosion intensity zones.  



 

- 238 - 
 

Agriculture, being the predominant source of livelihood to the 

people of Teirei watershed, soil erosion remains the major agent of 

obstacle towards promotion of the living standard and development of 

their future economy. As a consequence of deforestation coupled with 

the strong influence of roaring monsoon and the nature of topography, 

the entire study area has been afflicted by the problem of soil erosion. 

Besides, the area being composed of sedimentary sequences such             

as sandstone, shale and their conglomerates, the rate has been 

intensified. It is therefore, essential to consider the soil erosion intensity 

zones of different units to know the potentiality of agriculture 

development within the study area. 

Already given in the previous chapter is the detail description of 

spatial distribution of soil erosion intensity that the present chapter for 

results and discussion has to incorporate the inclusion or exclusion of 

different erosion intensity zones as potential areas for agriculture 

development.  

In tropical regions, annual erosion rate of 100 tons per hectare is 

capable of removing the topsoil completely in about 20 years (Cook, 

1988) which shows that restriction and limitation to the long term 

sustainable use of land exist wherever annual erosion exceeds 40 tons 

per hectare. Soil, being the medium of growth for all plants, 

investments and efforts for setting up permanent agriculture could 

prove fatal under higher rate of erosion. Within the annual erosion 

intensity of 40 tons per hectare, the calculation for complete removal of 
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top soil cover is likely to take place within a period of about 55 years if 

conservation measures are not implemented. 

Within the study area, the annual erosion intensity with 40 – 80 

tons/ha has been found to be the outcome of open forest cover on very 

steep slopes. This implies that slope gradients above 35% impose 

restrictions to agricultural land use.  On the other hand, the erosion 

intensity with soil loss above 80 tons/ha/ year has been found to have 

strong association with the jhumming system. It has been revealed that 

more than 96% of this zone falls under the traditional shifting 

agricultural system, found dominantly on moderately sloping lands to 

very steep slopes.  

In view of these scenarios, it has been clearly observed that 

restrictions from severe soil erosion higher than 40 tons/ha/year proved 

positive implication which allow agricultural land use on slopes within 

35%. However, augmentation or improvement of natural soil properties 

has to be ensured through optimization of crops cover either in the 

form of ground cover or secondary undergrowth in all agricultural areas 

within the study area. Therefore, defining what constitutes regulation or 

limitation to the use of different slope categories under 35% for 

agriculture depends upon the nature of land use practices. 

 



 

- 240 - 
 

 

Fig. 6.4   Unsuitable areas for agricultural practices. 
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6.7.2 Protected Reserved Forests 

The study area encompasses two different types of reserved 

forests out of which one of them is community/NGO’s strictly reserved 

forest, popularly known as the Dampui-Zo Ngaw, and the other is 

legislated reserved forests – the Dampa Tiger Reserved Forest. The 

total areal extent of these two reserved forests, within the watershed, 

covers 49.91 km2. The Dampa Tiger Reserved Forest exists at the 

southern extreme of the watershed and the Dampui-Zo Ngaw at the 

eastern ridge, south of the district capital – Mamit. These are obviously 

social and political factors but are physical in existence and practical, 

that priority has to be given towards protection of such reserved forests 

for maintenance of ecological balance. Therefore, it may be noted that 

the areas falling under these reserved forests could not serve a 

potential areas for any kind of land use other than forest cover. 

It has been observed, during field investigations, that the 

legislated reserved forest has been encroached by inhabitants 

especially near the roadside, but the community reserved forest do not 

suffer from such activities. This clearly shows the effectiveness of 

community participation towards conservation of natural resources. 

In view of the long term sustainability or existence of the 

reserved forests, the present situation of such forests does not suffer 

much from encroachment and illegal uses. However, increasing 

population and higher pressure on the available arable lands could 

bring about negative changes spatially and qualitatively. As seen in the 
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present context, the cited illegal minor exploitation of the reserved 

forests comes from the extraction of non-timber forest produce and 

temporal utilization for shifting agriculture. Considering the root cause 

of the encroachment, the inhabitants of villages in the periphery should 

be made well-aware of the possibility of future degradation to their 

adjacent wild-ecosystem through social institution and provision of 

permanent land-based activities should be made through financial 

support. The choice of protected areas management approach has to 

be in tune with the location specific situation – ecological, socio-

economic, political and financial (Shah, 2007).  
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7.0 Introduction 

 The present study area – Teirei watershed is likely to witness, in the 

near future, economic prosperity and agricultural efficiency due to certain 

changes in the means of communication and land utilization. It is unknown 

that such land-based developments constitute long term sustainability 

because of the negligence of micro-level planning through proper evaluation 

of determinant factors. The upcoming and newly developed land-based 

activities are the resultant of several trials and errors in the recent past that 

they are considered to thrive well in the region regardless of their induced 

degradation to the environment. It has been this situation in which strong 

recommendations have to be made for prevalence of long term sustainability 

through control of natural resources degradation. Natural resources such as 

land, water and forest are important determinants of economic growth and 

development in general, and agricultural and rural development in particular 

(Tushar, 2004) that it is essential to recommend and take up conservation 

measures for these three basic resources. 

The key principles for sustainability in agriculture according to Pretty 

(2008) are to: 

(i)  integrate biological and ecological processes such as nutrient 

cycling, nitrogen fixation, soil regeneration etc. into food 

production processes; 

(ii)  minimize the use of those non-renewable inputs that cause 

harm to the environment or to the health of farmers and 

consumers; 
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(iii)  make productive use of the knowledge and problem-solving 

skills of farmers, so improving their self-reliance and substituting 

human capital for costly external inputs; 

(iv)  make productive use of people’s collective capacities to work 

together to solve common agricultural and natural resource 

problems.  

 
 There exist certain specific prevailing land use systems which impose 

serious threats to the environment. Recommendation to abolish such land-

based activities proved impracticable if one considers the economy, culture 

and available technology within the study area. Therefore, improvement 

measures are recommended rather than suggestions to do away with such 

land use systems. One amongst these land use systems is the jhumming 

cultivation whose improvement could be made from optimum soil 

conservation which would allow the long term use of the same plot for some 

consecutive years. Holistically, all the land use systems other than agro-

forestry, in general, should be limited within the slope gradient of 35% so as to 

minimize soil loss from the fragile ecosystem. This would allow, further, the 

optimum use of farm mechanization wherever applicable. Besides, ensuring 

the augmentation of secondary undergrowth should be always highly 

encouraged for protection of soils and their fertility. 

 

7.1 Soil Erosion Control 

Soil conservation always means change in which several types of 

change could be recommended depending upon the determinants of soil 
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degradation for each specific location. Problems however arise in regard to 

the types of change possible and feasible, especially in the under-developed 

region. Hence, recommendations for conservation, control and improvements 

should take into account only such measures which are physically 

sustainable, economically affordable, technically applicable and culturally 

acceptable. 

Soil erosion can be controlled in both or either of the two ways –                   

(i) Reduce the erosive agents’ energy, i.e. raindrop impact and runoff.                   

(ii) Increase the soil’s resistance to detachment. The second one is long term 

and highly desirable but its impact is usually less than that of the first (Renard 

and Foster, 1983). Besides, improving the soil properties within the 

economically dependent region sounds impracticable. Maintenance of cover 

in contact with soil is the most effective single factor for reducing erosion; a 

90% mulch cover will cut erosion by 93% (Wischmeier and Smith, 1978). 

Vegetative cover reduces the energy of both raindrops impact and runoff, 

increases infiltration and reduces evaporation as well. Further, minimizing the 

degree of soil disturbances leaves more crop residue on the soil surface and 

produces few soil particles that are easily detached and transported. 

The agents of erosion and their nullifying measures, effective for 

protection and conservation, being clear, it is compulsory to suggest only few 

actions for controlling erosion and degradation of soil resources. These 

include afforestation with the locally available resources, protection of existing 

forests from unwanted clearing and fire and, intensification of cropped lands 

by mixed farming with secondary or ground undergrowth to resist the impact 

of soil detachment by raindrops. 
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7.2 Improvement for Shifting Cultivation 

It has been cited that shifting cultivation known as the ‘jhumming’ is the 

most predominant agricultural system which is arguably the one of the most 

important practice imposing obstacles towards agricultural development. Its 

natures of low productivity, subsistence, temporal negative impact on 

environment and ecosystem as well as  the unenthusiastic characteristics 

towards sustainability have remain threats for potential agricultural 

development. However, this so-called obstacle and unsustainable land culture 

could be of great means to achieve better productivity and development in 

agriculture. There exist only few recommendations for this agricultural system 

to bring about changes and revolution so as to attain more sustainability. It is 

to be given that there survives a compulsion to shift the agricultural land from 

one plot to the other due to extreme rate of erosion causing reduction in 

fertility, moisture and other nutrients content in the soil.  There could be 3 

(three) possible measures for soil loss control from the jhum plots which are 

economically viable, technically-easily available and culturally acceptable to 

all the jhummias irrespective of their socio-economic and educational status. 

Linear patches of bamboos, shrubs and trees to form contours could 

be left unslashed across the slopes of the jhum plots at regular interval 

depending upon the gradients and length of the slopes. Precautionary 

measures have to be, however, undertaken to avoid such structure from being 

burnt while setting the dried-vegetation on fire. All the waste, during the 

cultivation, including the weeds cleared from the jhum plots should be kept or 

get collected within the cited linear patches of man-made-natural contours. 

Such structures could be capable of obstructing and reducing runoff velocity.  
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Jhum plots have been, generally, kept devoid of green vegetation, for 

all the trees are cleared and burnt-up. Instead, some trees with dense and 

large canopy should be left at regular interval to provide protection against the 

direct hit from raindrops. This could reduce the kinetic energy of raindrops and 

ultimately the effectiveness of rain-splash detaching the soil particles which 

are being transported down-slopes by runoff. Just after having the dried 

vegetation burnt with fire, the first compulsory works of the jhummias are the 

clearance of the remnant stems, branches and twigs of the trees which are 

only partially burnt. These left-over stuffs are moved and kept at the base-

bottom of the plots as unnecessary wastes. These wastes could be utilized to 

act as barriers for runoff by fixing them to lie across the slopes as contours. 

Ginger cultivation is one of the most important subordinate activities in 

the jhumming system which is usually the last crop to get harvested. The crop 

provides, to a large extent, the economy of Mizoram including the study area. 

The physical conditions being favourable for its growth, most farmers include 

the crops in their jhum-land amidst other crops. Despite of its economic role 

for the jhummias, its cultivation has certain negative consequences to land 

resources and water resources downstream. The harvesting season generally 

sets in from the month of February and continues upto the month of April in 

which March is the peak hour for its harvest. Being an underground 

stem/crop, its harvesting method consists of earthwork and excavation by 

digging the soil with local tools. The excavated soils are left around the pit that 

they become very vulnerable for erosion by run-off action. With the onset of 

southwest monsoon, rainstorm amounting to monthly average of 379mm in 

May washes the loose soils and gets deposited downstream by runoff thereby 
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degrading the land resources and contaminating the water resources. Such 

problems could be tackled by refilling the pit with the excavated soil along with 

sweet technology whereby twigs and stems are kept just below the pit to 

prevent the loose soil from being easily washed away. 

 

7.3 Management for Permanent Land Culture System 

There exists only minimal possibility for permanent land culture unless 

sustainable measures are adopted towards conservation of land resources. It 

is a well known fact that soil erosion-induced land degradation is a natural 

process which could be highly intensified by anthropogenic activities, but 

under natural conditions, land are capable of regeneration. This clearly shows 

that an attempt to practice permanent land-based activities should always 

consider first the management of land for regeneration as well as 

conservation. Once they come into utilization, land gradually loses their 

capacity to support plants, as the lands without proper management are under 

the continuous processes of erosion. Erosion, as given earlier, is the most 

influential agent of degrading land quality. Therefore, to take up land for 

permanent culture, one should always ensure that natural resources such as 

water, air and soil within the land are preserved, conserved and regenerated 

in one way or the other for long term use or sustainability of such proposed 

permanent land-based activities.  

It has been proven that the existing permanent land culture such as 

paddy/WRC and commercial plantation in the absence of dense canopy and 

vegetative cover suffers from very high intensity of soil loss and hence they 
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are vulnerable to gradual degradation for the long run. Soil conservation must 

be an integral part of general agricultural development and not an isolated 

discipline run by specialists who do nothing else (Hudson, 1988). It has been 

strongly advised and stated that multitier cropping system could enhanced soil 

conservation through their protective services from direct impact of the 

pouring monsoon. 

  Organic agriculture is one of the most important land-based farming 

systems recommended. This agriculture system addresses many serious 

problems afflicting world food production: high energy costs, groundwater 

contamination, soil erosion, loss of productivity, depletion of fossil resources, 

low farm incomes, and risks to human health and wildlife habitats (Reganold 

2004). For any farm to be sustainable, whether it be organic or conventional, it 

must produce adequate high-quality yields, be profitable, protect the 

environment, conserve resources, and be socially responsible over the long 

term. Organic farming systems have been shown to be energy-efficient, 

environmentally sound, stable, and tending toward long-term sustainability 

(Petersen et.al. 1999). As seen in few parts of the State including the study 

area, organic farming rely largely on available resources found on or near the 

farm and in most cases, protection of soil and the environment is fundamental 

to organic farming. In fact, studies (Petersen et.al. 1999; Smolik et.al.1995 & 

Reganold 2004) generally have found that organic systems witness less 

variability in production from year to year and cause less erosion and 

pollution; have better soil quality; and rely less on government subsidies than 

their conventional counterparts even though they are sometimes 

comparatively less profitable. 
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7.4 Optimal Utilization and Conservation of Water Resources 

 Northeast India is endowed with bounty of water resources accounting 

for about 40% of the total water resources in the country, but the region, with 

mostly rural-agrarian population, loses the lion share of its rainwater through 

runoff that rainwater harvesting assumes significance (Samuel and Satapathy, 

2008) for use in agriculture. Rainwater harvesting, besides providing the ever 

increasing demand for water, helps to reduce the runoff which is facilitating 

flood control, enhancing the groundwater recharge, storage and water level, 

and reduce soil erosion. 

Most of the agricultural systems in the study area are rain-fed and 

seasonal in which the potential water supply available to the crops are from 

the stored-water in soil profile and precipitation during the southwest 

monsoon. The upcoming perennial crops from commercial plantation have 

necessitated the year round optimal utilization of water resources available for 

each agricultural land. For such system, rainwater can be allowed to store in 

the soil profile upto optimum capacity of soil in cropped area or diverted or 

stored in reservoirs for supplemental irrigation during dry season and critical 

moisture stress to the rain-fed crops. It is very important to provide an efficient 

storage for rain/runoff water to make it available at the peak time of demand.  

 Rainwater management or water conservation practices are, however, 

highly location specific (Ignou, 2003) which has to be based on physiographic, 

environmental, technical, socio-economic and political factors. Water 

reservoir, in the absence of proper planning and management, has several 

associated problems related to ecological balance especially within the 
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physical and biological environment. In fact, conversion of open-air land into 

water cover means complete changes in the physical and biotic environment. 

Recommendations for location of structures for water conservation and 

rainwater storage are therefore essential for attainment of sustainable 

agriculture. 

In hilly regions, especially in the study area, the first order streams are 

mostly located on high elevated areas and comparatively steeper slopes, 

hence seasonal in nature. Their locations on elevated height provide 

potentials for gravity-induced irrigational facilities for agricultural lands down-

slopes. Owing to their general existence on steep slopes, these sites are 

vulnerable to slope failure and high runoff velocity, hence a threat to infiltration 

as well. Therefore, the first order streams may be chosen for runoff harvest to 

enhance adequate infiltration for groundwater recharge and to provide gravity-

induced power to the farmers. The size of the harvesting structure should be 

proportionate to the water requirement of the cultivated crops. It is compulsory 

to examine the physical properties of soil such as permeability, drainage and 

texture to avoid unwanted percolation.      

7.5 Formulation of Agricultural Policies 

 Sloping lands, which account for a substantial portion of the land 

resources in the world, are intensively cultivated in many of the world’s 

regions. However, a precise resource inventory based on semi-detailed soil 

and topographic survey is not available for many regions. Sloping lands are 

components of fragile ecosystems that are susceptible to rapid degradation 

due to physical, chemical and biological processes (Lal, 1998). Hence, 
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research-based resource inventory has become essential prior to formulation 

and implementation of all land-based agricultural policies. 

 Several things are clear with respect to sustainable agriculture.               

The technologies and social processes for local-level agroecological 

improvements are well-tested and established by academicians. The social 

and institutional conditions for widespread or dissemination of awareness on 

sustainability are however less well-known. The political conditions for the 

emergence of supportive policies are the least established, with only a very 

few examples of real progress (Pretty 2004). 

It may be noted that the entire study area has been afflicted by the 

absence of proper agricultural policy other than the recently launched New 

Land Use Policy which has been described as the ‘State Flagship 

Programme’ embracing all the agricultural farmers within the state jurisdiction. 

As given in the previous chapter, the NLUP has been based on the land use 

planning made at the grass-root or village level without any provision of 

guidelines regarding land suitability or capability for sustainable agricultural 

practices. The topmost advantage of the State’s policy is the bottom-up land 

use planning but the most serious disadvantage of the system has been the 

failure of pre-evaluation of factors determining land degradation and 

sustainable agricultural system. Political nepotism and favoritism has been 

another discrepancy towards the implementation of the policy whereby many 

of the most potential farmers have been discriminated from availing the said 

policy. 

It has to be suggested that agricultural and environmental policies go 

hand-in-hand to support each other. Environmental concerns on agricultural 
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use of crop protection products tend to cause concern in a large number of 

countries (Brouwer 2004). Contamination of soil, leaching of nutrients and 

pesticides pose widespread threat to the environment in many regions. 

Agricultural policy framers should always consider the contamination of 

groundwater resources and surface water by leaching, runoff and spray drift 

and, on the other hand, environmental policy should take into account the 

emerging need of food security for the growing population and thereby 

minimized useless conservation. 

 National priorities have been given in cereal food production in which 

certain agricultural lands may be unavailable for aquaculture irrespective of 

economic or other advantages (Pillay and Kutty, 2005). It has been observed 

during field surveys that fish farming is economically four times 

(approximately) more productive than wet rice/paddy cultivation. This could 

greatly enhance the livelihood of farmers if priorities are given to aquaculture 

with formulation of proper planning. This may include technical and financial 

support to fish farmers and provision of infrastructures for ice-plant and cold 

storage as well as connectivity for transportation of highly perishable 

commodity. 

7.6 Provision for Marketing and Trade 

 Market interventions and subsidies have been key instruments in 

agricultural policy for most of the developed countries (Bouwer 2004) 

because, it is widely agreed that market interventions and price support 

measures have encouraged greater input for higher production than would 

otherwise be the case. It has been observed that one of the major problems 
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for agriculture development within the study area as well as the whole of 

Mizoram is the absence of regulated trade and commerce to provide market 

easily accessible to the farmers for their optimum benefits. Sundaram (2002) 

has rightly stated that efficient marketing system is the backbone of 

agricultural development for it acts as an incentive for producers to step up 

production, ensures a fair price for marketable surplus and leads to better 

capital formation in the agricultural sector. In fact, agricultural marketing 

enables farmers to dispose off their surpluses at the right time, right place and 

on right terms. The farmers could benefit from new agricultural technology 

and achieve development only when there is continuous increase in 

agricultural productivity and they are able to get a reasonable price for their 

produce.  

 It is fortunate that the area is at the vicinity of the neighbouring states 

of Assam and Tripura where certain amounts of production surpluses in 

agriculture and commercial plantations have been exported. However, the 

farmers being incapable to postpone the sale of their produce are at the 

mercy of buyers or agents acting as intermediaries who gain more profit than 

the primary producers. Such situations have been the outcome of shortage 

and irregularity in power supply, absence of storage facilities for the highly 

perishable items and immediate need of money for livelihood of the farmers. 

As given in the previous chapter, provision of infrastructures for smooth 

operations of agricultural input, output and storage has become a must in 

order to ensure sustainable development in agriculture. 

 Frequent inflation of prices for agricultural produces is another 

problem. It may be given that the researcher himself had once encountered 
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such related problems in which there was a compulsion to dispose off his 

fishery produces viz. fishes and prawns at the rate of Rs.17.00 and Rs.7.00 

per kilogram respectively. Such unwelcomed conditions have been due to the 

absence of storage facilities and more over the uncontrolled market price by 

concerned authorities which allow imperfect, unfair and monopolistic 

competition amongst the middlemen. Even in the present cases, there exist 

certain farmers of commercial plantations who received meager financial 

support from private firms and companies but are at the mercy of the latter in 

regard to the prices of farmer’s products. Farmers, for being located in 

different areas are, in general, not properly organized while the intermediate-

buyers, especially in the case of commercial crops are well organized. It is, 

therefore, the duty of concerned authorities to regulate the prices of 

agricultural products either on farm or in the market so as to relieve the 

farmers suffering from capitalistic exploitation. 

As in the case of some primary producers in other parts of the state, 

cooperative marketing system could well provide solutions for price fluctuation 

or regulation of prices for agricultural products. Under this system, farmers or 

groups of producers formed an organization which is responsible to search a 

market for optimal benefits of the primary producers. It may be worthy to 

mention that the researcher has experienced, in Mualpheng village of central 

part of Mizoram where cooperative society for all agriculture farmers has been 

formed. After searching for the most suitable agents/market, the villagers, 

during 2013, could sell ginger at the rate of Rs.52.00 per kilogram on farm 

while other neighbouring villages, without proper organization sold the same 

at Rs. 45.00 per kilogram. This has shown that responsibility is vested either 
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at the hands of the farmers through cooperative societies or at the hands of 

policy makers and concerned authorities to look for agents who could provide 

remunerative prices for agricultural products. 

 

7.7 Conclusion 

The watershed of Teirei, on evaluation, revealed that the geographical 

features, in general, highly favour the growth for agriculture. The climatic 

conditions, falling under the humid tropical monsoon type, provide 

complimentary temperature moderated by balanced amount of sufficient solar 

radiation and precipitation, as well as relative humidity for plants growth. The 

landforms identified in the study area offer suitable features for land-based 

activities, especially from the point of groundwater recharge and storage for 

use in the agricultural lands. The existing land use shows that the study area 

could support variety of agricultural crops including fruits and commercial 

plantations which have been witnessed and experienced as a kind of minor 

agricultural revolution due to their immense spatial and metrological growth. 

The water resources other than the atmospheric sources – both surface 

drainage system and underground water afford technically critical, but 

abundant sources of water supply for irrigation. The soil properties, found in 

the study area, despite their low organic carbon content and acidic pH value 

due to extreme soil erosion, exhibit favourable conditions for plants growth if 

proper soil conservation measures are employed. 

The foremost important constraints for agricultural development arises 

from the topographical characteristics particularly from the dominance of 
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steep slopes acting as a threat to slope stability for intensive use and also an 

agent to soil erosion due to the forces exerted by gravity. This shows that 

topography in general, and slope in particular, is the major obstacle towards 

agriculture development. Slope determines the soil characteristics, soil 

fertility, water retention capacity, exposure to sunlight for photosynthesis, 

amount of precipitation, erosion, and presence or perennial nature of streams. 

Therefore, priority has been given to slope for all the land-based activities 

recommended within the study area. 

The present study involves the spatial investigations of Teirei 

watershed where evaluations of physical determinants of agriculture 

development have been made. It includes the detailed examinations of 

geographical factors which are the basic requirements for the already existing 

land culture systems and other land-based activities. One of the outstanding 

findings and output of the work has been the assessment and quantification of 

soil loss from the study area by which the slope gradients above 35% are 

considered the upper limit for permanent land culture. This has been expected 

to bring about sustainability to the fragile ecosystem where degradation has 

been experienced wherever anthropogenic interferences occur. 

It has been evaluated, suggested and recommended strongly that 

achievement of sustainable agriculture could be made through development 

of site-specific farming systems and innovation of technologies. But, it is to be 

noted that solving the problem of food security is not simply a matter of 

developing new agricultural technologies. Most hungry consumers are the 

poor, without money to buy food and the landless, who have been 

discriminated to farm a land. Equally, poor producers cannot afford expensive 
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technologies. They will have to find solutions largely based on locally 

available natural, social and human resources. The key questions are, 

therefore, to what extent can agricultural systems become more productive 

while not causing harm to the environment, and do such system offer any new 

hope for the hungry? 

The solutions to tackle the problems of agriculture development, 

basically, depend on the conservation measures of soil degradation which 

have to be at the disposal to the farmers regardless of their financial capacity 

and technical knowledge.  

In regard to the hypothesis formulated at the initial stages of the 

research, it has been proven that slope elements exert tremendous influence 

upon the land use/ land cover systems. More than 80% of dense forests, 60% 

of open forests and 59% of shifting cultivation have been found to have very 

strong association with steep slope to very steep sloping areas. On the other 

hand, the slope elements, hypothesized as the foremost important driving 

force of erosion-induced land degradation has been proven null and void; 

because, vegetative covers play comparative higher role towards deterioration 

of land qualities. 
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PLATE - 1 

 

Photo  A: A medium sized aquafarm (Pisciculture) amidst forest at an  

                 elevation of about 50m above MSL near Chuhvel village.  

 

Photo  B: A small aquafarm-cum-irrigational tank near Saikhawthlir  

      village in the lower reaches of Teirei watershed. Paddy fields        

      (WRC) can be seen adjacent (background) to the aquafarm. 
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PLATE - 2 

 

Photo  A: Arecanut plantation along the western boundary of the study  
      area near Zamuang village. 

 

 

Photo  B: Arecanut plantation along the roadside near Rengdil village. 
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PLATE - 3 

 

Photo A: Roadside Oil palm plantation at an elevation of about  

     500m above MSL near Tuidam village. 

 

 

Photo A: Oil palm plantation along the river valley at an elevation of  

     about 200m above MSL near Nalzawl village. 
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PLATE - 4 

 

Photo  A: Seasonal (Dry weather) village road between Darlak – Nalzawl. 

 

 

Photo  B: The bad road condition between Saikhawthlir and Chuhvel  
      village during rainy season. 
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PLATE - 5 

 

 

 

 

Photo  A & B: Rubber plantation in the extreme northwestern part of the  
   study area. 
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PLATE - 6 

 

Photo  A: Legislated Tiger Reserve forest near Teirei village. 

 

 

Photo  B: Community Reserved Forest between Mamit & Dampui village. 
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PLATE - 7 

 

Photo  A: Fluvial sand deposits along the western bank of the river.  
      The sand deposits are used as construction materials. 

 

 

Photo  B: Valley fill deposits in a narrow valley near West Phaileng   
      composed of boulder-pebbly-gravel with sandy silt. 
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PLATE - 8 

 

 

 

 

Photo  A & B: Lumbering of Teak logs with the help of elephant and the  
   teak logs deposited at the roadside near Chuhvel village. 
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PLATE - 9 

 

Photo  A: Waterlogged area near Nalzawl village. 

 

 

Photo  B: Swampy waterlogged area in the viscinity of WRC sites near  
      Bawngva village. 
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PLATE - 10 

 

Photo  A: Intensive wet rice cultivation near Saikhawthlir village. 

 

 

Photo  B: Wet rice cultivation amidst forest near the confluence of  
      Teirei river with Tlawng river. 
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