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SOIL SCIENCE II 
SOIL FERTILITY AND PLANT NUTRITION
Specific objectives

By the end of this topic, the trainee should be able to:
a) Describe the essential nutrients, their forms  and levels of availability
b) Describe the type s of organic fertilizers (manure)

c) Describe the various types of inorganic fertilizers and how they are manufactured

d) Describe fertilizer application methods

e) Explain fertigation
INTRODUCTION
SOIL FERTILITY
This the chemical nature of the soil that can be defined as the ability of soil to provide essential plant nutrients in adequate and balanced amount to support the set level of crop yield
PLANT NUTRITION

This is the process of absorption and utilization of essential elements for plant growth and reproduction
 TERMINOLOGIES

· An element: is a fundamental substance that consists of atoms of one type which are defined by the number and arrangement of electrons in the orbital.

· A mineral: is an inorganic substance usually made up of one or more elements that is formed at a given at a given temperature and pressure condition and it is characterised by unique set of chemical and physical properties.

· Soil productivity: this is the capacity of the soil to produce a certain amount of crop yield per unit area of land

· Nutrient: this is the element or a chemical compound which is required by an organism (plants) for metabolism and growth. 
· Deficiency: this is the condition where an element is in low quantity in plant tissue such that the plant will show certain characteristic symptoms leading to observable or measurable features

· Toxic element: is an element of which when taken up by plant in excess will impair the normal performance of the plant e.g. Al, Mn

· Beneficial element: these are mineral elements which either stimulate growth but are not essential or might not be essential to plant under certain conditions

Factors influencing soil fertility
Plants are dependent on a favourable combination of some six environmental factors namely light, mechanical support, heat, air, water and nutrients. Soils can supply all of them with the exception of light.
Essential elements /nutrients
The condition that is least optimal will limit plants growth hence the law of the minimum which states that ‘the level of plant production can be no greater than that allowed by the most limiting of the essential plant growth factors’

-Plants need 17 elements for plant growth as listed below;
9 are macronutrients needed in large amounts while 8 are micronutrients needed in trace amounts 
ESSENTIAL NUTRIENTS FOR PLANT GROWTH

	ELEMENT
	SYMBOL
	IONIC FORM AVAILABLE TO PLANTS

	Carbon
	C
	CO2

	Oxygen
	H
	CO2, O2-, OH- CO32-

	Hydrogen 
	O
	HOH, H+

	Nitrogen
	N
	NH+, NO3- 

	Phosphorous
	P
	H2PO4-, HPO42-

	Potassium 
	K
	K+

	Magnesium 
	M
	Mg2+

	Calcium
	Ca
	Ca2+

	Sulphur 
	S
	SO42-, HSO4-

	Chlorine 
	Cl
	Cl-

	Iron
	Fe
	Fe2+, Fe3+

	Boron
	B
	H3BO3, H2BO3-

	Manganese
	Mn
	Mn2+

	Zinc
	Zn
	Zn2+

	Copper
	Cu
	Cu2+, Cu(OH)+

	Molybdenum
	Mo
	MoO42-

	Cobalt
	Co
	Co2+


- Carbon, oxygen, hydrogen, Nitrogen, phosphorous, potassium, calcium, magnesium and sulphur are required in large quantities and are called macronutrients. N, P, K are the primary nutrients (or fertilizer elements) -Carbon, oxygen and hydrogen are mostly obtained from the air and water, while the rest from the solids

Ca, Mg and S are secondary nutrients (or liming elements). Primary nutrients cannot be substituted with any other element. 

-The rest are required in relatively low amounts and are called micronutrients (trace elements). Micronutrients are never deficient in many soils

- 
MACRONUTRIENTS

These are needed by plants in large quantities for plant growth and development. They cannot be substituted by any other element.

-They are comprised of nitrogen, phosphorous, potassium called primary nutrients. Secondary nutrients are calcium, magnesium and sulphur. All these are found in the soil. plants utilise hydrogen, oxygen and carbon from the air and water 

Roles of the essential mineral elements in plants

-Nutrient cations are absorbed by plants either from the soil solution or from the surface of clay and humus particles when they have been adsorbed 
-The criteria for identifying essential nutrients is;

· A deficiency of the element makes it impossible for a plant to complete reproductive or vegetative stage of its life
· The deficiency symptoms of the element in question can be corrected or prevented only by supplying that specific element. It cant be substituted
· The element is directly involved in the nutrition of the plant

-The elements which satisfy the first two criteria are referred to as beneficial elements. Beneficial elements do stimulate growth in some plants but actually may not be essential

NITROGEN
This is one of the major nutrients in the soil. It can be sourced from organic material which forms 90-98% nitrogen in the soil but it is not readily available due to poor decomposition.

-Another source of nitrogen is the inorganic forms which accounts for 1-2% and it is the most available. It occurs as nitrates (NO3-) or ammonium ions (NH4+) in the soil. The nitrates are easily leached since they are replaced by the negatively charged soil colloids. Also conversion by micro-organisms;

NO3-
NO(g) this escapes to the atmosphere
High pH leads to conversion of ammonium ions to ammonia gas in the process called nitrification

2NH4+ + 3O2 Nitrosomonas 2NO2- + 2H2 + H2O + Energy 

2NO2- + O2 Nitrobacter 
2NO3- + Energy 
Nitrogen fixation occurs biologically to form ammonia
N2 
NH3
NH4+
Functions of nitrogen

· Forms proteins, enzymes and coenzymes
· Component of chlorophyll molecule and makes the plant succulent with a deep colour
· Encourages vegetative growth in crops where leaves are harvested
· In cereals it increases the size of the grain

· It regulates the uptake of P and K
Deficiency symptoms

· Stunted growth

· Chlorosis starting with old lower leaves

· Enhanced senescence of the older leaves (dropping)

· Reduced flower count

· Low protein content
-Excess nitrogen leads to delayed maturity, low disease resistance e.g. rice blast, high succulence, lodging, delayed maturity
PHOSPHOROUS

It occurs in organic form (80%) in the soil and inorganic form
-The inorganic forms that are readily available are H2PO4- and HPO2-. H2PO42- is more available since it has more carriers but pH is the main determinant in absorption. The action of microorganisms convert organic phosphorous 
Functions of phosphorous

· It is part of nucleoproteins which are required during cell division

·  Constituent of proteins 

· Stimulates flowering, fruit and seed formation  and also hastens ripening of fruits
· Root development hence quick maturity of the crops
Deficiency symptoms

· Stunted growth hence delayed maturity

· Dark-green colouration in leaves due to the small-sized leaf against high chlorophyll content

· Purpling of leaves and stems e.g. in maize

POTASSIUM

This is found in clay minerals mica, vermiculite, feldspars but its availability depends on these mineral rocks. It is absorbed in the form of K+
Functions of potassium

· It is a component of chlorophyll molecule

· Regulation of photosynthesis, translocation of photosynthetic materials  and protein synthesis

· Strengthens stem and root development (cell extension) hence prevents lodging.
· Stomatal control (opening and closing)
· Assists in the uptake of nitrates from the soil and has a balancing effect on on p and N by plants
Deficiency symptoms

· Chlorosis along the leaf margin and premature ripening of fruits

· The tip becomes necrotic mostly in the older leaves

· Weak stalks e.g. maize, wheat and barley

· Small fruits and shrivelled seeds
· Leave curling

· Premature leaf fall

· Stunted growth.
CALCIUM

It occurs in the soil bound in feldspars, dolomite, hornblende, apatite, calcium sulphate and calcium carbonate. Vertisols have high calcium content.it is readily reached.
-Calcium is absorbed inform of Ca2+ and is quite available. It has low mobility in plants hence highly deficient in growing tips

Functions of calcium

· Necessary in protein synthesis

· Promotes the formation of  soil aggregation thus improves soil aeration, water infiltration and retention

· Cell wall stabilization with calcium acetate
· Involved in mitosis

· Controls the pH  and enzymatic activations
· Raises the soil PH which in turn makes more nutrients to be available to plants
Deficiency symptoms

· Distorted leaf shape

· Small-sized leaves

· Impaired terminal ends (buds) due to low mobility hence supply

· Weak structures and poor root growth
· Blossom end rot in tomatoes
MAGNESIUM

It is absorbed as Mg2+. 
The presence of K+, NH4+, Mn2+ and H+ hamper the uptake of Mg2+
Functions of magnesium

· Activates enzymes
· Constituent of chlorophyll

· Regulates pH in the cells better than Ca2+ due to its high mobility
· Aids in uptake of P

· it is involved in protein ,carbohydrate and fat synthesis
Deficiency symptoms

· Inter-veinal chlorosis and also veins in extreme conditions occurs as spots

· Weak twigs
· Mottling of older leaves

Note: forage low in Mg can cause grass tetany in disease in cattle.
SULPHUR

It is taken by plants as sulphate (SO42-) mainly from the soil or as sulphur dioxide through the leaves

-Sulphates are reduced in water-logged soils to hydrogen sulphide gas (H2S) and the element sulphur. Sulphur reacts similarly to nitrogen
Functions of sulphur
· Protein synthesis e.g. cystine and methionine
· Vitamin formation

· Stabilization of protein through the sulphur-hydrogen bonding
· Important in formation of plant hormones

· Aid in nodulation of legumes and nitrogen fixation
Deficiency symptoms
· Stunted growth

· Chlorosis evenly distributed but mostly in upper younger leaves due to low mobility

· Restricted shoot growth

· Stems become woody, stiff and small in diameter
· Nodulation in legumes is reduced
FUNCTIONS OF MICRONUTRIENTS IN HIGHER PLANTS
Micronutrients are essential elements that are required in trace(very small ) amounts
-BORON-
It occurs in the soil as borate (oxides of boron) and as borosilicate

It is taken up by plants as H3BO3 (boric acid)

It is important in component of enzymes and synthesis of nucleic acids
It is believed to be important in sugar translocation
It is important in absorption of water by plants

It is important in fixation of N by bacteria.
-Its deficiency leads to inter-veinal chlorosis in younger leaves due to its low mobility. The leaves become bleached in severe deficiency

MOLYBDENUM

It occurs in the soil as sulphides and molybdate (oxides of molybdenum)
-It is taken up by plants as MoO42- or HMoO4-. The higher the pH the higher the availability of molybdate
-It is associated with nitrogen fixation by nitrogenise
It is important for nitrates to be metabolised to amino acids and proteins

Deficiency

-Deficiency of molybdenum leads to inter-veinal chlorosis in the lower leaves in legumes
Narrow leaves curled around the midrib in cauliflower
Toxicity
Excess molybdenum seems to induce copper deficiency.
CHLORINE
It ever available in large amounts in most soils

-It occurs as chlorides (mainly NaCl) in dry soils and is absorbed as Cl-
-Chlorine is involved in cell expansion and enzyme activation
-It influences water holding capacity of plant tissues

-It balances the positively charged ions e.g. K+ in the cells

- Deficiency
Deficiency is most not common but wilting of leaflet tips followed by necrosis may ensure in case of deficiency
Necrosis in some plants

TOXICITY

Increased osmotic pressure of soil water which reduces water up take
ZINC
-It is found in the form of oxides, sulphides and silicates. It is taken in the form of Zn2+. The pH very much affects the uptake of zinc, the lower the pH the more it is available and vice versa.

-It is important in protein synthesis, assists in the uptake of nitrogen and phosphorous. It is also involved in pollination process and enzyme synthesis
Important in formation of certain hormones
-Deficiency of zinc is associated with high pH and they include;
· White bands on sides of the midrib in members of graminae family

· Shortened internodes and stunted growth e.g. in citrus

· Yellow spots on older leaves e.g. rice

IRON
It is found in the soil in the form of oxides, sulphides and silicates

-It is mainly taken in the form of Fe2+ (ferrous) but some grasses can take it as Fe3+ (ferric) but they must converted it to Fe2+ because Fe3+ is hard to transport

-Iron is also found in organic compounds e.g. chelates. chelates are  soluble organic compounds that bond strongly to metal atoms such as Fe,Zn,Cu and Mn through more than one bond increasing their solubility and absorption by plants. There are also soluble chelates mainly artificially made like Fe-EDTA.
During plant uptake the concentration of chelated iron or other micronutrients is greater  in the bulk solution than at the root surface thus chelated iron diffuses to the root surface in response to the concentration gradient. At the root surface  Fe3+ dissociates from the chelate  through interaction between organic cell walls of compounds and the chelate.
After dissociation of  Fe3+from the chelates,the free chelate will diffuse away from the root back to the bulk solution and complex another from the soil solution.
As concentration of Fe3+reduces due to chelation, additional iron Fe is desorbed from the mineral surfaces or from Fe  minerals dissolve to resupply Fe .The chelate micronutrient cycling greatly contributes to plant available iron.
-Iron is important in the synthesis and maintenance of chlorophyll and functioning of nucleic acids. It is also a component of enzymes

-Deficiency is associated with high pH and includes chlorosis in the younger leaves and inter-veinal chlorosis in broad-leaved plants  
MANGANESE
-Occurs in the soil as oxides, silicates and carbonates

-Manganese has many oxidation types i.e. manganese two, three and four but plants take it in Mn2+ i.e. oxidised MnO

-It is a component of enzymes and their activation

Deficiency symptoms include;

· Grey spots on leaves of cereals

· Inter-veinal chlorosis
· Reduced root and shoot growth

TOXICITY

Crinkle(wrinkled or creased) leaf of cotton

Copper 

Plants absorb copper as cu2+

Functions of copper 

Involved in photosynthesis and respiration

Lignin formation in cell walls.enzymes involved n formation of lignin contain copper.

Carbohydrate and lipid metabolism

Copper deficiency

Leave chlorosis in in young leaves .leaves and stems grow longer than normal

Lodging

Wilting

Copper toxicity

-Reduced shoot growth

-Poorly developed root and shoot growth.

Factors affecting nutrient availability/uptake

The factors that affect metabolism and thereby the availability of respiratory energy will directly affect nutrient uptake. These include;

· Soil temperature; it has high influence on micro-organisms and also plant roots (physiological in the soil which affects the microbial activities
· Oxygen supply which is usually altered by management practices like compaction which affects the amount of oxygen reaching the roots
· Concentration of the nutrient; the higher the concentration the higher the likelihood of more uptake up to a given level. Fertilizer addition to enhance nutrient supply

· Soil moisture; most nutrients are absorbed in solution form. Thus low or absence of moisture reduces availability of nutrient elements

· The density and distribution of roots; phosphorous uptake is favoured by root proliferation
· Soil reactions; this is the degree of acidity or alkalinity of any soil. It is expressed as pH value. This affects the rate of nutrient release from the soil
· The natural supply of the nutrient within the soil. This is closely related to the parent material of the soil and the vegetation under which soil developed
· The source of the nutrient; the strength to which the nutrient is held (availability)
· Relative activity of soil micro-organisms. They are biogegraders. Soil aeration; many microbial activities are aerobic

Macronutrient cations availability

These cations are found in the soil in three forms

· Within the solid framework. In this, large quantities of silicon, oxygen, aluminium and iron are found in the case of inorganic materials, while carbon, hydrogen and oxygen in the case of organic materials. Essential macronutrients are also dominant but not readily available

· Associated assemblage of cations (adsorbed). These are held on the surface of clay and humus particles by negative charges that characterise these colloids. Theses cations are in small amounts compared with solid framework but they are crucial chemical properties of soils in supplying nutrients

· Cations in soil solution (soil water). These are readily available for plants and they also leach easily. Macronutrient cations are in smaller amount compared to the two above.

-Solid framework releases nutrients slowly over along period of time after weathering, the released nutrients now occur in associated assemblage. The later then move to soil solution upon exposure to water

NB: The above reaction can be reversible, thus minimising loss of nutrients through leaching. Adsorbed cations can exchange for cations in the solution a process called cation exchange e.g. exchange of H+ for Ca2+
Ca[colloid] + 2H2CO3
2H[colloid] + Ca(HCO3)2
The above exchange of H+ for Ca2+ and vice versa is of great practical significance in maintaining acid-base balance of soils. Colloid-sized particles are often negatively charged on their surfaces that are able to attract and hold (adsorb) the cations

Macronutrient anions availability

-Nitrogen, sulphur and phosphorous are often adsorbed in the form of anions (NO3-, HSO4- and H2PO4-), these are mainly sourced from the soil organic matter. Nitrogen, sulphur and phosphorous are critical components of organic compounds such as proteins, amino acids and nucleic acids. These compounds must be transformed to simple inorganic ions before they can be absorbed by plants. Biochemical reactions utilising enzymes and micro-organisms are involved

R-NH2 
NH4+
NO2-
NO3-
R-S
HS-
HSO3                       
HSO4-
Organic form   [inorganic forms in solution]

-This process of simplification is called mineralization and the reverse whereby the inorganic forms are converted to organic compounds is called immobilization. Both processes are accomplished by micro-organisms

Mechanisms of nutrients uptake

Prior to the absorption into root cells, nutrients reach the surface of roots by three mechanisms

i). Mass flow; this is the movement of plant nutrients in the flowing soil solution. (water). It is the most important as it delivers the largest amount of nutrients of about 80%

ii). Diffusion; is the movement by normal dispersion of the nutrient from a higher concentration through the soil water to areas of lower concentration of that nutrient

iii). Root interception; this is the extension of root into new soil areas with untapped supplies of nutrients in the soil solution

The mechanisms of absorption into the root cells are;

i). Carrier transport (active process); for a nutrient to cross a cell membrane into the cell it is believed that each ion must be attached to a carrier. The carrier-nutrient complex can pass through the membrane into the cell. The carriers utilize energy and thus enable transportation of nutrients against concentration gradient

ii). Facilitated diffusion (active); as cations are absorbed, H+ are excreted into the soil solution or more organic acid anions are produced inside the cell to balance the absorbed cations. Likewise as nutrient anions are absorbed by the plant more compensating cations are absorbed and or HCO3- are excreted into the soil solution in order to maintain the electron balance in the cell

iii). Simple diffusion (passive process); plants also absorb nutrients through the stomata e.g. carbon in form of carbon dioxide and hydrogen in form of water but in small amounts

iv). Transpiration stream;

Some enzymatic and other biochemical reactions requiring a given micronutrient may be affected by the presence of a second trace element in toxic quantities e.g.

i). Excess copper or sulphate may adversely affect the utilization uptake of molybdenum

ii). Iron deficiency is encouraged by excess zinc, manganese, copper or molybdenum

iii). Excess phosphate may encourage a deficiency of zinc, iron or copper but enhances the absorption of molybdenum

iv). Heavy nitrogen intensifies copper and zinc deficiencies

v). Excess sodium or potassium may adversely affect manganese uptake

vi). Excess lime reduces boron uptake

vii). Excess iron, zinc or copper may reduce the absorption of manganese

-Some antagonistic effects may be utilised effectively in reducing toxicities of certain micronutrients

NB: Phosphate fertilizer when applied together with nitrogen enhances uptake of phosphorous than when the phosphate fertilizer is applied alone

MODIFICATION OF SOILS
· Altering pH through liming or adding acidic fertilizer
· Drainage of water logged soils through ridging etc

· Lisking; planting in furrows where a trench is dug in dry areas near the water table surface and planting is done in the trenches

·  Fertilizer application for direct nutrient supply

· Organic matter addition to improve CEC, structure and other soil properties

· Irrigation to increase moisture and also to wash excess cations

SOIL CHARACTERISTICS ESSENTIAL FOR CROP PRODUCTION

-Soil is important for crop production but is not essential (mandatory). This is because hydroponic solutions have been used as artificial nutrient media and other artificial media like vermiculite have been used to offer support to the plants thus making it unnecessary to have soil for crop production, but the materials are expensive and not common
-For good crop production in terms of yield, economy and quality of produce a soil should have the following qualities

· Adequate levels of plant nutrients (not little or excess)

· Well aerated to enhance aerobic activities

· Free from toxic elements, pathogens and pests
· Soil colour mainly dark for better heat absorption

· Good water holding capacity for both irrigation and rainfall water

· Easy to operate manually and use of machines
· Good soil structure so as to resist erosion, severe leaching,  good drainage etc

-No soil can meet all the above criteria thus the need for modifications like fertilizer applications, manures, irrigation etc

-Salinity is the accumulation of soluble salts to such high levels as to affect growth. The soil is considered saline when the soil electrical conductivity (EC) is four millimoles per centimetre
-Sodicity is the accumulation of sodium to high levels such as to cause dispersion of soil particles when the exchange sodium percentage is more than 15%.dispersion is due to the high positive charges making soil colloids positively charged. Dispersion leads to blocking of pores thus affecting drainage and aeration
ORGANIC FERTILIZERS (MANURES)

These are materials derived from plant and animal parts/droppings or residues which are applied to fertilize the soil. These include farm yard manure, green manure and compost manure
CHARACTERISTICS OF MANURE

1. They are bulky to handle and requiring large amount of space to store 

2. Nutrient content is low thus larger amount are required to provide a range of nutrients

3. Difficult to apply the right quantity according to specific rate of desired element

4. Nutrients are slowly released to the soil 

5. Nutrients are slowly released to the soil

6. Difficult to apply uniformity

7. Only applied to the soil

1. Farm yard manure
This includes the accumulation of animal droppings where the animals are enclosed during the night or in zero grazing unit plus the beddings. These manures can be important source of plant nutrients such as nitrogen, phosphorous and potassium.

-The quality of FYM is influenced by

· Type of bedding used
· Type of animal

· Type of feeds given to the animal

· Storage 

Preparation of FYM and application
-FYM is prepared by collection of the farm animals’ waste products and their beddings. 
-when manure is to be stored to await the planting season, it should be gathered into piles which are kept under a suitable shelter or covered with a layer of soil, dry grass or crop residues to prevent nutrients from being washed away in runoff water or being leached down wards as rain water percolates through the soil. Covering also reduces loss of nitrogen to the air (volatilization)

-The manure should be incorporated into the soil as soon as its spread to reduce nutrient losses through volatilization. Incorporation of FYM should be done at least two weeks before planting to allow the process of nutrient release to be initiated to benefit the early stages of crop growth.
2. Compost manure

This involves plant and other organic waste which are decayed

-the compost is prepared by piling plant residues either in a heap or in a pit. The material should be turned over at intervals to facilitate even decay. With low nitrogen vegetable matter it is sometimes necessary to add a nitrogen source e.g. ammonium sulphate to encourage bacterial decomposition. 
-It is essential that temperatures are controlled during composting so as to ensure production of good quality manure. Too high temperatures can be lowered by sprinkling water on the compost. Once ready compost manure must be protected from the sun and rain in order to conserve nutrients
-Compost is important because it improves soil colour, aeration and water retention properties of the soil.
Preparation of compost manure

-Pits measuring 150 x 150cm are excavated to a depth of around 60cm.

-The materials are then placed in the pits in layers

-Loosen the soil at the bottom of the pit and place a layer of dry crop residues like maize stover or grass at the bottom

-Add 10cm of fresh manure and the bedding or 30cm of green material preferably legume cover crop or kitchen wastes

-Cover with a thin layer of top soil to ensure presence of micro-organisms to break down the compost

-Add a thin layer of wood ash and then water adequately

-Repeat the above steps until the heap is 1.5m high
-Cover the pile with soil and finally with grass, maize stalks or banana leaves to prevent drying.

Use a pointed stick to monitor the temperature and moisture of the pile. Add water as soon as the stick feels dry

-Turn the pile into another pit two or three weeks then into the third pit after two weeks

-Three weeks after the second turning use the stick to check the temperatures. When the stick feels cool then the pile is ready for use

Composting process 

The process takes place in four stages (Lampkin 1990)
· Mesophilic stage; the micro-organisms start to decompose the materials. Temperature rises and pH falls as organic acids are produced
· Thermophilic stage; it takes place at temperatures above 40˚C and rises up to 60˚C at which the fungi become deactivated. The more readily degradable substances such as sugars, starches, fats and proteins are rapidly consumed. The pH becomes alkaline as ammonia is liberated from the proteins

· Cooling-down stage; this is characterised by fall in temperatures. The more resistant materials like cellulose are attacked

· Maturing stage; this is the final stage that leads to breakdown of organic matter to produce humus. It can take several unless hastened. There is intense competition of food among the micro-organisms. Antagonism and antibiotic formation occurs and the heap is invaded by macro-fauna (mites, ants, worms etc) that contribute to further breakdown of the organic material by physical maceration of the particles.
3. Green manure
 -These are made from green vegetative plant materials that are both cut and spread on a field or just ploughed in depending on the plant to be used as manure
Characteristics of plants used for green manure

· Should be fast growing
· Should have elaborate vegetative or leafy section
· Should be broad-leafed
· Should be leguminous, the roots should be short or less elaborate
· The plant should be generally succulent, less woody or stemmy to ease quick decomposition
NB: The stage of harvesting or ploughing in should be considered because the plant which has flowered or form woody stem will take long to decompose therefore the plant should be cut or ploughed in before flowering. Ploughing in should be done in soil that has fairly low moisture to ensure optimal microbial activity (decomposition)
Advantages of green manure

· They are cheap to make

· Less skilled labour is required for preparation

· They maintain soil structure, soil stability, porosity, pH, better root penetration etc

· Plants which are mainly leguminous fix nitrogen into the soil

Disadvantages of green manure

· They take long to prepare

· The plants may deplete moisture from the soil which may compromise the development of the main crop

· The plants may carry pests and diseases that eventually attack the main crop
QUALITY OF FARMYARD MANURE 

Type of animal

Type of food eaten 

Type of litter used\

Method of storage

Age of the manure
INORGANIC FERTILIZER
Fertilizer (or fertiliser) is any organic or inorganic material of natural or synthetic origin (other than liming materials) that is added to a soil to supply one or more plant nutrients essential to the growth of plants.[1] A recent assessment found that about 40 to 60% of crop yields are attributable to commercial fertilizer use.[2]
-The term inorganic fertilizer is adopted because the fertilizers are in mineralised form. Most soils need to be replenished with plant nutrients for higher yields from intensive cultivation

Causes of soil nutrient losses

i). Harvesting and translocation of crops
ii). Leaching
iii). Immobilization; this is the conversion of an element from the inorganic form to organic form in microbial tissues in or plant tissues thus making the element unavailable to other organisms or to plants 

iv). Denitrification; this refers to the biochemical reduction of nitrates or nitrite to gaseous nitrogen either as molecular nitrogen or as an oxide of nitrogen
v). Fixation; is the process in the soil by which chemical elements are converted from a soluble or exchangeable form to a much less soluble or to a non-exchangeable form e.g. phosphate fixation, 
vi). Volatilization; is the loss of mainly nitrogen in form of gas from the soils e.g. through denitrification whereby nitrates are reduced  to nitrogen oxide compounds and the element nitrogen 

vii). Erosion

Terminologies used in fertilizers

· Fertilizer grade; is a guaranteed minimum percentage of NPK nutrients. Commercial fertilizer analysis is the actual tested percentage in each sampled batch. A fertilizer grade gives the percentage by dry weight of the three key nutrients listed in order as total nitrogen, available phosphorous pent-oxide and water soluble potassium oxide in a complete fertilizer e.g. 17-17-17
· Fertilizer ratio; it is the relative percentage of N, P2O5 and K2O in a fertilizer e.g. if the fertilizer grade is 17-17-17 then the fertilizer ratio is 

     1-1-1 

· Fertilizer material; is any substance that contains one or more of the essential elements. A minimum quantity must be there for a material to qualify to be a fertilizer material

· Mixed compound fertilizer; is a combination of two or more fertilizer materials which contain one or more essential elements
· Complete fertilizer; is a material that contains the three major plant nutrients (NPK). The proportion of each may vary due to the different soil needs

· Filler material; is material added to mix fertilizer to make up the difference between the weight of the added ingredients required to supply the plant nutrients. 
Conditioners; materials added to improve the physical conditions of the fertilizer. This is done mainly to maintain quality e.g. coating urea to prevent caking
Calculations of fertilizer formulas

-In calculating formulas for mixtures it is necessary to decide first what percentages of nitrogen, phosphorous and potassium are desired in the fertilizer mixture. Then what materials are to be used to supply the nutrients N, P and K.
Example

Calculate the amount of the following fertilizer carriers required to prepare one tonne of a mixed fertilizer of grade 10-5-5. The carriers are;
Ammonium sulphate (NH4)2SO4- 20-0-0
Super-phosphate                            0-20-0
Potassium nitrate                           13-0-41
Solution

Calculate the amount of each material by using the formula; X = A.B
                                                                                                           C

Where X is the amount in kgs of a particular carrier required i.e. ammonium sulphate,       super phosphate and potassium nitrate

A is total mixture (one tonne)

B is percentage of a particular nutrient (N, P or K) desired in the mixtures to be prepared
C is the percentage of an element (N, P or K) in the carrier

 NB: The ratios are in the unconventional form i.e. N, P2O5 and K2O

         N is supplied by two carriers in this case
1. Amount of KNO3 needed

X = 1000 x 5 = 122kgs KNO3
              41

But in 100kg KNO3 there is 13% N therefore in 122kg of KNO3 

100kg = 13kg N
122kg = 13 x 122 = 15.9kg N

                   100

2. amount of ammonium sulphate needed

X = 1000 x 10 = 500kgs ammonium sulphate

             20  

But there was extra 15.9kg N from KNO3.
In 100kg of (NH4)2SO4 there are 20kg N. Therefore what amount of (NH4)2SO4 will be needed to supply 15.9kg N
20kg N = 100kg (NH4)2SO4
15.9 kg = 100 x 15.9 = 79.5 kg (NH4)2SO4
                       20
The amount of (NH4)2SO4 needed will therefore be

= 500 – 79.5 = 420.5kg

3. Amount of super phosphate required

X = 1000 x 5 = 250kgs

              20 

Total = 122 + 420.5 + 250 = 792.5kg
Filler material = 1000 – 792.5 = 207.5kg

Fertilizer conversion (for phosphorous and potassium)

-Accuracy of the true ratio of the major nutrient elements N, P and K in a fertilizer requires that the elemental basis be used. 
-Reference to a 10-5-5 fertilizer tends to make one believe that the ratio of N-P-K is 2-1-1 but this is not true. 10-5-5 represents the ratios of N, P2O5 and K2O and not N-P-K

Formula for conversion of P2O5 to P and K2O to K

P x 2.29 = P2O5

P2O5 x 0.44 = P

-K x 1.2 = K2O    K2O x 0.83 = K

The multiplying factors (2.3, 0.44, 1.2 and 0.83) are derived from the relative atomic masses of the elements P, K and O (31, 39 and 16)

-P2O5 = (2 X 31) + (5 x 16) = 142 
Ratio of P = 62/142 = 0.44

-K2O = (39 x 2) + 16 = 94

Ratio of K = 78/94 = 0.83
Assignment 

i). To prepare a tonne of a mixed fertilizer grade 8-16-16, a farmer was provided with the following carriers;

MAP 11: 52: 0

AN    33: 0: 0
KCl   0: 0: 60

             a) Calculate the amount of ammonium nitrate (AN) carrier that the farmer will be  
                  required to have

              b) Calculate the quantity of the filler material needed

ii). A farmer in Njoro wants to apply 520kgs of SA per hectare and has a 13 hectare farm to apply the fertilizer. How much nitrogen will he have applied in the 13 hectares? (SA contains 20% N)
iii). From a stockists shop a farmer buys 4 bags of urea, 8 bags of triple super phosphate (TSP) and 2 bags of murate of potash. If each bag is 50kg, analyse the grade attained from mixing the fertilizers 

Urea: 4 x 50 = 200kg @ 46:0:0

TSP: 8 X 50 = 400 @ 0:46:0

KCl: 2 x 50 = 100 @ 0:60:0

NB: Grade = weight of fertilizer x % element grade
                                                 Total weight

(N = 13%, P2O5 = 26%, 9%)

iv). A researcher intends to carry out an observation trial of fertilizers on maize crop with recommendations of 70kg N/ha and 60kg P2O5/ha. The available fertilizers are triple super-phosphate (0.46.0) and sulphate of ammonia (21.0.0). The plot to conduct the trials is 25m x 50m. The phosphate fertilizer is applied at planting with 1/3 of nitrogen fertilizer and the rest applied as top dress.

             a) How much T.S.P is needed for the trial?

             b) Calculate the amount of S.A applied at planting

             c) Calculate the amount of S.A applied as top dress 


Types and manufacture of inorganic fertilizers
1. Nitrogenous fertilizers
Most chemically manufactured nitrogenous fertilizers come from ammonia. Ammonia is manufactured by the Haber-Bosch process which requires high amount of energy (200 atm and heat) and presence of iron oxide catalyst

 H2 + N2 
2NH3
-Nitrogen is extracted from the air while hydrogen is got by reacting carbon-monoxide with steam

-The production of ammonia is expensive due to the high heat requirement and hydrogen production which is expensive 

General characteristics of nitrogenous fertilizers

· Easily leached
· Have a scorching effect
· Are soluble in water
· Are hygroscopic
· Highly volatile
Categories of nitrogenous fertilizers
· Ammoniacal fertilizers

-These are the main carriers of nitrogen in form of ammonium ion
-The fertilizers can be retained well than other forms of nitrogen in the soil i.e. not easily leached
-They undergo the nitrification process which acidifies the soil by release of the hydrogen ions (H+). With time the pH goes down hence continuous supply of lime is recommended
2NH4+ + 4O2

  2NO3- + 4H+ + 2H2O

i). Ammonium nitrate (NH4NO3): AN
-It is manufactured by passing compressed ammonia gas through nitric acid

-It supplies nitrogen as NH4+ and NO3- in almost equal amounts
-Has high nitrogen content of about 33-34%

-Its most popular in USA Europe

Disadvantage; has poor physical condition (hygroscopic)

                        -Has risk of explosion especially if stored with fossil fuels (oil)

-The fertilizer is banned in Kenya unless with permission

ii). Calcium ammonium nitrate  (CAN) (NH4NO3 + CaCO3)
-It is manufactured by mixing ammonium nitrate with lime in the ratio of 1:3
-It has lime that eliminates explosion

-Has low amount of nitrogen of about 26%

iii). Ammonium sulphate (NH4)2SO4
-It was originally produced as a by-product of caking process where coal was heated with other ingredients to produce fuel
-It is now produced by bubbling ammonia gas through sulphuric acid which is an easier method

Advantage; has low hygroscopicity

Disadvantage; has high acidifying effect because it has ammonia causing acidity in the sulphate. Sulphate is converted to sulphurous acid hence high acidity

-Has 21% nitrogen

-Its used for crops that require low pH e.g. tea 
-It supplies nitrogen and sulphur thus good for soils low in sulphur
-Its has white crystalline appearance almost like sugar

iv). Urea (NH2)2CO
-This is an important source of source of nitrogen 

-it is manufactured by combining ammonia gas with carbon-dioxide gas at 140˚C and high pressure
2NH3(g) + CO2(g)      140˚C
NH2CONH2 + H2O

-When applied in the soil some plants take urea directly but in most cases urea is decomposed through microbial action

NH2CONH2 + H2O    Urease                 (NH4)2CO3                     NH3 + CO2
-It behaves like ammoniacal fertilizer therefore acidifies the soil
-The fertilizer can be applied as foliar feed
-It is highly volatile (up to 40%) and hygroscopic
-Has 45-46% nitrogen
-Has very white granules, round and bigger than those of salt

v). Ammonium phosphate
Has two important forms; MAP (NH4H2PO4) providing 1.2% nitrogen thus more useful as phosphorous fertilizer and DAP providing 18% nitrogen [(NH4)2H2PO4]
-They provide both nitrogen and phosphorous to the soil

-They have good physical characteristic i.e. not very hygroscopic and volatile

vi). Ammonium chloride (NH4Cl)
-Has 25% nitrogen
-Its not suitable for plants due to toxic chloride ions thus mainly used in rice production and also used in palm and coconut production

-The ammonium form of nitrogen is used in waterlogged soils 

· Nitrates
-These are fertilizers that provide nitrogen in the form of nitrates
Advantages

-They are non-acid forming because no hydrogen ions are in it and the accompanying ion is a base

Disadvantages

-They are very mobile hence prone to leaching hence not suitable in rainy areas

-They can be lost into the atmosphere in gaseous form (denitrification)

Examples

-Sodium nitrate

-Potassium nitrate (expensive and used for high quality crops like horticultural crops)
-Calcium nitrate (very hygroscopic)

2. Phosphatic fertilizers

-They encourage early maturity of crops as the element phosphorous helps in root development

-Phosphatic fertilizers have residual effect

-Most of the sources of phosphatic fertilizers are through mining. The major ones are;
i). Rock phosphate
-Its an apatite (calcium phosphate). It is mined in USA, Morocco, Algeria, Tunisia and Jordan. Tanzania has some deposits that they sell to Kenya

ii). Basic slag
-It’s a by-product of steel industry
-Its used as liming agent and phosphatic fertilizer because its cheap

iii). Guano 
-They are fossilified bird droppings
-Found mostly in pacific highlands
Examples

i). Single super phosphate (SSP)

-Contains 20-21% P2O5
-Supplies calcium, sulphur and phosphorous

-Has white-cream granules

-Its slightly soluble in water

-Its applied during planting

ii). Double and triple super phosphates

-They have two to three molecules of phosphates respectively

-They contain 40-45% P2O5
-They are grey granules

-They have slight scorching effect

3. Potassic fertilizers
-They are manufactured from salts of potassium chloride and sodium chloride i.e. sulvinite salt
-The fertilizers help the plant resist diseases and make starch and proteins
-They have moderate scorching effect to crops

-Are moderately soluble in water
Examples

i). Muriate of potash

-Contains 50% K2O
-It supplies calcium, magnesium, sulphur and other trace elements

-Its highly hygroscopic

-Has cream-white granules

ii). Potassium sulphate (sulphate of potash)

-Is formed by combining muriate of potash with sulphuric acid

-Has 50% K2O 

-Has a scorching effect
Fixation of phosphorous in the soil (retention)

Phosphorous is retained in the soil by combining with certain soil components. This is called phosphorous fixation or retention
-There are different types of chemicals that cause phosphorous retention in the soil

a) Fixation by Fe2+, Al3+ and Mn2+
-Soluble phosphorous combine above components to form an insoluble form
-Acidic soils have high amount of iron, aluminium and manganese. Volcanic soils also have high aluminium amounts

Al3+ + H2PO4- + H2O                             2H+ + Al(OH)2H2PO4
                                                                Insoluble precipitate
b) Fixation by Ca2+ in calcium carbonate
-High amounts of calcium are found in alkaline and calcium carbonate soils
Ca(H2PO4)2 + 2Ca2+                            Ca3(PO4)2 + 4H+
                                                           Insoluble precipitate
c) Fixation by hydrous oxides
-These are oxides of Aluminium, manganese and iron in the soil
-The soils are not necessarily acidic but have above oxides

Al(OH)3 + H2PO4-                         Al(OH)2H2PO4 + OH-
-Soils with high hydrous oxides are highly weathered soils (e.g. oxisols) 
METHODS OF FERTILIZER APPLICATION

Factors influencing the type and amount of fertilizer to apply

a) Crop characteristics
-Different crops take up nutrients differently, hence consider nutrient utilization characterization, rooting system (fibrous vs tap roots) and time plant requires a given nutrient e.g. one can require potassium than nitrogen
b) Soil characteristics
-Soil characteristics affects the rate and method of fertilizer application e.g. soil fertility status, interaction of a fertilizer with the soil (acidic with phosphatic fertilizers) and history of management of the soil (how much was applied before)

c) Salt index
-Salt index of a fertilizer is a ratio of the increase in osmotic pressure produced by the material in question to that produced by an equal weight of sodium nitrate based on a relative value of 100 e.g. DAP (34), MAP (30), KNO3 (74), TSP/SSP (15), Urea (75) and NaCl (154).
Methods of application
i). Broadcasting 

-The fertilizer is applied uniformly over the surface before planting
Advantages

· you can apply large amounts of fertilizer without the danger to plants i.e. fertilizer burn as the its well spread in the soil
· the distribution of nutrients through ploughing encourages deep rooting

· its labour saving during planting

· its only practical method of applying maintenance fertilizer to established forage stands

Disadvantages
· contact of fertilizer with soil hence chances of fixation
· effect of fertilizer is diluted due to mixing with large volumes of soils
ii). Banding 
-Fertilizer is applied as a band at a suitable distance from the seed e.g. side banding where the fertilizer is applied to a side of seed but deeper or ring banding
Advantages

· Early stimulation of seedling as it is placed near plant roots. The fertilizer is concentrated in few lines hence high nutrient concentration near the seedling
· It results in limited contact of fertilizer with the soil. The reduction in contact with the soil has advantage in that it reduces phosphorous fixation

· Since nutrients are placed within easy reach of the roots, the effect of fertilizer is not diluted by mixing with huge volumes of the soil

iii). Combined drilling

-Its also called inter-row application
-The fertilizer is applied in immediate contact with the seed i.e. by grain drill or open furrow then place seed and fertilizer

-This method is for certain crops and certain fertilizers at a given rate. High rates result to toxicity and salt injury

-Its applicable for fertilizers like TSP and SSP because they have low salt index

iv). Top/side dressing
-Top dressing refers to broadcast application of crops such as grains and forage while side dressing refers to application besides the row

-The fertilizer is applied to the crop after emergence
v). Foliar application

-Fertilizer is applied to the foliage in solution form
-The fertilizer gives more rapid response than solid fertilizer and offers effective mode of applying the micronutrients e.g. 98% of copper added to the soil forms a complex hence its applied through foliar

-Its also important for high cost green house crops

--If its applied at high rates then it can cause fertilizer burn therefore the recommended solution should be 3.5%

-Its useful for soils with problems of acidity, alkalinity, water-logged and very sandy soils

--Its also applied in dry land farming where soil moisture is not sufficient enough for root absorption

-Its also used when spraying thus does not involve additional spraying expenses
FERTIGATION

This is the application of fertilizers in irrigation waters. It is therefore a combination of irrigation system with fertilizer application. The nutrients are applied in solution form

Fertigation is the application of fertilizers, soil amendments, or other water soluble products through an irrigation system.

Chemigation, a related and sometimes interchangeable term, is the application of chemicals through an irrigation system. Chemigation is considered to be a more restrictive and controlled process due to the potential nature of the products being delivered - pesticides, herbicides, fungicides - to cause harm to humans, animals, and the environment. Therefore chemigation is generally more regulated than fertigation.

Fertigation is used extensively in commercial agriculture and horticulture and is starting to be used in general landscape applications as dispenser units become more reliable and easy to use.

• Fertigation is used to spoon feed additional nutrients or correct nutrient deficiencies detected in plant tissue analysis

• Usually practiced with high value crops such as vegetables, turf, fruit trees, and ornamentals

• Injection during middle one-third or the middle one-half of the irrigation recommended for fertigation using micro propagation

• Water supply for fertigation kept separate from domestic water supply to avoid contamination

• Change of fertilizer program during the growing season in order to adjust for fruit, flower, and root development.

Commonly Used Nutrients
• most plant nutrients can be applied through irrigation systems

• Nitrogen is most commonly used nutrient

• Other nutrients include nitrate, ammonium, urea, phosphate and potassium.

Determining which nutrient is used
• A soil fertility analysis is used to determine which of the more stable nutrients should be used

] Advantages
Benefits of fertigation over traditional broadcast or drop fertilizing methods include:

· Increased nutrient absorption by plants

· Reduction in fertilizer and chemicals needed

· Reduced leaching to the water table and,

· Reduction in water usage due to the plant's resulting increased root mass being able to trap and hold water

· Application of nutrients at the precise time they are needed and at the rate they are utilized

Disadvantages
• Concentration of solution decreases as fertilizer dissolves, leading to poor nutrient placement

• Results in pressure loss in main irrigation line

• Limited capacity

• Use of chemical fertilizers of low-sustainability, instead of organic fertilizers.

• Dependent on water supply not being restricted by drought rationing.

Controls
Because of the potential risk in contaminating the potable (drinking) water supply, a backflow prevention device is required for most fertigation systems. Backflow requirements vary greatly so it is very important to understand the proper level of backflow prevention required by law. In the United States the minimum backflow protection is usually determined by state regulation but each city or town may increase the level of protection required.

Methods Used in Fertigation
• Drip irrigation which reduces per water and nutrient application rates relative to sprinklers

• Sprinkler systems increase leaf and fruit quality.

• Other methods of application include lateral move, traveler gun, and solid set systems

• All systems should be placed on a raised and/or sealed platform, not in direct contact with earth

• Fitted with chemical spill trays

• Continuous application- fertilizer is supplied at a constant rate • Three stage application-irrigation starts without fertilizers and then the later in process fertilizers are applied

• Proportional application-injection rate is proportional to water discharge rate

• Quantitative application-nutrient solution is applied in a calculated amount to each irrigation block

• To determine the injection rate for the particular fertilizer being used use the formula: Maximum injection rate = (5 x Q x L) / (f X 60).

- Q = irrigation pump discharge in liters per second - L = fertilizer tank volume in liters - F = amount of fertilizer in grams

System Design
Fertigation assists distribution of fertilizers for farmers. The simplest type of fertigation system consists of a tank with a pump, distribution pipes, capilaries and dripper pen.

What should be considered
• Water quality

• Soil type

• Nutrient consumption (daily)

• Appropriate nutrient materials

Possible Strategies to be used
• Injecting for short time periods at the beginning, middle, and end of irrigation cycle

• Injecting during middle 50% of the irrigation cycle

• Continuous irrigation

Advantages 

· It saves time because both water and nutrients are supplied at the same time
· It is economical in terms of resources since a single system will supply both water and fertilizer

· Through drip irrigation system water and nutrients are supplied directly to the root zone

· Wastage of fertilizer of fertilizer is reduced

Disadvantages
· Clogging of the pipes (lumen) and also the nozzles as a result of precipitation of calcium
· High initial capital base is required

· Skilled labour I formulation and installation is mandatory

· Blockage may result to unequal distribution of irrigation water

· Water quality must be high and levels of calcium, iron, sand organic matter must be insignificant

· Frequent soil testing is necessary to ensure correct levels of pH, electrical conductivity etc.

LIMING

This is the addition of calcium oxide, magnesium oxide or their compounds or any other material that is capable of increasing pH (reducing acidity) to a level required for growth (optimal) of certain crop plants
-Lime refers to materials that are capable to raise pH thus agricultural limes are used to increase soil pH.

-Liming is aimed at altering (raising) the soil pH to meet agricultural production efficiency

Common liming materials
i). Calcium oxide (CaO) or oxides of lime e.g. quick lime is produced from burned limestone to remove carbon dioxide 

CaCO3 Heat 
CaO + CO2

ii). Calcium hydroxide Ca(OH)2 . It is also called hydrated or slaked lime i.e. addition of water
CaO + H2O
Ca(OH)2

iii). Marl (CaCO3) or chalk

iv). Calcium-magnesium carbonate CaMg(CO3)2 or dolomite

v). Calcium silicates CaSiO3. It is cheaper it is mined directly but weaker in alkalinity
Effects of lime in the soil
-Limestone is a carbonate form of lime with calcium and magnesium carbonates as major components. The adsorbed hydrogen ions on the soil colloids are replaced to form water as shown below;
CaCO3 + [micelle]2H 
[micelle]Ca + H2O + CO2
Ca(OH)2 + [micelle]2H 
[micelle]Ca + H2O

-All the above reactions increase the soil pH 
Other effects of liming include

· The raised pH also reduces soluble manganese and iron by causing them to form insoluble hydroxides
· If dolomite (CaMg(CO3)2) is used Ca2+ and Mg 2+ which are plant nutrients are added into the soil
· It makes phosphorous in acidic soils available

· In case of soil with high potassium content, plants absorb it in high quantities than needed. Lime introduces Ca2+ and thus reduces uptake of unnecessary K+
· Liming creates favourable environment for microbial activities like decomposition and nitrogen fixing as micro-organisms especially of agricultural importance in the soil thrive well at slightly at basic soils

· Some heavy metals are available at pH lower than 6.5 e.g. lead, nickel, cadmium and strontium

Factors to consider when selecting a liming material

· Chemical guarantees of the lime under consideration (percentage of active ingredients)
· Cost of the material

· Rate of reaction with the soil 

· The crop to be grown

· Kind and fineness of the lime used

· The soils’ pH, organic matter, texture and structure

· Handling and storage properties. Some materials are hygroscopic and will cake after sometime if not well stored, others will cake regardless of the storage facilities

Neutralizing power/value

-To express one lime in chemically equivalent amounts of another, the molecular weight ratio is used as the reference

-Consider CaO and MgO as liming material substitutes;

 Molecular weights; CaO = 40 + 16 = 56, MgO = 24.3 + 16 = 40.3
-The CaO equivalent of MgO = 56/40.3 = 1.3895
-CaO equivalent of CaCO3 = 56/100 = 0.56

-Mg equivalent of MgCO3 = 24.3/84.4 = 0.288

-CaCO3 equivalent of MgCO3 = 100/84.3 = 1.186
Effectiveness of liming material 

 The neutralising value (CaCO3 equivalent or CCE) neutralising power is an expression of how much more effective is a liming material compared to the same amount of CaCO3. 
NB: CaCO3 is taken as the standard measure in most cases i.e. 100% effective or 1.

· The effective liming material has little weight required to offset a low pH
· Relative neutralising values are expressed as percentage of the standard material

· Some liming materials can be over 100% effective
Example

Assume CaCO3 is our standard liming material. Consider the following reactions
i). CaCO3 + 2H+                        Ca2+ + H2O + CO2 One mole of calcium carbonate (100g) neutralises two moles of H+ as shown above

ii). Ca(OH)2 + 2H+                   Ca2+ + H2O

Calculate the neutralizing value (N.V) of Ca(OH)2
Solution

CaCO3 x 100 = 100/74 x 100 = 135% 

Ca(OH)2

Relative neutralizing values of different liming materials

Compound
molecular wt(g)
N.V (%)
CaCO3
100


100

MgCO3
84


119
Ca(OH)2
74


135

Mg(OH)2
58


172

CaO
56


178

MgO
40


250
CaSiO3
116


86

Measurement of liming requirement (LR)
This is done by determining the pH of the soil by the following methods;
· Use of calorimetric method; can be done by use of litmus paper i.e. blue and red litmus papers or by use of universal indicator and the colour chart
· Use of electrometric method; its done by means of pH meter which is more accurate. The soil water ratio of 1:2 is used and a buffer is used to standardise the pH meter rods

Assignment

Discuss the following methods of determining the liming reagents
· Buffer method

· Field method

· Incubation method

Factors to consider in deciding on a brand of lime to apply

· Chemical guarantees of the limes under consideration
· Cost per tonne applied to the land
· Rate of reaction with soil the burned and hydrated limes (caustic materials) react more rapidly than do the carbonate forms
· Fineness of the limestone material
· Handling properties
· Storage qualities
NB: The loss of lime from the soil may be caused by; erosion, leaching and crop absorption

Factors determining amount of lime to apply

· Soil characteristics, pH, texture and structure

· Crops to be grown

· Kind and fineness of liming material

· Economic returns in relation to cost of lime

Negative influences of excess lime
· Deficiencies of available iron, manganese, copper and zinc may be induced

· Phosphate availability may decrease because of the formation of complex and insoluble calcium phosphate

· Uptake and utilization of boron may be hindered 

· The drastic change in pH may in itself be detrimental

Positive chemical effects of lime

· The concentration of hydrogen ions will decrease

· The concentration of hydroxyl ions will decrease

· The solubility of iron, aluminium and manganese will decline

· The availability of phosphates and molybdates will increase

· The exchangeable calcium and magnesium will increase

· The percentage base saturation will increase

· The availability of potassium may be increased or decreased depending on conditions 

Kjeldahl Method for Determining Nitrogen

The Kjeldahl method was developed over 100 years ago for determining the nitrogen contents in organic and inorganic substances. Although the technique and apparatus have been modified over the years, the basic principles introduced by Johan Kjeldahl still endure today.

Kjeldahl nitrogen determinations are performed on a variety of substances such as meat, feed, grain, waste water, soil, and many other samples. Various scientific associations approve and have refined the Kjeldahl method, including the AOAC International (formerly the Association of Official Analytical Chemists), Association of American Cereal Chemists, American Oil Chemists Society, Environmental Protection Agency, International Standards Organization, and United States Department of Agriculture.

The Kjeldahl method may be broken down into three main steps: digestion, distillation, and titration. 



Digestion 

Digestion is accomplished by boiling a homogeneous sample in concentrated sulfuric acid. The end result is an ammonium sulfate solution. The general equation for the digestion of an organic sample is shown below:

	Organic N + H2SO4    →

	(NH4)SO4 + H2O + CO4 + other sample matrix byproducts


Distillation: 
Excess base is added to the digestion product to convert NH4 to NH3 as indicated in the following equation. The NH3 is recovered by distilling the reaction product.

	ammonium
sulfate
	heat
	ammonia
gas

	(NH4)2SO4 + 2NaOH
	  →
	2NH3 + Na2SO4 + 2H2O




Titration 

Titration quantifies the amount of ammonia in the receiving solution. The amount of nitrogen in a sample can be calculated from the quantified amount of ammonia ion in the receiving solution.

There are two types of titration—back titration and direct titration. Both methods indicate the ammonia present in the distillate with a color change.

In back titration (commonly used in macro Kjeldahl), the ammonia is captured by a carefully measured excess of a standardized acid solution in the receiving flask. The excess of acid in the receiving solution keeps the pH low, and the indicator does not change until the solution is "back titrated" with base.

	ammonia
	standard
sulfuric acid
acid
	
	excess
ammonium
sulfate
	sulfuric
acid

	2NH3 +
	2H2SO4
	  →
	(NH4)2SO4 +
	H2SO4

	(no color change)


 

	ammonia
sulfate
	measured
excess
acid
	measured
sodium
hydroxide
	
	ammonium
sulfate

	(NH4)2SO4 +
	H2SO4 +
	2NaOH
	  →
	Na2SO4 + (NH4)2SO4 + 2H2O

	(color change occurs)


In direct titration, if boric acid is used as the receiving solution instead of a standardized mineral acid, the chemical reaction is:

	ammonia
gas
	boric
acid
	
	ammonium-
borate complex
	excess
boric acid

	NH3 +
	H3BO3
	  →
	NH4 + H2BO-3 +
	H3BO3

	(color change occurs)


The boric acid captures the ammonia gas, forming an ammonium-borate complex. As the ammonia collects, the color of the receiving solutions changes.

	ammonium-
borate
complex
	 
	sulfuric
acid
	 
	ammonium
sulfate
	 
	boric
acid

	2NH4
	+
	H2BO-3 
	+
	H2SO4 (NH4)2SO4
	+
	2H3BO3

	(color change occurs in reverse)


The boric acid method has the advantages that only one standard solution is necessary for the determination and that the solution has a long shelf life.

ESTIMATION OF AVAILABLE SOIL PHOSPHORUS S - 4.10

Sodium Bicarbonate (Olsen et al.) Method

Scope and Application

This methodestimatestherelativebioavailabilityofortho-phosphate(PO4-P)using0.5NNaHCO3adjustedtopH8.50 forsoilsmildly

acidic to alkaline pH and is based on the method developed by Olsen et al.,1954. In the process of extraction, CO2frombicarbonate

isdrivenoff, pHincreasesandbicarbonateconvertstocarbonate. Thusthereislowercalciumactivityascalciumcarbonateisformed

increasingthequantityofphosphatesinsolution. Phosphoruscontentisdeterminedspectrophotometricallyat882nmatanacidityof

0.24MH2SO4(Rodriguezetal.,1994)by reactingwithammoniummolybdateusingascorbicacidasareductantinthepresenceof

antimony (Murphy and Riley, 1962) using manual or automated techniques. The method has shown to be well correlated to crop

response phosphorus fertilization on neutral to alkaline soils. In the Pacific Northwest and in the Northern Great Plains the method is

used for the simultaneous extraction of plant available potassium, nitrate and specific cases sulfur. The method has a phosphorus

detection limit of approximately 2.0 mg kg-1 (on a dry soil basis) and is generally reproducible to within ± 12%.

Equipment

1. Analytical balance, resolution ±0.01 g.

2. Oscillating mechanical shaker, capable of 180 oscillations per minute (opm).

3. Repipette dispenser, calibrated to 40.0 ±0.4 mL, 9.0 ±0.1 mL.

4. 125-mL plastic extraction erlenmeyer and associated filtration labware.

5. Whatman No. 1, No. 2, filter paper or equivalent.

6. Pipettes: 0.250 ±0.005 mL, 0.500 ±0.005 mL, 1.00 ±0.01 mL, 2.00 ±0.02 mL, 3.00 ±0.03 mL, 4.00 ±0.04 mL.

7. Spectrophotometerwavelength882nmand2.5cmmatchingspectrophotometercuvetteorautomated FlowInjectionAnalysis

system instrumentation.

Reagents

1. Deionized water, ASTM Type I grade.

2. Sodium bicarbonate extracting solution (0.5 NNaHCO3 @ pH- 8.50). Dissolve42.01gofNaHCO3 inabout900mLofdeionized

water. Adjust the pH to 8.50 ±0.05 with 2.0 NNaOHbefore dilutingwithdeionizedwaterto1,000mL. This solution is

unstable with regard to pH and should be prepared as required (See Comments #1).

3. Modified Reagent A (Watanabe and Olsen, 1965).

- Ammonium Molybdate: Dissolve 12.0 g. of A.R. [(NH4)6Mo7O24 C 4H2O] in 250 mL of deionized water.

- Antimony Potassium Tartrate: Dissolve 0.291 g. of A.R. antimony potassium tartrate [K(SbO) C C4H4O6 C ½ H2O] in 100 mL

of deionized water.

- Addbothof thedissolvedreagentsto1,000mLof 5.76NH2SO4 (160mLofconcentratedsulfuricacidperliter, Selfand

Rodriguez,1996)mixthoroughly and maketo2,000mL. ModifiedReagentA(mixedreagent) lastatleastfourmonthsif

it is stored in an opaque plastic bottle.

4. ReagentB, ascorbic/molybdatereagent(WatanabeandOlsen, 1965). Dissolve1.32g. ofA.R. ascorbicacid(C6H4O6) in250mL

of modified Reagent A and mix well. This reagent should be prepared as required.

5. PhosphorusCalibrationsStandards. Fromastandardsolutioncontaining1,000mgL-1PO4-P,prepare100mLof standardin

0.5N NaHCO3containing100mgL-1PO4-P. Then, using the 100 mg L -1 PO4-Pstandard, preparesevencalibrationsolutions

of100 mLeach in 0.5 NNaHCO3withPO4-P concentrations of 0.00, 0.25, 0.50, 0.75, 1.00, 2.00, and 4.00 mg L -1.
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Extracting Procedure

1. Weigh 2.00 ± 0.02 g of air dried soil pulverized to pass 10 mesh sieve (< 2.0 mm) in a 125-mL plastic extraction erlenmeyer.

2. Add 40.0 mL of 0.5 N NaHCO3 extraction solution (See Comments #2, #3 and #4). Include a method blank and standard quality

control samples.

3. Place extraction vessels on oscillating mechanical shaker for thirty (30) minutes.

4. Filter suspension immediately - within 1 mintue (refilter if filtrate is cloudy).

Phosphorus Analysis

1. Pipette a 3.0 mL aliquot of standard or soil extract (See Comment #5) into a 2.5 cm matching spectrometer tube.

2. Add 9.0 mL of deionized water.

3. Add 3.0 mL of Reagent B (ascorbic/molybdate reagent).

4. Adjustandoperatespectrophotometerinaccordancewithmanufacture’sinstructions. Readabsorbanceatawavelengthof882

nm after 10 minutes of adding the Reagent B. Adjust the 0.000 absorbance using the 0.00 standard. Determine absorbance

ofamethodblank, standardsandunknownsamples. Calculatephosphorusconcentrationforblankandunknownsamplesfrom

standard curve and record phosphorus to the nearest 0.01 mg L-1 PO4-P in extract solution (See Comments #6 - #8).

Calculations

Report soil bicarbonate available phosphorus to the nearest 0.1 mg kg-1 (See Comment #9):

Soil PO4-P mg kg-1 = (PO4-P mg L-1 in extract - blank) × 20

Comments

1. Storageof0.5N NaHCO3 solution can result in the reagent becoming more alkaline. Increased alkalinity of the extraction solution

results in an increase of inorganic phosphorus (Olsen et al., 1954 and Cowling et al., 1987).

2. Cleanallextractionandfiltration labware with 0.5 N HCl and three deionized water rinses to removed potential ortho-phosphate

contamination.

3. Check repipette dispensing volume, calibrate using an analytical balance.

4. Extractablephosphorusincreases0.43expressedasmgkg-1,foreachdegreeriseintemperature between20and30oC forsoils

between 5 and 40 mg kg-1 (Olsen et al., 1954).

5. ForautomatedFIA analysissample extractswillrequireneutralizationofNaHCO3 anddegassingtoremovedissolvedCO2priorto

analysis. Specific FIA instruments have capability to remove dissolved CO2.

6. Samples exceeding highest standard will require dilution with the extracting solution for reanalysis.

7. Potassiumintheextractiscanbemeasuredbyflameemissionspectrophotometrybyeithermanualoranautomatedsystem. The

NaHCO3 extract iscombinedwithacidifiedlithiumnitrate, degassedandanalyzedbyflameemissionspectrophotometery(Schoenau

and Karamanos, 1993).

8. Nitrate(NO3-N) may also be determined directly from the Olsen extract. ExtractswillrequireneutralizationofNaHCO3anddegassing

to remove dissolved CO2 prior to analysis.

9. Generally, soils having a bicarbonate available phosphorus level below 20 mg kg-1willhavearesponsetoapplicationsof

phosphorus fertilizers for most crops.
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