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OVERVIEW
By now, we have a clear idea about the mechanism by which soil and groundwater become contaminated due to agricultural activities. We have also learnt some aspects of the control of point and non-point sources of pollution and various treatment methods for restoring contaminated soil and groundwater in Unit 9. Soil and water resources are two indispensable components of agriculture. Their conservation and management is fundamental to the enhancement of productivity in agriculture. In this Unit (i.e., Unit 10), we will discuss the conservation and management methods adopted to minimise the impacts of agricultural activities.  The concept of resource conservation is a dynamic paradigm in India. This is evident from the legislative support to the soil conservation programmes such as the Bombay Land Improvement Act (1943) and the Damodar Valley Corporation Act (1950). We begin this Unit with methods of soil conservation that can be categorised into vegetative and mechanical practices.   

In Section 10.2, we will discuss the aspects of groundwater management, which include the concepts of groundwater basin management, data collection and field techniques. In Subsections 10.2.3 and 10.2.4, you will learn alternative basin yields, perennial yields and basin management by conjunctive use of surface and groundwater. In Section 10.3, you will learn the concepts, strategies and applications of sustainable agriculture.  The applications subsume integrated pest management, organic farming, best management practices and biotechnology. Finally, we will discuss the concepts of eco-watershed management for safeguarding soil and groundwater.  

LEARNING OBJECTIVES

After completing this Unit, you should be able to: 

· describe the practices  employed in soil conservation;

· explain the concept of groundwater basin management;

· assess alternate basin yield;

· evaluate perennial yield;
· discuss the concept, strategies and applications of sustainable agriculture; 
· implement the concept of eco-watershed management for resource conservation.

 

10.1 
SOIL CONSERVATION

Soil conserving practices generally provide long-term benefits although some initial investment is needed. It is unfortunate that conservation practices that include short-term benefits are easier to promote than those that are long -term. . Changes in tillage such as contouring, reduced tillage and no-till systems are usually profitable, but convenience factors and pest problems have slowed their adoption. In Unit 2, we explained how wind and water erosion and the physical and chemical processes affect the productivity of soil. In this Section, we will discuss the various practices that are adopted for soil conservation.

As you know, two natural agents, wind and water mainly cause soil erosion. 

(i)
Soil erosion by wind: It is controlled by measures, which either reduce the erosive power of wind, or increase the ability of the soil surface to resist the blowing away of soil particles. The wind velocity near the soil surface can be effectively reduced by providing dense vegetation like forests, cover crops during dry seasons, strip crop cultivation by growing erosion resistant crops, and mulches to cover the ground surface either by erecting mechanical or planting vegetative windbreaks.

(ii)
Soil erosion by water: It is caused in two forms - flowing water, and movement of glaciers. The impact of rainfall causes splash erosion. Runoff water causes rill and gully erosion.  The basic approaches to the control of soil erosion caused by water are reduction of impact of rainfall and corrosive power of flowing water and increase in the resistivity of soil getting eroded. Soil erosion increases with increase in the slope and decreases when there is plant cover. 

Mechanical and vegetative measures and structures are adopted for decreasing the effect of land slope (Das, 2000). Mechanical and vegetative practices are employed on milder slopes for conservation of soil, by farming across the slope of the land. On steeper slopes, mechanical measures and structures are constructed to reduce the effect of slope on runoff velocity. You will learn the control of erosion by vegetative and mechanical practices in Subsections 10.1.1 and 10.1.2 respectively.  

10.1.1 
Vegetative practices

Vegetative practices include techniques that provide dense vegetative cover for a long period. The presence of grasses, trees and other plants control erosion by natural means (Das, 2000).   They limit the erosive action of rain on soil. Some of the vegetative practices are contouring, cover cropping, multiple cropping, strip cropping, mulching and tillage operations. We will describe each of these below. 

(i)
Contouring: It is the practice of cultivation along contour lines, laid across the prevailing slope of the land where all farming operations, such as ploughing, sowing, planting, cultivation, etc., are carried out. It is applicable on relatively short slopes with up to about 8 percent steepness. By planting across the slope, rather than up and down a hill, the contour ridges slow or stop the downhill flow of water. Water is held in between these contours, reducing water erosion and increasing soil moisture. Impact of contouring on annual soil loss rates varies with slope steepness, but typically, is reduced about one half from up and down hill farming when the slope is between 4 and 7 percent. Experimentally, it has been observed (Antal, 1986) that reduction in the intensity of soil erosion, owing to water, by contour ploughing is about 30 times that of ploughing along the slope, and there is increase in moisture content by 40 % and reduction in surface runoff by about 13 times. 

(ii)
Cover cropping: Cover crops can be grown in order to cover the soil during the off season or below trees. A typical example is the establishment of a permanent grass cover in vineyards to reduce soil losses (in between the rows). However, as the grass competes with the vines for moisture during spring and the hot dry summer period, the grass is killed by a herbicide so that the dead biomass still covers the surface.

(iii)
Multiple cropping: The objectives of multiple cropping are to increase soil productivity and protect the soil surface by growing several crops on the same land at the same time (intercropping). For example, cereals, vegetables, vines, olives, fodder or fruit trees can be grown on the same plot of land. 

(iv)
Strip cropping: Strip cropping is the practice of growing strips of crops having poor potential for erosion control, such as root crops (which are inter-tilled crops), cereals, etc., alternated with strips of crops having good potential for erosion control, such as fodder crops, grasses, etc. Strip cropping is a more intensive farming practice than farming only on contours. The farming practices that are included in this type are contour strip farming, cover cropping, crop rotation, etc. Close growing crops act as barriers to the flow of water and reduce runoff velocity generated from the strips of inter-tilled crops, and eventually reduce soil erosion. There are three types of strip cropping viz. contour, field and buffer strip cropping. 

(v)
Mulching: Mulches are used to minimise rain splash, reduce evaporation, control weeds, reduce temperature of soil in hot climates, and have a temperature conducive for microbial activity. If the ground is sufficiently covered, mulches reduce the intensity of surface sealing and splash erosion, which will lead to reduced surface runoff production, and sheet and rill erosion. Mulches increase the moisture content of soil, improving their resistivity to erosion and assisting in the growth of vegetation. Crop residues (straw, maize stalks, standing stubble, leaves or twigs), wood chips or pieces of bark, forest litter (needles of conifers or leaves from deciduous trees) and city compost are some of the most common types of mulches used. These materials are spread over the land surface. Mulches simulate the effects of a vegetation cover. 

(vi)
Tillage operations: As we have discussed in Section 1.1 of Unit 1, tillage operations are carried out to loosen the soil and make a seedbed conducive to plant growth as well as crop yield. The advantages of tillage operations are: increase in soil infiltration capacity, improved resistivity of soil to erosion, regulation of water regime of soil for better plant growth and improved soil moisture retaining capacity. The following types of tillage are carried out for conservation of soil (Wischmeier, 1970).

· Minimum tillage:  Here, tillage and sowing the seeds are combined.  These operations create a coarse soil surface and fine lumps of soil between rows. The porous texture of soil creates a good infiltration capacity, which reduces runoff by 35% and soil erosion by 40%.
· No-tillage: In the no-tillage operations, the soil surface is not much disturbed and is left more or less intact. The operations performed are undercutting, loosening and drying of the upper soil layer, so that weeds do not grow and stubbles of the previous crop remain intact in the field. When there are no weeds, the under cutting operation is not required, and seeds are sown directly into the soil by special types of seed drills. This method reduces soil erosion by 70%.  

· Strip tillage: This operation is an improvement over no-tillage system. In this type of cultivation, narrow strips of approximately 0.2m width and 0.1 m depth are generally laid out along the contour, and the land in between the strips left uncultivated. In the constructed narrow strips, there is no stubble, which helps in sowing operations and facilitates better plant growth.

In Subsection 10.1.1, we learnt the vegetative practices to minimise soil erosion, we will now discuss the mechanical practices undertaken to control soil erosion by wind and water.

10.1.2
Mechanical practices

These are engineering measures used to control soil erosion from sloping land surfaces. In the design of such practices, the basic approach is to:

· increase the residence time  of runoff water on sloping land surfaces in order to increase the infiltration time for the water;

· decrease the effect of land slope on runoff velocity by intercepting the slope at several points so that the velocity is less than the critical velocity; 

· protect the soil from erosion caused by the runoff.

Some of the mechanical practices used to reduce soil erosion are discussed below. 

(i)
Terracing: It is a combination of contouring and land shaping where earth embankments or ridges are designed to intercept runoff and channel it to a specific outlet. Terraces reduce erosion by decreasing the steepness and length of the hillside slope, preventing damage by surface runoff. There are two types of terraces viz, bench (levelled and table top, sloping outward, sloping inward and puertorican) and broad base (graded and level) terraces. The bench terrace, perhaps one of the oldest forms of terraces, is used to reduce land slope. The broad base terrace, on the other hand, is used to control and retain surface water on sloping land.

(ii)
Bunds: These are embankments constructed across the slope, using a part of the soil surface itself, to reduce the velocity of water. Though bunds are similar to narrow-base terraces, no farming is done on them, except at some places, where some types of stabilisation grass are planted to protect the bund. Contour bund is the most common method practised for soil and water conservation. It is constructed in regions having (Tripathi and Singh, 1993): 

· annual rainfall less than 750 mm;

· soil depth more than 200 mm;

· land slope less than 7%;

· good infiltration capacity.

(iii)
Vegetated waterways: These are also called grassed waterways. Such types of waterways or channels are either naturally formed, or constructed as watercourses and covered with grasses. These are used for the disposal of excess runoff from croplands to a safe outlet, like rivers, reservoirs, streams, etc. Grassed waterways can reduce the risk of (ephemeral) gully erosion. 

Apart from the mechanical and vegetative practices, methods such as rotation of crops, etc. are also used to reduce soil erosion. We will take up the rotation of crops next.

(iv)
Rotation of crops: In this method, seasonal crops are changed in a planned sequence. Crop rotation is a common practice on sloping soil because of its potential for soil protection. Rotation also reduces the need for fertiliser, for example legume crops (such as alfalfa, etc.) replace some of the nitrogen that corn and other grain crops remove. Rotating to a different crop such as wheat on barley ground usually results in higher grain yields when compared to continuous cropping of wheat. Even greater benefits are usually obtained by rotating two distinctly unrelated crops, such as small grains seeded into land where the previous crop was a legume or other herbaceous dicot such as flax or sunflower. Some of the important beneficial effects that can be obtained from a well planned crop rotation are (http://www.ext.nodak.edu/extpubs/plantsci/crops.htm):
· reduction of  insect and disease problems; 

· beneficial residual herbicide carryover; 

· improvement of  soil fertility; 

· improvements in soil tilth and aggregate stability; 

· soil water management; 

· reduction of soil erosion. 

Having learnt the soil conservation practices, let us now discuss the management of groundwater. But first, let us work through Learning Activity 10.1. 


 

10.2
GROUNDWATER MANAGEMENT

The beneficial use of groundwater resources involves planning of an entire groundwater basin. It recognises that a basin is a large natural underground reservoir, and its utilisation by one landowner affects the water supply of all other landowners in the same basin. Management objectives must be selected in order to develop and operate the basin. These involve not only geologic and hydrologic considerations but also economic, legal, political and financial aspects (Todd, 1980). Typically, optimum economic development of water resources in an area requires an integrated approach that co-ordinates the use of both surface and groundwater resources. Hence, we will now discuss the concepts of basin management.

10.2.1 
Concepts of basin management

The management of a groundwater basin (a groundwater basin is the underground area from which groundwater drains and which is separated by geological and/or hydrological boundaries) implies a developmental programme and utilisation of subsurface water for some stated purpose, usually of a social or economic nature. In general, the desired goal is to obtain the required quantity of water to meet the pre-determined quality requirements at low cost. Extraction of water from a groundwater basin begins by drilling a few pumping wells. With time, more wells are drilled and the rate of extraction increases. Continuous development of wells without proper management could eventually deplete the groundwater resource. By regulating inflow to and outflow from the basin, an underground reservoir can be made to function beneficially and sustainedly.   

To manage a groundwater basin, knowledge of the quantity of water that can be developed is a prerequisite. Determination of the available water within a basin requires evaluation of the elements constituting the hydrological cycle. In terms of the hydrological cycle for a particular groundwater basin, a balance must exist between the quantity of water supplied to the basin and the amount of water leaving the basin. The equation of hydrologic equilibrium provides a quantitative statement of water balance in the basin. In its most general form it may be expressed as:  

[Surface inflow + subsurface inflow + precipitation + imported water + decrease in surface storage + decrease in groundwater storage] = [surface outflow + subsurface outflow + consumptive use + exported water + increase in surface storage + increase in groundwater storage]

 


Equation 10.1
With this equation, the quantity of water available from a groundwater basin can be determined under existing conditions. 

Groundwater basin investigations are necessary for sustainable management of groundwater resources. Next, we will learn the four levels of study undertaken in groundwater basin investigations.

Groundwater basin investigations     

Groundwater management studies are usually undertaken by local government agencies. Four levels of study are generally recognised, although not all are required (Todd, 1980). In brief, these include: 

(i)
Preliminary examination: It is based largely on the judgement of experienced personnel. This study identifies the management possibilities of meeting a defined need for a specified area.

(ii) Reconnaissance: This study considers possible alternatives in the formulation of a water management plan to meet a defined need for an area, including estimates of benefits and costs. The investigation draws on available data and generally necessitates a minimum of new data collection.

(iii)
Feasibility: This study requires detailed engineering, hydrogeologic and economic analyses together with the cost benefit estimates to ensure that the selected project is feasible and optimally developed.

(iv)
Project development: This investigation involves planning studies necessary for defining specific features of the selected project. The completed report forms the basis for starting final design and preparation of plans and specifications for the project. 

After performing the groundwater basin investigations, data must be collected and fieldwork undertaken. Next, we will discuss the types of data to be collected during the fieldwork.

10.2.2 
Data Collection and Fieldwork

This involves the types of data and tasks that are necessary for a reconnaissance and/or feasibility study in groundwater management.

Topographic data

Contour maps, aerial photographs and benchmarks related to a levelling network are basic requirements. They are used for locating and identifying wells, measuring groundwater levels, conducting crop and land use surveys, and plotting aerial data. 
Geologic data

Surface and subsurface information is necessary for feasibility studies. This information is obtained from a drilling programme where pumping tests of wells are conducted to evaluate storage coefficients and transmissivities of aquifers, while samples of groundwater are collected and analysed for quality.

Hydrologic data

The principal purpose of hydrologic data collection is to estimate the quantity of water using the water balance equation.  The types of basic data required and methods of their analysis are outlined below.

(i)
Surface inflow and outflow: These quantities are measured by standard hydrographic and hydraulic procedures.

(ii)
Precipitation: The amount of precipitation that falls in a particular basin is recorded using rain gauges. The recorded data is necessary in estimating the annual precipitation over the basin.

(iii)
Consumptive use: All water, surface and subsurface, released into the atmosphere by processes of evaporation and transpiration constitute to consumptive use. To compute this discharge from a given basin, it is first necessary to make a land use or cultural survey to yield the amount of each type of water-consuming area. This is done with the help of aerial photographs. The product of consumptive use and the corresponding acreage gives the water consumption for a particular area.

(iv)
Changes in surface storage: These can be computed directly from the changes in water levels of surface reservoirs and lakes.

(v)
Changes in groundwater storage: This is determined from geologic data on aquifers and measurement of groundwater levels. Antecedent information on groundwater levels, pumping records, pumping tests and artificial recharge should also be collected.   

(vi)
Subsurface inflow and outflow: These items of the hydrologic equation are the most difficult to evaluate as they cannot be directly measured. Often one of them, or the difference, is computed by being the only unknown in the equation. From geological investigation it may be found that either subsurface inflow or outflow is lacking, or both. Difficulties arise in situations where underground flows occur from one basin to another. Knowledge of groundwater slopes and transmissivities, and subsurface flow can be computed from Darcy’s law, given in Section 3.3.2 of Unit 3 of this Course.

10.2.3 
Evaluation of basin yield  

The maximum quantity of water that is actually available from a groundwater basin on a perennial basis is limited by the possible deleterious side effects that can be caused by pumping and operation of the basin. Therefore, several concepts of basin yield are generally recognised. These include mining yield and perennial yield, which have already been introduced to you briefly in Section 3.4 in Unit 3.  Now we will elaborate on the evaluation of this yield.   

Consideration of the perennial yield reveals that it can vary with different patterns of recharge, development, and use of water in a basin. Determination of the perennial yield of a groundwater basin requires analysis of the undesired results that may accrue if the extraction rate is exceeded.  The recharge criterion is the most important factor because exceeding this will bring about undesirable results. Economic considerations can govern perennial yield in basins where the cost of pumping groundwater becomes excessive. Excessive costs may be associated with lowered groundwater levels, necessitating deepening of wells, lowering of pump bowls and installing of larger pumps. Water quality can govern perennial yield if draft on a basin produces groundwater of inferior quality. Possibilities include: 

(i)
pumping in a coastal aquifer, which could induce salt water intrusion into the basin (refer Unit 4 of this Course);

(ii)
lowered groundwater levels, which could lead to pumping underlying connate brines;

(iii)
polluted water from nearby areas might be drawn into a pumped aquifer.
Perennial yield depends on the minimum acceptable standard of water quality, which in-turn depends on the intended use of the pumped water. After learning the concepts of perennial yield, let us now discuss the calculation and variability factors of perennial yield.

Calculation of perennial yield

In general, the basin recharge criterion will govern perennial yield because, as mentioned earlier, one or more of the undesired results would often be induced by pumpage exceeding this rate. Quantitative determinations of perennial yield where recharge is the limiting factor can be made under specified conditions. 

Variability of perennial yield

It is important to recognise that perennial yield of groundwater basin tends to vary with time. Any qualitative determination is based on specified conditions, existing or assumed, and any changes in these conditions will modify the perennial yield. This fact applies to the degree and pattern of groundwater development within a basin as well as the other factors that govern safe yield. Perennial yield may vary with the level of groundwater within a basin. Thus, if levels are lowered, subsurface inflow will be increased, subsurface outflow will be decreased, and uneconomic evapotranspiration losses will be reduced. Conversely, a rise in water level will have the opposite effects. Therefore, where recharge is sufficient, the perennial yield is larger. The maximum perennial yield will be controlled by economic or legal constraints (Todd, 1980). An unconfined basin fed by an adequate recharge source can increase its potential yield, not only by increasing pumpage but also by rearrangement of the pumping pattern. If the concentration of the wells is shifted to the recharge source, greater inflow can be induced. The rearrangement has the additional advantage of obtaining a greater supply without necessarily increasing pumping lifts. For example, in a cross section shown in Figure 10.1a, it is assumed that the stream is the principal recharge source. By moving the well field nearer to the stream as in Figure 10.1b, the water table slope is increased and greater yield for equal pumping depth results. 

Figure 10.1

Result of Increased Groundwater Yield for 

Same Pumping Depths Obtained by 

Shifting Wells nearer to a Recharge Source
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For a confined aquifer with its recharge area located some distance from the pumping area, the rate of flow through the aquifer will govern the perennial yield. In large confined aquifers, pumpage of water from the storage can be carried on for many years without establishing equilibrium with basin recharge. Although the slope of the piezometric surface will increase, the permeability of the aquifer is seldom sufficient to maintain a compensating flow into the basin. 

We learnt the evaluation of basin yield in Subsection 10.2.3 where we discussed the concepts of perennial yield and its calculation and variability. Let us now discuss basin management by the conjunctive use of ground and surface water.

10.2.4 
Basin management by conjunctive use

In basins approaching full development of water resources, optimal beneficial use can be obtained by conjunctive use, which involves a co-ordinated and planned approach of both surface and groundwater resources to meet water requirements in a manner whereby water is conserved. The concept of conjunctive use of surface and ground water is predicated on the surface reservoirs impounding stream flow, which is then transferred at an optimum rate to groundwater storage (Todd, 1980). The usable capacity of the groundwater reservoir can be developed by planned extraction of groundwater during periods of low precipitation while subsequent replenishment can be made during periods of high precipitation. Such a co-ordinated operation of surface and groundwater supplies is possible if there is sufficient groundwater storage to meet the requirements for regulation of local and imported water supplies, and if the aquifers possess sufficient transmissibility to permit the movement of recharged water to the area of extraction. These conjunctive operations result in a more economic yield as they provide more water at a lower average cost. The benefits accruing from the conjunctive use of water are given below (Raghunath, 1992).

· Sub-surface storage is available at relatively low cost and is safe against any risk of dam failures.

· Water can be supplied during a series of drought years while a surface storage can at the most be effective over one year.

· Both water conservation and flood protection can be achieved simultaneously.

· A sub-surface scheme can be developed in a shorter period while it takes 10-15 years for the completion of a big surface water project.

· Releasing surface water for irrigation during peak periods of power demand results in reduction on the tube well (groundwater) loads and power costs.

· No evaporation and percolation losses, obviating the construction of expensive storm and seepage drains.

· Groundwater and surface water can be mixed in proper proportions to obtain a desired water quality for irrigating certain crop types (particularly when the groundwater has a high salt concentration).  


In this Section, we discussed soil and groundwater conservation practices. Agriculture, although contributing to the production of some basic resources, has led to irreversible soil and groundwater contamination. Such impacts could be minimised with sustainable agriculture, the concepts, strategies and applications of which we will discuss in Section 10.3.

 

10.3 
SUSTAINABLE AGRICULTURE

Agriculture has changed dramatically, especially since the end of Second World War. Food and fibre productivity soared due to new technologies, mechanisation, increased chemical use, specialisation and government policies that favoured maximum production. Although these changes have had many positive effects and reduced many risks in farming, there have also been negative effects. Prominent among these are topsoil depletion, degradation of soil quality, groundwater contamination, decline of family farms, continued neglect of the living and working conditions of farm labourers, increasing costs of production, and the disintegration of economic and social conditions in rural communities. A growing movement has emerged during the past two decades to question the role of the agricultural establishment in promoting practices that contribute to these ecological and social problems. The movement for sustainable agriculture is garnering increasing support and acceptance within mainstream agriculture. Not only does sustainable agriculture address many environmental and social concerns, it offers innovative and economically viable opportunities for growers, labourers, consumers, policymakers and many others in the entire food system (http://www.sarep.ucdavis.edu/). The ecological principles basic to sustainable agriculture are:

(i)
Securing favourable soil conditions for plant growth, particularly by managing organic matter and enhancing soil life.

(ii)
Optimising nutrient availability and balancing nutrient flow, particularly by means of nitrogen fixation, nutrient pumping, recycling and complimentary use of external fertilisers.

(iii)
Minimising losses due to solar radiation, air and water by way of microclimate management, water management and erosion control.

(iv)
Minimising losses due to plant and animal pests and diseases by means of prevention and safe treatment.

(v)
Exploiting complimentarity and synergy in the use of genetic resources, which involves combining these in integrated farm systems with a high degree of functional diversity.

Now, we will discuss the basics of sustainable agriculture.

10.3.1 
Concept of sustainable agriculture 

Sustainable agriculture integrates three main goals--environmental health, economic profitability, and social and economic equity. Sustainability rests on the principle that we must meet the needs of the present without compromising the ability of future generations to meet their own needs. A systems perspective is essential for understanding sustainability. The system is envisioned in its broadest sense, from the individual farm, to the local ecosystem, and to communities affected by this farming, both locally and globally. Agriculture is sustainable, if it has the following characteristics.

(i)
Ecologically sound: This means maintaining the quality of natural resources and the vitality of entire agroecosystem – from humans, crops, and animals to soil organisms – is enhanced.

(ii)
Economically viable: It means that farmers can produce enough for self-sufficiency and / income, and gain sufficient returns to warrant the involved labour and costs.

(iii)
Socially just: It means that resources and power are distributed in a way that the basic needs of all the members of the society are met.

(iv)
Humane: It means that all forms of life (plant, human, and animal) are respected. The cultural and spiritual integrity of the society is preserved and nurtured.

(v)
Adaptable: It means that rural communities are capable of adjusting to the constantly changing conditions for farming – population growth, policies, market demand, etc.

This requires, well-functioning institutions and well deliberated policies at all levels – from village to global to ensure sustainable development. It is important to point out that reaching toward the goal of sustainable agriculture is the responsibility of all participants in the system, including farmers, labourers, policymakers, researchers, retailers, and consumers. Each group has its own part to play and unique contribution to make to strengthen sustainable agriculture (http://www.sarep.ucdavis.edu/).

10.3.2 
Strategies for sustainable agriculture

Specific strategies are required to realise the three goals of sustainable agriculture. The strategies are grouped according to three separate though related areas of concern viz. farming and natural resources, plant and animal production facilities and the economic, social and political context. Let us discuss these in brief. 

Farming and natural resources

Unplanned developmental activities and land use changes for agriculture degrade the natural resource base (water, soil, etc.) to meet the requirement of fuel, food and fodder of future generations. Water and soil resources need to be properly managed for sustainable development. Some of these issues are discussed below. 

(i)
Water: Water is the principal resource that has helped agriculture progress, and it has been a major limiting factor when mismanaged. Some of the issues that should be taken into account are:

· Water supply and use: Establishing an extensive water storage and transfer system allows crop production to expand to very arid regions. During drought years, limited surface water supplies prompt overdraft of groundwater and consequent intrusion of salt water, or permanent collapse of aquifers. Several steps should be taken to develop drought-resistant farming systems even in "normal" years, including both policy and management actions. These include:

(a)
improving water conservation and storage measures;

(b)
providing incentives for selection of drought-tolerant crop species; 

(c)
using reduced-volume irrigation systems;

(d)
managing crops to reduce water loss;  

(e)
not planting at all.

· Water quality: The most important issues related to water quality involve salinisation and contamination of ground and surface water by pesticides, nitrates and selenium. Tile drainage can remove water and salts, but the disposal of the salts and other contaminants may negatively affect the environment depending upon where they are deposited. Temporary solution to the problem includes the use of salt-tolerant crops, low-volume irrigation, and various management techniques to minimise the effects of salts on crops. In the long-term, some farmland may need to be removed from production or converted to other uses. 

(ii)
Soil: The physical, chemical and biological processes in the soil are strongly influenced by climate, plant and animal life, and human activities. In order to grow healthy and productive plants, we have to maintain:

· timely availability of water, air and nutrients in balanced and buffered quantities;
· soil temperature which enhances soil life and plant growth;

· absence of toxic elements;

· soil structure, which enhances root growth, exchange of gaseous elements, water availability and storage capacity.

Soil erosion continues to be a serious threat to our continued ability to produce adequate food. Numerous practices have been developed to keep soil in place, which include reducing or eliminating tillage, recycling organic wastes, managing irrigation to reduce runoff, and keeping the soil covered with plants or mulch. These practices have been explained in Subsections 10.1.1 and 10.1.2 respectively.

Plant production practices

Sustainable plant production practices involve a variety of approaches. Specific strategies must take into account topography, soil characteristics, climate, pests, local availability of inputs and the individual farmers’ goals. Despite the site-specific and individual nature of sustainable agriculture, several general principles can be used to select appropriate management practices. 

(i)
Selection of site, species and variety: Preventive strategies, adopted early, can increase inputs and help establish a sustainable production system. When possible, pest-resistant crops should be selected, which are tolerant to the existing soil or site conditions. When site selection is an option, factors such as soil type and depth, previous crop history, and location (e.g., climate, topography) should be taken into account before planting.

(ii)
Diversity: Diversified farms are usually more economically and ecologically resilient. While monoculture farming has advantages in terms of efficiency and ease of management, the loss of the crop in any one year due to pests, etc., could seriously disrupt the stability of a community dependent on that crop. By growing a variety of crops, farmers avoid economic risk and are less susceptible to the price fluctuations associated with changes in supply and demand. 

(iii)
Soil management: A  "healthy" soil is a key component of sustainability; that is, it will produce healthy crops that have optimum vigour and are less susceptible to pests. While many crops have key pests that attack even the healthiest of plants, proper soil, water and nutrient management can help prevent some pest problems brought on by crop stress or nutrient imbalance. Furthermore, crop management systems that impair soil quality often result in greater inputs of water, nutrients, pesticides, and/or energy for tillage to maintain yields. Methods to protect and enhance the productivity of the soil include using cover crops, compost and/or manures, reducing tillage, avoiding traffic on wet soils, and maintaining soil cover with plants and/or mulches. Regular addition of organic matter or the use of cover crops can increase soil aggregate stability, soil tilth, and diversity of soil microbial life.

(iv)
Efficient use of inputs: Many inputs and practices used by conventional farmers are also used in sustainable agriculture. Reliance can be maximised on natural, renewable, and on-farm inputs. Equally important are the environmental, social, and economic impacts of a particular strategy. Converting to sustainable practices does not mean simple input substitution. Frequently, it substitutes enhanced management and scientific knowledge for conventional inputs, especially chemical inputs that harm the environment on farms and in rural communities. The goal is to develop efficient biological systems, which do not need high levels of material inputs.

(v)
Goals and lifestyle choices of farmers: Management decisions should reflect not only environmental and broad social considerations, but also individual goals and lifestyle choices of farmers. For example, adoption of some technologies or practices that promise profitability may also require such intensive management that one's lifestyle actually deteriorates. Management decisions that promote sustainability nourish the environment, community and the individual.

Animal production practices

For sustainable agriculture, livestock production practices play an important role and some of the specific points that livestock producers need to address are listed below.

(i)
Management planning: Including livestock in the farming system increases the complexity of biological and economic relationships. The mobility of the stock, daily feeding, health concerns, breeding operations, seasonal feed and forage sources, and complex marketing are sources of this complexity. Therefore, a successful farm plan should include enterprise calendars of operations, stock flows, forage flows, labour needs, herd production records and land use plans to give the manager control and means for monitoring progress towards goals.

(ii)
Animal nutrition: Feed costs are the single largest variable cost in any livestock operation. While most of the feed may come from other enterprises on the ranch, some purchased feed is usually imported from off the farm. Feed costs can be kept to a minimum by monitoring animal conditions and performance and understanding seasonal variations in feed and forage quality on the farm. Determining the optimal use of farm-generated by-products is an important challenge of diversified farming.

(iii)
Reproduction: Use of quality germplasm to improve herd performance is another key to sustainability. In combination with good genetic stock, adapting the reproduction season to fit the climate and sources of feed and forage reduce health problems and feed costs.

(iv)
Herd health: Animal health greatly influences reproductive success and weight gains; the two key aspects of successful livestock production. Unhealthy stock waste feed requires additional labour. A herd health programme is critical to sustainable livestock production. 

(v)
Grazing management: Grazing management is necessary to prevent or mitigate adverse environmental impacts associated with grazing. For example, properly managed grazing significantly reduces fire hazards by reducing fuel build-up in grasslands.  

(vi)
Confinement livestock production: This is increasingly a source of surface and ground water pollutants, particularly when there are large numbers of animals per unit area. Expensive waste management facilities are now a necessary cost of confined production systems. Waste is a problem of almost all operations and must be managed with respect to both the environment and the quality of life in nearby communities.

Economic, social and political context

In addition to strategies for preserving natural resources and changing production practices, sustainable agriculture requires a commitment to the changing public policies, economic institutions, and social values. Strategies for change must take into account the complex, reciprocal and ever-changing relationship between agricultural production and the broader society.

A wide diversity of strategies and approaches are necessary to create a more sustainable food system. These will range from specific and concentrated efforts to altering specific policies or practices for the long-term tasks of reforming key institutions, rethinking economic priorities, and challenging widely held social values. Some areas of concern are as follows.

(i)
Food and agricultural policy: New policies are needed to simultaneously promote environmental health, economic profitability, and social and economic equity. Other suggestions include modification of tax and credit policies and government and land grant policies.

(ii)
Land use: Farmland conversion patterns often discourage farmers from adopting sustainable practices and a long-term perspective on the value of land. Farmers can be encouraged to adopt practices that reduce chemical use and conserve scarce resources. 

(iii)
Labour: The needs of the migrant labour of through the year employment and adequate housing are a particularly crucial problem needing immediate attention. To be more sustainable over the long-term, labour must be acknowledged and supported by government policies. This should be a careful consideration when assessing the impacts of new technologies and practices.

10.3.3 
Sustainable agricultural practices

The following practices are commonly adopted to ensure sustainability in agricultural systems. 

(i)
Integrated pest management.

(ii)
Organic farming.

(iii)
Biotechnology. 

(iv)
Best management practices (BMPs). 

Among these, BMPs has already been dealt in detail in Section 9.1 of Unit 9 of this Course.  Next, we will discuss the remaining practices. 

Integrated pest management

Intensification of agriculture over the centuries has created some of its own problems, including pesticide resistance, secondary pest outbreaks and host plant resistance breakdown. Also, environmental pollution such as groundwater contamination and soil quality degradation due to pesticides and the hazards posed by some aspects of high input agriculture have led scientists to seek more sustainable alternatives. 

The utilisation of control measures is based on pest characteristics, type of impact required on the pest population and operational factors that affect the way in which control measures are deployed. But, it is important that appropriate control measures are selected so that they are compatible and their combined use is practical and effective. The table below gives the control measures appropriate for different pests.

Table 10.1

Principal Control Measures Appropriate for Different Pests 

	Control Measure
	r-Pests
	Intermediate pests
	K-Pests

	Insecticides
	Early wide-scale applications based on forecasting.
	Selective insecticides.
	Precisely targeted applications based on monitoring.

	Biological control
	
	Introduction or enhancement of natural enemies.
	

	Cultural control
	Timing, cultivation, sanitation and rotation.
	
	Changes in agronomic practice, destruction of alternative hosts.

	Resistance
	General, polygenic resistance.
	
	Specific monogenic resistance.

	Genetic control
	
	
	Sterile mating technique.


r-Pests are those pests that are particularly adept at breaking resistance in crop cultivars where resistance is under monogenic control. They are characterised by high fecundity, short generation time and good mobility.  K-Pests on the other hand has characteristically low fecundities, longer generation time, less mobility and greater investment in host specialisation. Hence, they are particularly vulnerable to host plant resistance or cultural control measures that render a crop unattractive, e.g., changes in plant density or cropping patterns such as intercrops.

Intermediates between r and K pests are those pests, which are particularly susceptible to control through conservation, augmentation or introduction of natural enemies. Attempts to reduce the input of pesticides and target their use, where necessary, are important in pest control strategies for many crops. This approach to the reduction or elimination of synthetic pesticides for pest control forms part of integrated pest management (IPM). In the socio-economic context of farming systems and population dynamics of the pest species, IPM utilises all suitable techniques and methods (biological, genetic, mechanical and chemical) in a compatible manner, so as to maintain pest populations at levels below those causing economic injury (Smith and Reynolds, 1966; Dent, 1991). IPM seeks to integrate multidisciplinary methodologies to develop management strategies that are practical, effective, economical and protective of both public health and the environment (Smith, et al., 1976). It is based on the fundamental scientific principles of crop husbandry, socio economics, ecology and population genetics.  The control measures adopted in IPM are the essential tools with which an IPM programme/system is constructed. 


Organic farming

Organic agriculture is a holistic production management system, which promotes and enhances agro-ecosystem health, including biodiversity, biological cycles and soil biological activity. It emphasises the use of management practices in preference to off-farm inputs, which is accomplished by using, where possible, agronomic, biological, and mechanical methods, as opposed to synthetic materials, to fulfil any specific function within the system (http://www.fao.org). To the maximum extent feasible, organic farming systems rely upon crop rotations, crop residues, animal manures, legumes, green manures, off-farm organic wastes, mechanical cultivation, mineral-bearing rocks, and aspects of biological pest control to maintain soil productivity and tilth, supply plant nutrients, and control insects, weeds and other pests.

Some of the organic fertilisers and pesticides are explained below.

(i)
Bio-fertilisers: Bio-fertilisers are the preparations containing live or latent cells of efficient strains of nitrogen fixing, phosphate solubilising or cellulolytic micro-organisms used for application to seed composting areas. The objective is to increase the number of such micro-organisms and accelerate those microbial processes which augment the availability of nutrients that can be easily assimilated by plants. Bio-fertilisers harness atmospheric nitrogen with the help of specialised microorganisms, which may be free living in soil or symbiotic with plants. Some of the biofertilisers are as follows.

· Vermicompost: Earthworm is known as a natural plough.  They burrow into the soil during the course of their feeding, pulverising the soil, and making it optimum for proper root development.  They feed on all kinds of organic wastes.  The excreta known as casts/castings acts as a fertiliser having almost all the major nutrients like nitrogen, phosphorous, manganese, calcium, magnesium, potassium, etc.  In addition to this, it is also a source of micronutrients like iron, boron, zinc, molybdenum, etc., which are unavailable to the plants in many soils.  Vermicompost is also known to contain some hormones, which help quicken many of the reactions in the plants. More importantly, no residues are left in the soil, reducing the environmental hazards.

· Pongamia cake: It has an alkaloid known as pongamin, which is mainly extracted from Derris sp. It is a very important source of micronutrients.  It also improves the physical characteristics of the soil.

· Neem: Neem tree (Azadirachta indica) and its derivatives have great relevance in organic farming practices. This remarkable tree has been identified as a renewable resource for home grown agro-chemicals and nutrients, which are biodegradable, non-toxic and effective.

(ii)
Bio-pesticides: Biopesticides are certain types of pesticides derived from natural materials such as animals, plants, bacteria, and certain minerals. For example, neem has pesticidal applications and is considered a biopesticide. Botanical pesticides are natural plant products that belong to the secondary metabolites, which include thousands of alkaloids, terpenoids, phenolics and other minor chemicals (http://www.epa.gov). Some of the biopesticides are as follows.

· Microbial pesticides: They consist of a microorganism (e.g., a bacterium, fungus, virus or protozoan) as the active ingredient. They can control different kinds of pests, although each separate active ingredient is relatively specific to its target pest (s). For example, there are fungi that control certain weeds, and other fungi that kill specific insects.

· Biochemical pesticides: These are naturally occurring substances that control pests by non-toxic mechanisms. Conventional pesticides, by contrast, are generally synthetic materials that directly kill or inactivate the pest. Biochemical pesticides include substances, such as insect sex pheromones, that interfere with mating, as well as various scented plant extracts that attract insect pests to traps (www.epa.org).

· Oil cakes: These are obtained from different seeds of plants after the extraction of oil. These have long been used by farmers in India for vegetable and horticulture crops. Oil cakes obtained from the seeds of mustard, groundnut, margosa (Azadirachta indica), undi (Calophyllum inophyllum), mahua (Maduca indica), teak (Tectona grandis), karanj (Pongamia pinnata), sal (Shorea robusta), etc., have nematicidal properties. Oil cakes undergo decomposition in soil by microorganisms and serve as fertilisers, helping in plant growth (Dhahiwal and Kansal, 1994).  

(iii)
Neem: Neem is both a bio-fertiliser and a bio-pesticide. Neem cake can be used as a fertiliser in fields. The dual activity of neem cake as fertiliser and pest repellent has made it a favoured input. Neem leaves have also been used to enrich the soil. Together, they are widely used in India to fertilise cash crops. Table 10.2 gives the constituents in 100 kg of neem seed cake.

Table 10.2

Analysis of 100 kg of Neem Seed Cake

	Contents
	Amount in kg

	Nitrogen
	3.56

	Phosphorus
	0.83

	Potassium
	1.67

	Calcium
	0.77

	Magnesium
	0.75


Application of neem seed cake to crops provides them with various nutrients. It also reduces the number of soil insect pests, fungi, bacteria and nematodes and protects the crop from damage caused by these organisms. Neem seed cake can also reduce alkalinity in the soil by producing organic acids when mixed with the soil. The calcium and magnesium present in neem cake aid in removing alkalinity. Neem cake is also extensively used for citrus trees, jasmine, roses and vegetable crops as organic manure.


Biotechnology

Agricultural biotechnology is a collection of scientific techniques, including genetic engineering that is used to modify and improve plants, animals and microorganisms for human benefit. It is not a substitute for conventional plant and animal breeding but can be a powerful complement. Plant biotechnology is an extension of traditional plant breeding such as selective breeding and hybridisation with one very important difference - plant biotechnology allows for the transfer of a greater variety of genetic information in a more precise, controlled manner. This more precise science allows plant breeders to develop crops with specific beneficial traits and no undesirable consequences. Many of these beneficial traits in new plant varieties fight plant pests -- insects, diseases and weeds - that can be devastating to crops. Others provide quality improvements, such as tastier fruits and vegetables; processing advantages.  For example, tomatoes with higher solid content; and nutrition enhancements, such as oil seeds that produce oils with lower saturated fat content. Crop improvements like these can help provide an abundant, healthy food supply and protect our environment for future generations. Thus, plant biotechnology is uniquely important because it is:

· a new tool which can significantly  improve crop productivity;

· compatible with sustainable, environmentally sound agricultural practices;

· a non-capital intensive approach that will benefit agriculture in developing countries;

· a source of value – added genes and traits that will increase  productivity and profitability for farmers.

Technique to move one gene with desirable characteristics from one organism to another is referred as “Recombinant DNA (genetic engineering) technology”. Thus, a transgenic crop plant contains a gene or genes, which have been artificially inserted. Central to plant biotechnology is the ability to isolate such genes, direct their expression, monitor their inheritance and reintroduce them into plants, which leads to improvements in plant breeding and crop improvement. Some of the areas where plant biotechnology has been used for sustainable agriculture are given below.

(i)
Insect resistance: Bacillus thuringinesis (B.t.) is a naturally occurring soil bacterium that produces an insect control protein that is harmful to selected insect pests. Progress in developing insect control in transgenic plants has been initially achieved through the expression in plants of the insect control protein genes of B.t. Transgenic crops of tomato, tobacco, cotton and maize containing the B.t. gene have exhibited tolerance to a wide range of pests.

(ii)
Weed control: The development of crop plants, which are tolerant to herbicides would provide for more effective, less costly and environmentally viable weed control options than those existing today. The two general approaches of engineering herbicide tolerance consist of:

· altering the level and sensitivity of the target enzyme for the herbicide;

· incorporating a gene encoding an enzyme which can inactivate the herbicide.

The current crop targets for engineered herbicide tolerance include soybean, cotton, rapeseed and sugar beet.

(iii)
Disease resistance: Significant resistance to a variety of plant viral diseases has been achieved by coat protein-mediated protection, which involves expressing the coat protein gene of a particular virus in transgenic plants. Rapid progress is also being made in engineering resistance in plants to bacterial and fungal pathogens.

(iv)
Stress resistance: A variety of abiotic stresses including water, temperature and soil composition is known to affect plant productivity. A number of plant genes are induced by exposure to heat, cold, salt, heavy metals, phytohormones, nitrogen, etc., and have been identified and introduced into plants to combat such abiotic stresses.

Despite the benefits accrued from biotechnology, there are apprehensions regarding the release of genetically engineered microorganisms (GEM) into the environment. These released organisms could proliferate and spread uncontrolled, posing a danger to public health and environment. A great number of crop plants are being engineered with the capacity to persist in marginal environments and propagate quickly. Both these traits confer on plants the potential to become noxious weeds, overrunning human and non-human ecosystems, displacing and killing plants and animals, upsetting the food chain, and permanently altering habitats. Furthermore, there is the risk of these "weedy" characteristics being passed on to wild relatives of crop plants by gene introgression (i.e., the flow of genes from one plant species to another), mainly through cross-pollination (Rissler and Mellon, 1996). Transgenic crops are used these days to reduce dependence on inputs such as pesticides and fertilisers but they may have deleterious effects on the environment. The most serious ecological risks posed by the commercial-scale use of transgenic crops are: 

· their spread threatens crop genetic diversity by simplifying cropping systems and promoting genetic erosion; 

· the potential transfer of genes from pesticide resistant crops to wild or semi domesticated relatives thus creating super weeds; 

· vector-mediated horizontal gene transfer and recombination to create new pathogenic bacteria; 

· vector recombination to generate new virulent strains of virus, especially in transgenic plants engineered for viral resistance with viral genes; 

· insect pests will quickly develop resistance to crops with B.t. toxin; 

· massive use of B.t. toxin in crops can unleash potential negative interactions affecting ecological processes and non-target organisms. 

So far, we discussed various practices related to crops, etc. The crop type selection should be based on local requirement and the environment. Socio-economic features should be given due importance in order to realise the highest benefits for the inhabitants. An integrated, holistic approach involving vegetation and conservation of soil and water in the entire watershed is necessary to maintain sustainability. Next, we will discuss the concept of eco-watershed management.

 

10.4 
ECO-WATERSHED MANAGEMENT

Soil, water and vegetation are the most vital natural resources of the ecosystem and have to be managed efficiently to obtain the optimum benefit. For their efficient management, watershed is considered as a basic unit in the ecosystem. While discussing hydrological cycle in Unit 3 (Subsection 3.2.1), we explained the term ‘watershed’. It refers to the divide separating one drainage basin from another. In this context watershed is considered to be synonymous with catchment and drainage basin. It is a land area from which the runoff drains through a particular point. Watershed management is the rational utilisation of land and water resources for optimum production with minimum hazard to natural resources. It essentially relates to soil and water conservation in the watershed, which means proper land use, protecting land from all forms of degradation, building and maintaining soil fertility, conserving water for farm use, proper management of local water for drainage, sediment reduction and flood protection and increasing productivity from all land uses.

Vital functions such as recycling of nutrients, purification of water, recharge of groundwater, augmenting and maintenance of stream flow, and habitat provision for a wide variety of flora and fauna of watershed necessitates their sustainable management through appropriate conservation mechanisms. Failure to restore these ecosystems will result in sharp increase in environmental costs, extinction of species or ecosystem types, and permanent ecological damage (Ahalya, N. and Ramachandra, T.V., 2002).

In order to meet the growing needs of human and animal population, soil and water conservation measures on a large scale is essential. A beginning in this direction was made in India during the first five-year plan. The focus of resource conservation through watershed management strategies was sharpened in India with the establishment of soil and water conservation research and training centres in 1954 for different agro-climatic zones. Experiments on participatory processes were taken up in different watersheds after 1974. By the fifth five-year plan, the watershed approach got wider acceptance and included more diversified programmes. Awareness was generated to develop, conserve and manage land in the wider perspective taking into account the demands from various sectors. A national policy was adopted to use watersheds of various sizes for development of land and water resources for conservation as well as production schemes.

Earlier approaches of soil conservation were supply driven, top-down, biophysical in nature, but inadequately focussed on socio-economic issues. The government of India declared the policy of “development on watershed basis” during the Ninth Five-Year Plan (April 1998). The seventy-third amendment to the constitution of India (1990) has empowered village level elected bodies (Panchayath) to carry out the developmental activities. 

In recent times, watershed deterioration has taken place due to uncontrolled, unplanned and unscientific land use. Agriculture, mainly cultivation on sloping land without adequate precautions and over cropping, deforestation, excessive grazing, shifting cultivation; non-cooperation of the people; unscientific mining and quarrying, etc., are some of the factors affecting watersheds. The consequences of the above unsustainable practices are given below.

· Low productivity of land with respect to food, fuel, forage, fibre and fruits.

· Erosion and denudation within and outside the watershed.

· Siltation of reservoirs, lakes, etc.

· Frequent floods and droughts.

· Poor health of people and cattle.

Sustainability can be achieved by designing programmes to maintain the synergistic relationship between land and water cycle; raise productivity of available land; and restore, reclaim and rehabilitate the degraded land. Till now, all resource protection programmes have historically focused on single goals or a small set of goals. These programmes have succeeded in identifying and controlling, to some degree, the larger point sources of pollution. The watershed approach thus includes not only the water resource, but also the surrounding land from which the water drains.

The development programme, in order to espouse integrated approaches with systematic planning at micro (maybe at village) and macro (river basin) levels, requires appropriate incentives for promoting soil and water conservation; water use efficiency; participatory planning and management of the various stake holders; cost sharing for watershed treatment among the various stakeholders; linking up the community through resource sharing and cross subsidisation (achieved by using the strategic importance of water and water harvesting structures); developing market linkages, etc. Thus, the planning and development of watersheds leads to protection of the ecosystem and results in immediate gains for the people. Hence, the following become the main objectives of eco-watershed management. 

· Pollution abatement practices might be applied to reduce the generation of non-point sources of pollution (mainly agricultural and storm runoff) through source reduction, waste minimisation and process control.

· Compensatory afforestation with native species in barren areas to control the entry of silt from runoff. There is degradation in vegetation cover due to unsustainable land use practices.

· Infiltration trenches would be useful in reducing the storm water sediment loads to downstream areas by temporarily storing the runoff.

· Extended detention in dry basins are to be provided in removing pollutants primarily through the settling of suspended solids.

· On soil with a tendency to crust, management option includes planting seeds at shallow depths, protecting the soil surface with mulch or crop residues, keeping the soil surface moist until seedlings emerge, etc.

· Rotation of crops rather than monoculture to reduce the need for N and assist in pest control and help in aeration of soil.


SUMMARY

In this Unit, you learnt the various measures for soil conservation to combat erosion by wind and water. These include strip cropping, stubble mulches, etc. The vegetative conservation includes contouring, no-tillage, etc. Mechanical practices are terracing, bunds and construction of waterways. Then we discussed groundwater management in Section 10.2. Recognising that a groundwater basin is a large natural underground reservoir, its excessive utilisation by one landowner affects the water supply of all other landowners in the basin. Hence, we touched on the aspects of basin management, data collection and fieldwork, evaluation of basin yield and basin management by conjunctive use of ground and surface water in Subsections 10.2.1 to 10.2.4.  Next, we discussed concepts of sustainable agriculture followed by their strategies, which include farming and natural resources, plant and animal production practices, and sustainable agriculture in the social and economic context. We also discussed various applications practised as part of sustainable agriculture such as integrated pest management, organic farming, biotechnology and best management practices in Subsection 10.3.3. 

Finally, we concluded this Unit with the concept of watershed management. In order to realise the highest benefits for the people, other aspects like socio-economic aspects should not be neglected. Inhabitants of the watershed are the most important factor of influence in the degree of degradation or conservation; not only by being responsible for the management programmes implemented by the government, but also agriculture and other activities.
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Unit 10


Model Answers to Learning Activities
LEARNING ACTIVITY 10.1
Some of the vegetative practices adopted to minimise or prevent soil erosion due to wind or water are contouring, cover cropping, multiple cropping, strip cropping, stubble mulching and tillage operations.

LEARNING ACTIVITY 10.2
The four levels of study are preliminary examination, reconnaissance, feasibility and definite project.

Experienced personnel largely base preliminary examination on judgement and identify the management possibilities of meeting a defined need for a specified area. Reconnaissance study considers the possible alternatives of a water management plan to meet a defined need for an area, including estimates of benefits and costs. Feasibility study requires detailed engineering, hydrogeologic and economic analyses together with cost and benefit estimates to ensure the project is in optimum development. The investigation concludes with a report recommending approval and funding of the project. Definite project involves planning studies necessary for definite specific features of the selected project. The completed report forms the basis for starting final design and preparation of plans and specifications.

LEARNING ACTIVITY 10.3
There are 3 types of pests viz. r-Pests, intermediate pests and K-Pests. The control measures include insecticides, biological control, cultural control and genetic control. r-Pests are controlled by early wide-scale application of insecticides based on forecasting. Cultural control is done by timing, cultivation, sanitation and rotation of crops. There is no biological and genetic control for r-pests. Intermediate pests are those pests, which can be controlled by using selective pesticides and also by the introduction of natural enemies. K-Pests are particularly vulnerable to host plant resistance, or cultural control measures that render a crop unattractive. They can also be controlled by precisely targeted applications of insecticides, which is done by monitoring.

LEARNING ACTIVITY 10.4
Neem is both a biofertiliser and a biopesticide. As a biofertiliser, neem seed cake provides crops with various nutrients. A hundred kilogram neem seed cake consists of 3.56 kg nitrogen, 0.83 kg phosphorus, 1.67 kg potassium, 0.77 kg calcium and 0.75 kg magnesium. It can be applied to cash crops such as sugarcane, banana and cardamom. It is extensively used for citrus trees, jasmine, roses and vegetable crops. As a biopesticide, neem seed cake has the potential to reduce the number of soil insect pests, fungi, bacteria and nematodes and protect the crop from damage.

LEARNING ACTIVITY 10.5
Eco watershed management is the rational utilisation of land and water resources in the ecosystem for the optimum production with minimum hazard to natural resources. It essentially relates to soil and water conservation in the watershed which means proper land use, protecting land against all forms of deterioration, maintaining soil fertility, conserving water for farm use, proper management of local water for drainage, flood protection and sediment reduction and increasing productivity from all land uses. 

































































































(LEARNING ACTIVITY 10.5





What are the objectives of eco-watershed management?





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 10.4





Explain bio-fertilisers and bio-pesticides in terms of neem.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 10.3





Discuss briefly the control measures appropriate for different pests.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.




















(LEARNING ACTIVITY 10.2





Discuss the four levels of studies necessary for groundwater management.





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.














(LEARNING ACTIVITY 10.1





What are the vegetative practices adopted to minimise or prevent soil erosion?





Note:


a)	Write your answer in the space given below.


b)	Check your answer with the one given at the end of this Unit.

















