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OVERVIEW
Today, environmental pollution is a major concern all over the world. When sources of pollution are enumerated, agriculture is, with increasing frequency, listed as a major contributor. Agricultural activities can contribute to deterioration in soil and water quality through the release of several pollutants such as pesticides, animal manure, fertilisers, sediments (due to siltation), and other sources of organic and inorganic matter. Hence, in this Course, Soil and Groundwater Pollution from Agricultural Activities, we will introduce you to major agricultural activities in India and their impact on soil and groundwater.  In addition to this, you will be introduced to various remedial measures. In Unit 1, you will learn the basic aspects of agricultural activities. Subsequently, we will introduce you to the soil properties, classification and processes in Unit 2 and in Unit 3 you will learn groundwater characteristics, movement and recharge aspects. This is followed by discussion on soil and groundwater pollution from various sources, impacts of irrigation, drainage, fertiliser and pesticide on soil and groundwater in Units 4 to 7. In the eighth and ninth Units, various sensors/devices used to monitor pollution in soil and groundwater with their remedial measures will be introduced. Finally, conservation and management of groundwater and soil are presented in tenth Unit.

In this Unit, we will introduce you to the agricultural activities and their impact on the environment, particularly on soil and groundwater. We will begin Unit 1 by discussing agricultural activities, commonly practised in India, and their impact on the environment. The activities include irrigation, drainage, and application of fertiliser and pesticides. In Section 1.1, we will learn types of irrigation, drainage and impact of agricultural activities on the environment. In Section 1.2, you will be introduced to crops and their classification based on use and climate, as the degree of impact of agricultural activities also depends largely on the types of crop grown. Subsequently we will discuss nutrients and the necessity of supplementing nutrients in the form of fertiliser (to overcome deficiency) and impact of fertiliser use on the ecosystem. We will then discuss crop diseases, control measures through application of pesticides and implication of using pesticides on the environment. Finally, we will discuss the agricultural scenario in India considering major crops.

LEARNING OBJECTIVES

After completing this Unit, you should be able to:

· discuss major agricultural practices;

· assess  impacts due to agricultural practices on the environment;

· explain crop types and classification; 

· list the nutrient requirement and method of supplementing in case of deficiency;

· identify crop diseases and control measures;

· describe the agricultural situation in India. 

 

1.1 
MAJOR AGRICULTURAL PRACTICES

Food is a basic need for the sustenance of life, second only to water. Hence, agriculture plays a dominant role in global economy. Agriculture is the single largest user of freshwater resources (about 70% of the global fresh water supply). Major agricultural practices constitute the following:

(i)
Tillage: This is the process of altering the soil condition (direct drilling and ploughing). It is used to break up soil aggregates, to speed up the breakdown and incorporation of previous crop residue, kill weeds, and level and prepare seedbeds. In this process, plant matter gets buried and ultimately breaks down, which replenishes the soil nutrients. While this cultivation technique has various benefits for cropping, two decades ago, farmers realised the problem of soil erosion and began to adopt practices of soil conservation. You will learn aspects of soil conservation in detail in Unit 10. Repeated tillage may result in progressive change in soil structure. In some cases, this leads to long-term damage to the soil (Greenland, 1977). Moreover, the change in structural conditions has implications for other soil properties, such as the chemical status and the organic activity. In the long term, these effects may significantly influence crop yields. 

(ii)
Sowing (seeding): This is the process by which seeds are sown with a proper placing so that plants can grow with adequate light and nutrients. Seeding implements form a furrow in the soil, drop the seed at an even depth of one to ten centimetres, cover it and pack the soil above. Fertiliser is often placed with the seed. Once the sowing is done, fields are irrigated and nutrients are applied. Conditions for seeding can affect the germination of seeds and the start of a crop. Under favourable conditions, rows of green sprouts would appear within a week. Seeding requires a moist, fairly level seedbed, placing the seed at a proper soil depth, and application of fertiliser (in the best position and distance from the seed). The ultimate yield of the harvested crop is controlled largely by the total amount of photosynthate each plant has been able to produce during the growth period and the total number of plants per unit area of land. Both these factors depend in turn on the efficiency and timing of sowing operations (Smith, 1972).

(iii)
Irrigation: Its main purpose is to replenish soil moisture so that water is made available to plants and to combat periods of moisture stress. The need for irrigation arises in many areas, therefore, not from any inadequacy in total supply of water by rainfall, but inadequacy at certain times of the year. Resulting moisture stresses may cause reduced plant growth (Day, et al., 1978; Penman, 1963). This can be either rain fed or artificial (basin, sprinkler, etc.). We will discuss irrigation practices in detail in Subsection 1.1.1 and later its impacts in Unit 5. During its growth, the crop assimilates carbon, oxygen, and other nutrient elements from the soil and atmosphere. 

(iv)
Application of organic/inorganic fertiliser: This is applied to supplement soil nutrients required for plant growth. It is apparent that in most intensive agricultural systems, a potential drain of nutrient reserves occurs during harvesting due to the removal of nutrients. The extent of these nutrient losses varies markedly, according to soil fertility, management methods, crop type and yields; but the magnitude of losses is almost invariably well in excess of the natural inputs from rainfall and weathering.  Continued cultivation is therefore liable to lead to a gradual depletion of soil nutrient reserves and ultimately reduced yields (Daubeny, 1845 and Russell, 1966).

(v)
Weeding: The removal of weeds and crop residues serves a number of purposes. In the first place, weeds and trash from the previous crops (e.g., stubble, stalk, grass, leaves, etc.) may interfere with sowing operations. Burial of the weeds and trash by ploughing, accompanied perhaps by chopping of residues will therefore leave a clean surface into which the seed can be sown more readily. Secondly, both the weeds and residues contain nutrients, which need to be released to the soil to make them available for the subsequent crop (Briggs and Courtney, 1985).

(vi)
Crop protection: The wide variety of pests and diseases threatening agricultural crops demands appropriate control mechanisms to suppress, deter, eradicate or prevent infestation. These include either chemical (application of pesticides: insecticides/ herbicides/ fungicides) or biological control. Advantages such as selectivity, ease of application and quick application in the face of a specific threat to a crop has made many to adopt chemical control.

(vii)
Harvesting: It is the practice of removing crops when they are sufficiently mature, which has a major impact as it takes away the nutrients stored in the crops, leaving the soil relatively unprotected from the influence of rainfall and wind, leading to the development of a new, often more extreme surface microclimate. The severity of these effects depends largely on the character of the crop and management of the crop residues. In the case of root crops, most or the entire crop is removed with the result that the loss  of the nutrients taken up by the plants is almost complete. In the case of cereal crops, the losses are potentially less drastic, although a high proportion of nutrients is concentrated in the grain, while considerable quantities of nutrients may be held in the straw and stubble, which are normally left on the soil (Rasmussen, et al., 1980).

(viii)
Threshing: This involves breaking the seeds (grains) free from seedpods and other fibrous materials.  

(ix)
Multiple cropping: This involves the production of two or more crops from the same land unit (field) in the course of one growing season (or year), thereby intensifying cropping in both time and space. The crops may be grown simultaneously, i.e., intercropped, or as a sequence of single crops, i.e., sequentially double, triple, etc. Intercropping could be:

· mixed intercropping with no distinct row arrangement; 

· row intercropping with one or more crops planted in distinct rows;

· strip intercropping in different strips wide enough to permit independent cultivation but   narrow enough for crops to interact automatically;

· relay intercropping during part of life cycle of each crop.

The success of intercropping depends on the ecological compatibility of the crops grown and the extent to which they complement or compete with each other in the use of available environmental resources.

Due to these activities (listed above) you will notice that there is a disturbance of pre-existing natural ecosystems that will tend to increase the loss of soil nutrients by increased leaching, surface run-off and accelerated soil erosion. The relative intensity of agriculture in terms of number and volume of input and output has increased rapidly in India in early 80’s (Green Revolution). Intensity of agriculture also varies spatially, depending on the severity of the environmental constraints under which it operates and with the stage of regional development. The impact of agricultural practices on the environment is further elaborated in Subsection 1.1.3.

Earlier we discussed various activities involved in agriculture. Now you will learn major agricultural activities with specific reference to irrigation and drainage respectively in Subsections 1.1.1 and 1.1.2 and subsequently we will explain impacts of agricultural activity on the environment.

1.1.1
Irrigation   

Irrigation is the supply of water to agricultural crops by artificial means designed to overcome the inadequacy of water supply and resultant moisture stresses, which hamper plant growth. In addition, irrigation permits farming in arid regions and to relieve drought in semi-arid or semi-humid regions. Most crops in the humid tropics, characterised by high temperature and rainfall, can grow only in climatic conditions, which include optimum rainfall for growth.  Thus, irrigation is not required for plant species producing cocoa, latex, etc. Some crops are resistant to dry conditions (bajra, millet, etc.), making irrigation minimal.

Water is applied to soil by various irrigation methods, each of which has some advantages and disadvantages (Training Manual for American Peace Corps Volunteers, 1991). Key factors that affect all irrigation systems are water requirement, labour requirement, initial costs, pumping costs, adaptability to soil types and field shapes. Irrigation requires careful control to avoid adverse effects such as salinisation and soil erosion. Water may be applied to the crops by methods such as surface irrigation (flooding, furrow method, contour farming), sub-surface irrigation and sprinkler irrigation. Some irrigation methods are discussed below:

(i)
Flooding:  It involves merely the release of water from head ditches (i.e., ditches across the upper end of a field used for distributing water in surface irrigation) as shown in Figure 1.1, when the field is quite irregular and a large stream of water is available. 

Figure 1.1

Flooding Irrigation
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Flooding is best suited for the production of forage crops and small grains. 2cm of water will usually penetrate to a depth of 25cms in a sandy soil, while in a clay soil it may reach only 6 to 8cms. Losses by evaporation may be very significant in arid regions, and the water efficiency would be consequently low. The different types of flooding irrigation are:

Free Flooding: In this method, water flows from the ditch directly to the field without much control. It covers the entire field and moves almost unguided. The rate of advancing front is controlled by the topography of the field. The depth of the water sheet at different points will not be the same; for example, where the land is shallow, it may cause water logging and in shallow places, there may be scarcity of water. Uneven distribution of water and low water application efficiency are the common drawbacks of this system. Crops like paddy, wheat, oilseeds and fodder crops and other close growing crops are irrigated by this method. 

Controlled Flooding: In this method, water is spread over the land, with proper methods to control the depth of application. Controlled flooding can be achieved either by contour laterals, checks or levees. Water is let in channels or the area is divided into strips with bunds on either side to check the lateral movement of water. The strips are levelled cross-wise with gentle slope along the line of advance of front. Depending upon the type of soil slope may vary from 0.1 to 1 % for field crops. This method needs thorough land grading and shaping. This method is suitable for irrigating most of the close growing crops like wheat, barley, pulses, oilseeds, fodder crops and legumes.

(ii)
Border strip method: This is a modified field flooding system in which small levees or dikes, called borders, run down the slope of the field in the direction of water movement, dividing the field at right angles to the flow of water as shown in Figure 1.2. 
Figure 1.2

Border Strip Method
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Design of a border strip system depends on a number of factors such as crop type, soil type, and land slope. The width of strip depends on steepness of irrigated land, amount of cross slope, and size of the stream. This method is mostly used in the production of forages and small grains.

(iii)
Furrow irrigation: Here, water does not flow over the soil surface, but wets one-fifth to one-half of the surface, as illustrated in Figure 1.3.

Figure 1.3

Furrow Irrigation
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Furrow irrigation is used for production of row crops such as sugar beets, corn and other vegetables. Furrow lengths vary from 30 to 500 meters. Slopes of 1 to 3 meters per 300 meters of furrows are advisable. Excessively steep furrows result in soil erosion. The distance between the furrows depend on the type of crop grown and lateral movement of water between furrows.

(iv)
Basin irrigation: This traditional method consists of running a relatively large quantity of water in a levelled area surrounded by levees (embankment), thus allowing it to penetrate into the soil, as shown in Figure 1.4. 
Figure 1.4

Basin Irrigation
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It is useful when soils such as clay with a low intake rate cannot take in sufficient quantity of water during the time a flow runs over it. In places where stream flows are erratic and large volumes of water need to be utilised in a short period of time, the basin system is ideal. This method may lead to many serious problems such as over irrigation, erosion and salinity. When double cropping is practised, the second crop is often irrigated in the same manner (as in paddy) with resulting decline in yield due to excess water. Soil salinity becomes apparent after several years of basin irrigation (when drainage facilities are inadequate resulting in raising of the water table).

(v)
Sprinkler irrigation: It is the application of water using a device that directs a stream of water through the air and falls onto the soil.  It consists of solid-set irrigation systems with overhead revolving sprinklers to apply water to entire surface, which do not provide a uniform water distribution. These are usually used in cereal production. These systems consist of centrifugal or turbine pumps with buried polyvinyl chloride (PVC) plastic main and lateral lines with galvanised iron risers set in concrete bases. This method of irrigation is normally used in orchards, in temperate areas, and also for cold protection. It enhances the soil's ability to absorb water, which avoids soil erosion and wasteful runoff and it is found that low-volume sprinklers are usually most effective.

(vi)
Trickle or drip irrigation: This involves slow application of water through small emitter openings at or near the soil surface. Drip emitters discharge water at very low rate to a very precise area, and evaporation and waste are kept to a minimum. Water is delivered at low pressure using relatively small centrifugal pumps and underground PVC main lines. Clogging of emitters is a problem with trickle irrigation systems, which can be caused by sediment or dissolved salts in water (slimes formed by sulphur bacteria, gelatinous iron deposits, or growing microorganisms). An important advantage of trickle irrigation is the efficient application of fertilisers by injection through the system allowing considerable saving in labour and materials. Other advantages include water conservation and relatively low installation and operating costs. The amount of water applied with this method is substantially less compared to other methods as evident from Table 1.1 (Candela, et al., 1995).

Table 1.1

Amount of Water needed for the 

Different Methods of Irrigation

	Methods of irrigation
	Amount of water

(m3/ha – minimum)
	Amount of water

(m3/ha – maximum)

	Basins or Flood
	10,000
	22,000

	Sprinklers
	5,000
	10,000

	Trickle or Drip
	2,000
	5,000


(vii)
Subsurface irrigation: This is an improved version of traditional drip irrigation where the tubing and emitters are buried beneath the soil surface, rather than laid on the ground or suspended from wires. Conditions that favour subsurface irrigation are a highly permeable sandy loam or loam surface soil, an impervious subsoil at a depth of six feet or more and uniform topographic conditions with moderate slopes. A major hazard of subsurface irrigation system in hot climates is the alkaline condition that develops from the upward capillary water flow from a shallow water table.


We have learnt methods of overcoming water inadequacy in soil and the implication of excess water. In the following Subsection, you will learn the methods to drain this unwanted water. 

1.1.2 
Drainage

The purpose of drainage is to remove excess water from the land, which helps prevent salinity and early planting of crops, increase the root zone, aerate the soil, favour growth of soil bacteria, reclaim arable low lying or swamp areas and provide optimum conditions for plant growth. It is seen as a means of water control rather than water removal. Drainage problems arise in the soil profile, either due to low gravitational potential or high negative pressure. Strong matric forces affect much of the water infiltrating into these soil, which retards its movement through the soil pores (Training Manual for American Peace Corps Volunteers, 1991). 

Drainage is necessary in:

· low areas with a permanent or temporary high water table;

· land where no natural outlet for water is available; in this case a canal must be dug through which the water may flow; 

· arid regions, where production is mainly dependent on irrigation projects;

· facilitating an additional cropping season in the year (by faster lowering of the water table after a rainy (rice-growing) season, a few weeks of extra time is gained); 

· water conservation through controlled reuse. 

Now, let us describe the types of drainage systems in brief:

(i)
Surface drainage: This diversion or orderly drainage removes excess water (due to rainfall or irrigation) from the soil surface by means of improved natural or constructed channels, supplemented when necessary by the sloping and grading of land surfaces to these channels. Topography and vegetation affect surface drainage. Levelling and smoothing the land and providing a uniform slope for water to flow through furrows or shallow ditches solves this problem.  Surface water is discharged into a collector drain through pipes to prevent the erosion of the open ditch bank. Under such conditions, storm water finds its way into a drainage channel in such a manner that erosion is controlled, but soil aeration is not inhibited. In flat lands, problem emerges if soil infiltration rates are low and rainfall or irrigation water stands on the ground surface, generally in small depressions or at the edges of the basin. 

(ii)
Subsurface drainage: This is required to maintain the groundwater table below the root zone and to keep it free from waterlogging and salinisation. It is designed to improve crop production by lowering the water table. Excess water from the soil profile is removed through drain tiles, perforated pipes, etc. Thorough study of subsurface conditions is required to evaluate the internal drainage capacity, using test pits, boring and permeability test. 

1.1.3 
Impacts of agricultural activities on environment

The world's worst recorded food disaster occurred in 1943 in pre independent India, known as the Bengal famine when an estimated four million people died of hunger (that year alone) in eastern India (that included today's Bangladesh). Since then, India has developed her agricultural capability parallel to her growing population. Green revolution is a term applied to successful agricultural experiments in our country and its three basic elements are:

(i)
continued expansion of farming areas;
(ii)
double-cropping in existing farmlands;

(iii)
using genetically improved seeds.

Due to these, yield per unit of farmland improved by more than 30 % and the crop area under high yielding varieties of wheat and rice increased considerably. However, the green revolution had adverse impacts on the environment. The increasing use of agrochemical-based pest and weed control in some crops has affected the surrounding environment as well as human health. Increase in area under irrigation has led to a rise in the land salinity. However, high yielding varieties have led to significant crop genetic erosion (i.e., disappearance of traditional genetic traits). 

The most fundamental changes associated with agricultural activities are land use changes and conversion of woodland into arable land. These lands when improperly managed lead to degradation because of soil erosion, and leaching of nutrients and chemicals to soil and groundwater. Let us list some of the harmful effects:

· soil erosion as a result of poor land and water management;

· productivity loss due to loss of productive top layers of soil, on account of  increased erosion;

· soil salinisation due to waterlogging in areas with insufficient drainage;

· spreading of water related disease due to stagnation (water logging);

· deterioration of drainage water and irrigation return flows through salinisation;

· pollution by mobilisation of toxic elements from the soil;

· point and non-point pollution from agricultural chemicals;

· changes in groundwater regimes;

· denitrification leads to depletion of the ozone layer; 

· fertilisers on soil microbes; 

· bio-accumulation of fertilisers and pesticides in higher orders of food chain.

Various environmental implications due to water source (surface/ ground water), crop types (field crops, perennial crops, etc.) and agricultural activities (such as irrigation, application of fertiliser and pesticides) are listed in Table 1.2.
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A long-term integrated policy for pesticides, particularly use of bio-pesticides (non-persistent biodegradable ones) and biotechnology (to increase resistant crop varieties) must be formulated and implemented involving all concerned ministries, government agencies and stakeholders (We will discuss the above issues in Units 4 to 7 in detail).      

Impacts of irrigation and drainage 

Plants take mineral salts from soil and irrigation water, but when water evaporates from plants or directly from soil, it leaves the soluble salts behind increasing their concentration, which is referred as salt-concentrating process. If enough irrigation water is added to flush the excess salts out of the soil, the salinity of the groundwater is increased. The main factors that control the salt concentrations in irrigated lands are: 

· salt concentration of irrigation water;

· leaching fraction (LF), i.e., the fraction of irrigation water entering the soil; 

· loss of salts from water to soil or  vice versa.

A lower LF is preferred, but most successful irrigation projects have LFs between 0.25 to 0.50 or higher as there are practical limitations to reduce LF. This may be due to variation in the rate of water intake by soils or variation in plant response (caused by soil heterogeneity) and higher cost of applying water uniformly. We will discuss more about this in Unit 4.


So far, we discussed various activities involved in agriculture and their impacts. Agricultural activities depend on the type of crops grown. Quantum of impacts due to agricultural activities also depends on the crops grown. Now in Section 1.2 you will learn about crops including their classification based on use and climatic conditions.

 

1.2 
CLASSIFICATION OF CROPS

Agro-climate and ecology of a region determine the crop types. However, interventions in the form of government policies including subsidies, tax structure and socio-economic measures influence the selection of particular crops. Based on annual average rainfall, India has been divided into four-rainfall regions; areas receiving more than 2000 mm of rainfall cover 8 %, 1200-2000 mm contributing to 20%, 750-1200 mm account for 42 % and less than 750 mm covers 30% of the total area (Gopalaswamy, 1995). In general, certain crops cultivated in tropical humid climates (e.g., oil palm, rubber) require an average annual temperature of 28( C and rainfall of 1,400 mm, while other crops (i.e., nutmeg) may require greater than 2,000 mm.  Crops cultivated in subtropical conditions require dry climates to grow (optimum of 400 mm for sugarcane, rice and others). The majority of tropical and subtropical plants are very sensitive to frost (0(C). Crops cultivated in temperate regions need 700 mm rain and sufficient temperature. Temperate crops (cherry, hazelnut, etc.) can survive even at -10(C (Candela, et al., 1995). 

Crops are classified based on use, including special use and medicinal value, life span, climate adaptation (i.e., tropical, subtropical, temperate, etc.), water requirements, cultural practices, growth habit, leaf retention and botanical classification (i.e., Rubiaceae, Musaceae, Gramineae, Palmae, Anacardiaceae, etc.). We will next describe the classification of crops based on use, cultivated species and classification based on climate, respectively in Subsections 1.2.1 to 1.2.3.

1.2.1 
Crop classification based on use

Crops are classified according to their use as:

(i)
Starch crops: These are important sources of carbohydrates, cultivated all over the world (cereals: rice, maize, etc.), while some are confined to the tropics (i.e., sweet potato, etc.). 

(ii)
Protein crops: These are rich in protein and include beans, groundnut, palms, etc.

(iii)
Vitamin crops: Vitamin rich crops are fruits and vegetables (orange, carrot, spinach, banana, radish, etc.).

In addition, crops are also classified according to their special use as:

· Medicinal crops, e.g., neem, cinchona, etc.  

· Dye-plants, e.g., flowers and vegetables used for dying textiles, etc.

· Textile crops, e.g., cotton, sisal, white jute, etc. 

· Plantation and beverage crops, e.g., tea, coffee, cocoa, etc.

· Spices and condiments, e.g., cardamom, pepper, cashew, vanilla, ginger, etc. 

· Commercial crops, e.g., groundnut, mustard, sesame, linseed, castor, sunflower, etc. 

1.2.2 
Division of cultivated species

In the previous Subsection, you learnt about classification of which the cultivated species can be divided into perennial (humid tropics, essentially non-deciduous) and field crops (temperate areas) (Candela, et al., 1995):

(i)
Perennial crops: These are trees (e.g., orchards, groves, vineyards, etc.) grown for longer periods (more than 20 years and sometimes greater than 100 years).  Tree crops with an economic life of 20 - 25 years normally start bearing fruit in 4 - 5 years after planting. Crops such as banana can be harvested after 12 - 18 months with plantation cycling time of 3 - 6 years. 

(ii)
Field crops: Field crops could be annual or seasonal normally grown in 80 - 270 days (vegetables, cereals, legumes, etc.). Crop rotation is possible as they occupy the soil for a short period of time. Here, the degree of exposure of soil is greater than tree crops, resulting in risk of erosion. These days, hybridisation, tissue culture and other biotechnology methods are used to improve crop productivity and resistance to infections.

1.2.3 
Classification of crops based on climate 

The climate of a region is influenced by a number of factors, including weather patterns, longitude, latitude, and topography (which decides the type of crop) and are divided into the following groups (Candela, et al., 1995):

(i)
Tropical humid climates: Characterised by no distinct seasons, abundant rainfall, high humidity and warm temperatures throughout the year (millet, maize, pulses, etc). 

(ii)
Dry climates: Desert or arid and steppe or semiarid.

(iii)
Subtropical climates (dry summer and humid): Humidity may be low in inland areas and rainfall is often concentrated during winter (less than 250 mm a year) (dates, olives, mango, guava, etc.).

(iv)
Temperate climates (oceanic and continental): Generally have well-defined seasons and vary according to geographical features (oaks, sunflowers, etc.).

(v)
Boreal climate: Characterised by strong seasonal variation with short, moderately warm and moist summers and long, extremely cold and dry winters (potatoes, etc.).

(vi)
Polar climate (tundra and ice cap): Generally covered by snow and ice throughout the year in high latitude regions.

(vii)
Highland climates: Climatic parameters vary greatly with latitude and elevation (coffee, tea, etc.).

The planning based on agro-climatic features of a region is more appropriate for natural resource development. In this context India is divided into fifteen zones based on soil type, climate including temperature, rainfall and their variation and water resources availability as: Western and Eastern Himalayan division; Lower, Middle, Upper and Trans Gangetic plain region; Eastern, Central, Western, and Southern plateau and hill region; East coast, West coast, Gujarat, Western plain and hill region and Island region.

After discussing irrigation, drainage and crop classification, we will now proceed to one of the important requirement of crops, i.e., nutrients and application of fertilisers in the following Section. 

 

1.3
NUTRIENTS

Nutrients are essential for plant growth and they include inorganic substances, water, carbon, hydrogen and some ions. They are important for different chemical processes within and between plant cells, for example plants to synthesise proteins, nucleic acids and other important organic compounds use nitrogen. Nutrient requirements depend on crop type and yield and its deficiency in the agrosystem can be compensated by application of organic and inorganic fertilisers. Soil and climate also directly influence fertiliser application (e.g., sandy soils are less fertile than clayey soils and require more fertilisers).  Out of the sixteen mineral elements, carbon, hydrogen and oxygen make up 95% of the weight of plants and are provided by soil, air and water. Major fertiliser elements - Nitrogen, Phosphorus and Potassium (NPK) are needed in large quantities, as they are often deficient in soils (Jaiswal, and Wadhwani, 1980, Candela, et al., 1995). Remaining secondary and microelements are concerned with cell metabolism and enzymes and are required in very small amounts. Now, let us discuss types of nutrients required for plant growth:  

·  Nitrogen (N): It is the most critical element as it helps in the vegetative development of plants. Most soils are deficient as nitrogen leaches readily. Its deficiency retards growth, root development and lowers crop yield. Hence, it must be applied at regular intervals.

·  Phosphorus (P): It influences the vigour of plants and improves the quality of crops. It also increases resistance to diseases and strengthens the stems of cereal plants. It is applied at planting time to virgin areas and is adsorbed in soil.







































































































(LEARNING ACTIVITY 1.3





Discuss the environmental implications of agricultural activities?





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 1.2





State why drainage is required in an agricultural field and list the advantages associated with it.





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 1.1





According to you, which type of irrigation has the least impact on soil and groundwater and why?





Note:


a)	Write your answer in the space given below.


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























26
25

