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Chapter 1 - Introduction

Soil is the outermost layer of the earth and is a product of geological process and human activity. 

It is a product of the physical, chemical and biologically altered bedrock and composed of the following four major components:

1 Mineral matter: sand, silt and clay particles. (45%)

2 Organic matter: humus at different state of decomposition. (5%)
3 Water: water in the soil is called soil solution because it contains all the dissolved nutrients and other substances. (20-30%)
4 Air: used for various metabolic processes. The air in the soil is always lower in oxygen and higher in carbon dioxide due to the respiration of soil organisms and plant roots. (20-30%)
The relative proportion of the above components will determine the productivity of the soil. Soil is the natural medium for the growth of land plants. It is also defined as the natural body consisting of solids, liquid, gases that occurs on the land surface, occupies space and is characterised by layers called horizons. The study of soil science is important to farmers, natural resource managers, ecologists, foresters, engineers and agriculturists. Soil quality determines the nature of the plant ecosystem and the capacity of the land to support crop and livestock production. 

Soil and water are the key components necessary for agricultural production. In the past human activities have both degraded and improved the quality of the soil. If we can understand the physical, chemical and biological properties of the soil, it will help us to manage the different farming systems found in Papua New Guinea in a sustainable and wise manner. eg. Soils derived from volcanic ash tend to have high phosphate adsorption capacity and these characteristics affects the ability to supply P to plants. 

Majority of the plants depend on soil to provide the essential nutrients, physical support (anchor the root system), and storage of water and exchange of gases. Soil also functions as the natures recycling system and provides a habitat for a number of organisms. However, there are exceptions, which do not depend on soil for support and nutrients eg. ephyphites.

Most of the mineral soils are formed by weathering of rocks to loose unconsolidated materials and changes takes place over time with the development of a soil profile. Soil profile is the vertical cross section of a soil with depth and is differentiated into a number of horizons. Ninety eight percent of the world soils are mineral soils. Organic soils are formed from plant material in stagnant waters (swamps, marshes) or in cold, wet areas where decomposition is slow and are known as peat or muck soils. Rocks and minerals of the earths crust provide the mineral constituents of the soil.

What is weathering? Weathering is a process of physical disintegration and chemical decomposition. Plants and animals, changes in temperature, water, ice and wind are factors that contribute to physical weathering. Chemical weathering is caused by water, oxygen, and organic and inorganic acids.

Rocks are mixtures of minerals and are formed by different processes. Three major rock groups are identified in the formation of soils and they are:

1 Igneous rocks- Cooled magma from volcanoes eg basalt and granite.

2 Sedimentary rocks- Sediments deposited in water and hardened eg. sandstone, limestone.

3 Metamorphic- Igneous and sedimentary rocks changed by heat, pressure or chemical reaction, eg. marble, slate.

The important minerals from which soils are formed are:

1 Quartz- major components of sands.

2 Feldspar- forms clays and provides plant nutrients, minor component of sands.

3 Mica- weathers to form clay and provides potassium.

4 Dark minerals- easily weathers to form clays.

5 Carbonates and gypsum.

6 Silicate clays and oxides- kaolinite, illite, montmorillonite, vermiculite.

Throughout the world 15,000 different soils have been described. The soils exist in wet/hot, and dry/arid and cooler climates. The following factors are responsible for differences in properties of the developed soils:

1. Parent material- Surface materials from which soil development takes place eg. exposed bedrock.

2. Climate- temperature and rainfall.

3. Topography-slope.

4. Biota- residues, living organisms, soil animals.

5. Time- time since the parent material is exposed to soil formation.

All the soil solids are arranged in horizontal layers called horizons. These layers were named A, B, C (Figure1).
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Figure 1: Soil profile showing different layers called horizons

The A-horizon is the surface soil or topsoil which is 15 to 20 cm deep. The upper part of the A-horizon is enriched with organic material and some of the soluble materials are washed out (eluvial) into the B -horizon. This is the most favourable environment for plants because it is enriched in humus and low in salts. This part is also very susceptible to soil erosion.

The B-horizon lies below the A-horizon and is lower in organic matter than A but higher in salts and clays that moved out of A-horizon. The B-horizon is an eluvial (washed in). This layer is also called the subsoil.

The C-horizon: This is part of the bedrock from which soil is formed and lies below the B-horizon. It is the material from which A and B-horizons developed and it is called the parent material.

The following management practices (soil misuse) will damage the soil over a long time:

· Leaving the soil bare between crops with no vegetative cover to protect against soil erosion. The result will be gradual decrease in soil organic matter, elevated water table causing, water logging and salt accumulation in the farm.

· Compacting soil surface due to excessive cultivation or tillage, vehicle tracts and excessive grazing especially when the soil is wet. Tillage will loosen the upper soil but will compact the sub-soil. Thus compaction will reduce infiltration of water, increase runoff and restricts plant growth.

· Acidification- a number of natural and human activities are responsible for soil acidity eg. Heavy use of ammonium fertilizers and some phosphatic fertilizers will gradually acidify the soil.

· Irrigation without proper drainage: when water evaporates, salts will accumulate in the soil, contaminate the soil and inhibit plant growth.

· Indiscriminate use of pesticide: kill beneficial insects and small animals like earthworms and honey bees. 

How to assess soil quality: 

It is assessed through observing and evaluating the following soil characteristics:

· Soil loss by erosion.

· Salt build up.

· Compact layers.

· Surface crusting.

· Changes in pH.

· Pesticide carryover.

· Infestation of pests and weeds.

· Reduced infiltration.

· Deposition of sediments.

· Nutrient imbalances.
· Reduced activity of organisms.

· Loss of organic matter.

The best type of soils for most agricultural production should have the following attributes:

· Good drainage.

· Deep rooting zone.

· Easy movement of air, water and roots.

· Balanced nutrient supply and their availability in the soil.

· Good organic matter content and stable soil structure.

· Resist soil erosion.

When these attributes are not present the farmer needs to develop best management practices that will improve these characteristics and ensure their sustainability. Some of the management practices are: Use of green manure crops, addition of manure and organic residues, reduced tillage and crop rotations.

Chapter 2 - Soil physical properties

A number of physical properties in the soil (texture, structure, density, porocity, strength, temperature) will determine the availability of oxygen in soils, mobility of water through or into the soil, its chemical and biological activity and the ease of root penetration.  

2.1 Soil texture

Soil texture is a term used to indicate the proportion of sand, silt and clay particles in each soil. Soil texture is an important characteristics and it controls water content, water intake rates (infiltration), aeration (vital to root growth), root penetration and some chemical properties, water storage in the soil, ease of tilling the soil and soil fertility eg: a coarse sandy soil is easy to cultivate or plough, has plenty of air for good root growth and is easily wetted but it dries rapidly and easily loses nutrients which are drained away in percolating water. Textural names are given to soils based on the relative proportions of sand, silt and clay.

The soil particles are separated by the size of the individual separates and the various size limits for the particles are:

Table 1: Soil separates and their diameter ranges

	Soil separate (name)
	Diameter range (mm)

	Sand

Silt 

Clay 
	2.0-1.0

0.10-0.05

< 0.002


The amount of sand, silt and clay in a soil is determined in the laboratory and is generally called mechanical analysis or particle size analysis. The textural triangle (Annex figure1) is used to determine the soil textural name after the percentage of sand, silt and clay are determined by laboratory analysis. eg: A soil with a 40% sand, 40% silt and 20% clay is called a loam. 

Sand particles are those smaller than 2mm in diameter and larger than 0.05mm. Sand feels gritty, particles visible, large pores, free drainage, poor holding of nutrients and water.

Silt particles are smaller than 0.05mm but larger than 0.002mm and feel smooth.

Clay particles are less than 0.002mm, larger surface area, greater nutrient retention and water. When wet is sticky and easily moulded.

Exercise: 

A soil sample was sieved using a 2mm sieve and the different particles less than 2.0mm were determined by mechanical analysis. The following data is collected.

1 Sand content =135g

2 Silt content   = 43g

3 Clay content = 22g

4 Total dry weight of the soil = 200g

Using the textural triangle in Annex figure 1, determine the textural class.

Solution: 
The sand percentage in the soil
=135/ 200 x 100


= 67.5%

The silt percentage in the soil
= 43/200 x 100


= 21.5%

The clay percentage in the soil
= 22/200 x 100


= 11%

By using the textural triangle the textural class is Sandy Loam.

2.2 Soil structure

Soil structure is defined as stable arrangements of soil particles into aggregates. Aggregates are secondary units or granules composed of soil particles (sand, silt, clay) held together by organic matter, carbonates, clays and iron oxides. Natural aggregates are called peds and vary in their water stability. A good structured soil will have a high proportion of aggregates which are stable and not easily broken down by rain or other natural forces. These aggregates have a diameter of 0.5 to 2mm or larger. Soil structure influences many important soil properties such as rate of infiltration of water and air. Improper, farming practices have contributed to soil structural problems.

Good soil management helps to maintain or develop good soil structure. The size and shapes of granules determine the structural quality. The best structure is blocky and granular with particles aggregated to allow free air and water. Soil structure has a great influence on root and top growth of plants, as soil becomes compacted (break down of aggregates) the proportion of large pores decreases and root growth is restricted and production declines.

What are the best management practices to develop good soil structure?

· Leguminous crops: will improve soil structure due to an increase in soil bonding agents, (polysaccharides) released during organic matter breakdown.

· Soil organic matter management: growing a mixture of grass/legume pastures and is more effective than either grasses or legumes. Soil organic matter consists of plant, animal and microbial residues in various stages of decomposition and adequate levels will benefit maintenance of soil structure.

· Application of animal manures and crop residues will improve soil structure.

· Cultivation is the major cause of structural degradation. Zero tillage or no tillage will minimises compaction from machinery operations and maintains larger pores in the soil which allows faster entry of water and good internal drainage during wet periods.

· Maintain stubble (mulch), which will also minimise surface crusting, reduce the impact of rain and wind effect on the soil. 

· A good rotation using legumes and grasses will reduce the rate of organic matter decline thereby maintaining a good soil structure.

· Gypsum will maintain good soil structure by reducing soil dispersion. It is the calcium in the gypsum, which replaces sodium in the soil.

2.3 Soil densities

Density is a mass of an object per unit volume. Water is the reference used in soil density measurements. Water weighs one gram per cubic centimetre (1g/cm3) or 1 Mega-gram per cubic meter (1 Mg/m3) or 1000kg/m3. In soils the mineral soil densities are greater than density of water and organic soil densities are less than density of water. In soils we measure two types of densities and are:

· Particle density; and

· Bulk density.

2.3.1 Particle density

Is the density of soil solid particles only and the measurements do not include weight of water or pore space. The average density of dominant soil minerals quartz, feldspars, micas and clays are 2.65 g/cm3. This is the standard value used in calculations if particle density is not measured. 

2.3.2 Bulk density

The density of a volume of soil as it exists naturally includes any air space or organic matter in the soil volume. Because bulk density is calculated for the dried soil, water is not included in the sample weight. 

What is the use of bulk density of soils?

· Evaluate the different soil layers for compaction. This will provide information on the soils ability to provide access to root penetration.

· Calculate total nutrient contents at different depth. The B.D generally changes with depth.

· Calculate total water storage capacity per soil volume.

Bulk density of a loose soil will be different from a compacted soil. When sampling soils during bulk density determination make sure you do not compact the soil. This will change the volume of the soil. 

Why soils have different bulk densities:

· Soils have different textures and will affect the density.

· Compaction- due to use of heavy machinery, ploughing at the wrong moisture content.

· Vegetation.

· Soil use.

Average Bulk density of a cultivated loam soil is approximately 1.1 g/cm3 or 1.1 Mg/m3 to 1.4 g/cm3 or 1.4 Mg /m3. For good plant growth bulk density for clays should be below 1.4g/cm3 and 1.6 g/cm3 for sandy soils.

Bulk density determination
Measurements of bulk density involve taking an undisturbed block of soil in the field using a cylinder. Determine the volume and weight of the dry soil. We have to assume that the bulk soil volume has not changed on drying of the soil and only water has been removed during the drying process.

Bulk Density  = Oven dry mass of soil/soil volume.

The exact volume of the soil is determined by measuring the volume of the cylinder. Volume of the cylinder = (r2h where.

( =  3.14

r  = radius of the cylinder

h = height of the cylinder

The average weight of soil for a hectare area per unit depth is calculated by multiplying the soil volume by its bulk density. A hectare-15cm with a bulk density of 1.3 g/cm3 would weigh about 2,000,000 kg when oven dried.

Exercise: 

A metal cylinder was used to remove soil from the farm and the soil is dried in an Oven at 105 ( C. The following measurements are collected and recorded.

1 Cylinder height  = 5.0 cm

2 Cylinder inside diameter = 4.2 cm

3 Weight of oven-dried soil = 90 grams

Calculate the bulk density of the soil.

Solution:

The volume of the sample equals the volume of the cylinder. Volume of the cylinder can be calculated from the formula: (r2h

Volume  = ( (diameter/ 2 )2 h


= 3.14 x (4.2 / 2 )2 x 5.0


= 3.14 x 4.41 x 5.0


= 69.237 cm3

The soil bulk density is the soil dry weight divided by the volume of the soil.

Bulk density
= 90 / 69.237


= 1.30 g/cm3 or 1.30 Mg/m3
How to convert this into kg/m 3

= 1.30g/1cm3 x 1000000cm3/1m3 x 1000kg/1000,000g

= 1300kg/m3
From this information we can calculate the weight of one hectare of soil to a depth of 15cm or 0.15m.

One hectare = 100m x 100m = 10,000m2

Volume of one hectare at 15 cm depth
= 10,000 m2 x 0.15m


= 1500m3

Weight of soil
= Volume of soil x Bulk density of soil


= 1500 x 1300 kg/ha


= 1,950,000 kg/ha

Exercise:
A loam soil has a bulk density of 1.35g/cm3. Calculate the weight of a hectare of soil to a depth of 30 cm.

2.3.3 Soil Porosity

Pore space in a soil is that part of the soil volume not occupied by mineral or organic particles. Water drains by gravitational forces from pores larger than about 0.03 mm to 0.06mm in diameter. The size of smallest plant roots is between 0.005mm and 0.025mm in diameter. In soils with pores smaller than 0.030mm, force of attraction retain water in the small pores causing water logged conditions and poor aeration and interfere with root growth. Pore size is important than total pore space for growing plants. Therefore a soil should have a good balance of small and large pores for growth. Medium textured loam soil has this quality.

In soils in which most pores are the percentage of a given volume of soil occupied by pore space can be calculated from the following formula:

Percentage of pore space = 100%- (bulk density/ particle density) x 100%

Exercise: 

A soil core was taken for the determination of bulk density. The following measurements were determined.

Volume of the cylinder
= 75cm3

Dry weight of soil
= 85g

Standard particle density
= 2.65g/cm3
Calculate the pore space in the soil.

Solution:

1. Bulk density
= 85/75


= 1.13g/cm3

2. Percentage of pore space
= 100%- (1.13/2.65) x 100%


= 100- 0.4264 x 100


= 100- 42.64


= 57.36%

This soil would probably a clay loam; a sandy soil will have a pore space less than 45% (This can be calculated from the B.D of Sandy soils). 

2.4 Soil air

Soil air is important for a number of activities of plant roots (respiration) and micro-organisms (Organic matter decomposition) and the composition is different to atmospheric air. 

The composition of atmospheric air is as follows:

a. Nitrogen
= 79%

b. Oxygen
= 20.9%

c. Carbon dioxide
= 0.035%

The composition of Soil air is as follows:

1. Carbon dioxide
= 0.5-6%

2. Oxygen
= 14- 20.6

A number of factors can affect poor aeration with deficient oxygen are as follows:

1. Water logged or poorly drained soils.

2. Soil compaction of clays and loam.

3. Organic matter decomposition by soil microorganisms that consume oxygen.

4. High content of swelling clays when wet.

How to improve soil aeration: This can be done by the following practices:

1. Deep ripping.

2. Drainage of excess water.

3. Incorporation of bulky organic matter.

2.5 Soil colour

Soils display a wide range of colours (red, brown, yellow, etc). Most soil colours are derived from the colours of iron oxides and organic matter that coat the soil surface. Colour changes take place when various iron-containing minerals undergo oxidation and reduction. Soil colours provide valuable information about drainage status of soil. Bright colours in the profile indicate a well-drained soil (good water movement and aeration). Poor drainage, water logged conditions will chemically reduce iron oxide with grey, bluish and grey green colour.

Soil colour determination is standardized and determined by the comparison of the soil colour with Munsell colour charts. Soil colour notation is divided into the following:

Hue: The dominant spectral or rainbow colour (red, yellow, blue green).

Value: The relative blackness or whiteness; the amount of reflected light.

Chroma: Purity of the colour- intensity or brightness.

Chapter 3 - Soil water

Water is essential for all life. Water dissolves nutrients making them available for plants and microorganisms in the soil. Water carries or transports the nutrients from the roots to the leaves before evaporating through the stomatal openings. Water is the fluid in which the contents of the living cells are dissolved or suspended. Water is the main source of H+ ions in the process of photosynthesis. A typical wetted and drained soil will contain 25% of its volume but only ½ of it is available to plants.

Sandy soils hold little water because of their large pore spaces and allow water to drain freely from the soil. Clay absorb relatively large amount of water and their small pore spaces retain it against gravitational forces, high drainage and against plant use. Soils with high organic content will also retain moisture. Therefore, the amount of soil water available to plants is related to its texture, structure and organic matter. 

A number of terms are used in describing availability of soil water:

1. Field Capacity: Is the amount of water remaining in a soil after free drainage (gravitational movement) it can be expressed as a % by weight or volume.

2. Wilting Point: It is the stage at which the plants are unable to remove any water from the soil and the plants start wilting.

3. Permanent Wilting Point: Is the amount of water remaining in the soil after plants are permanently wilted. At this stage plants are unable to remove any water from the soil.

4. Plant Available Water: The amount of water available between field capacity and wilting point. This is an important characteristics and it varies with soil texture and other factors. Field capacity is the upper limit of available water, and the permanent wilting point is the lower limit. Generally the available water is about 50-60% of field capacity. Plant water is the actual amount of water in the soil that is available to plants. 

Soil water content can be measured or estimated by a number of methods and are listed below:

1. Gravimetric method.

2. Gypsum Blocks- electrical resistance.

3. Tensiometers- vacuum suction.

4. Neutron moisture Probe- slowed neutrons from a radioactive emitter.

5. Frequency domain reflectometry and time domain reflectometry.

Gravimetric method is a standard and reliable procedure used in many research stations to directly measure mass of water content. A soil sample is collected using the soil augur and a sub-sample put into moisture can and weighed. The soil is then placed into an oven and dried at 105(C- 110(C (221(F - 230( F) until the sample weight is constant. 

A new method is that the sample can be dried in a microwave. Drying a 100g sample to constant weight may take about 3 minutes.

How to calculate Gravimetric and Volumetric Moisture Content in Soils:

Mass of water content = mass of water/mass of oven-dried soil.

Percentage of water content = mass of water/mass of oven-dry soil x 100.

Water content also can be expressed on a volume basis. Thus the volumetric water content is:

Volumetric water content  = volume of water/volume of soil.

= (Weight water/weight dry soil) x (Bulk density of soil/density of water).

Using mass in grams and density in grams per millilitre, the density of water is 1 and the equation simplifies to:

Volumetric water content = mass of water content x soil bulk density.

Exercise: 

A soil sample collected from the field was placed in a moisture can, weighed, dried in an oven at 105(C and reweighed. The following measurements are taken:

1. Moist soil + can weight  = 160g

2. Oven-dried weight + can weight = 135g

3. Empty can weight = 41g

4. Bulk density of the soil = 1.3g/cm3
Calculate (a) gravimetric water content (b) volumetric water content.

Solution:

(a) Gravimetric water content.

Weight of moist soil = 160g- 41g = 119g

Weight of oven-dry soil = 135g- 41g = 94g

Weight of water
= Moist soil – Oven Dry Soil / Oven-Dried Soil


= 119-94 ( 94


= 0.266g

Percentage of water content
= 0.266 x 100


= 26.6% 

(b) Volumetric water content is the fraction of the soil volume occupied by water and using the following equation:

Volumetric Water content = weight of water/weight of dry soil x Bulk density of soil / density of water.

Volumetric water content
= 25g / 94g x 1.3g cm3 /1.0gcm3


= 0.265 x 1.3


= 0.346

Volumetric water percentage
= 0.346 x 100


= 34.6%

Depth of water = Volumetric water content x depth of soil 

A number of factors control water movement in the soil and is very important for water management and crop production. 

1. Texture: The percentage of sand, silt and clay in a soil control water infiltration. Sand will permit rapid infiltration whereas clay will have slow infiltration rates, which will be further slowed when clay swells in response to added water.

2. Soil structure: Fine textured soils with large water stable aggregates (granular) have much greater infiltration than a massive soil (structure-less) soils.

3. Soil organic matter: Greater and coarser the organic matter the more readily water enters the soil. Organic mulches are useful because they help to reduce the impact of raindrops from destroying soil structure (soil aggregate).

4. Depth of soil to bedrock: shallow the soil; less will be the water entering the profile.

5. Soil compaction: Compacted soils reduce pore space and will reduce infiltration.

Chapter 4 - Soil chemical properties

4.1
Soil colloids and cation exchange capacity

A number of chemical properties influence plant growth and crop production in soils. The most important chemical properties include mineral solubility, nutrient availability, soil reaction (pH), cation exchange and cation exchange capacity and buffering action. The chemical properties of soils are influenced by clays and humus (colloids) than by equal weight of silt or sand.

The chemical properties of the soils are mainly determined by the colloids of soils. A colloid is a solid substance whose particles are smaller than a few micrometers in diameter (o.oo1mm). Soil colloids are primarily clays and humus and has a net negative charge, developed during their formation.

Humus is a mixture of residues left after partial decay of organic substances in and top of soils. Clays and humus are sites where most of the chemical reaction takes place in soils. Clays are negatively charged sites and hold positively charged ions called cations (figure 2) and repel other negatively charged particles.

Figure 2: Cations attached to negatively charged clays
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This is the reason why anions like nitrate (NO3) are leached and ammonium nitrogen (NH4) is retained in most of the soils. Cations are positively charged nutrient ions and molecules. Common cation and anions and their ionic forms are presented in Table 2.

Table 2: Common cations and anions present in soils

	Cation
	Ionic form taken up by plants
	Anion
	Ionic form taken up by plants

	Ammonium

Calcium

Hydrogen

Magnesium

Potassium 

Sodium
	NH4++

Ca++

H+

Mg++

K+
Na+
	Chloride 

Nitrate

Phosphorous

Sulphur
	Cl-

NO3-

H2PO4

SO4--


The quantity of cations that can be held by a given amount of soil is called the cation exchange capacity of that particular soil. The total amount of negative sites is also referred to as the soil cation exchange capacity. The exchangeable cations are not easily removed by leaching action until they are exchanged and replaced by other cations. The process of a cation in a soil solution replacing an adsorbed cation is called cation exchange. Plants excrete H+ ions into the soil solution, which can replace nutrient cations from their exchange sites, allowing the nutrients to move to the plant roots and be absorbed.

Cation exchange capacity (CEC) is the quantity of exchangeable cation sites per unit weight of dry soil. It is measured in mille-equivalents per 100 g of dry soil or centimolesc of cations per kg of dry soil (cmolc /kg). Now, the term centimolec is used rather than weight units because the number of negative sites in a given soil sample does not change but the weight of the cations that may be absorbed to these sites at one time do change.

1 centimolec = 1/100 mole of charged unit.e.g Ca++ has two charge unit per ion; one centimole of Ca++ contains 2 centimolesc.

The cation exchange capacity is expressed as milli-equivalents per 100g of soil or milligram equivalents per 100 gram of soil. It may also be expressed as centimoles per kilogram of soil (cmol/kg), which is numerically equal to meq/100g. The CEC of clay minerals is usually in the range of 10-150 meq/100g while that of organic matter may range from 200-400meq/100g. The CEC of sand and sandy soils is usually below 10 meq/100g. Therefore the kind and amount of clay and organic matter in a soil can greatly influence its CEC. Highly weathered soils with low organic matter will have low CEC.

Cation exchange is an important property in soil fertility in causing and correcting soil acidity and alkalinity, in altering soil physical properties. The plant nutrients calcium, potassium and magnesium are supplied to plants mainly from the exchangeable forms.

Exercise: 

Calculating exchangeable cations in soils.

A soil from highlands region is analysed at the chemistry laboratory and the soil contain 0.25cmol of K/kg soil. The soil has a bulk density of 1300kg/m3. Calculate the amount of potassium present in a hectare of soil to a depth of 0.3m.

Step 1: Calculate the weight of a hectare of soil to a depth of 0.3m


The volume of the soil to a depth of 30cm
= 100m x 100m x 0.3m


= 3000m3

The Bulk density is 1300kg/m3

The weight of the soil
= 3000m3 x 1300kg/m3


= 3,900,000kg

Step 2: How to convert centimoles of K+ to weight units.


(1cmolc K) (1cmol K/ 1cmolc K) (1mol K/ 100cmol K) (39g K/ 1 mol K) = 0.39gK


= 390mg K

Step 3: Kilograms of K+per hectare @ 0.3m depth is calculated using the weight of soil as follows:

1 cmolc K+ per kg of soil = 390 mg K+
Kg of K+ per hectare-0.3m depth = (390mg K/ 1 kg soil) (1 kg/1,000,000 mg)(3,900,000kg soil/1 ha-30cm of soil)

= 1521kg K per hectare at 0.3m of soil

For every 1 centimole of K+ per kilogram the soil contains 1560 kg K per hectare at 0.3m depth.

The soil from the highlands which contain 0.25 cmol of K/kg = 0.25 x 1560


 = 390 kg K/ ha-0.3m

Why Cation Exchange is important in soils:

· Exchangeable Ca, Mg and K are a major source of plant nutrients.

· The amount of lime required to increase soil pH is high as the C.E.C increases.

· Cation Exchange sites hold Ca++, Mg++, and K+, Na +and NH4+ ions and prevent and slow their losses by leaching.

· Cation exchange sites adsorb many heavy metals that might be present in waste, waters there by cleaning the percolating water.

4.2
Soil acidity or pH

Soil acidity is a natural process of build up of acid (H+ ions) in the soil due to weathering and leaching of nutrients. However, with the modernization and development of different farming systems, soil acidity process in the surface (0-10 to 15 cm) and subsurface (10 cm to 30 or 40 cm) becomes accelerated in specific systems. Papua New guinea soils in different agro-ecological zones are generally low to moderately acidic especially in the highland regions. This process can change with further commercialisation and development of agricultural industries. Therefore it is important to monitor pH changes before it chemically degrade the soil.

What is soil acidity or pH

Soil acidity is a chemical condition of a soil reducing crops and pasture yields. It is commonly measured on the pH scale. The pH of most productive agricultural soils range from 5.0- 8.5. Soil pH is a measure of soil acidity or alkalinity (hydrogen or hydroxy ions). Acid soils will have higher hydrogen (H) ions compared to hydroxyl (OH) ions and will have a pH less than 7.0. Alkaline soils will have higher hydroxyl ion compared to hydrogen ions and will have a pH greater than 7.0. Soil pH is defined as the negative common logarithm of the hydrogen ion concentration in a solution. 

Factors affecting soil pH

Farming and appropriate management practices combined with rainfall, soil type, organic matter decomposition, parent material, crop and pasture species, nitrogen fertilisation and flooding can cause the soil to become acidic or alkaline. Soils can acidify over hundreds of years with natural leaching, but can acidify rapidly over a few years under modern agriculture. The major causes are:

· Soils developed from parent materials of basic rocks (serpentine), generally have a higher pH than those formed from acidic rocks (granite).

· Amount of nitrogen, which flows through the soil e.g.: annual growing of grain or pasture legumes will increase soil nitrogen but leaching of nitrate will cause acidification.

· Amount of nutrients removed by agriculture products.

· Rainfall- acidity problems will develop quickly in areas of high rainfall. Why? Because of increased leaching of nitrates, calcium, magnesium and potassium.

· Soil type- Soils with less clay and organic matter will acidify quickly than soils with high clay and organic matter.

· Productivity- Soils under productive farming systems acidifies faster than soils under 
 natural systems. Why? Because continued removal of alkaline nutrients from hay, crops and animal products.

· Inappropriate Fertilizer use- some fertilizers acidify the soil. Fertilizers containing ammonia or elemental sulphur will lower soil pH, when they are converted to plant available forms.

Why soil acidity is important (It will affect agriculture production in many ways)
· It affects soil fertility and nutrient availability e.g.: At low or high pH, phosphorous availability will be reduced. It will also affect availability of N, K, Ca, Mg, S, and Fe, Mn, Cu, B, Zn etc.

· Biological activity in the soil will be affected e.g.: The bacteria, which nodulated legumes will not survive under low pH.

· Toxicity due to high concentration of aluminium, iron and manganese at low pH.

· Affects plant growth. Poor growth on strongly acid soils does not mean that soil acidity is the main factor limiting production. It is the low availability of P or high concentration of Fe, Al or Mn and other nutrients, which will limit production.

What are the symptoms of soil acidity or how to identify acid soils?

· Decline in crop yield.

· Stunted root growth, high incidence of root diseases.

· Less biological activity means less breakdown of organic matter, results in formation of organic mats.

· Poor nodulation of legumes.

· Plant growth uneven in acid sensitive plants.

· Invasion of acid tolerant weeds.

· Some legumes difficult to establish.

These symptoms may be also characteristics of other problems, however a pH test should confirm the diagnosis.
How to manage acid soils:
· The best currently available, most effective and practical way (long term solution) is liming the soil. When will you recommend liming? When the soil pH is below 5.3 (with water) and 4.5 (with calcium chloride). This also depends on the type of crop to be grown, as some of the crops are tolerant to low pH soils.

· Grow acid tolerant crops (Short-term management option).

· Monitor soil pH regularly to keep track of soil acidification then apply lime if needed.

· Plant deep-rooted perennial pasture species.

· Modify fertilizer practices. Monitor the fertilizer program through soil and plant analysis to apply the fertilizer to meet the plant requirement.

· Recycle non-acid forming nutrients, incorporate stubble, rather than burning.

· Change farm management practices ie: Rotation of crops.

Buffering in soils: 
It is the ability of the soil to resist change in pH. The buffering capacity increases as the cation exchange capacity and organic matter in the soil increases. Therefore soils with high clay and organic matter are highly buffered than sandy soils.

Liming of soils:

The most common form of liming material used is calcium carbonate (Limestone). The liming materials are usually carbonates, oxides, hydroxides and silicates of calcium and magnesium. More than 90% of the agriculture lime used is impure ie crushed calcium carbonate. The most commonly used liming materials are: 

1. Calcium Carbonate - CaCO3
2. Dolomite - Calcium-Magnesium Carbonate

3. Quick Lime - CaO

4. Hydrated Lime - Ca (OH)2
5. Calcium silicate

Gypsum is not a lime but it is added to peanuts to supply the necessary Ca++ at nut development.

Chemical Guarantees of Lime:

Several methods are used to express the relative chemical values of lime, the most common of which is calcium carbonate equivalent- known as total neutralising value or power. If lime is chemically pure calcium carbonate, the calcium carbonate equivalent is 100. If all the lime is in calcium carbonate form but it is only 85% pure, the neutralising value is 85%. We can express neutralising value of other liming material by simple calculations using atomic weights.

Exercise: 

What is the calcium carbonate equivalent of 100g pure CaO?

Solution: 

To convert grams of CaO to grams of an equivalent amount of CaCO3, use the fact that one mole of CaO is equally effective as one mole of CaCO3 in reducing or reacting with the acid. Using atomic weight from the periodic table:

Molecular Weight of CaO
= 40 +16 = 56g

Molecular Weight of CaCO3
= 40 + 12+ 48 = 100g

Calcium Carbonate Equivalent
= 100/56 x 100


= 179g

Thus 100g of CaO is equivalent to 179 g of CaCO3

The amount of lime required will depend on the soil pH, soil texture and quality of lime. Use of lime when not required and overuse of lime should be avoided. Over liming can induce micronutrient deficiencies and increase severity of crop diseases.

Lime reacts quickly when it is incorporated into the soil. The ideal time to apply lime is before sowing a crop as surface spread lime will take longer to react with the soil.

What are the benefits of lime application?

· Increase soil pH, reduce excess aluminium, iron, and manganese and prevent toxicity to crops.

· Dolomatic limestone will provide Ca and Mg ions in deficient soils.

· Lime makes phosphorous more available. In strongly acid soils iron and aluminium combine with phosphorous to form insoluble iron and aluminium phosphates.

· Lime makes potassium more efficient in plant nutrition by preventing excessive uptake of potassium. Economically this practice is more desirable because plant absorbs more of the cheaper calcium than expensive potassium.

· Lime increases the availability of nitrogen by creating a more favourable environment for microbes, which increases the decomposition of soil organic matter.

· Liming will increase plant available molybdenum.

· Liming soil above pH 6.5 reduces the solubility and plant uptake of potentially toxic heavy metals such as cadmium, copper, lead, nickel and zinc.

How much to apply: 

This will depend on a number of factors such as the pH of the soil, cation exchange capacity (Buffering), size of particles of the liming material and organic matter content. Lime should be mixed with the soil and applied prior to planting in order for the lime to be effective.

Reasons for non-response to lime application:
· Not enough lime applied to correct the acidity.

· Too much lime applied and nutrient deficiency induced due to over liming.

· An essential plant nutrient is deficient in the soil and lime is not a substitute.

· Liming material is too coarse, slow to react.

· Production may be limited by other management factors e.g.: weeds, pests.

· Low levels of specific rhizobia for legumes.

· Soil pH before liming is adequate.

If the soil has an alkaline pH and if you would like to bring the pH down then elemental sulphur, iron and aluminium compounds can be applied to the soil.

Thiobaccilus bacteria will act upon elemental sulphur and the result will be release of more H+ ions.

2S + 3O2 + H2O ( 2SO4 + 4H+

How soil pH measured:

The two most common accepted methods of measuring soil pH are: - Indicator dyes and pH meter. Soil pH measured in calcium chloride is now preferred measurement because it has been found that this method gives more consistent reading. The pH values of soils measured in dilute calcium chloride fluctuate less with time than the pH values of the same soil measured in water.

In the pH meter method a sensitive glass electrode (referenced with a standard calomel electrode) is inserted into a soil water mixture that simulates the soil solution. The difference between the H+ ion activities in the wet soil and inside the glass electrode give rise to a electrometric potential difference that is related to a soil solution pH. The National Chemistry laboratory uses a 1:5 soil: solution ratio.

Indicator dyes are used to measure pH in the field. This method uses a pH sensitive indicator solution and barium sulphate to absorb the colour. Some organic compounds change colour as the pH is increased or decreased. Mixtures of such dyes provide significant colour changes over a wide pH range. A few drops of the dye solutions are placed in contact with the soil, usually on a white spot plate. After a few minutes, the colour of the dye is compared to a colour chart that indicates the appropriate pH.

Exercise: 

Collect a soil sample from the field and measure soil pH using both methods. For the pH meter method use a 1: 5 soil solution ratio and 1: 10 soil solution ratio. Explain the differences in pH.

Chapter 5 - Soil organic matter

Soil organic matter is the plant and animal residue at various stages of decomposition, including cells and tissues of soil microorganisms and by-products of soil fauna and flora. Living plants are the primary source of soil organic matter. The carbon content of plant dry matter is about 42% and that of soil organic matter ranges from 40-58%. The nitrogen content of plant residues vary from anything < 1 % to > 6%. 

Soil Organisms mix and aerate soil, fix atmospheric nitrogen, decompose dead organic substances, oxidise and reduce many elements and recycle nutrients. Fungi and bacteria are the most important organic matter decomposers. Algae (blue-green) fix atmospheric nitrogen, which then become part of the organic matter.

The organic matter residue left after the extensive (initial) stages of decomposition of organic materials in soils is called humus. Soil has varying amounts of humus mostly in the 15-40cm depths. Humus and actively decomposing organic residues is the major nitrogen reserve and further they contain sulphur, phosphorous and other nutrients. Soil organic matter protect against erosive forces, they provide cementing substances for the development of soil structure by aggregating soil particles, loosen up the soil to provide better aeration and water movement.

Soil organic matter is constantly undergoing change and must be replenished continuously to maintain soil productivity. Organic matter is composed of 40-58% carbon, lesser amounts of oxygen and hydrogen and small quantities of N, P, K, S and other nutrients.

The rate of organic matter decomposition is mainly controlled by nitrogen. It is necessary to build up protein in new bacterial and fungal populations. The nitrogen content in the microorganisms and organic material is given by the carbon and nitrogen ratio(C: N ratio). A wide organic carbon: total nitrogen ratio indicates a material relatively low in nitrogen.

Bacteria requires about 1g of nitrogen for each 5 or 6g of carbon (5:1 or 6:1) are heavy users of nitrogen. If straw with a C: N ratio of 80:1 is added to soil low in nitrogen, bacteria will multiply slowly because the straw is a low nutrient food for the decomposing bacteria. The process of decomposition can be increased by addition of nitrogen fertilizers to supply the microbial needs. As decay of organic matter precedes much of the carbon is released into the atmosphere as carbon dioxide. This will narrow the carbon nitrogen ratio in the organic matter and more nitrogen will be available for crops.  

Plant residues with a C: N ratio of 20:1 or narrower has sufficient nitrogen to supply the decomposing micro-organisms and also to release nitrogen for plant use. Residues with a C: N ratio of 20:1 to 30: 1 supply nitrogen for decomposing organisms but not enough for plants use immediately after incorporation of plant residues. Residues with C: N ratios wider than 30: 1 decompose slowly because of lack of nitrogen for decomposing microorganisms.

When the environmental conditions are favourable, the residues will decompose during the first two weeks after incorporation into the soil. The rate of decomposition and release of nitrogen will vary with the type of residue and is affected by the C: N ratios of the residues. Soil organic matter can have both beneficial and detrimental effects on plant growth; however, the beneficial effects outweigh the detrimental effects.

Benefits of soil organic matter:

· Organic matter is important to the ion exchange capacity of the soil often furnishing 30-70% of the total amount of exchange sites. It has a very large surface area with negative exchange sites, which will absorb nutrients for plant use and temporally absorb heavy metal pollutants. The ion exchange capacity of the soil organic matter increases as the pH is in the range of 6.5-7.0 and could account for half of the cation exchange capacity of the soil.

· Organic matter is the source of 90-95% of the nitrogen in unfertilised soils. It is held in organic compounds such as amino acids, sugars and proteins etc. Plants cannot utilise this nitrogen unless it is converted to either the NH(+ or NO(- form through an ammonification and nitrification processes.

Organic N ( Ammonium N (NH4 +) ( Nitrate-N (NO3 -)

· A most useful indicator of soil nitrogen availability is the C: N ratio. If the C: N ratio is less than 30 it is an indication the plants will have enough nitrogen in the soil. What happen when you incorporate a plant residue with a high C: N ratio of 100:1 and plant a crop immediately after incorporation of residue. The plant will show nitrogen deficiency and the best option is to add additional fertilizer N or plant the crop after the residues have decomposed. What happen to the N when the residues are burnt or removed from the farm. Burning will cause the loss of nitrogen in the form of oxides of N.

· Organic matter is the major source of available phosphorous and sulphur when the soil humus is around 2% or more. Soil organic matter may contain 15-85% of the total P. But in experience we know that plants have limited access to P. Plants will only absorb P in the inorganic form H2 PO4. Liming acid soils to bring the pH to near neutral will increase the availability of soil P through increase in microbial activity.

· About 50-70% of the sulphur in the surface soil is in the organic matter. Some of this is present in the amino acids, complex humic compounds and in inorganic sulphate compounds. Plants take up most of the sulphur as SO4 - - ions. During organic matter decomposition organic sulphur is converted into inorganic sulphate sulphur. This mineralisation takes place all the time in moist soil and all the S is used by microbes unless the C: S ratio is less than 50. At lower C: S ratio there will be plenty of sulphur for plant use. The S status in soils can be improved by the addition of gypsum or plants containing high S (leaves of cabbage and broccoli).

· Organic matter generally increases water content at field capacity, increase available water content in sandy soils, increases both air and water movement in fine textured soils (Due to good aggregation creating larger pores).

· Organic matter acts as a chelate, bonding micronutrient elements iron, zinc, copper or manganese increasing their availability to plants and mobility in soils. Plant residues contain all the micronutrients needed for plant growth but the concentration depends on the type of residue. 

· Organic matter usually improves the supply of iron to plants. However, when green manure is incorporated into calcareous soils, large amount of carbon dioxide produced is converted into calcium bicarbonate. This will interfere with the availability of iron for plants. Green manuring alkaline soils will produce iron chlorosis. Allow few weeks between incorporation of cover crops/green manure crops before planting the main crop.    

· Organic matter supplies carbon to free nitrogen fixing and denitrifying bacteria and other organisms.

· When left on top of the soil as mulch it reduces soil erosion by reducing runoff, shades the soil, which will prevent rapid moisture loss, keeps the soil cooler in very hot weather and warmer in cold weather.

· Organic matter supplies cementing agents for soil structure formation ie aggregation of soil particles. Aggregate formation is high under grass pasture. Rotation of pastures with crops is the best form of maintaining soil structure.

· Soil organic matter increases the buffering capacity of soils. Humus buffers the soil against rapid changes in soil acidity, alkalinity and degradation by pesticides and toxic heavy metals.

· Humus releases various vitamins, hormones, amino acids and other substances, which are beneficial.

Detrimental effects of soil organic matter:

A number of plants contain or produce phytotoxins (plant toxins). The production of toxins is a form of allelopathy. Allelopathy is any beneficial or harmful effect of the chemicals produced by one plant on another plant. 

Chapter 6 - Plant nutrients

Plants need 16 essential elements for growth and development.  In order for an element to be considered essential the following criteria must be required:

1. A deficiency of the element makes it impossible for the plant to complete its life cycle.

2. The deficiency is specific for the element in question.

3. The element is directly involved in the nutrition of the plant.

The essential elements are provided to plants from air, water and soil. Carbon, Hydrogen and Oxygen is derived from air and water. The other 13 essential elements are provided directly from the soil and are as follows:

Macronutrients:



Micronutrients:

Nitrogen




Boron

Phosphorous




Chlorine

Potassium




Copper







Iron

Secondary nutrients: 


Manganese

Calcium




Molybdenum

Magnesium




Zinc

Sulphur

The elements cobalt, nickel, silicon, sodium and vanadium are either necessary or beneficial to some plants. Animals may not require boron but need other 15 essential elements important for plants and iodine, sodium, selenium and cobalt.

These elements reach the root surface by three mechanisms and are:

1. Mass Flow - Nutrient movement in water flowing towards the roots, important for nitrogen, calcium, magnesium and sulphur.
2. Diffusion - Movement down a concentration gradient from a region of higher concentration to lower concentration.
3. Root Interception - occurs as root grows into new areas of the soil that contain nutrients.

6.1
Nitrogen

Nitrogen is the key nutrient in plant growth and is the most commonly deficient nutrient and is often the controlling factor of plant growth. Nitrogen is available to plants as nitrate (NO3-) and ammonium (NH4+) ions.

Nutrient functions:

· N is a major part of the chlorophyll molecule and is essential for photosynthesis.

· It is also essential for synthesis of nucleic acids (DNA and RNA).

· N is biologically combined with C, H, O and S to form amino acids, the building blocks of proteins. Amino acids are used in forming protoplasm, the site for cell division.

· N are an important component of many vitamins.

· N improves the quality and quantity of dry matter in leafy vegetables and protein in grain.

Deficiency symptoms:

· Stunted growth due to reduction in cell division.

· Pale green to light yellow colour (chlorosis) appear first in the older leaves caused by translocation of N to young leaves.

· Reduced N lowers the protein content of seeds and vegetative parts. Flowering reduced.

· N deficiency causes early maturity in some crops, reducing yield.

A major source of nitrogen comes from nitrogen fixation by microorganisms either symbiotically or non-symbiotically. The major source of nitrogen in unfertilised soils is the release of the amino-groups during decomposition of organic material. The process of conversion of organic nitrogen to ammonium nitrogen is called mineralisation. Soil organic matter contains an average of 5% nitrogen.

Exercise: 

A soil has an organic matter content of 4% and it is assumed that the average N in organic matter is 5%. During the process only 2% is mineralised and calculate the amount of N per hectare to a depth of 15 cm (The weight of soil one hectare to a depth of 15 cm is 2,000,000kg).

Solution:

100kg of soil has an organic matter content of 4 kg

Therefore 2,000,000 kg of soil will have
= 4/100 x 2,000,000


= 80000 kg of organic matter

Soil organic matter contain 5% N and only 2% is mineralised

Therefore the total amount of N
= 80000 x 2/100 x 5/100


= 80kg N/ha   

Nitrification is the oxidation of ammonium to nitrate by bacteria or other organisms. Most of the ammonium ions are quickly oxidised to nitrite by nitrosomonas bacteria and then to nitrate by nitrobactor.

2 NH4    +  3 O2           (        2 NO2  +   4 H    + 2 H2 O

                          nitrosomonas

2 NO2    + O2      (       2 NO3

                    nitrobacter

Note: that each oxidation of ammonia to nitrate releases 2H which is important in acidification of soils. Dry conditions, cool temperature, toxic chemicals, pH, and moisture in the soil etc slow nitrification. Nitrogen can be immobilised or fixed due to the type of clay (Ammonia fixation in 2: 1 clays). When residues containing high C: N ratio is applied to soils.

Nitrogen losses from the system: 

1. Leaching of nitrate in percolating water in high rainfall areas.

2. Losses with eroding soil.

3. Removal in harvests or by animals.

4. Gaseous losses- denitrification.

5. Ammonia volatilisation.

Ammonia losses occur when the ammonium ion is in an alkaline situation (high pH). Greatest losses occur surface application of Urea fertilisers or ammonium sulphate on calcareous soils.

Ca (OH) 2   +  (NH) 2CO3 ( NH4OH    + CaCO3
NH4OH   (  NH3  + H2O

When do you expect the losses of ammonia highest?

· Highest on high pH calcareous soils.

· Highest when ammonium fertilisers are left on the surface.

· Losses increase with high temperatures.

· Losses are high on soils with low CEC.

· Applied on pastures- surface application.

Materials supplying nitrogen:

Nitrogen fertiliser
N content (%)

Anhydrous ammonia
82

Urea   
45-46

Ammonium nitrate
33.5

Ammonium sulphate
20-21

Diammonium phosphate (46-53% P 2O5)
18-21

Sodium nitrate
16

Potassium nitrate
13

Organic products (animal manure, fish meal)
1-12
Exercise:

Calculate the percentage of N in anhydrous ammonia

N= 14

H= 1

Solution:

Percentage of N
= 14/ 14 + 3 x 100


= 14/17 x 100


= 82.35% 

Anhydrous ammonia is a gas and applied by injecting into the soil. Urea is cheaper per kg of N than any other solid nitrogen fertilizer. It contains 45% N and cannot be taken directly by plant but has to be converted into ammonia by the action of the enzyme urease. Note: When buying Urea makes sure the biuret content is low and if it is higher than 1% it will be toxic to some plants.

6.2
Phosphorous

Phosphorous is available to plants as orthophosphate ions (HPO4- and H2 PO4-)

Nutrient functions:

· In photosynthesis and respiration, P plays a major role in energy transfer and storage.

· P is a part of the RNA and DNA structures, which are the major components of genetic information.

· Seeds have the highest concentration of P in a mature plant; P is required for active cell division in young tissues.

· P aids in root development, flower initiation and seed and fruit development.

· Improve the quality of some crops.

Deficiency symptoms:

· Slow, weak and stunted growth as P is needed in large quantities during early stages of cell division.

· P is mobile in plants and symptoms will appear on older leaves- dark blue-green colouration, purpling of stems and leaves.

· Delayed maturity, poor fruit and seed development.

The forms of phosphorous found in soils are of very low solubility and this causes a major problem in getting P into plants. The P content in average soils is about 0.1-1.9 ppm. Most of the phosphorous in the soil solution is carried to plant roots by diffusion. Low solubility of soil phosphates are the major problem in getting and keeping soil phosphorous available to plants. The total P in an average soil is approximately 0.05% by weight (400kg/ha to 2000kg/ha) of which only a very fraction is available to the plant at any one time.

The original natural source of P is rock phosphate (Apatite), a calcium phosphate of low solubility. The soluble ion H2PO4- rapidly reacts in acid soils to form insoluble phosphates of iron, manganese and zinc and in alkaline soils insoluble calcium phosphates are formed. Phosphorous is mostly available at pH 6.5 for mineral soils. Most of the phosphates for plants also come from the decomposition of organic matter. Phosphates are more soluble in anaerobic conditions (flooded soil) than in aerobic conditions. When the soil is flooded some of the iron becomes soluble and P is released. When the Carbon to Organic P ratio is 200:1 or less P is readily released than soil with a C: P ratio of 300:1, the micro-organisms will use most of the P.

How to manage soil phosphorous:
1. Maintain the soil pH between 6.0 and 7.0.

2. Add adequate fresh organic matter to the soil for release during decomposition.

3. Band P fertilizers for row crops. Broadcast and incorporate before planting the crop or pastures.

4. Introduce plants infected with VAM (vesicular arbuscular mycorrhiza) in order to provide a fungus population in the soil for efficient P management. 

Materials supplying phosphorous:

1. Rock phosphate- 13-17% total P with 0.8-2.2 available P.

2. Super phosphate- 9 % total and available P (Prepared by treating rock phosphate with sulphuric acid).

3. Triple superphosphate- 22%P (Rock phosphate mixed with phosphoric acid).

4. Diammonium phosphate (DAP)- 20-23% P and 18 to 21% N.

5. Monoammonium phosphate (MAP)- 19-20%P and 11% N.

6.3
Potassium

Potassium is available to plants as K+ ion.

Nutrient function:

· It functions as an enzyme activator that promotes metabolism.

· K assists in regulating the plants use of water by controlling the opening and closing of leaf stomata, where water is released to cool the plant.

· K promotes the translocation of sugars for plant growth or storage in fruits or roots.

· K is involved in protein synthesis.

· K has been shown to improve disease resistance in plants, improve size of grains and seeds, quality of fruits and vegetables.

Deficiency symptoms: 

· Chlorosis along the edges or margins of leaves. K is mobile and marginal scorching occurs first on the lower leaves.

· K is needed in photosynthesis and synthesis of proteins; plants lacking K will show stunted growth.

· In some crops like maize, stems become weak and lodging is common.

· Production, size of seeds and fruits are reduced. 

Potassium is found in large quantities in most of the soils and its chemical compounds are very soluble but its mineral forms micas and orthoclase feldspars are slowly soluble. Most potassium used by plants come from exchangeable K and soluble K. Some soils may contain about 2% total K. When K is in excess quantity plants may take more than what is required and is called luxury consumption and will also interfere with the uptake of magnesium causing Mg deficiency in plants. Leaching under heavy rainfall and soils prone to erosion will easily lose potassium. Some minerals especially illite or vermiculite will fix potassium in soils.

Management of soil potassium:

In order to maximise the efficient use of potassium and minimise luxury consumption and to make maximum use of natural potassium the following practice can be used:

1. Avoid heavy application of K fertilizers in order to avoid luxury consumption, use smaller split applications. High chloride levels may be toxic to some plants. Split applications are also important on sandy soils where leaching losses are expected to be high.

2. Maintain soil pH at about 6.0 to 6.5 with lime to reduce K losses from leaching as more Calcium will be leached than K.

3. Returning crop residues and manures adds large amounts of K.

Materials supplying potassium:

Potassium Chloride (KCL)- Muriate of Potash is the main fertilizer supplying K.  (K2O-60%).

Potassium Sulphate- K2SO4  45 -50% K2O and 18% S. This is the fertilizer used for plants sensitive to high chloride.

Potassium-magnesium sulphate: 18-22% K 2O, 18-23% S and 11% Mg.

6.4
Calcium, magnesium and sulphur

Calcium:
Calcium: available to plants as Ca++ ion.

Nutrient functions:

· Plants need calcium for cell wall formation in young dividing cells.

· Calcium is an activator of several enzyme systems in protein synthesis and carbohydrate transfer.

· Calcium is essential for seed production in peanuts.

· Calcium indirectly assists plants to increase yields by reducing soil pH. 

· Increase mechanical strength to plants and stimulate root and shoot development.

Deficiency symptoms:

· Calcium is not mobile and is not translocated in plants, so symptoms appear on the younger leaves and leaf tips. The growing tips of leaves and roots turn brown and die.

· Buds and flowers will fall prematurely in some crops.

· In some crops, younger leaves may be cupped and crinkled, with terminal bud deteriorating.

· Calcium pectate is needed for rigid cell walls, newly emerging leaves will stick together at the margins, which causes tearing as the leaves expand.

Calcium is plentiful in the soil than any other plant nutrient and calcium deficiency is very rare except in sandy and highly leached acid soils. Calcium is supplied to plant mainly by mass flow and occupies most of the cation exchange sites. Total calcium in soils ranges from 0.1 to 25% and normally occupies 60-70% of CEC. Major soil source of calcium is derived from calcite, apatite and calcium feldspars.

Peanuts have high calcium needs during fruit and nut development. The peanut will have blackened plumules, unfilled pods, high incidences of pod rot and poor seed germination if calcium is deficient in soils. This is possible in sandy and acid soils. The best way to supply calcium to peanuts is during bloom with gypsum if the pH is not the problem. 

The main fertilizers supplying calcium are limestone, gypsum and dolomite.

Magnesium:

Magnesium is available to plants as Mg2+ ion.

Nutrient functions:

· It is the major constituent of the chlorophyll molecule, therefore actively involved in photosynthesis.

· Assist in the movement of sugars within the plant.

· It is a co-factor in several enzymatic reactions that activate the phosphorylation process.

Deficiency symptoms:
· Magnesium is a mobile element, interveinal chlorosis first appear in older leaves. Leaf tissue between the veins may be yellowish, reddish while the veins remain green.

· In severe cases, symptoms may appear on younger leaves and cause premature leaf drop.

· Symptoms may appear in acid soils or soils receiving high K or Ca fertilizers.

The magnesium minerals in soils are moderately soluble and supply adequate magnesium to plants. Magnesium is supplied to plants from soluble and exchangeable forms and is moved to plant roots by mass flow.

In some areas grass tetany is a serious disease of domestic animals that is caused by low levels of magnesium in their blood (hypomagnesemia).

Heavy applications of potassium or ammonium fertilizers will reduce the uptake of magnesium and can cause grass tetany. The concentrations of potassium and ammonium in poultry litter can also cause grass tetany if large applications are put on pastures.

Magnesium fertilizers: The most commonly used magnesium fertilizer is dolomite, potassium magnesium sulphate and magnesium sulphate.

Sulphur:
Sulphur is available to plants as the sulphate ion, SO4- -
Nutrient functions: 

· S is a constituent of certain amino acids and is essential in forming proteins.

· S aids in seed production, chlorophyll formation, and nodule formation in legumes.

· It is actively involved in metabolism of the B vitamins biotin and thiamine and co-enzyme A.

Deficiency symptoms: 

· Younger leaves are chlorotic with lightly coloured veins.

· Growth rate retarded and maturity delayed.

· Plant stems are stiff, thin and woody.

· Symptoms are similar to N deficiency but N deficiency is prominent in older leaves and S deficiency in younger leaves. 

Organic matter is the main source of sulphur in soils. Soils may contain other sources of sulphur as in iron pyrites, gypsum, rainfall that dissolves sulphur dioxide derived from burning of wood, coal and other industries. In many parts of the world sulphur deficiency is becoming a major problem and is due to the following factors:

· Removal of Sulphur in many crops.

· Increased use of high analysis fertilizers that contain little or no sulphur.

· Less atmospheric contamination of sulphur due to good pollution control.

· Less use of sulphur containing pesticides.

· Immobilisation S in organic matter under no tillage practices.

When residues with a C: S ratio of 200: 1 is added to the soil, adequate sulphate is released in the soil solution. If the residues are in the range of 200:1 to 400:1 neither gain nor loss of sulphur in the solution and if it is greater than 400:1 immobilisation of soil sulphate into humus. The sulphur oxidising bacteria from the genera Thiobaccilus oxidises elemental sulphur to sulphate sulphur the form utilised by plants.

High levels of nitrate nitrogen accumulate when sulphur is deficient and inhibits seed formation in some crops. Nitrate nitrogen is also toxic to livestock which grazes pasture or forage crop deficient in sulphur. It is also important that the N: S ratio in pastures to be 17:1 or less to have a healthy growth. If the ratios are greater than 17:1 is an indication of sulphur deficiency and will limit pasture or crop growth. In animal nutrition it is important to maintain a N: S ratio of 10-11:1 

Soil organic matter is the primary source of sulphur and more than 95% percent of the soil sulphur is bound to soil organic matter. The other natural sources are animal manures, atmospheric sulphur and the fertilizer sources are mainly in the sulphate form.  The sulphur content of selected fertilizer sources is:

1.  Ammonium sulphate

24% 

2.  Potassium sulphate


18%

3.  Elemental sulphur


> 85%

4.  Gypsum



12-18%

5.  Magnesium sulphate

14%

When applying elemental sulphur, particle size is important and should be finer than 0.25mm and the range preferred for good reaction is 0.075-0.150mm. Sandy soils, soils with low organic matter, highly leached soils and soils far out of industrial areas; crops that have high sulphur requirements are expected to have sulphur deficiency problems.
6.5
Soil micronutrients

Micronutrients are essential for plant growth but are required in small quantities in contrast to macronutrients. The micronutrient supplying capacity of soils can be estimated by soil plant tests. Soil pH plays a major role in the availability of micronutrients; at low pH some micronutrients can become highly soluble to be toxic to plants. Manganese, iron and zinc, boron is highly soluble at low pH and will cause toxicity to plants. Molybdenum is an exception as soil pH rise the solubility of molybdenum will increase.

Boron:

Boron is available to plants as borate, H3BO3-
Nutrient functions:

· B is essential for pollen germination and growth of pollen tube.

· B has been associated with lignin synthesis, activities of certain enzymes, seed and cell wall formation and sugar transport.

· B has been shown to promote root growth.

Deficiency symptoms:

· Generally B deficiency causes stunted growth, first showing symptoms on growing point and younger leaves. Leaves get thickened, curl and brittle.

· In many crops symptoms are well defined and crop specific, such as:

· Peanuts: hollow heart;

· Cabbage, broccoli and cauliflower: pith in hollow stem; and

· Papaya: distorted and lumpy fruit.

The most common boron amendment is borax (sodium tetra borate), which contain 14% boron. It is sold under various names and is soluble. Solubor- 20% boron is a modified borate and is completely water-soluble. Boron forms a weak acid and it occurs in soil as H3BO3.

A number of factors influence the availability of boron in soils:

· Soil organic matter- Soil moisture and temperature affect the release of boron from soil organic matter. In cold weather conditions, the release of B from organic matter is slow and can affect cabbage and cauliflower crops. (Highlands of PNG).

· Soil pH: Optimum plant availability of B is at pH 5.0-7.0 and at higher or lower pH values B uptake is reduced.

· Soil texture: Coarse textured sandy soils are generally low in organic matter and boron containing minerals and high rainfall areas will have low boron.

· Soil origin: Soils that were developed from the seabed often have the highest born concentration.

· Deficiency common in high rainfall areas (highlands of PNG).

Copper:

Copper is available to plants as the ion Cu++
Nutrient functions:

· Cu is essential in several plant enzyme system involved in photosynthesis.

· Cu is involved in electron transfer process in many enzyme systems.

Deficiency symptoms:

· Reduced growth, distortion of younger leaves and possible necrosis of apical meristem.

· In trees, multiple sprouts occur at growing points resulting in bushy appearance. Young leaves become bleached and defoliation and die back of twigs.

· In forage grasses, young leaf tips and growing points are affected first. Stunted and chlorotic plants.

Copper deficiencies are found in the following situations:

· Organic soils are deficient in copper, Excessive organic matter with high C: N ratio may cause copper immobilization.

· Sandy soils.

· Calcareous soils with a high pH of 8-8.5 have low solubility of copper.

· Competition with other metals for plant uptake.

The most common copper source is copper sulphate- 25-35% copper, copper chelates- 8-14% copper. Typical copper application rates are: 0.2kg/ha in foliar chelate spray and 2kg/ha to as high as 20kg/ha applied to soil.

Chloride:

Chloride is available to plants as chloride ion, Cl- 

Nutrient functions:

· Cl is essential in photosynthesis, where it is involved in the evolution of Oxygen.

· Cl increases cell osmotic pressure and the water content in plant tissues.

· Cl reduces the severity of fungal diseases eg. take-all disease of wheat.

Deficiency symptoms:

· Chlorosis of younger leaves and wilting of the plant.

· Chloride plays a major role in osmosis and in balancing cell cationic charges.

· Chloride is supplied to air by volcanoes and sea spray, industrial effluents, food wastes and sewerage, in animal manures, potassium fertilisers (KCL), and rainfall and irrigation waters. Some diseases can be decreased with the application of chloride (take-all root rot in wheat).

Iron:

Iron is available to plants as Fe2 +, Fe3 +
Nutrient functions:

· Fe is essential in the synthesis and maintenance of chlorophyll in plants.

· Associated with protein metabolism.

· Fe is required in nitrate and sulphate reduction.

· Fe is involved in many enzyme systems in the plants.

Deficiency symptoms:

· Iron is immobile within the plant and the deficiency symptom is first visible in young leaves in which the veins remain green and the leaf blade is yellow in colour (interveinal chlorosis). Severe deficiency will turn the entire plant yellow to bleached white.

The soil solution pH has a dominant influence on iron solubility. The solubility of Fe3+ decreases about a thousand fold per pH unit increase. In soils of pH suitable for growing crops, simple solubility of iron will not supply all the iron for plants. Many soil organic substances can react with iron to bond into soluble forms that are quite mobile in the soil solution. When an organic substance bonds to the metal by two or more contacts, the organic substance is called a chelating ligand. The ligand plus the metal is called a chelate. Chelates keep large amounts of metals in a mobile form in which the metals can move to the roots by diffusion or mass flow. Therefore soil organic matter is important as a source of chelating agent.

Iron deficiencies are common in calcareous soils, in arid soils and soils cropped to high demand iron plants (fruits, maize, soybeans). High levels of bicarbonate and phosphates lower the iron availability to plants due to the formation of insoluble iron salts. All iron salts are less soluble in alkaline soils and can expect iron deficiency in arid climates.

Iron deficiency in soils is caused by:

1. Excessive levels of soil or fertilizer phosphorous

2. Low soil organic matter

3. Soils with high pH, lime and bicarbonate levels

4. Irrigation water with high bicarbonate

5. Plant genetic differences

The main iron fertilizer sources are:

· Iron sulphate- 19-23% Fe

· Iron chelate-   5-14% Fe

Manganese:

Manganese is available to plants as Mn2 + Mn3+

Nutrient functions:

· Manganese is involved in the oxidation-reduction process in photosynthesis.

· Manganese activates indole acetic acid oxidase, which then oxidises indole acetic acid in plants.

· Manganese primarily functions as part of the plant enzyme system.

Deficiency symptoms:

· Symptoms first appear as chlorosis in young tissues. In dicotyledons, Mn chlorosis shows up as tiny yellow spots.

· In monocotyledons, greenish- grey specks appear at the lower base of younger leaves. The specks may eventually become yellowish to yellow-orange.

In soils manganese occurs as Mn++ ions and in oxidised soils most of the manganese precipitates as insoluble MnO2. Manganese solubility increases with decrease in pH.

Manganese deficiencies are most common in sands, organic soils, high pH calcareous soils and plants with high demand of manganese. Manganese deficient plants have interveinal chlorosis of younger leaves.

The main sources of manganese amendments are Manganese sulphate (26-28% Mn), Manganous Oxide (41-68%Mn) and Manganese chelates (5-12% Mn).

Molybdenum:

Molybdenum is available to plants as molybdate, MoO4-

Nutrient functions:

· Molybdenum is a component of two major enzymes in plants, nitrate reductase and nitrogenase, which are required for normal assimilation of nitrogen.

· Some microorganisms for nitrogen fixation in soils require molybdenum.

Molybdenum occurs in soil solution as Molybdate ion (MoO4- ) and is found in very low quantities in soils and is needed in very small quantities for plant growth. Most plant molybdenum exists as part of the enzyme nitrate reductase and is necessary for N-fixation.

It is strongly adsorbed to iron and aluminium hydrous oxides. Molybdenum is more available as the pH increases to values of 7 or 8. In acid soils lime addition increases molybdenum availability.

Molybdenum deficiencies are found in the following situations:

· Common on acid sandy soils;

· Leaching losses (high rainfall areas);

· Strong molybdenum adsorption;

· Minerals containing low molybdenum; and

· Soils high in metal oxides.

Molybdenum deficiencies can be corrected with an application of 40 g/ha to 400g/ha can be applied as foliar spray or dusted or adsorbed to seed.

Zinc:

Zn: available to plants as Zn++

Nutrient functions:
· Zinc is an essential component of several enzymes in the plants.

· Zinc is required in the synthesis of tryptophan, which is in turn necessary for the formation of indole acetic acid in plants.

· Zinc has a role in RNA and protein synthesis.

Deficiency symptoms:

· Inter-veinal chlorosis occurs on younger leaves, similar to Fe deficiency. However, Zinc deficiency is more defined, appearing as banding at the basal part of the leaf, whereas Fe deficiency results in interveinal chlorosis along the entire length of the leaf. 

· In vegetable crops, colour change appears in the younger leaves first. The new leaves are usually abnormally small, mottled, and chlorotic.

· In legumes, stunted growth with interveinal chlorosis appears on the older leaves. Dead tissue drops out of the chlorotic spots.

Zinc deficiency occurs under the following conditions:
· Zinc deficiency occurs in calcareous soils.

· High pH soils.

· In limed soils or soils applied with high P fertilizers.

· Soils cropped to plants with high zinc demand (maize, onion, sorghum and fruits).

· Eroded soils where topsoil has been removed.

· Sandy and anaerobic soils. 

A number of zinc fertilizers are available in the market to correct zinc deficiencies and zinc sulphate is widely used (Table 3).

Table 3: Sources of zinc

	Source
	Percentage of zinc

	Zinc sulphate

Zinc oxide

Zinc carbonate

Zinc chelates

Zinc sulphide

Zinc phosphate
	23-35

78

52

9-14

67

51


Beneficial elements: 
A number of elements are not proven to be essential to plants but they are found to be beneficial or essential to some plants and are listed below:

Cobalt: Cobalt is essential for microorganisms involved in nitrogen fixation, including rhizobia, cynobacteria and free-living nitrogen fixers. Cobalt can be deficient in highly calcareous soils, peat soils and highly leached sandy acidic soils.

Nickel: is found to be essential for some higher plants. Legumes and some small grains require nickel. Nickel is the metal component of the urease enzyme and therefore essential for plants that require this enzyme.
Silicon: is present in most soil minerals and is abundant in the environment. Rice, sugarcane and some grasses responds to application of silicon and it appears to strengthen cell walls of plants.

Sodium: Sodium is essential for halophytic (desert plants) species that accumulates salts in their vacuoles to maintain turgor. Sugar beet responds to sodium.

Vanadium: Vanadium is essential for some algae and microorganisms. Positive crop response to vanadium has been reported. It may be able to substitute for molybdenum in the nitrogenaze enzyme.

Chapter 7 - Soil fertility management

Soil fertility is vital to a productive soil. Fertile soil does not mean that it is a productive soil. Crop production is a function of soil fertility, genetics, management and environmental factors. The best type of soil for crop production should have the following attributes:

· Good organic matter content.

· Soils are well drained.

· Capacity to provide a deep rooting system.

· Easily penetrated by water, air and roots.

· Good water holding capacity.

· Maintain balanced nutrients.

· Resists soil erosion.

Soil fertility declines as leaching loses nutrients, crop removal in farm products and soil erosion. Sustainable agriculture requires replacement of these products. Good soil fertility improves yield and many crop diseases are linked to poor soil fertility and can be controlled with good nutrient management. 

What are the goals and concerns in fertility management?

· Increase yield.

· Reduce the cost of unit production.

· Improve product quality.

· Prevent environmental pollution.

· Maintain a good balance of nutrients and organic matter.

However fertilizer application will not be profitable when:

· Water is the main limiting factor.

· Increased yield has less market value compared to cost of fertilizer.

· Insect, disease and acidity is not controlled.

In order to develop a good fertility program that optimise yield and profit, one must understand the fertility needs of the plants to be grown and the fertility status of the soil. Soil testing and plant tissue testing are used to diagnose fertiliser needs. Soil tests extract fractions of nutrients from the soil to predict the needs of a future crop. Plant tissue tests determine the actual amount of nutrients in the plant tissue. Soil and plant sampling techniques and interpretations are presented and discussed in chapters 8, 9 and 10.

7.1
Fertiliser calculations

A number of simple calculations are used in soil fertility management. Some the important calculations on fertilizer materials are:

· Nutrient percentage.

· Determining the weight of bulk fertiliser to be used for an area.

· Determining the weights of materials to be used in a mixed fertiliser for adding multiple nutrients. Preparing a mixed fertiliser may be based on a fertiliser recommendation from a soil test.

Calculating nutrient percentage:

Generally nutrients are expressed as a percentage of an element (nitrogen, phosphorous, potassium). This can be calculated by using the fertiliser formula and chemical atomic weights. Calculate the percentage of nitrogen in urea.

The formula for urea is (NH2)2CO. 

The Molecular weight of urea is the sum of all atomic weights.

N  = 14 x 2 = 28

H  = 2 x 2   = 4

C  = 12 x 1 = 12

O  = 16 x 1 = 16

Molecular Weight of Urea is 60

The percentage of nitrogen 
= 28/60 x 100


= 46.6 %

Because the fertilisers are seldom pure the calculations can be rounded to the nearest whole integer.

Exercise 1: Calculate the percentage of potassium in muriate of potash where the atomic weight of potassium is 39.10 and chloride is 35.45.

Calculating simple fertiliser mixtures:
A number of single nutrient sources can be combined into a mixed fertiliser by one or two ways: 

1. Mix two or three materials to get a mixture with the proportions wanted.

2. Mix materials to an exact grade adding a filler material to get a final weight previously selected.

Example 1: Calculate the amount of ammonium nitrate (34-0-0) and triple superphosphate (0-45-0) to make a 1000kg of a 15-10-0 mixture.

Step 1: The final mixture must have 15% N of 1000kg

 100kg mixture must contain 15kg N

 1000kg mixture must contain
= 15/100 x 1000


= 150kg N

Step 2: 100kg of ammonium nitrate contain 34 kg N

 In order to get 150 kg N
= 100/34 x 150


=  441kg of 34-0-0 ammonium nitrate.

Step 3: The mixture should have 10% P2 O5 in 1000kg.

 100kg mixture must contain 10 kg P2 O5

 1000 kg mixture  = 10/100 x 1000

 = 100kg P205

Step 4: The triple super contain 45kg P2 O5
 In order to get 100 kg P2O5, we need to have:


 =100kg of P2O5  / 1 x 100kg of 0-45-0/ 45kg P2 O5


 = 10000/45


 = 222kg of triple super phosphate.

In order to get the total mixture of 1000kg = 441 kg of ammonium nitrate + 222 kg of Triplesuperphosphate + 337 kg filler (sand or lime).

Example 2: A farmer need to fertilise his maize field at the rate of 80kg of nitrogen and 40 kg of P per hectare. He has urea 46%N and single superphosphate 20%P in the shed. Calculate the amount of urea and single superphosphate.

Step 1: 100 kg of urea contain 46 kg of nitrogen. 


 In order to apply 80kg N rate he need   = 100/46 x 80


= 8000/46


= 174 kg of urea

Step 2. In a similar manner use the same procedure to calculate the amount of single super phosphate at a rate of 40kg P/ha.


= 40/1 x 100/20


= 4000/20


= 200kg of single super phosphate

Exercise 1: A grower wish to use composted chicken manure having 2.3% N, 3.5% P and 2.9% K to supply 200kg N/ ha. Experiments indicate only 40% of the N is released in the first year after application. Calculate the total amount of chicken manure to provide 200kg N.

Solution:

The amount of N supplied by 1000kg of Chicken manure = 1000/100 x 2.3


= 23kg N

The amount of N released in the 1st year = 23 x 0.4kg


 = 9.2kg N

The amount of chicken manure needed to supply 200kg N will be:


 =  200 x 1000 ( 9.2


 =  21739kg/ha


 =  21739 (1000


 =  21.74t/ha

Exercise 2: In a small nitrogen trial at the Keravat experimental station you are suppose to apply 0, 30, 60 and 120 kg of nitrogen per hectare as Urea (46%N). The size of the experimental plot is 150m2. Calculate the amount of nitrogen for each of the four treatments.
Chapter 8 - Guidelines for soil sample collection and preparation for chemical analysis

Introduction

Soil is one of the major components of the natural resource base for agricultural production and it is essential to carefully manage it to maintain sustainable production. Soil not only supports crop growth but also acts as a filter, cleaning air and water. Soil nutrient levels change with crop and soil management practices and, therefore, it is essential to have the soil tested periodically for efficient economic and environmental management.

If the soil becomes degraded, more resources are necessary in terms of agricultural inputs to maintain stability and sustainability. As we know the soil plays a major role in providing a physical, chemical and biological environment for fertility maintenance and crop production. Therefore it is essential to monitor the changes that take place with agricultural practices through careful sampling and study of the physical, chemical and biological properties of the soil in order to achieve efficient, economic and sustainable management.

Taking inappropriate samples will result in making inaccurate fertilizer or other recommendations for land and crop management. Appropriate sampling techniques will enable reliable analysis and correct recommendations.

What is the purpose of soil sampling?

· To determine the physical, chemical and biological properties of soil, e.g.: soil texture, organic matter, and nutrient elements.

· To diagnose of soil nutrient problems and assess the quality of soil for supporting growth in plants.

· To determine the level of available nutrients essential for plant growth and to formulate efficient and economic fertilizer recommendations.

· To determine any chemical nutrient deficiencies or toxicities, e.g. low or high level iron, boron, manganese and zinc.

· To monitor of soil nutrient or other related problems caused by other activities. 

· To support decisions relating to land utilization, environmental protection and human health.

· To measure variability among farms and monitor long-term fertility trends.

· To identify and describe the main problem of soil degradation (e.g. soil acidification) and suggest solutions. 

· To assess the present state of soil quality and predict future trends.

· To identify soil type and determine its inherent soil properties.

· To select suitable crops for specific environment.

· To assist in developing management strategies for future improvement, where areas of low productivity are identified.

When to collect soil samples for crop production:

· Soil samples may be collected at the following stages of crop production.

1. Before sowing a crop

2. During the early development of the crop

3. During the period of maximum nutrient consumption, e.g. at flowering

4. At harvest

· When diagnosing a soil nutrient problem.

What should we do before taking a soil sample?

Survey the area visually and decide on the boundaries of the sampling area as illustrated in Figure 3. The land area tested must be divided according to uniformity.
Prepare a soil-sampling plan as illustrated in Figure 3, based on the differences in the farm or farm block. Samples from each area should be kept separate for sample preparation and analysis.

Figure 3: Divide the farm block into several sampling areas
[image: image5.jpg]



The size of the sampling area depends on the intensity of cropping and should not be larger than 15-20 hectares. 

If the sampling area is uniform in relation to soil texture, colour, organic matter, slope, past management and crop to be grown, one or two samples may be collected in a 15-20 hectare area. However, if the variations are greater with respect to these characteristics, the area should be divided accordingly and multiple samples collected.

Road sites, burnt areas, wet spots, areas where animals have been penned or patches of good growth should be avoided or sampled separately.

Soil sampling tools and other materials:

Select proper and good sampling tools, which should have the following properties:

1. Easy to clean.

2. Adaptable to dry and moist soil conditions.

3. Provide uniform cores or slices of equal volume at all spots within the composite area.

4. Durable and rust resistant. Tools are generally made out of stainless steel, if not they may cause contamination.

The following sampling tools can be used:

1. Soil sampling tubes: Open sided, plain cylinder, constricted tip and uniform bore. This type of sampling tool is most accurate.

2. Soil augurs. This type of tool is also accurate.

3. Spades, shovels. These may not result in accurate samples.

The following are also necessary for soil sampling:

1. Bucket to mix the soil.

2. Plastic bags.

3. Labeling materials, i.e. marker pens, labels.

4. Recording sheet to record information on the site.

What depth do we need to sample?

This will depend on the crop or pasture species and the purpose (monitoring the leaching of nutrients means deeper profiles). Normally take soil samples to the depth of the root zone of the crop, pasture or plant to be grown. 

1. Pasture grasses and legumes: A sampling depth of 0-7.5 cm or 0-10cm is used.  

2. Crops: A sampling depth of 0-10 cm, 0-15cm or 0-20cm is used. To determine movements of nutrients (nitrate nitrogen, potassium) it is better to take samples at 0-30cm, 0-60cm, 0-100 cm and in the tropics 0-150cm. For most of the crops sub-soil sampling is done only when required.
3. Orchards: A sampling depth of 0-15 cm and 15-30 cm or 0-10 cm, 10-20 cm and 20-30cm is used. For orchards or plantation crops, the patterns of sampling will vary according to planting design, under canopy and between row soil management, fertilizer placement, and tree age and plant root distribution. The general principles for sampling design and the patterns described for pastures and crops can be used for plantations.
Procedures for collecting soil samples:

· Locate the sample site.

· Scrape away surface litter.

· Take sample to the desired depth (e.g. 0-10cm for pastures) using preferably a soil tube or an augur. Small size cores will require larger numbers of samples. For a pasture and cropping situation, take a surface sample from 0-10cm or 0-15cm from at least 30 different spots at regular intervals over the block or farm according to the pattern shown below in figures 4a, 4b, 4c and 4d. 

Figure 4: Soil sampling patterns
[image: image6.wmf] 


4 a. Zig Zag pattern                                      4 b. Orchards

4 c Transect pattern                                   4 d. Systematic strips

Source: Peverill et al, 1999

Thoroughly mix the soil to form one sample. Take a sub-sample from the bucket and place it in a labeled plastic bag. Do not place a paper label inside the bag with the soil. If you do not have a processing facility you should send the samples as soon as possible to the NARI Chemistry Laboratory. Do not keep them too long.

Clean soil-sampling tools and bucket separately before taking another sample from a different site, block or farm.

Procedures for processing soil samples:

· Before sending a sample to the chemistry laboratory, air dry it in a dust free environment or dry it in a dehydrator or oven at a temperature of 40 degrees centigrade. Do not dry above this temperature. If analysis is required for ammonia, the sample should be analysed immediately or frozen. Manganese and Iron increase when drying temperature is increased.
· After drying, sieve the sample to pass through a 2mm sieve. All soil clods should be crushed by using a mortar and pestle or a rolling pin and sieved. Gravel and concretions should be excluded.
· Place the sample in a labeled plastic bag or bottle and submit the sample to the Chief Chemist, National Chemistry Laboratory, NARI, PO Box 8277, Boroko, National Capital District. Telephone: 3212690, 3213099. Facsimile: 3202411.

Please provide the following information on a separate sheet of paper or fill the form provided by the National Chemistry Laboratory.

1. Name and address of the sample owner.

2. Location of the sample collected.

3. Date of collection.

4. Depth of sample.

5. Previous site history i.e. crop, pasture, rotation, fertilizer.

6. Purpose of sampling: Diagnostic, fertilizer management or other.

7. Proposed crop or pasture.

8. Any other relevant information, ie. Altitude, soil type, climate, slope.

Chapter 9 - Guidelines for plant sample collection and preparation for nutrient analysis

Introduction

Soil fertility decline and nutrient stress are one of the major natural constraints to food and commodity crop production in Papua New Guinea. In order to practice efficient and economical crop production, information is needed about the nutrient status of your crops. The economic return from a crop is largely determined by its yield (production), quality and growing costs, all of which are directly related to its nutrient status. 

Plant analysis will provide information about possible deficiencies or toxic levels of essential nutrients.  It measures the concentration of essential nutrient elements in plant tissues and provides a simple, fast and relatively inexpensive means of evaluating the nutrient status of crops.  Plant analysis is based on the concept that the concentration of a nutrient element in a plant or part of a plant is an indication of the supply of the element from the soil to the plant.  By reference to established standards it is possible to judge whether the nutrient in the crop falls into the normal, toxic or deficient range or if there is an imbalance between nutrients.

Plant tissue analysis is only one of the diagnostic tools used in nutritional problem solving or advising.  Generally it should be used in conjunction with soil analysis, careful monitoring of the crop, assessment of environmental conditions and information about the previous crop, site or farm history.  The National Chemistry Laboratory at Kila Kila provides a plant analysis service but scientists, extension offices, farmers and others must understand and follow certain procedures when collecting and preparing samples to enable achievement of accurate results.

The purposes of plant analysis:

1. To diagnose or confirm visual deficiency symptoms or toxicity problems.

2. To identify deficiencies where nutrient levels are low enough to reduce potential yield but not low enough to produce deficiency symptoms.

3. To maintain or improve the balance of different nutrients.

4. To provide a basis for the compilation of fertilizer recommendations.

5. To monitor the outcome of fertilizer applications and the appropriateness of fertilizer recommendations.

6. To predict whether nutrient deficiencies are likely to occur in the current or succeeding crops.

7. To estimate the removal of key nutrients by a crop with a view to replacing them and maintaining fertility.

8. To estimate the nutritional value of a crop to an animal or human consumer.

How you should sample:
Plant tissue analysis is done on whole plant samples or from plant parts (petiole, stem, leaf).  If the analysis is done at an early stage of growth it will be useful to correct any current deficiency.  However, if done at flowering and harvest the information will be useful for the next season’s crop.  The sample collected should represent the crop treatment area or farm block.  The person sampling should collect adequate number or quantities of plants or plant parts to represent the total plant population (20 – 100 leaves or plants).

For diagnostic samples if a deficiency is suspected, separate samples should be collected from the “deficient” and “normal” or “non-deficient” areas. Where a crop is uniformly affected, one sample representing the affected area is sufficient.  It is important to collect the samples when the deficiency symptoms are first observed.  For crop nutrient monitoring on the farm, the area should be roughly divided into sections and each section should be sampled systematically as illustrated in diagrams a and b, c and d.

Figure 5: Sampling patterns for plant sample collection


 
(b)
(d)

Source: Reuter and Robinson, 1999

The quality of the sample collected and submitted to the Chemistry Laboratory will directly affect the quality of the analysis and the advice you receive for interpretation to the farmers.  Therefore samples must be representative of the field conditions, unaffected by things that may produce spurious results and supplemented with information that facilitates interpretation of results.  It is important to consider and record the following factors before sampling:

1. Describe the crop species and variety, soil type, sampling site location, observed symptoms, previous crop and fertilizer history.

2. Do not collect plant or plant parts that are dry or dead, mechanically damaged or attacked by insects or diseases.

3. Do not sample when the plants are under stress, e.g. when plants are exposed to dry spells or when day temperatures are high.

4. Collect samples between 8 and 11 o’clock in the morning.

5. Use gloves or clean hands to avoid contamination of samples until placed in a clean bag or other container, e.g. esky.

6. Avoid collecting samples near roads, cattle pads or camps, trees; water logged areas or other abnormal sites.

When and what you should sample:

As the crop develops, changes occur in the concentration of nutrients in the whole plant and its parts.  Therefore, in order to accurately interpret the results of the plant analysis, it is essential to record the stage of crop growth when the sample was collected.  Samples are generally collected at standard, defined stages of crop growth or physiological age. Plant samples from most of the field crops for monitoring should be collected at the active vegetative stage (generally 4 weeks after sowing for field crops like sorghum, maize, peanut) or at flowering.  Stages of growth and plant parts for sample collection for some field and commodity crops are as shown in the Table 4.

How to prepare your plant sample:

The plant sample will need to be properly processed before it is submitted for chemical analysis.  Remember it is still alive and can be easily contaminated or the chemical composition of some elements changed.  The following steps are required:

1.
Place the collected sample in a labeled, open paper bag and place it in an esky or cool container, car fridge or water tight bag.  Do not leave samples in open bags or in the car for longer periods than absolutely necessary and get them to the closest laboratory or area for processing within 24 hours.  Be careful that the correct sample is placed in the correct bag. Double check this as mistaken identity will invalidate the test and waste your time and the chemist’s effort. 

2. If possible, wash the sample with distilled, deionised or rain water and remove excess water with a paper towel.  Special washing techniques are necessary for certain nutrients, especially micronutrients, and for dusty and dirty samples.  Contact your chemist or crop nutrition agronomist for details.  If the plant samples are clean and without any contamination there is no need for washing the samples with water.

3. Place the washed sample in a labelled bag and dry the sample at 65 degrees in a forced drought oven for 24 to 48 hours.  Prolonged drying at temperatures more than 80 degrees centigrade will result in breakdown of tissues and loss of some volatile nutrients.

4. Drying fresh samples at ambient temperature or at temperatures below 40 degrees centigrade or above 80 degrees centigrade is not recommended.  Any large sample should be chopped or ground in a hammer mill to small pieces and sub samples collected to grind in a stainless steel mill.

5. Grind the sample in a stainless steel mill fitted with a screen less than 1mm in diameter.  Generally a 0.5mm sieve is used.  Collect the sample in a plastic container or bag.  Sesame and Peanut seed samples may be ground in a coffee grinder so that the final ground product is free flowing and not clumpy.

6. Submit the sample to the Chemistry Laboratory for chemical analysis.  Specify the analysis to be conducted and any other relevant information to the laboratory  (see attached information form) 

Table 4: Stage of growth and plant parts for sample collection for selected crops grown in Papua New Guinea

	Crop
	Growth stage
	Plant part to sample

	1.  Avocado
	April-May
	Recently matured fully expanded leaf from non-fruiting terminals

	2.  Banana
	Medium sized suckers
	3rd youngest leaf, cut strips of leaf blade 15-20 cm wide from each side of midrib

	3.  Broccoli
	Head
	WL=Wrapper leaf

	4.  Cashew
	Non flowering vegetative flush
	Most recently matured hardened leaf on an actively growing shoot.

	5.  Cassava
	3-4 months
	Youngest mature leaf blade (YMB) i.e. leaf 4 and 5

	6.  Coconut 
	May (Northern hemisphere) November (Southern hemisphere)
	Leaflets from the mid-region of the 14th frond

	7.  Cocoa 
	Mature plants
	3rd leaf from recent hardened flush

	8.  Coffee
	February-April or September-October
	3rd or 4th pair of leaves from the actively growing and bearing branches

	9.  Guava
	November-December
	3rd pair of fully developed leaves from tip of fruiting terminal shoot

	10.  Maize
	Vegetative

Tassling

Silking
	Whole plant

Ear leaf or BOBC

Ear leaf or BOBC (blade opposite and below cob)

	11.  Mango 
	Sampling from the latest mature flush
	Leaves from non-bearing branches

	12.  Oil Palm
	Mature
	17th Frond-about 6 leaflets

	13.  Peanut
	42 days after sowing

Pre-flowering

Late flowering
	Youngest mature leaf

Youngest mature leaf

Youngest mature leaf

	14.  Potato
	25-35 days after planting

Early flowering
	Whole plant

	15.  Rubber
	Mature trees
	Youngest mature leaf

Mature leaves-low shade leaves

	16.  Sweet potato
	28 days after transplanting

Harvest
	Youngest mature blade

	17.  Tea
	At plucking
	Whole plant or 4th leaf from terminal 1st leaf + bud or 3rd leaf or mature leaves


Plant sample collection information form

A. Personal details:

Name: ---------------------------

Telephone:--------------------------

Address: -------------------------

Facsimile:---------------------------

Name of the person /organization who took the sample ------------------------

Has this area been sampled previously?        Yes:-------         No:-------------

Name of the farm/ block/ experiment------------------------------------------------

Nearest Town or Locality of the farm ------------------------------------------------

Date of sampling --------------------

B. Site details:

Block/Farm size (hectares)
Drainage
Topography
Rainfall (mm)

Under one hectare
( )
Poor
( )
Flat
( )
Under 500
( )

1-5 hectares
( )
Average
( )
Slope
( )
500-1000
( )

6-20 hectares
( )
Good
( )
Hilly
( )
1000-2000
( )

Over 20 hectares
( )
2000-3000
( )

C. Sample description:

Crop--------------------------   Species---------------------  
Variety----------------------

Age/ Date sown-------------



             Previous crop--------------

Stage of Growth: Seedling ( )      Vegetative  ( )      Flowering ( )      Harvest   ( )

Plant part submitted:  Whole plant ( ) Leaf Blade ( ) Stems ( ) Petiole ( )  Grain/ Fruit  

Description of crop symptoms if any:

Are the symptoms on: Old leaves ( )    Young leaves ( )     Terminal new leaves ( )

Has the crop been subjected to: Waterlogging ( ) Drought ( ) Pests ( ) Diseases ( )

If yes describe the situation or symptoms:

How do you rate the crops vigour?   Good ( )   Average ( )   Poor ( )

D. Crop rotation and block history for the last five years:

Year:

Rotation:

Crop Yield:

Fertiliser/Manure used:

Fallow history:

Any other information you think may be useful:

E. Analysis required:

1. Total N, P, K, Ca, Mg, S, Zn, B, Fe, Mn , Cu, Mo, Cl

2. Any other elements or compounds

3. Fibre

4. Ether extract

Chapter 10 - A guide for interpreting plant analysis for nutrient management

Introduction

Plant analysis along with soil analysis and other supporting data is used as a valuable tool for managing the nutrition of agricultural and horticultural crops, pastures and other plants. In the early 1800’s chemists analysed plant ash and recognised that a relationship existed between yield and nutrient concentration in plant tissues.  Modern instruments such as Inductively coupled plasma-optical emission (ICP-OES) and mass spectrometry (ICP-MS), X-ray fluorescence (XRF), were used in plant analysis to provide accurate information on concentrations of a range of nutrient elements in a shorter period of time. The use of computer models is being tested or used in processing and formulating fertiliser recommendations in many countries. The most widely used tests are those based on concentrations (Reuter and Robinson, 1997).

Terms and units used in plant analysis:

Concentration: It is the ratio of total chemical element to dry matter in plant or plant part. It is generally expressed in percentage (%) or parts per million.

1. Percentage (%): One percent is one part of the element per one hundred parts of the dry plant material. For example 2.75% N means 2.75g of nitrogen in 100 gram of plant dry matter.

2. Parts Per Million: (PPM) is expressed as mg/kg or microgram/gram. One part per million is one part of the element in one million parts of dried plant material. For example 15 ppm of copper is 15mg of copper in one kilogram (1000x1000mg) of plant dry matter.

3. Relationship between percentage and parts per million:

1 ppm = 0.0001% ie.1/1000000 x100

1%  = 10,000ppm i.e1/100 x 1000000

4. Total nutrient content or uptake: Nutrient content in a crop is the amount of nutrient contained in an area of crop and is determined by measuring the nutrient concentration in the dry matter and the amount of dry matter produced per unit area.

Example: If a crop of maize produced 3000kg/ha of dry matter and had a nitrogen concentration of 1.95%, the total nitrogen content will be:

Nitrogen Content  = Dry matter (kg/ha) x Concentration %




        3000 x 1.95
 


  =    --------------





  100




  =  58.5 kg N/ha

What is the purpose or use of plant analysis?

· Provide information on the nutrient status of plants as a guide to nutrient management for optimal plant production.
· Used to diagnose existing nutrient problems and problems likely to affect crop or pasture production.
· Monitor crop nutrient status for optimal crop production.
· It is used to identify and monitor environmental problems associated with over fertilization of crops and pastures.
· It is used to assess quality of plant products.
· Estimate overall nutrient status of regions districts or soil types.

· It is used to assess nutrient levels in stock feed and food for human consumption.

Diagnosis of nutrient status from nutrient concentration:

Researchers, extension officers and others use the relationship between nutrient concentration and yield of plant or plant part to assess plant nutrient status. A number of studies have shown that generally yield increases with increase in nutrient concentration, a plateau where yield is not limited by nutrient concentration and yield declines with further increase in nutrient concentration (Figure 6).

Figure 6: Relationship between yield and nutrient concentration in plants or plant parts

In establishing standards of nutrient concentration for the diagnosis of nutrient status of plants the following methods are used.

· Develop and use nutrition addition experiments to provide response curves to establish plant nutrition concentration, which limit growth through deficiency or toxicity. It is also used to define deficiency, sufficiency/adequacy and toxicity levels.

· Determine nutrient concentrations in samples from field surveys of crops at specific physiological age and standard plant samples.

The standard concentrations used for diagnosing nutrient deficiency or toxicity are based upon the concept of   “Critical nutrient concentrations” that forms the basis of most methods of using plant analysis to assess plant nutrient status. In real situation it is not a single value but it is a narrow range of concentrations above which the plant is adequately supplied with nutrients or below which is deficient. This has been clearly shown from a number of experiments or from nutrient surveys that it is not a single value but a range due to a number of physical, chemical, biological and environmental factors.

How to derive at critical nutrient concentration:

The critical nutrient concentration for diagnosing deficiency, sufficiency and toxicity can be obtained from sand culture; water culture, green house or field experiments using increasing levels of nutrients to a deficient growing medium. It is important to choose a range of levels, sampling at appropriate physiological age and time. An accurate measure of maximum yield is important to develop a relationship between yield and nutrient concentration. It is important to ensure that the growth is not limited by any other factors other than the supply of nutrient being studied. After harvest and analysis of the appropriate nutrient content a relationship between nutrient concentration and yield is derived (Figure 7). An appropriate yield (generally 90% of maximum yield) is selected and the nutrient concentration at the selected plant part at this yield is accepted as critical nutrient concentration. A similar approach is generally used for defining the critical concentration for nutrient toxicity (Reuter and Robinson, 1997).

Figure 7: Derivation of critical concentration for diagnosing nutrient deficiency and toxicity (source: Reuter and Robinson, 1997)


[image: image1.wmf]
Factors affecting critical concentration:

Critical concentrations for a specific nutrient deficiency or toxicity are derived through experiments as constant values. However in practice they vary widely due to a number of environmental and other factors. All the factors should be taken into consideration when interpreting any plant analysis data. Some of the factors affecting critical concentrations as illustrated in Reuter and Robinson (1997) are as follows:

1. Plant age and part of plant sampled: As the plant grows changes in nutrient concentration takes place in the plant tissues. In perennials the concentration of nutrients in leaves and other organs fluctuates with seasonal flushes of shoot growth and fruit development. They also vary between leaves of vegetative and fruiting shoots. Therefore it is necessary to define growth stages at sampling to assist interpretation. As critical concentrations vary with age of plant parts, it is essential that parts of the same physiological age be used, irrespective of degree of deficiency. As the best bet practice, youngest fully expanded leaf is used for many nutrients in many plant species. 

2. Genotypic differences: Critical nutrient concentrations were found to be diverse among different genotypes. However, when values from similar tissues and plants of similar physiological age, this diversity are reduced. Therefore it is feasible to construct major groupings of related plant species that have reasonably similar ranges of critical concentrations. It is suggested that C4 plants will generally have lower critical concentrations for nitrogen deficiency than C3 plants, because of their differences in their photosynthetic mechanisms. Sulphur requirements in gramineae are less than in leguminosae.

3. Environmental factors: Critical concentrations for diagnosis of nutrient deficiencies vary as a result of interactions with light, temperature, carbon dioxide concentration, diseases, soil and other nutrients. Critical concentrations for toxicities also vary with environmental factors. 
· In a number of species sodium can substitute for potassium, therefore the level of sodium in soil can affect critical concentration of potassium.

· Increasing nitrogen supply also depresses the calcium and copper requirements of legumes fixing nitrogen.

· Mycorrhizal infection of roots may affect critical concentrations of phosphorous in plants. 

· High concentrations of phosphorous in leaves may decrease the physiological availability of zinc giving problems for diagnosis for zinc deficiency under these unusual conditions.

The effects of temperature, light and carbon dioxide on critical concentrations have received little study. High light intensity has long been suspected to enhance deficiency symptoms and plant requirements for zinc and boron. Increasing concentration of carbon dioxide also depressed the critical concentration for deficiency of nitrogen and enhanced that of phosphorous in both cotton and wheat.  

Prediction of nutrient responses from nutrient concentration:

Diagnosis of plant nutrient status has little value unless aimed at correcting the existing nutrient problems or preventing their development in the future. This is important for perennial fruits and nut crops, where nutrient problem in the current season may affect not only yield and quality of the current crop but also yield potential of the future crop.

It is important to consider the relationship of plant nutrient concentration at sampling and subsequent yield, which should be regarded as a variable and dependent upon factors governing the plant uptake of nutrients from the soil and its requirements after sampling. Nutrient analysis will only provide nutrient stores available for redistribution within the plant. It will not give the nutrient supply from the soil from sampling to harvest or nutrient requirement for growth or yield.

When sampling is done and analysed and if growth is limited by moisture stress, temperature, disease or insect attack, abnormal root development, deficiencies of nutrition. If we apply standards, which are developed under ideal conditions, it will result in poor or erroneous interpretation.

There are a lot of gaps still to be studied in predicting nutrient responses from nutrient concentrations. Some of the examples are as follows:

1.
Dry matter yield has been used as the major criteria for calibrating plant tests. But in many instances this may not be the important criterion for example:

· In legumes the amount of nitrogen fixed may be important than dry matter yield.

· In cereals protein content may be important than grain yield.

· In vanilla, vanillin content may be important criteria.

· Long-term pasture stability and animal production is important than dry weight go pasture.

2.
Plant nutrient reserves: Plant analysis can measure plants internal nutrient reserves, which can contribute the nutrient requirements between sampling and harvest. But few studies have on the contribution of nutrient reserves to final yield.

3.
Soil nutrient supply: Nutrient concentration in the plant at sampling reflects nutrient supply from the soil up to the time of sampling. They give no indication of plant ability to obtain nutrient from the soil following sampling; it may be high or low. Soil properties such as clay type, content, organic matter, moisture, physical characteristics affect nutrient supply to the plant whereas soil temperature, pH and mycorrhiza affect nutrient uptake by the plant. Soil water is important to the availability of P, B, Zn and Mn and will have an impact on the interpretation of plant analysis for prediction; for example, water stress reduced P content of Stylosanthes humilis from 0.20% to as low as 0.08% during early vegetative stage and water stress is relieved they recovered to the original level.

Nutrient requirement: Plants nutrient requirement following sampling is determined by yield achieved. The nutrient requirement for vegetative growth is different from its economic product.eg: Nitrogen should be low close to harvest in case of sugar beet otherwise it will affect the economic product.

Prediction during crop growth:

· Use of simple correlations between nutrient concentration and yield.

· Use of models simulating the likely climatic uptake by crop requirements for commercial production.
· Develop predictive standards using experimental data or survey data.
· For fertilizer management, information is needed from field trials on desirable rates of soil addition in relation to crop value and seasonal conditions.
· Computer models are used where sufficient data have accumulated- integrating nutrient analysis with soil, climatic data, soil properties are used for example: Wheatman, Manage rice.
Monitoring crop nutrient status from nutrient concentration:

· Collection of plant samples at a specific stage of development for comparison of their nutrient concentrations with established standards for defining nutrient status.

· Periodic sampling of a crop to provide continuous assessment and record of its nutrient status and used for nutrient management.

· In perennial crops monitoring is confined to single sample per year, used for next season’s fertilizer. As nutrient concentrations fluctuate widely throughout the year, samples are collected at a time when they are stable.

· In interpreting plant samples, other climatic and soil factors need to be taken into consideration for example – pruning intensity, fruit load.

· For effective monitoring of nutrient status in annual crops, nutrient concentration standards need to be set for a series of growth stages during plant growth using green house, field experiments.

What are the other approaches used for interpreting plant analysis?

1. Use of visual deficiency symptoms.

2. Nutrient and metabolic ratios: Structural association of S and N in protein has provided a rational for using ratios of total elemental content of N/S for diagnosis of S deficiency for example optimal for sugarcane is 10-15.

3. Nutrients in relation to fresh weights: Concentration expressed on a fresh weight basis for example K in fresh tissues.

4. Form of Nutrient.

5. Use of sap nitrate for assessing nitrogen status especially horticultural crops like melon, cereal maize and sorghum. Rapid tests are also available for P, K, and Fe and measured calorimetrically.
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Annex 2

Revision of chemical terms

1. Element: A single substance that cannot be subdivided into additional components (sodium).

2. Compound: Composed of two or more elements mixed in fixed proportions (potassium chloride).

3. Atom: The smallest part of an element, which still has the chemical character of the element.

4. Ion: An atom that carries an electrical charge. An ion may also be a combination of more than one atom.

5. Cation: Positively charged ion. The cations commonly found in soils are: Ca++, Mg++,  K+, Fe++ , Al+++, H+

6. Anion: Negatively charged ions. The anions commonly found in soils are: NO3-, H2 PO4- , SO4 -- , Cl-

7. Atomic Weight: The relative weights of elements.e.g O= 16, Ca =40

8. Valence: The number of charges on an ion.

9. Molecular weight: The sum of atomic weights of elements found in a compound. Atomic weight of sodium chloride is:

Sodium = 23

Chloride= 35.5

Molecular weight= 23 + 35.5 = 58.5

10. Molar solution: A gram molecular weight of a substance is known as a mole. A solution that contains 1 mole of the solute in one liter is called a molar solution i.e. molecular weight of a substance in grams per liter. Example: 1M solution of Ca (OH) 2 is prepared by dissolving 74 grams of calcium hydroxide in distilled water to make a liter solution.

11. Normal solution: A normal solution contains one gram-equivalent weight of the solute in one litre of solution.

12. Definition of equivalent: It is the quantity of a substance that contains or can supply Avogadros number, 6.02 x 1023 this quantity is measured in grams and is found by dividing the molecular or atomic weight by the valence or the number of charges involved per formula or molecule.

One equivalent weight in grams


 = molecular or atomic(grams)/ valence or charges per formula.

Example = Equivalent weight of CaCO3  


 = 100/ 2


 = 50 grams

13. Definition of milliequivalent: By international convention, milli means one thousandth. Therefore a milliequivalent weight of a substance is an equivalent divided by 1000.

Example:  Milliequivalent weight of CaCO3 
= 50/1000


= 0.05grams


= 50 mg

14. Parts per million (PPM): Parts per 1,000,000. It is analogus to percent. If we define percent as parts per 100, then parts per million is parts per 1,000,000.

Example: 1 gram out of 1,000,000
= 1PPM

 1 gram out of 1000kg
= 1PPM

 1 mg out of 1kg (1000x1000mg)
= 1PPM

 Therefore - mg/kg is parts per million

 - mg/liter is parts per million

 1 mg  = 1000(g

 1000( /1000ml =1PPM

Or 

 (g/ml =PPM
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