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OVERVIEW
We discussed the impacts of agricultural practices namely irrigation and drainage in Unit 5. Application of fertilisers to overcome soil deficiency is another important agricultural activity. In Unit 1, we gave a broad view of the necessity of applying supplemental nutrients in the form of fertilisers.  In this Unit (i.e., in Unit 6), we will elaborate on the discussion of commonly used fertilisers and their properties. Fertilisers are broadly categorised as inorganic and organic. This classification mainly depends on the composition of the three principal elements namely nitrogen (N), phosphorus (P) and potassium (K). Inorganic fertilisers may be further classified depending on the quantity share of principal elements.

Addition of nutrients in the form of fertiliser is essential to overcome deficiency of soil nutrients and maintain the productivity of crops. The uptake of these nutrients and the subsequent assimilation by plants depend on the rate of decomposition. Soil adsorbs a part of the nutrients, while the balance gets into groundwater, leading to serious consequences. Hence, we will discuss the fate and effect of organic and inorganic fertilisers on soil and groundwater in Section 6.3. Taking all the positive  (increase in crop yields, etc) and negative (eutrophication, destruction of soil microorganisms, etc) aspects of fertilisers in to consideration, we will discuss in Section 6.4, the appropriate quantity, mode and time of fertiliser application to ensure a balanced use of fertiliser and minimise the impacts of fertilisers on the environment.  

LEARNING OBJECTIVES

After completing this Unit, you should be able to: 

· discuss the properties of inorganic and organic fertilisers;

· analyse the fate and effect of fertilisers in soil and groundwater;

· assess and prescribe the suitable mode,  time and quantity of fertiliser application, based on local conditions. 
 

6.1 
INORGANIC FERTILISER 

In India, as per the estimates, the different agricultural practices remove in million tonnes 4.27 nitrogen, 2.13 phosphoric acid, 7.42 potash and 4.88 lime every year. This is done to improve the productive capacities of soil to meet the needs of increasing population, and soil is supplemented with fertilisers to have sustained crop yields year after year. Fertiliser enhances formation of new cells, promotes root growth, hastens leaf development through emergence of ears, formation of grains, and maturation of crops. Inorganic fertilisers have the advantage of smaller bulk, resultant easy transport, relatively quick availability of their plant-food constituents and the possibility of their application in proportions suited to the actual requirements of different crops and soil (Candela, et al., 1995; Jaiswal and Wadhwani, 1980; http://www.efma.org/publications/). Fertilisers are applied mainly to increase the supply of one or more of the essential elements, e.g., nitrogen, phosphorus and potash. Accordingly, they are categorised as nitrogen, phosphate and potassic fertilisers.  All these fertilisers contain these elements in the form of readily available soluble chemical compounds (Jaiswal and Wadhwani, 1980). Now we will discuss the different types of inorganic fertilisers.

6.1.1 
Nitrogen fertilisers
Nitrogen fertilisers are those in which the nitrogen element predominates. Nitrogen encourages the vegetative development of plants by imparting a healthy green colour to the leaves. To some extent, it also controls the efficient utilisation of phosphorus and potassium.  Decrease in nitrogen levels retards growth and root development, turns the foliage yellowish or pale green, hastens maturity, causes shrivelling of grains and lowers crop yields.  Excess application of nitrogen fertiliser produces leathery (sometimes crinkled) dark-green leaves and succulent growth. It also delays the maturation of plants, impairs the quality of crops like barley, potato, tobacco, sugarcane, and fruits; increases susceptibility to diseases and causes 'lodging' of cereal crops by inducing an undue lengthening of the stem inter-nodes. According to the manner in which nitrogen fertilisers are combined with other elements, it can be divided into; nitrates, ammonia and ammonia salts, chemical compounds containing the amide form, and plant and animal by products. Commonly used nitrogen fertilisers are ammonium sulphate, ammonium nitrate, urea, mono-ammonium phosphate and ammonium polyphosphate. The chemical form and approximate nutrient content of these fertilisers are listed in Table 6.1. 

Table 6.1

Common Inorganic Nitrogen Fertilisers 

	Fertiliser
	Chemical Form
	Approximate Nutrient Content (%)

	Ammonium sulphate
	(NH4)2SO4
	21

	Ammonium nitrate
	NH4NO3
	33

	Urea
	CO(NH2)2
	45-46

	Mono-ammonium phosphate
	NH4H2PO4 (mostly)
	11 (48% P2O5)

	Ammonium polyphosphate
	(NH4)3HP2O7;

NH4H2PO4;

NH4H2P3O10
	12-15 (60-62% P2O5)


It shows that urea has the highest nutrient content among all nitrogen fertilisers. Next, we will discuss most commonly used nitrogen fertilisers such as urea, ammonium sulphate and ammonium nitrate. 

(i)
Ammonium sulphate ((NH4)2SO4): It is the most widely used fertiliser in the country. It is applied before sowing, at the time of sowing, or as a top-dressing to the growing crop. It is a white crystalline salt, containing about 20 % ammoniacal nitrogen. It is easy to handle and stores well under dry conditions. It is soluble in water, acts quickly and is retained by the soil particles. Therefore, it is very suitable for wetland crops such as paddy, jute, etc. It is also effective on wheat, cotton, sugarcane, potatoes and other crops grown on a variety of soils. However, prolonged use increases soil acidity and lowers the yield. Heavy spillage may cause adverse environmental impacts such as eutrophication in confined surface waters.

(ii)
Ammonium nitrate (NH4NO3): It is a white crystalline salt, containing 33 to 35 % nitrogen, half as nitrate nitrogen and half in the form of ammonium. In the form of ammonium, it cannot be easily leached from the soil (which contaminates groundwater). This fertiliser reacts quickly, is highly hygroscopic (when left open, it absorbs moisture) and not fit for storage. Granulation of the material and a light coating of the granules with oil reduce hygroscopicity to some extent. It has an acidifying effect on the soil. Under certain conditions, it is explosive, and therefore, should be handled cautiously. As this fertiliser contains nitrate, heavy spillage may cause adverse environmental impacts such as eutrophication in confined surface waters and/or nitrate contamination of ground or surface water. 

(iii)
Urea (CO(NH2)2): It is a white, crystalline organic chemical. It is a highly concentrated nitrogen fertiliser, containing 45 to 46 % of non-proteinated organic nitrogen. It may be applied at sowing time or as a top-dressing, but should not be allowed to be exposed to the seed. It is suitable for most crops and can be applied to all soil.  It is hygroscopic and presents considerable difficulty in storage. It is produced in granular or pellet form and is coated with a non-hygroscopic inert material. The product has low toxicity and is highly soluble in water, which reacts quickly and therefore, subjected to rapid leaching. Like ammonium nitrate, urea supplies nitrogen and when applied to the soil, the nitrogen is rapidly changed to ammonia. Urea reacts with sodium or calcium hypochlorite to form explosive nitrogen trichloride. It is substantially biodegradable in soil and water, and has low intrinsic aquatic toxicity, which will exert a substantial oxygen demand when significant quantities (as in a spillage) reaches watercourses and may cause damage to aquatic life. 

In this Subsection, we touched upon different nitrogen fertilisers. We will discuss an important inorganic fertiliser next.

6.1.2 
Phosphate fertilisers
Fertilisers containing phosphorus  (mainly in form of phosphate, PO43-) as a major element are referred as phosphate fertilisers. Phosphorus influences the vigour of plants and improves the quality of crops. It encourages the formation of new cells, promotes root growth (particularly the development of fibrous roots), and hastens leaf development through emergence of ears, formation of grains, and the maturation of crops. If phosphorus is deficient in the soil, plants have a delayed growth, do not develop a satisfactory root-system, remain stunted and sometimes develop a reddish or purplish discoloration of the stem and foliage owing to an abnormal increase in the sugar content.. Commonly used phosphatic fertilisers are superphosphates, ammonium superphosphate, rock phosphate and diammonium phosphate. The chemical form and approximate nutrient content of commonly used phosphorus fertilisers are listed in Table 6.2.

Table 6.2

Common Inorganic Phosphorus Fertilisers

	Fertiliser
	Chemical Form
	P2O5 (%)
	P

	Superphosphates

	Ca(H2PO4)2; CaHPO4
	16-50
	7-22

	Ammoniated superphosphate
	NH4H2PO4; CaHPO4;
	16-18
	7-8

	Rock phosphate
	Fluro- , Chloro-, and hydroxyapatites
	25-40
	11-17

	Diammonium phosphate
	(NH4)2HPO4 (mostly)
	53
	20-23


From Table 6.2, it is evident that diammonium phosphate has higher nutrient content among all. Next we will discuss most commonly used phosphatic fertilisers such as superphosphate, rock phosphate and diammonium phosphate. 

(i)
Superphosphate: It is the most widely used phosphate fertiliser in India. It should be applied before or during sowing, or transplantation. This fertiliser is manufactured in three grades: single superphosphate containing 16 to 20 % phosphoric acid; dicalcium phosphate, 35 to 38 %; and triple superphosphate, 44 to 49 %. The phosphoric acid in superphosphate is wholly water-soluble; but when applied to soil, it is immediately converted into insoluble phosphate owing to precipitation as calcium, iron or aluminium phosphate. The precipitation mainly depends on soil alkalinity or acidity. Thus, the fertiliser is not leached, but is slowly dissolved in the soil solution.  It is suitable for all crops and can be applied to all types of soil. In acid soil, it should be used in conjunction with organic manure.

(ii)
Rock phosphate: It contains 25 to 35 % phosphoric acid and the phosphorus is insoluble in water. Adequate rainfall and a long growing period of the crop enhance the response of rock phosphates. It is used mainly to manufacture superphosphate and phosphoric acid, which is water-soluble and is easily available to plants.

(iii)
Diammonium phosphate ((NH4)2 HPO4): These fertilisers when handled properly  are basically harmless, but in case of massive spillage it may lead to possible eutrophication in confined surface waters. Phosphates, whether water or citrate soluble, are translocated in the soil only for very short periods. When added to soil, phosphates are converted to calcium or iron/aluminium phosphate or are incorporated with the organic soil matter. This does not bioaccumulate but is toxic to aquatic life in lower proportions.

We discussed various phosphoric fertilisers here. Next, we will learn potassic fertilisers.

6.1.3 
Potassic fertilisers

Potassic fertilisers are those, whose main constituent is potassium in the form of potash (K2O).  

Their role in plant nutrition is varied and essential although it is not a component of many compounds in plant tissue. The potassium ion, among other functions, activates enzymatic action systems in the plants’ bio-chemical processes. Most of the Indian soil is known to have sufficient amount of potash and hence potassic fertilisers are to be applied only to soil deficient in potash or to those, which respond to their application, such as sandy soil. They can also be applied to certain crops, such as tobacco, potato, onion, tomato and fruit-trees, to improve the quality and appearance of the produce. Commonly used potassic fertilisers are muriate of potash (potassium chloride), sulphate of potash (potassium sulphate), potassium magnesium sulphate and potassium nitrate. The chemical form and nutrient content of these fertilisers are listed in Table 6.3. 

Table 6.3

Common Inorganic Potassic Fertilisers

	Fertiliser
	Chemical Form
	K2O
	K

	Potassium chloride

	KCl
	48-60
	40-50

	Potassium sulphate
	K2SO4

	48-50
	40-42

	Potassium magnesium sulphate

	Double salt of K and Mg
	25-30
	19-25

	Potassium nitrate


	KNO3

	44 (13 % N)
	37


It shows potassium chloride has higher nutrient content among all potassic fertilisers. Next, we will discuss most commonly used phosphatic fertilisers such as muriate of potash (potassium chloride) and sulphate of potassium.

(i)
Muriate of potash (KCl): It is a grey crystalline material containing 50 to 63 % potash (K2O), all of which is readily available. It can be applied before or at the time of sowing.  It is highly soluble in water and is absorbed by the soil’s colloidal surfaces. 

(ii)
Sulphate of potash (K2SO4): It is prepared by treating potassium chloride with magnesium sulphate and is, therefore, more costly. It contains 48 to 52 % K2O, and dissolves readily in water and becomes available to the crop almost immediately. It can be applied at any time till sowing, but should not be applied along with the seed. Compared to muriate of potash, it is considered better for crops, such as tobacco, chillies, potato and fruit trees, where quality is of prime importance. 

Compound fertilisers are multiple nutrient materials, supplying two or three plant nutrients simultaneously. When both nitrogen and phosphorus are deficient in a soil, a compound fertiliser like ammoniated superphosphate can be used, which contains 4 % N and 20 % P2O5. The needs of different soil can generally be met most economically by the use of fertiliser mixtures containing two or more elements in suitable proportions. Mixtures usually meet nutrient deficiencies in a more balanced manner and require less labour to apply than individual fertilisers used separately. Mixtures containing all the three principal elements (i.e. N, P and K) are termed complete or compound fertilisers.


We discussed various types of inorganic fertilisers. Next, we will discuss the organic fertilisers used in agricultural practices.

 

6.2 
ORGANIC FERTILISER

Organic fertilisers are relatively bulky materials, prepared from either animal or plant (green) residues or both.  These are added mainly to improve the physical condition of the soil, replenish and keep up its humus status, and maintain the optimum conditions for soil microorganisms.  This addition makes up for the small part of plant nutrients, which is otherwise lost due to removal of crops, leaching or soil erosion. Depending upon the material, organic wastes can supply macronutrients (N, P, and K) and micronutrients to the soil for use by crops. They supply practically all the elements, which crops require, though not in adequate proportions (Jaiswal and Wadhwani, 1980).  When applied to the soil, microorganisms decompose it and the elements contained in the manure are released to the soil. Having understood the significance of organic fertiliser, we will now discuss various types used in Indian agriculture.

(i)
Farmyard manure: It consists of a mixture of cattle dung, bedding used in the stable and any remnants of straw and plant material fed to cattle. It has about 1.5 % N, 0.9 % P and 2 % K. Good-quality farmyard manure is perhaps the most valuable organic matter applied to the soil. It is the most commonly used organic manure in India. Though its crop-increasing value has been recognised from time immemorial, more than 50 % of the cattle dung produced in the country today is burnt as fuel and is thus lost to agriculture. 

(ii)
Dung water: It is the decomposed urine of domestic animals to varying degrees with water. It contains uric, benzoic and hippuric acids, and substances such as auxins and heteroauxins (nitrogenous compounds) with stimulative action. 

(iii)
Sewage and sludge: The liquid wastes, like sullage and sewage, contain large quantities of plant nutrients and are used for growing sugarcane, vegetables and fodder crops near large towns by operating sewage-farms. In many places, the undiluted sullage has been found strong for healthy plant growth and if it contains readily oxidised organic matter, its use actually reduces the nitrates present in soil. The disadvantages are more, if sewage is used on land without preliminary treatment. The soil quickly becomes 'sewage sick' owing to the mechanical clogging by colloidal matter in the sewage and the development of anaerobic organisms, which not only reduce the nitrates already present in the soil but also produce alkalinity. Bacterial contamination makes the eating of raw vegetables grown on untreated sewage a real danger to health.

(iv)
Green manure: Wherever feasible, it is the principal supplementary means of adding organic matter to the soil. Crops that grow rapidly (and fixes nutrients) and mature plants are ploughed to incorporate the nutrients into the soil. The green manure supplies organic matter as well as additional nitrogen particularly to legume crops, which have the ability to acquire nitrogen from the air with the help of their root-nodule bacteria. The most frequently grown plants for green manuring are cruciferous and leguminous plants,  various kinds of grass or their mixtures. A leguminous crop producing 8 to 25 tonnes of green matter per hectare will add about 60 to 90 kg of nitrogen.

(v)
Composted manure: Another method of augmenting the supply of organic manure is the preparation of compost from farmhouse and cattle-shed wastes of all types.  Composting is a biological treatment in which microorganisms (bacteria, fungi, and actinomycetes) decompose and stabilise the organic material. Managing a composting system generally involves providing an environment that supports (maximises) microbial activity. As microbes consume organic material to grow and metabolise, some of the waste mass (including nutrients) is immobilised in the cells of the microorganisms. Because of microbial metabolism, water vapour, carbon dioxide, and heat are released. Loss of water vapour results in a gradual drying of the waste; loss of carbon dioxide and water vapour result in reduction of mass. Heat generated in composting increases the temperature of the material, which generally increases microbial activity. High temperature maintained in the composting process can also destroy weed seeds, insects, and pathogens. While an untreated waste must be applied and incorporated promptly to prevent nitrogen loss and nuisance conditions, compost is stable and can be stored safely. 


You have learnt about common fertilisers and their properties in Section 6.2. Now let us understand the processes that take place in soil when fertilisers are added. 


6.3 
FATE PATHWAYS AND EFFECTS OF

FERTILISERS

We use fertilisers, as you know, in order to overcome the nutrient deficiency in soil. When fertiliser is applied to soil, it undergoes changes in chemical composition, and these changes control the fate of the fertiliser. The resultant chemical compound and rate of reaction depend upon biological and chemical reactions that take place in the soil. The ability to decompose varies with different types of fertilisers. The most important constituents, nitrogen and nitrates, are soluble in water and get leached away easily, while phosphates traverse through either runoff or leaching and potassium is neither leached away nor taken away by runoff. 

The indiscriminate use of fertilisers and pesticides in agriculture in many parts of India has caused widespread contamination of groundwater by nitrate and other chemicals. Their immediate impact is environmental damage where contaminated groundwater discharges to wetlands and waterways, which has led to the eutrophication of rivers and estuaries. Eutrophication refers to the process of enrichment of surface water bodies with nutrients.  Nutrient enrichment results in intense proliferation and accumulation of algae and higher aquatic plants in excessive quantities, which can result in detrimental changes in water quality. In India, estimates indicate that more than 90% of the nitrogen entering surface waters originates from non-point sources and that more than 80% of that portion is from agricultural lands. Fertilisers also contain heavy metals as impurities; rock phosphate being the potential source. The application of rock phosphate or its products to soil always implies the addition of a significant amount of lead and cadmium into the soil that finally leach into groundwater and discharge into surface water bodies.

In Subsections 6.3.1 to 6.3.5, we will discuss the important characteristics and effects of nitrogen, phosphorus, potassium and organic fertilisers (Hagin and Tucker, 1982; Vrba and Romijn, 1986).   This will help you understand the implications of using fertilisers on soil and groundwater. 
6.3.1 
Nitrogen 

Inorganic fertilisers in soil are subjected to decomposition (dissociation in water solutions) and are less easily adsorbed to the soil complex (Vrba and Romijn, 1986). The ability to decompose varies with different types of fertilisers. For example, in potash fertilisers, the potash cation is mostly bound to the soil complex, chlorides are not transformed and sulphates in anaerobic conditions are biologically reduced to hydrogen sulphide (H2S). There are a number of properties of nitrogen fertilisers, which we will discuss briefly below:   

(i)
Oxidation of ammonia: It is a two step process, with nitrite (NO2-) as an intermediate product and nitrate (NO3-) as the final one. Whenever ammonia (as fertiliser) is added to soil, the first reaction is oxidation which is accomplished by specific autotrophic process, 

 
2 NH4+ + 1.5 O2 ( 2 H+  + H2O  + NO2-  + 66 Kcal 

The second step, the conversion of nitrite to nitrate, is normally carried out by nitro- bacteria and may be described as:

 
NO2-  + 1.5 O2 ( NO3-  + 17 Kcal 

Soil properties influencing nitrification rates are those enhancing microbial activity, such as texture, content of organic matter and the kind of clay materials. Optimal temperature for nitrifying microorganisms ranges from 24 (C to 32 (C. 

(ii)
Volatilisation of ammonia from soil: Ammonium salts, when applied to the soil surface may lose ammonia by dissociation:    

NH4+ ( NH3 + H+
The presence of large amounts of H+ ions pushes the reaction to the left and thus prevents dissociation and loss of ammonia by volatilisation. Even in neutral or slightly basic soil, the dissociation process may generate acidic conditions. The raised H+ ion concentration will again counter the dissociation process and thus diminish ammonia volatilisation. The pH of the soil influence ammonia losses, but the buffering capacity influences soil acidification in close proximity to ammonia fertiliser application. There are greater risks of losses of ammonia by volatilisation when the soil has greater pH  (alkaline) and higher buffering capacity.

(iii)
Denitrification: It occurs under certain environmental conditions. Facultative bacteria use oxygen in nitrate as electron acceptors, only when free oxygen is absent in the soil.  These bacteria derive energy by drawing upon the oxygen of the nitrate for oxidation of carbohydrates and other organic particles. Transformation of nitrate to nitrogen gas takes place through a sequence described as: 

NO3-  ( NO2- ( (HNO) ( (H2N2O2) (N2O ( N2

(iv)
Nitrogen immobilisation: Immobilisation is a microbiological process by which the nutrients are taken by microorganisms and is induced by the addition of decomposable low nitrogen containing organic materials to soil. The nitrogen is considered low when it has a carbon-nitrogen ratio higher than 20:1. The microbial population uses the organic material as a source of energy (Hagin and Tucker, 1982). Addition of organic materials  (for example, wood chips), which contain a small proportion of nitrogen and other nutrients, can cause the soil microbes to take up nutrients from the soil and reduce the amount of nutrients available for plant uptake. Since immobilisation is a microbiological process, it needs suitable moisture, aeration and temperature conditions along with an adequate supply of nutrients (Winsor and Pollard, 1956).  

(v)
Nitrate leaching: The movement of water through soil can result in the transport of nutrients down, out of the rooting zone of the plant. This process of nutrient loss is called leaching and can be of serious environmental concern in areas where nutrients can enter groundwater. Leaching of nutrients also reduces the efficiency of fertiliser use since they will no longer be available for plant uptake. Leaching of nitrogen usually occurs when it is in the nitrate (NO3-) form. Phosphorus does not usually leach through soil, except for soil with high sand content, because it readily reacts and is retained by other soil components.

The biological transformation of nitrogen plays an important role in groundwater quality. Fertilisers directly affect the degree of biological adsorption by the roots of cultivated species, as well as the numbers and kinds of symbiotic microorganisms living on these roots. With the growing availability of nutrients provided by fertilisers for plant roots, the amount of nutrients leached into groundwater decreases (Vrba and Romijn, 1986). Biological processes may be divided into 

· root adsorption of nitrogen fertiliser into plants; 

· assimilation of nitrogen fertiliser  by microorganisms and macroorganisms (through cell wall).

The effect of fertilisers depends on the concentration of fertiliser applied, physical and chemical characteristics of soil. In its nitrate form (NO3-), it can move through soil into groundwater. Nitrate can also contribute to the surface water quality deterioration like eutrophication. Excess concentration in the soil causes salinity and it slowly decreases the efficiency of the plant. Nitrate moves through the soil along with water, as it does not interact with soil particles (i.e., does not get adsorbed). The amount and rate of nitrate movement is difficult to predict accurately because soil properties can differ widely, even within a field. Coarse textured sandy soil retains less water than fine-textured soil with high clay content. Thus, the potential for rapid nitrate movement below the root zone is greater in sandy soil. Once nitrate moves through the soil to groundwater, it moves slowly with the water in the aquifer. Therefore, a particular water layer in the aquifer may be more contaminated than water above or below it. However, it can eventually move with this water to a discharge zone, which can be a lake, stream, or a well. 

High level of nitrates in the groundwater is also a health concern. Elevated levels of nitrate are known to be toxic to newborns, causing anoxia, or suffocation. The most common symptom of nitrate poisoning in babies is a bluish colour to the skin, particularly around the baby's eyes and mouth. These symptoms of nitrate toxicity are commonly referred to as the "blue-baby" syndrome. According to Indian standards specification for drinking water (IS 10500 –1983), permissible limit for nitrogen in drinking water should be less than 45 mg/l (and 10 mg/l as per WHO). Table 6.4, shows the nitrate content of well water at some places in Uttar Pradesh, Haryana and Punjab.

Table 6.4

Nitrate Content of Well Water at Places of Intensive Agriculture (Uttar Pradesh, Haryana and Punjab)

	District and State
	Nitrate ( in mg/l)

	Aligarh, Uttar Pradesh
	270

	Meerut, Uttar Pradesh
	694

	Mathura, Uttar Pradesh
	279

	Agra, Uttar Pradesh
	240

	Mahendranagar, Haryana
	1310

	Gurgaon, Haryana
	722

	Hisar, Haryana
	419

	Ambala, Haryana
	419

	Bathinda, Punjab
	567

	Sangrur, Punjab
	362

	Ludhiana, Punjab
	265


Source – Kansal, et al., 1992


6.3.2 
Phosphorus

Reactions between phosphates and soil constituents start immediately upon wetting and dissolution of the phosphates. The first phase of dissolution in (solid) phosphorus fertilisers is the wetting of the particle, which can happen either by precipitation, irrigation, capillary uptake or hygroscopic water. Water vapour moves from soil to atmosphere because vapour pressure of the saturated solution at the site of the fertiliser particle is lower than that of the soil water (Hagin and Tucker, 1982). After the fertiliser particle has absorbed water, a saturated or nearly saturated solution is formed. An important point to be understood is that the subsequent reactions and movement of phosphates are an incongruent process of dissolution of calcium phosphates, super-phosphates, etc. 

Because of phosphate application, soil contains undissolved phosphates of Ca, Mg, Fe, and Al, which are chemically fixed to soil, or sorbed in it. The dissolved parts of phosphate fertilisers contain simple or complex forms of orthophosphates and polyphosphates. Catenary (cation complex) polyphosphates fix various cations into complexes and preserve them in the dissolved form; otherwise, they would form insoluble salts with some anions (Vrba and Romijn, 1986).  

Phosphate adsorption on clay minerals, calcium carbonate and other surfaces are not important factors in the process of phosphate fixation, but rather the transfer of phosphate ions from the solution to solid phase. In soil containing large amounts of calcium and in alkaline soil, added phosphate is precipitated as dicalcium phosphate dihydrate (CaHPO4.2H2O) or   

octa-calcium phosphate (Ca8H2[PO4]6.5H2O), and hydrolysis of these chemicals depends on contact time. The immediate effect of adding phosphorus fertiliser of high solubility to soil is the high availability of the added fertiliser. However, as the soluble fertiliser undergoes a dissolution reaction and phosphorus reacts with soil components, its availability decreases. On the contrary, an insoluble phosphorus fertiliser dissolves slowly and therefore the quantity of dissolved phosphorus at the disposal of chemical components is low. Eventually both sources would equilibrate to the same available forms. In acid soil, the insoluble phosphorus fertiliser dissolution will slightly increase with time. In highly calcareous soil, the insoluble fertiliser may dissolve so slowly that dissolution would be more limiting than the rate of fixation leading to a very low residual value in addition to low immediate effectiveness. 

Phosphorus can exist in a variety of forms: mineral (generally apatite) phosphorus (AP); non-apatite inorganic-P (NAIP); organic-P (organic phosphate (OP) - bound with carbon and oxygen in plant matter); and as dissolved soluble reactive ortho-P (SRP). The phosphorus species AP, NAIP and OP are associated with the particulate phase. In studies of phosphorus movement from agricultural lands, the largest amount is sorbed onto clay materials and transported as erosion products. SRP is readily available to aquatic plants to the point where measured SRP in surface water may only represent a residual amount after most of the SRP has been taken up by plant life (http://www.fao.org). Consequently, in aquatic studies, the focus is often on the sediment-associated forms of phosphorus, as these tend to dominate total phosphorus flux. The NAIP fraction is considered available to plant roots and is rapidly solubilised under conditions of anoxia in the bottom of lakes and reservoirs.  

Phosphorus is not a threat to human health and hence no guideline has been set for drinking water. However, phosphorus contamination of groundwater may add this nutrient to surface water through natural or enhanced (subsurface drain tiles) groundwater discharge. In surface water, excess phosphorus can lead to algal and plant growth, oxygen deprivation and premature ageing (eutrophication) of lakes, ponds and small streams.  Although phosphorus tends to bind to soil, phosphorus leaching to groundwater does occur, especially in soil that are low in clay, organic carbon, iron and aluminium, and in soil where downward flow occurs through macropores, the openings formed by root holes, worm burrows and shrink-swell action of soil. The risk of phosphorus loss to groundwater increases with the amount of excess fertiliser or manure containing phosphorus in the soil. For optimal growth, crops require ten times more phosphorus than the amount that can cause eutrophication in surface water. Manure application rates that meet crop nitrogen requirements will supply excess phosphorus.

Figure 6.1 illustrates the path of nitrogen and phosphorus leaching (Ongley, 1996). 

Figure 6.1

Movement of Nitrogen and Phosphorus fertiliser in soil
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6.3.3 
Potassium

Most potassium fertilisers readily dissolve in water. When added to the soil they dissolve in the soil solution. Shortly after their addition, very little potassium can be found in the soil.  Very coarse structure of soil may be an exception in this case. The first step in potassium fixation is the equilibrium process between potassium and other cations in solution and between those cations adsorbed to clay minerals in an exchangeable form (Hagin and Tucker, 1982). The addition of potassium to soil increases its concentration in soil solution, and thus the established equilibrium between solution and the adsorbed cations is disturbed. The amount of exchangeable potassium is relatively small and usually does not exceed 2% of the total amount present. However, because of the relatively low energy retention, this potassium is readily available to plants. Exact measurements could show that plants are not able to extract all the exchangeable potassium (Bailey, 1974).     

So far, we learnt the major elements namely nitrogen, phosphorus and potassium in the fertilisers that affect plant growth. In addition to the above elements, crops need calcium, manganese, zinc, boron, molybdenum, copper, etc. Fertilisers contain these trace elements, which when not taken up by the crops will contaminate the groundwater and soil. In the next Subsection, i.e., 6.2.4, we will discuss the impacts of these trace elements.

6.3.4 
Trace elements

Fertilisers contain heavy metals as impurities, rock phosphate being an important source. The application of rock phosphate or its products to soil always implies the addition of significant amount of lead and cadmium into soil. Analyses of lead or cadmium content of different commercial fertilisers used in Punjab state, India revealed that a combination of low analysis (i.e., fertilisers containing low percentage of plant nutrients) and straight (individual) fertilisers could add more lead and cadmium than high analysis (i.e., fertilisers containing higher percentage of plant nutrients) (Somani, 1989) and mixed fertilisers. In soil with coarse textures and acidic condition, heavy metals applied through fertilisers were conspicuously available more than in those having a large amount of clay with alkaline conditions (Dhaliwal and Kansal, 1994).   

Plants and animals require low levels of trace elements, but at higher levels, most trace elements are toxic. Natural sediment is by far the predominant source of trace elements, although sewage, manure and fertiliser can also be sources. Some trace elements are not soluble, and do not readily leach to groundwater. Other trace elements, such as arsenic and selenium, are highly soluble under certain conditions. Arsenic, selenium, lead, cadmium, chromium, and barium are considered to pose the greatest threat to global groundwater supplies, due to their common occurrence in ground as well as in fertiliser, and have significant effects on human and animal health.


6.3.5 
Organic manure

When organic manure is applied, complex biochemical degradation of organic matter takes place in soil and depending on the depth of its storage, organic matter is either putrefied or decomposed. These processes of degradation are affected by protein biocatalysts such as enzymes, and microorganisms, which decompose organic acids, sugar, starch, protein, fats, etc.    

Decay of organic matter is an oxidising process in the topsoil layer without production of putrid gases. Putrefaction is characteristic of an anaerobic environment and is accompanied by the production of obnoxious gases such as amines, mercaptan and hydrogen sulphide generated when sulphur-containing amino acids are decomposed. Enzymes of aerobic and anaerobic decomposition further degrade products of both types of degradation. Degradation of manure, dung water and liquid manure releases into soil solution K+, NH4+, NO2-, NO3-, S2-, SO42-, Cl- and PO43- ions, microelements and complex organic compounds that form humus. Microorganisms associated symbiotically with plants transform nutrients to a form, which can be utilised by the plants.  

When various types of composts are applied to soil, similar organic matter is introduced into soil, as in the case of farm fertilisers. The only difference is that the organic matter has been degraded earlier during maturation of the compost. Organic matter degradation during maturation of compost takes place under increased temperature which speeds up bioprocesses, while partial sterilisation of the compost mass takes place.   

The importance and, in some cases, the major problems associated with organic fertilisers, deserve special mention. Manure produced by cattle, pigs and poultry are used as organic fertiliser the world over. However, intensive livestock production has produced major problems of environmental degradation (Vrba and Romijn, 1986; Ongley, 1996). The effects of organic fertilisers on soil and groundwater quality are as follows:

· The physical properties of soil are disturbed by excessive application of organic fertilisers containing a high proportion of water, such as liquid manure and slurry. Soil over-watering combined with anaerobic process can result in an imbalance of the soil nitrogen dynamics because of the fundamental changes in microbial activity. This results in an increased leaching of nitrogenous substances. Another negative affect of soil over-wetting is that the soil humus is decomposed and its quality impaired.

· The chemistry of groundwater is directly affected by the application of organic fertilisers, in liquid form containing ammonium nitrogen. This depends on the amount of manure applied, as well as soil, climatic and hydrogeological conditions.

· Microorganisms present in organic fertilisers directly affect groundwater quality, particularly when raw animal faeces are applied without being subjected to thermal and anaerobic stabilisation prior to application.  

· Nutrient overloading, through a one-time heavy application or through accumulation over time, can contribute to pollution of surface or ground water. Some micronutrients can even accumulate to levels that may prove toxic to plants and/or grazing animals.

· Nutrient losses from applied organic waste can result from volatilisation and/or leaching. Ammonia volatilisation losses will be reduced if the waste is applied through subsurface injection; or if surface-applied, waste is incorporated soon after application.

· High salt levels are found in some organic wastes, including many animal wastes.

· Excessive heavy metals and/or other hazardous materials may be found in some wastes, especially industrial wastes, municipal sewage sludge, and dredging products from contaminated lakes.

· Imbalanced nutrient levels may interfere with efficient use of nutrients by a crop. An applied waste that provides N, P, K and micronutrients may not provide them in appropriate ratios for many plants.

· Surface and groundwater are being contaminated by heavy metals. High concentrations of these substances pose a threat to the health of man and animals. To a certain extent, these heavy metals accumulate in the soil, from which crops take them up. 

· Acidification occurs due to ammonia emission (volatilisation) from livestock accommodation, storage of manure, and spreading of manure on the land. Ammonia is a major contributor to the acidification of the environment, especially in areas with intensive livestock farming.



6.4 
MODE, TIME AND QUANTITY OF

FERTILISER APPLICATION

We discussed inorganic and organic nutrients and their likely impacts on the environment in Sections 6.1 and 6.2. These external inputs (fertilisers) when not added in optimal dosage at appropriate time will have adverse impacts on the crop yields and the environment. This necessitates the knowledge of appropriate quantity and type of fertiliser required considering the local climate, soil conditions, etc. In this Section, you will learn the appropriate use of fertilisers to minimise their impacts on the environment to a certain degree. 

The general trend in fertiliser practice is the increased use of compound fertilisers. These consist of a mixture of nitrogen, phosphorus and potassium, occasionally with small quantities of micronutrients. The composition is represented by a code depending on the percentages of N, P2O5, K2O; thus 20:10:10 fertilisers consist of 20 % nitrogen, 10% phosphorus and 10 % potassium, the remaining made up of carrier materials (calcium, chloride, etc) which help the plants to take the primary nutrients namely nitrogen, phosphorus and potassium (NPK). Against this background, let us discuss in Subsections 6.4.1, 6.4.2 and 6.4.3, the methods of diagnosing the fertiliser needs of soil, fertiliser application methods and the balanced fertiliser use for crops respectively.

6.4.1 
Fertiliser needs of soil

There are three methods of determining the fertiliser requirements of soil, and these are:

(i)
Field experiments: Field experiments contribute the more reliable method, but being time-consuming and expensive, they are conducted mainly for field trials at research farms. 

(ii)
Biological tests: Biological tests involve the growth of seedlings or of lower forms of plants, such as fungi and bacteria, under specified conditions and the study of their relative growth or the content of needed nutrients. A periodic testing of plant tissues for nitrates and other nutrients indicates the changing needs of crops for different food elements. However, these are slow and costly processes and hence not always practical.

(iii)
Chemical test: Chemical analysis of soil or plants growing on them constitutes the modern method of determining the fertility status of a soil. Such analysis gives information on the relative abundance or scarcity of the different nutrients required by crops from the soil, but they give no indication regarding the exact quantity of fertiliser that is usually applied to overcome the deficiency. The dependability of this method, however, can be increased a great deal by co-ordinating its results with those obtained from field experiments.

6.4.2 
Methods of fertiliser application

In a vast country, such as India, even though analyses of wide variety of climatic and soil conditions are a massive task, significant success has been achieved due to well networked agricultural universities and research institutions such as ICRISAT (International Crops Research Institute for the Semi Arid Tropics), Hyderabad, ICAR (Indian Council of Agricultural Research), New Delhi, etc.  Based on the agro-climatic conditions of a region, appropriate quantity of fertiliser was suggested as an optimum dose for crop varieties for all regions. Each state in the country has conducted fertiliser investigations for the last 50 years and compiled information on the manurial requirements of principal crops under local conditions. Therefore, for specific fertiliser practices in relation to particular crops and soil, the regional agricultural department should always be consulted. 

Fertilisers can be applied in several ways. The most important point to remember is to apply them at the proper dosage as over-application can result in plant damage or death. Some of the common fertiliser application methods are given below (http://www.extension.umn.edu):

(i)
Broadcast application: Broadcasting refers to uniform application of the fertiliser over the entire area before planting. This is the safest and easiest method and best accomplished with a mechanical spreader. The fertiliser gets into the soil to a depth of 10-15 cm.

(ii)
Band placement: Banding fertiliser refers to placing the fertiliser 10 to 12 cm to each side and below the seed during planting. This technique is risky to use as placement of fertiliser too close to the seed or at a high rate can cause fertiliser burn and inhibit germination.

(iii)
Side dress application: Side dressing refers to placing the fertiliser beside the row during the growing season. This technique is usually used to supply additional nitrogen during the growing season and is particularly useful for applying nitrogen on sandy soil. Top dressing is another method of application similar to side dressing except that the fertiliser is applied around the plant.

(iv)
Starter solution fertilisers: Starter solution fertilisers are soluble in water and are usually high in phosphorus, and applied as a liquid around the plant roots at the time of planting. They are primarily used for vegetable transplants to hasten root development and establishment.

(v)
Split application: The fertiliser is added in two or more portions at different times during the season (Miller and Donahue, 1990).  

(vi)
Foliar applications: Foliar application is dilute solutions of fertilisers applied directly to the leaves. They should not be relied upon to supply nitrogen, phosphorus, and potassium needs of plants. They can be used to supplement soil applications of these nutrients. Foliar applications of micronutrients, especially iron, may be beneficial when high soil pH conditions make the soil iron unavailable to plant roots.

(vii)
Fertigation: Fertiliser is applied through the irrigation system. If trickle irrigation is used then the fertiliser is released from emitters at a point source and results in an effect similar to localised placement. Fertigation has been very successful in sprinkler and drip irrigation systems. 

Bulky organic manure is normally applied well ahead of sowing, so that the preliminary decomposition takes place before the seeds germinate. Failing pre-sowing application, they may be applied any time after the seedlings have established themselves (Jaiswal and Wadhwani, 1980). They are best applied in the powdered form. A sufficient supply of moisture in the soil is essential for their rapid decomposition. 

In the case of inorganic fertilisers, potash and phosphatic fertilisers are best applied just before sowing or transplantation. Nitrogenous fertilisers may be applied both at the time of planting and partly later. Split application is particularly desirable for nitrogen when applied to irrigated crops or to crops in heavy-rainfall areas. Fertilisers applied before sowing should be spread uniformly and harrowed in. In the case of fertilisers containing soluble phosphate, the desirability of applying them in 2.5 to 5 cm wide bands on each side of the row of seeds at a depth of 10 to 15 cm with a drill has already been pointed out. This operation reduces the fixation of soluble phosphate in the soil. It is also a good practice to mix superphosphate with farmyard manure (at 18 to 22 kg to a tonne) before applying the organic manure. Sulphate of ammonia used as a top-dressing should not be applied when plant leaves are wet. In the case of irrigated crops, watering should invariably follow the application of fertiliser. In the case of fruit-trees, the fertiliser should be applied to the soil under the crown, a few metres away from the trunk. The area of application should be progressively extended, as the trees grow bigger. Combined-planters and fertiliser-distributors are employed when row crops are fertilised at sowing time. For determining the quantities of fertilisers from the recommended rates of application N, P or K, or vice versa, the conversion factors listed in Table 6.5 may be used. 

Table 6.5

Conversion Factors Determining Quantities of Fertilisers

	Quantity
	Multiplied Factor
	Gives Corresponding Value of

	Nitrogen
	4.854
	Ammonium sulphate

	Nitrogen
	2.222
	Urea

	Nitrogen
	3.846
	Ammonium Sulphate

	Nitrogen
	4.000
	Ammonium Chloride

	Nitrogen
	3.031
	Ammonium Nitrate

	Phosphoric Acid (H3PO4)
	6.250
	Superphosphate

	Phosphoric Acid (H3PO4)
	2.857
	Di-calcium phosphate

	Phosphoric Acid ( H3PO4)
	5.000
	Bone Marrow, raw

	Potash (K2O)
	1.666
	Muriate of Potash

	Potash (K2O)
	2.000
	Sulphate of Potash


Source – Jaiswal and Wadhwani, 1980 

Considerations governing the use of fertilisers 

It may be stressed that in order to get a maximum response to fertilisers, the crop should be irrigated immediately, following their application and at suitable intervals thereafter. The response of a crop under arid and semi-arid conditions is usually uncertain and relatively small. It is, therefore, advantageous to restrict the use of chemical fertilisers mainly to irrigated lands and to areas of assured rainfall. It must also be borne in mind that the maximum gain from the use of fertilisers depends on many factors, such as the nature of soil, kinds of crop grown, climate (in relation to soil, the kinds of crops grown), price of fertilisers, market price of the agricultural produce and so on. All these factors must be given due consideration to secure the most economically viable results. Changes in one or more of them are bound to influence the economics of fertiliser use. The use of fertilisers is also subject to the 'law of diminishing returns'. This means that the rate of increase in the crop yield decreases after a certain point is reached regarding the quantity of fertiliser used, and consequently the value of the additional yield finally becomes less than the cost of the fertiliser. Usually, appropriate quantity of fertilisers applied  (smaller quantity of fertiliser application) would produce greater percentage increase of yield than larger applications.  

It should also be emphasised that an adequate supply of nutrients is only one of the factors that determine crop yield and the application of fertilisers is not the sole means of making good the nutrient deficiencies in soil and plants. Equal attention must be paid to the other soil and crop-management practices to ensure good tilth, proper drainage, required soil reaction, soil conversion, good land use, suitable crop rotation, adequate organic matter in the soil and satisfactory activity of soil micro-organisms. Each one of these plays a vital role in determining the eventual production. Neglecting one or more of these factors leads to a reduction in yield and creates the need for still heavier manuring. Finally, manuring should not only be balanced, but should also be designed to supplement the good effects of proper land use and beneficial soil management.  

6.4.3 
Balanced fertiliser use for crops

Balanced fertiliser use has always been the concern in India and there have been group discussions and campaigns to implement it. The optimum desirable NPK ratio given is 4:2:1.

There are five factors that determine the fertiliser needs of the crop plants (Jaiswal and Wadhwani, 1980).

· Crop, its variety and yield potential: For example, high yielding variety (HYV) crops need higher NPK application such as rapeseed-mustard needs more sulphur etc.

· Rooting system of a crop: It is another important factor in determining the fertiliser capacity to feed the soil volume.  Paddy roots for example are clustered in the surface at 0-20 cm depth and can feed from this soil layer only. Even if a nutrient such as phosphorus (P) and potassium (K) is present in deeper layers, paddy roots cannot tap it. On the other hand, grain legumes such as pigeon pea and chickpea, cotton, etc. have deeper root systems and can feed on P and K reserves in deeper soil layers. Incidentally, P and K are fairly well distributed in deeper soil layers but N is mostly present in surface (0-20 cm) layer.

· Soil fertility status: Soil differs in its nutrient supplying capacity in what has been recently termed as INS (indigenous nutrient supply). For example, alluvial soil in northern India can support much more potassium than the ultisols (a type of soil) in peninsular India. Required N: K and P: K ratios in a fertiliser cannot be the same for the two kinds of soil.

· Nutrient uptake pattern: This is the basis used for classifying nutrients as macro (primary and secondary) and micronutrients. This is the main basis, which should be considered along with above factors in determining a balanced ratio for that crop and region.

· Nutrient use efficiency: It is another important factor in determining fertiliser need. For example, N use efficiency is only 30-50%. Thus about 2-3 times of fertiliser N has to be applied in relation to its uptake by a crop.


SUMMARY

Addition of fertiliser is an important agricultural process to overcome the deficiency of soil nutrients and maintain the productivity of crops. In Section 6.1, we discussed the properties of common fertilisers used in agriculture, and their decomposition in soil. The fertilisers maybe organic or inorganic in nature and constitute nitrogen, phosphorus and potassium. In addition to these macronutrients, fertilisers also contain micronutrients like boron, molybdenum, iron lead etc. Soil adsorbs only a part of the nutrients, while the balance inevitably gets into groundwater, leading to serious water quality problems. Hence, we discussed the fate pathways and effect of organic and inorganic fertilisers on soil and groundwater in Sections 6.3 and 6.4. In Section 6.5, we discussed the appropriate quantity, mode and time of application of fertiliser to ensure a balanced use of fertiliser in order to minimise its impact on the environment. Finally, we learnt the factors to be considered during application of fertilisers.
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Unit 6


Model Answers to Learning Activities
LEARNING ACTIVITY 6.1
Following are the properties of some of the common fertilisers used in our state (i.e., Karnataka).

· Urea: It is a white crystalline granular material containing 46% N. Granules are large, hard and less affected by moisture than the prilled (pelleted) form. Urea hydrolyses to ammonium carbonate very quickly when added and incorporated into the soil. It is hygroscopic and presents considerable difficulty in storage. 

· Muriate of potash: It is a grey crystalline material containing 50 to 63% potash (K2O) and is a slow acting fertiliser. Muriate of potash is hygroscopic and will cake if wet. It is also corrosive when wet. It is produced in granular crystals for use in fertilisers and is odourless. 

· Superphosphates: They are finely granulated material with a wide particle size range and are light grey/brown in colour. They are highly active phosphorus-containing fertilisers, suitable for all crops and can be applied to all soil types. Triple superphosphate is more concentrated, since phosphoric acid is used instead of sulphuric acid.

· Calcium ammonium nitrate: White or off-white granules or prills (pellets), which are odourless. Calcium ammonium nitrate (CAN) contains 27 % N and 20 % of ground limestone. Half of the nitrogen is in the nitrate form and the other half in ammoniacal form. This results in rapid as well as permanent effect. The fertiliser has excellent physico-mechanical and storage properties. Bulk density is approx. 950 - 1,000 kg/m-3.

LEARNING ACTIVITY 6.2
The commonly used organic fertilisers in our region are compost, vermicompost and biofertilisers.

Composted sludge or composts that contain animal manure or vegetable waste increase the fertility of the soil in addition to improving the physical properties. They contain nutrients such as nitrogen, phosphorus and potassium, replenish and keep up the humic status, maintain the optimum conditions for the activities of soil micro-organisms and add part of the plant nutrients removed by crops, otherwise lost through leaching and soil erosion. They have good moisture retention capacity of 50 –60 %. These materials may also increase the soil pH. They also increase the soil porosity.

In vermicompost, earthworms constitute more than 80% of the soil invertebrate biomass and play a significant role in maintaining the soil productivity. Earthworms enhance the decomposition of organic matter and contribute 20-100 kg nitrogen per ha per year, besides other mineralised nutrients and plant growth factors. Earthworms help in the growth of beneficial bacteria and actinomycetes by providing optimum conditions of temperature, moisture, aeration and phosphate. They enrich the soil with oxygen, thus encouraging aerobic microorganisms. 

Biofertilisers carrying rhizobium and azotobacter for crop production are in practice since a long time. These microorganisms fix atmospheric nitrogen and supply it to plants. Hence, they can substitute chemical fertilisers to some extent. Biofertilisers such as neem kernels contain compounds, which have antifeedent (hinders larviposition of the adults and decreases the reproductive period as well as the longevity of the adults.) and growth inhibition activity against a host of insects. The activity is due to tetranortriterpenoids present in neem kernel of which Azadirachtin is the most potent.

LEARNING ACTIVITY 6.3
When nitrogen fertilisers are applied to the soil, the following chemical reaction can take place viz., oxidation of ammonia, volatilisation of ammonia from soil, denitrification, nitrogen immobilisation and nitrate leaching.

Oxidation of ammonia takes place in 2 steps. First, the conversion of ammonia to nitrite which is an intermediate product and the second step which involves the conversion of nitrite to nitrate. Volatilisation occurs when ammonium salts lose ammonia by dissociation. This occurs when the soil has high pH and high buffering capacity. Denitrification occurs under certain environmental conditions in the presence of facultative bacteria. This involves the conversion of nitrates to nitrogen gas. Immobilisation is a microbiological process in which the concentration of nitrogen in soil is diminished. The microbial population uses the organic material present in the soil as a source of energy. These microbes consume the available nitrogen present in the soil thereby reducing the nitrogen content in the soil. The movement of water through soil can result in the transport of nutrient elements down the rooting zone of the plant. This process is called leaching. This ultimately reaches the groundwater, thereby contaminating it.

LEARNING ACTIVITY 6.4
The first phase of dissolution in solid phosphorus fertilisers is the wetting of the particle, which can happen either due to precipitation, irrigation, capillary uptake or hygroscopic water. After the fertiliser particle has absorbed water, a saturated or nearly saturated solution is formed. This saturated solution contains both dissolved and undissolved phosphates. The soluble phosphorus undergoes dissolution reaction and it acts with soil particles. This decreases the availability of phosphorus in soil. On the other hand, insoluble phosphorus dissolves slowly. Eventually both will reach equilibrium into an available form. These reach the surface water by erosion or by runoff.

Phosphorus is not a threat to human health, however phosphorus contamination of groundwater may add this nutrient to surface water through natural or enhanced groundwater discharge. In surface water, excess phosphorus can lead to algal and plant growth, oxygen deprivation and the premature ageing or eutrophication of lakes, ponds and small streams.

LEARNING ACTIVITY 6.5
Trace elements like lead or cadmium come from inorganic fertilisers. In soil with coarser textures (acidic conditions), heavy metals applied through fertilisers were available in larger amount than in those containing clay (alkaline conditions).

Some of the other sources of trace elements are natural sediment, sewage and manure.

Trace elements such as arsenic, selenium, lead, etc., pose a major threat to groundwater. These in turn affect human and animal health.

LEARNING ACTIVITY 6.6
The effects of organic fertilisers through processes operating in the soil on groundwater quality are given as follows.

Excessive doses of fertilisers containing high proportion of water, such as liquid manure and slurry disturb the physical properties of soil. Soil over-wetting causes leaching of, especially nitrate substances, and impairs the quality of humus. The chemistry of groundwater is upset by ammonium nitrogen. Raw animal faeces without being subjected to thermal and anaerobic stabilisation introduce microorganisms into the groundwater. Nutrient overloading contaminates both surface water and groundwater. High salt levels are found in some organic wastes, including animal wastes.

LEARNING ACTIVITY 6.7
The factors that determine the fertiliser needs of crop plant are variety and yield potential, rooting system of a crop, soil fertility status, nutrient uptake pattern and nutrient use deficiency.

































































































(LEARNING ACTIVITY 6.7





List the factors that determine the fertiliser needs of the crop plant.





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 6.6





Explain the effects of organic fertilisers with reference to soil and water quality.





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 6.5





What are the sources of trace elements in soil?





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 6.4





Explain the mechanisms by which phosphorus gets into surface water, and what are its effects?





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 6.3





Discuss briefly the fate of fertilisers with high concentrations of nitrogen.





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 6.2





Discuss the importance of commonly used organic fertilisers in your region.





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 6.1





Explain the properties of the most common fertiliser/s used in your state?





Note:


a)	Write your answer in the space given below.


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