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Preface

The manace of growing population and their need is the most crucial question of today. For his need man directly or indirectly is responsible for soil degradation. To meet the growing needs of food, feed, forage and fuel it is highly advisable and use the soil properly and bring it under intensive cultivation. Keeping these constraint and facts in mind this booklet is designed to help small and marginal farmers, weaker section of the society and social worker.

Dr. K T. Chandy, Agricultural & Environmental Education 

I. Introduction

Soils are the most precious natural wealth of any nation as it takes almost 1000 years to produce an inch of soil and they are vital to our existence. It is therefore imperative that we manage and conserve it to meet our growing needs for food, fibre, fuel and other things.

It has been estimated that out of the 329 m.ha. of the total geographic area of India, some 167 m.ha have been suffering from various kinds of degradations, such as water-erosion (90 m.ha), wind erosion (50 m.ha), salinity and alkalinity (7 m.ha) and flooding (20 m.ha). Another 20 m.ha. in the canal irrigation areas as under risk of becoming degraded.

On an average it is estimated that every year 2.1 m. ha land is degraded either by deforestation or other misuses.

While to feed our increasing population we should bring about 8 m. ha. land under cultivation every year. So these facts lead us to the development of wasteland to make it in a proper use, either for ecological balance or for crop production.

II. Concept and Definition

The term wasteland designate various types of unutilized land. It was used to indicate small pieces of common land usually on less fertile tract, which failed to yield a return to the medieval farmers. A lay man may define the wasteland which is lying uninhibited, uncultivated, land left after some use or land which is no longer serving any purpose. Partially or fully degraded land through some usages may be called "waste land" rather than wasteland. The most widely accepted definition of wasteland is the land presently lying unutilized due to any reason. it may be degraded or not degraded.

III. Classification and Assessment

The wastelands in general may be put under two categories: cultivable wasteland and uncultivable wasteland. 

Culturable Wasteland: The land which is capable or has potential for the development of vegetative cover and not being used due to different constraints of varying degrees such as erosion, water-logging and salt effects etc.

Unculturable Land: The land can not be developed for vegetative cover for instance barren rockey areas, deserts and snow-covered glacial areas. Table 1 enumerates the various causes for the degradation of utilizable land.

Table 1:  Casual agents for wastelands

	Sl.No
	Kinds of wastelands
	Causing agents

	
	
	Water
	Wind
	Man
	Others

	1
	Utilizable waste land
	1. Sheet Erosion
	1. Sand dunes
	1. Shifting ciltivation
	1. Shallow soil

	
	
	2. Rill erosion
	2. Sand bar
	2. Mine spoils 
	2. Land slides

	
	
	3. Gullied land
	3. Coastal land
	3. Industrial waste land
	

	
	
	4. Ravinous land
	
	4. Land affected by roads, kilns
	

	
	
	5. Water logging
	
	5. Strip land
	

	
	
	6. Salinity Sodicity
	
	
	

	
	
	7. Diara land
	
	
	

	
	
	8. Marshy land
	
	
	

	
	
	9. Bouldery land
	
	
	

	2
	Unutilisable  waste land
	1. Bare rockey land
	
	
	

	
	
	2. Glacier land
	
	
	

	
	
	3. Deserts
	
	
	


A. Assessment

As early as mid sixties scientists working on wasteland management realized the need to categorize the wasteland in accordance with their intrinsic characteristic and causative factors. They stated that among various characteristics, data on soil texture, soil depth, pH values, slope, erosion status and other inhibiting factors like salts, water-logging, flooding rockiness, stoniness, etc. are essential. They presented a complete inventory of the reasons responsible for lands lying waste by collecting information from various sources. They serve as points for assessment of any wasteland.

1. poor fertility of the soil due to rocky gravely, sandy, saline, alkali, water logged shallowness and eroded nature of the soil,

2. steep and undulated slopes,

3. shifting cultivation,

4. frequent droughts,

5. lack of irrigation facilities,

6. frequent submergence and flooding hazards,

7. lack of resources,

8. poor economic conditions of Ryat,

9. lack of labour during peak periods,

10. uneconomical return under cultivation,

11. certain domestic and legal difficulties, and

12. absentee landlords holdings.

The approach to be adopted for assessing and mapping the wasteland should, therefore, answer the following four questions in the context of their reclamation and development.

a. Where, they are ?

b. What, they are ?

c. How, they are ?

d. Why, they are?

B. Mapping Techniques

Through mapping we record the findings of these questions in a pictorial form under a specified scale. These maps will serve anyone who wants to study about a particular area of wasteland or to utilize it for some purpose or other. The following important mapping systems are available in India:

1. Conventional

2. Aerial Photo-Interpretation (API) and

3. Remote Sensing

The first system can be stated as a real time system where as the latter two are the tools to improve the time and cost efficiency. These systems are briefly explained here.

1. Conventional System

It is based primarily on ground transect using suitable base maps for plotting boundaries. For detailed investigations the surveyor transverses from field to field with 8" = 1 mile condestral map as base to collect the soil and land-use data after closely spaced field observations to identify and map wasteland.

This approach is very effective but very time consuming. One field surveyor can collect information from only 16,000 ha per annum. For mapping the wastelands on regional basis, the reconnaissance type of survey could be adopted with Survey of India topographical maps at 1:50,000 scale as base material. Detailed data on texture, depth, profile morphology, physical and chemical characteristics are gathered. The ownership details and other socio-economic factors have, however, to be collected by actual visits to the village and local enquiries.

2. Aerial Photo-Interpretation (API)

Black and white panchromatic aerial photographs of 1:25,000 scale and smaller are very suitable for wastelands mapping. False colour APs may improve the level of mapping as far as wastelands are concerned since the cropped lands, orchards and forested areas can be segregated more efficiently with their varied colour manifestation. The derived map could be at a semi-detailed level.

However, the data on socio-economic factors, ownership details and other relevant information have to be collected by field visits personal enquiries and verification of village records only.

3. Remote Sensing

The satellite era ushered new scopes in land-use mapping. The periodicity and larger perspective view have their own advantages in mapping wastelands and monitoring the changes. The National Wasteland Board has taken up the challenge of mapping wastelands using satellite data in a big way involving several organizations such as All India Soil and Land Use Survey, National Remote Sensing Agency, Survey of India, National Bureau of Soil Survey and Land Use Planning etc.

Mapping with satellite data is quicker and cost-effective as compared to any other methods. Ability to effectively monitor the changes is the special advantage in this system because of the periodicity of the data. While the users have claimed an accuracy of 74.1 to 95.3 percent.

Ownership details cannot be included in the remote sensing data unless resorted to other methods such as grid survey revenue records etc.

IV. Strategy for Reclamation Planning of Wasteland

Before the proper methods of reclamation are explained it is important to enumerate the basic strategies that should be adopted in the reclamation of wasteland. They are the following.

1. New strategies should be adopted through the involvement of voluntary organization and government officials in making a pool for a joint move.

2. Incentive strategy should be carried out for increasing agricultural productivity, afforestation and greening wastelands.

3. A coordinating agency at the state/District/Block and village level should be established to help the people for technological causes of wastelands as well as various reclamation measures for increasing the productivity of such unutilized lands.

4. For planning and formulation of wastelands developmental scheme it is necessary to have a reliable data at macro, and micro levels. It will be a good exercise if the informations are collected at the village level with the help of revenue officials.

5. Farmers should be helped by the government officials for leasing of the land, credit, agricultural technological inputs, market information and marketing, including all the related materials regarding the wastelands reclamation.

6. Communication with the farmers must be utilized. Besides radio and T. V. local newspapers, films and audiovisuals to be used in the affected areas for encouraging and involving the farmers for the reclamation of wastelands.

7. Just like the green revolution there should be programme for greening the wastelands which should be the institutional structures of research of high quality seeds of extension methods would be necessary to establish the reclamation of wastelands.

8. An effort should be made for the people's involvement through nurseries, sapling distribution, farm forestry, patta and tree patta system. Farmers should be encouraged for adopting all the ways and means to reclaim the wastelands.

V. Approach to Development of Wastelands

A number of variations in climate, altitude, geological formation and landscape pattern may be observed in any wasteland. Great variability in land use and vegetation pattern and cultural practices is also evident The introduction of irrigation on a large scale and injudicious water management practices have added new dimensions to the problem of land degradation. The kind and intensity of the problem of the degraded land depend on the variations in land and climatic conditions and their management. Keeping these in view, approaches to development planning of the various categories of wastelands are briefly discussed.

A. Erosion by water

It is well recognized that a large area in the country is degraded due to soil erosion by water. The causes of this erosion are mainly lack of vegetative cover, slope, nature of soil, rainfall, and its intensity, cropping system and land management. Depending upon intensity and degree of soil erosion it may be categorised into (i) sheet erosion (ii) Gully erosion and (iii) ravines. Appropriate measures based on these categories may be suggested to check runoff and soil loss. The measures include interalia cultural practices, bunding, terracing grassed water ways etc.

Cultural practices used for checking runoff and soil loss include planting erosion-resistant crops, like legumes and grasses, adopting suitable cropping system, management and use of mulches.

Mechanical measures involving some degree of earth movement like bunding terracing etc. are found effective in checking runoff and soil loss by increasing the time of concentration and reducing velocity of runoff. Contour cultivation and graded trenching (diversion) are also effective for erosion control.

Small gullies (up to 3 m deep and 18 m or more wide) may be reclaimed by leveling the bed and construction of diversion-cum-check bunds (1.5 m cross section) at 30-45 m. intervals and providing grass ramps and composite check dam at the end of the gully. Medium gullies (3-9 m deep and 18 m or more wide with side slope 8-15%) may be reclaimed by leveling the bed and constructing a series of composite earth and brick masonry check dams at vertical intervals of 1.2 m and terracing the side slopes. The terraced faces, outlets and earthern dams need to be stabilized by suitable grasses like Dichanthium annualtum and Cynadon dactylon.

The deep and narrow gullies are best controlled by putting them to permanent vegetation after closure to grazing. Afforestation with suitable tree species Acacia nilotica, Azadirachta indica, Dalbergia sissoo, Tectona grandis, Eucalyptus sp. and other suitable species is found suitable.

B. Landslide Control

The problem of landslides and landslips is common especially in the hilly areas posing threat to agricultural lands, highways and village habitants. The main causes for land-slides are weak geological formations, seismic disturbances, improper land use, deforestation, mining and glaciers. The Central Soil and Water Conservation Research and Training Institute, Dehradun has successfully demonstrated the control measures which include fencing to check biotic interference, diversion of water flow, construction of gabion wells and check dams, gully plugging and maintaining vegetation cover for stabilization and checking erosion.

C. Erosion by Wind

The Indian desert situated in the north-west states of Rajasthan, Gujarat, Haryana and Punjab. Nearly 70% of the desert region is covered by wind-worked sandy-soils, sands, loamy sand and sand dunes. The problems encountered in the area are wind erosion, deposition and movement of sand- dunes, low soil moisture storage, instability of soil structure and poor soil fertility etc. The following may be the suggested measures to overcome the problem.

1. Afforestation, plantation of windbreaks and shelter belts. The suitable plant species for this purpose are Prosopis chilensis (syn. P. juliflora),Azadirachta indica and Albizia libback. Soil removal in sheltered areas was only 3 tonnes/ha as against 72 tonnes/ha in unsheltered areas.

2. Grassland development. Grasses like Cenchrus ciliaris (Anjan grass and Lasiurus sindicus (wild peas) were found effective in arresting drifting of soil in April-June as suggesting that degraded lands in wind erosion –prone  areas may be kept under grasses.

3. Strip Cropping: The field strip cropping of grain legumes or cereals in grass strips developed at the Central Arid Zone Research Institute (CAZRI) is very effective tool for controlling wind erosion.

4. Mulching: Mulching is found very effective in reducing the wind erosion. 

5. Fixing of Sand dunes.

Another problem in the desert area is shifting of dunes, for stabilization of which the CAZRI, Jodhpur suggested (i) protection against biotic interference (ii) treatment of sand by fixing mulch barriers in parallel strips or in a chess-board design, using the local shrub material, from the crest down to the heel of the dune against the direction of the wind to protect the seedlings from burial or exposure by the blowing of sand and (iii) planting suitable trees-grasses and shrubs for erecting wind breaks.

D. Riverine Land, Coastal and High altitude slopy lands

The rivers carrying heavy sediment cause mendering action and bank erosion. The rivers originating from Himalayas causes greater effect. Depending on the velocity of flow, the fertile areas are eroded and large quantities of sediments are .deposited along the banks. Such riverine lands are called Khader in north India, diara in eastern Uttar Pradesh and Char in West Bengal.

In hilly areas, during rainy season many seasonal streams (chos) carry sediment load causing sever soil erosion. They diverge in different directions from the foot of the hills forming a net work of innumerable chos, some of them taking the shape of big rivers. With slowing of runoff, the transported sediment of sand and silt are deposited converting fertile land into sandy and bouldery degraded land.

India has a long sea-coast in the states of Gujarat, Maharashtra, Kerala, Karnataka, Tamil Nadu, Andhra Pradesh and West Bengal, Goa, Andaman & Nicobar. In total we have 5600 km long coast sea line. During the monsoon and cyclonic periods, there is blowing and shifting of sand causing damage to the standing crops in the neighbouring areas. Hence, plantation of Casurina on the sandy foreshore backed by plantation of other suitable tree species further inland can minimize this problem.

Keeping in view the environmental and ecological conditions in the region, land use planning requires proper choice of crop-forest pasture as suited to land and soil conditions. Grass-legume rotation is the best cropping system for soil conservation and providing nutritious fodder for the livestock. The over grazing pasture lands have to be restored and systematic and scientific grazing should be emphasized.

E. Salt-affected Soils

Salt affected soils may be classified into two categories : (i) saline soils (ii) alkaline soils. In table 2, some particulars of these kinds of soils are given in table 2.

Table 2:  Grouping of salt affected soils

	Sl.No
	Type of soil
	Type of salt present
	pH

value
	Environment
	Main adverse effect
	Method of reclamation

	1
	Saline soils
	Sodium chloride & sulphate
	< 7.0
	Arid & semi-arid
	High osmotic pressure/ toxic effect
	Removal of excess salts/ leaching

	2
	Alkali soils
	Sodium ions capable of alkaline hydrolysis
	> 7.0
	Semi-arid, semi-humid and humid
	Effect physical properties of soil
	Lowering pH by chemical amendments


1. Saline Soils

Irrigation and high rainfall without provision of. drainage leads to salinization. The main factors of salinization are high salt content in the profile or salt layer, saline ground water, high water table, and seepage from canals and ingress of sea. The reclamation measure largely includes leaching with good quality .water and provision of drainage. So that the salts are kept well below the root zone. Leaching requirement for each area has to be worked out and provided accordingly so that the salt do not rise above the normal root zone level of the commonly cultivated crops.

The sodic or alkali soil occur in the Indo-Gangetic plain and parts of M.P. As these soils are saturated with sodium ions capable of alkaline hydrolysis (sodium-carbonate type salts), it will be necessary to replace the excess sodium in the exchange complex with calcium, gypsum, being relatively in expensive and abundanly available is the most commonly used amendment in the reclamation of sodic soils. Washing down with good quality of water is also necessary to leach down or remove the excess salt at the surface and the sodium released from the exchange complex. Drainage has to be provided to keep the salt well below the root zone.

Once the soils are reclaimed, it may be preferable to take a green manure crop initially to improve the soil tilth.

2. Acidic soils 

The suggested process of reclamation for highly acidic soils which having pH < 5.5 and are totally unproductive. The measures are (i) use of lime rich industrial wastes like basic slog, paper-mill sludge and cement factory waste to reduce the cost, (ii) annual application of 3 to 5 qt/ha in rows for legumes rather than 2 to 2.4 tonnes, for a crop cycle of 5 years and (iii) application of rock phoshate of proper quality as a source of phosphorus supplemented by lime for amelioration and Ca nutrition of plants.

F. Water logged Areas

It is estimated that India is having approximately 6 m. ha water logged area. Water logging result in restriction of the normal circulation of air. The depth of water-table which is considered harmful depend upon crop, type of soil and quality of water. The remedial measures used are

1. Drainage either surface or sub surface or both to remove surplus water

2. Lining of canals to prevent seepage and rise of water table.

3. Sinking tubewell and utilizing water for irrigation thereby 0lowering water table.

4. Waterlogged lands contiguous to the sea coast may be ameliorated for crop cultivation or used for fish culture.

G. Shifting Cultivation

Shifting cultivation or jhuming is a primitive form of cultivation practised in north-eastern states of India or in regions where land is not a limiting factor. The dense forest and other vegetation on the slopping or other land is cleared .and crops raised without any management. As yields decreases, new forest is cleared for the purpose, leaving the old area to vagaries of nature causing erosion of soil and rendering soils shallow, unstable and degraded.

For management of jhumed land the suitable land for intensive cultivation have to be identified. Depending upon the climatic factors, soil characteristics and associated features intensive system of land use and cropping pattern will have to be evolved for each specific site without being detrimental to environment. Careful soil and water conservation practices have to be formulated. Training of the farmers in the scientific farming systems and management of resources is necessary

H. Intercropping systems involving plantation crops

Most of the plantations crops are obtained from small holdings, where it is customary to integrate crops and animal production with perennial crops. Most of such intensive land use systems consist of some form of crop combination, although there are other possibilities for intimate plant associations leading to more efficient use of land and other available resources. Some of the prominent examples of integrated plantation crop system include

* Cocoa food crops like wheat & paddy

* Multi-storey plantations like Coconut + papaya + black pepper

* Tea interplanted with Albizzia moluccana 

* Banana + Sugarcane + cucurbits

I. Developing wasteland with animal Husbandry

It is considered that animals are a big nuisance causing serious degradation to vegetation on the one hand and man himself by over harvesting of wood for ever increasing need of fuel and industry on the other hand. The problem of soil degradation by animals may be overcome by the proper management of increasing demand of fodder by developing silvi-pastoral system and growing fodder crops on wasteland and developing pastures on marginal and degraded land. On pastures the grazing should be systematic.

Since most of the wasteland is owned by small and marginal farmers so animal husbandry is the best source of alternative income for them.

J. Agro-horticultural forestry in Wasteland

This system is the combination of food and vegetable crops with horticultural crops. This practise is noticed more common in the developing orchards where trees have not started fruiting. Most commonly legumes and oil seeds are grown in such orchards. The tall growing fruit trees are pruned in such a way to facilitate easy cultural operations and any seasonal and binneal crop like wheat, gram etc. is cropped in interrow space. These crops not only increases per unit land income but also conserve the soil by covering the floor.

K. Agro forestry 
Agro-forestry is a self sustaining land management system which combines production of agricultural crops With of tree crops as also With that of the livestock simultaneously or subsequently on the same unit of land. For more details refer Booklet No. 138 on Agro-forestry.

VI. Agronomic Approach for vegetative Cover

Bringing the land under proper vegetation prevent most of the degradation of the land. The vegetative production may, be for various uses like for forage and fuel, sustained crop production, pasture, silvipasture and socio-economic uses.

A. Forage and fuel production

The degraded lands and wastelands are ecologically unstable and have nearly lost their top soils and have developed toxicity hindering root growth of the annual crops and trees.

Under managed conditions with basic inputs, it has been found possible to grow high-yielding grasses, legumes and trees for forage and fuel purposes. The suggested species of trees, grasses and legumes are as following.

Acacia tortilis -Israeli babool 

A. lebbek  Lebbek tree, siris 

Herdwzckza binata -Anjan 

Leucaena leucocaphale -Subabool 

Dalbergza sissoo -Shisham 

D. latifolia -Rosewood 

Azadirachta lnidca -Neem 

Grasses and legumes

Cenchrus ciliaris -Anjan Grass 

Sehima nervosum 

Stylosanthes hamata -Stylo

Phaseolus atropurpureaus -Slfatro 

B. Sustained Land use

Irrespective of needs like fuel, fodder, food and the condition the soil like type of slope or other degrading factor the cropping system on sustainable basis should be adopted. The suggested agronomic use depending on the slope of the land may be as follows.

Bare hill slopes: Grasses and trees 

Shallow soils with slope> 6% : Grasses

Deep soils with slope> 6% : Cropping after bench terracing

Deep soils having 3-6% slope: Graded bunds and rainy season cropping

Deep soils 1-3% slope: Inter & double cropping

Deep soils 1% slope: Most suitable for cropping system depending on the resources.

C. Pasture Management

This technology is suitable for fairly leveled lands having a slope of less than 6 meter. It involves a combination of number of steps, package of practices and inputs like renovation of degraded range lands and their restructuring with mosaic flora or species or cultivars of grasses and legumes in pure and mixed stand and upgrading the soil and plant nutrients through fertilizer application. The suitable species for pasture are Conchrus setigerus, C. ciliaris, Lasiurus sindicu, Panicum antidetab etc.

D. Silvi-pasture Management

From the point of greater demand for fuel wood and small timber for human consumption and the forage and fodder for livestock and wildlife and also the land degradation that has already accured, silvi-pastoral seems to be the best system for economic utilization of degraded lands.

Silvipastoral system of land management covers 3 major items viz (a) trees valuable in themselves as conserver of land and for ameliorate of climate especially in arid and semi-arid regions besides their fuel and timber values (b) animals grazing on the pasture and feeding on the leaves of nutritious trees and shrubs and (c) occasional production of cash crops. In this system the plant components chosen are trees, shrubs, grasses and legumes.

E. Socio-economic consideration for optimum land use.

For a balanced ecological system it is a well established fact that 33% or 1/3 of our total geographical area should be under forest. To a large extent farmers are choosing cash crops like wheat and paddy to get more profit but still there is a gap between the production and requirement of oilseeds pulses and forage crops.

Depending upon the suitability, and other regional factors like soil, available facilities and need, growing oilseeds, forage and pulses on partially degraded land may balance the social and economic aspects of human life. While bringing the uncultivable land under forest will definitely improve our ecology and environment:

F. Hedgerow inter cropping (alley cropping)

One of the agro-forestry technology for developing wasteland that is becoming the subject of research under a wide range of solutions is hedge row inter-cropping. It refers to a cropping system where arable crops are grown in the interspaces (or alleys) between rows of planted trees or woody shrubs, which are pruned periodically during cropping season to prevent shading and to provide green manure and mulch to the arable crop. This system is called alley cropping. In the concept of alley cropping more emphasis is made on including the trees and shrubs from legumes like Leucaena leucocephala and Cajanus cajan. Encouraging results are obtained from cultivation of leucaena with maize, cassava etc.

The hedge row intercropping system offers the advantages of incorporating a woody species within an arable farming system without impairing soil productivity and crop yields. The potential of nutrients (nitrogen) contribution by several candidate species of woody legumes suggest that a wide range of such species could be integrated into crop production systems. By adjusting the inter-row spacing of the woody species, mechanized equipment could be used, wherever it is desirable, for various field operations connected with cropping. Moreover, the trees can be cut back and kept pruned during the cropping period and leaves and twigs applied to the soil both as a mulch and a nutrient source, with the bigger branches being used as stakes or firewood. 

VII. Conclusion ;

Out of our total 329 m. ha geographical area, 50% is subjected to degradation by various agents like water, wind and biotic interference. Water is causing highest degradation to the soil which may be checked by cultural practices like minimum tillage suitable crop rotation with purpose of maximum soil cover and mechanical methods like bunding, terracing, mulching and check dams etc. The measure is chosen according to the intensity and type of erosion. Wind erosion is the second largest degrading agent which is checked by planting wind break, bringing the soil under pasture or making shelter belts. The soils affected by salts like saline and alkali are improved by adding lime and gypsum respectively. In flooded and water logged areas efficient drainage help to overcome the problem. The purpose behind development of wasteland should be to bring more and more land under vegetation keeping socio-economic factor in the mind.
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