FUNDAMENTALS OF SOIL SCIENCE

17. FERTILIZERS AND THEIR USE
A. FERTILIZER MATERIALS

Definition

Any material added to soils to supply elements essential to the growth of plants.

Guaranteed analysis

% total N-% available P2O5-% water soluble K2O
Nutrients are not in elemental form, but in compounds that provide the ionic forms of nutrients that plants can absorb.

Terminology

	Term
	N
	P
	K

	Plant uptake
	NO3-;NH4+
	H2PO4-;HPO42-
	K+

	Guaranteed analysis
	% Total Nitrogen
	% available P2O5
	% water soluble K2O

	Common carrier
	Urea
	Ca(H2PO4)2
	KCl

	Analysis
	46-0-0
	0-46-0
	0-0-46

	Recommendations
	N
	P2O5
	K2O


Nitrogen fertilizer materials

· The major source of essentially all industrial nitrogen comes from the fixation of atmospheric N to ammonia (NH3).
· Source of H usually natural gas (CH4).

· Most concentrated form of N fertilizer (82-0-0).

· Anhydrous ammonia  is stored and transported as a liquid under pressure.

· After application to soil Nh3+H
  NH4 (quickly).

· Nitrification then converts to NO3 (acidifying).

· Derivates:
· NH4NO3 (33-0-0).

· CO(NH2)2 (46-0-0), urea, synthetic organic N fertilizer. The hydrolysis of this material increased in the presence of the enzyme urease. Volatilization if applied to soil surface without incorporation.

· (NH4)2SO4 (20-0-0), ammonium sulphate.

· (NH4)2HPO4 (21-53-0), ammonium phosphate.

· Liquid N (28-0-0).

· Slow release N for lawns, sulphur coated urea.

Phosphorus fertilizer materials
· The most important source of mineral phosphate is rock phosphate (apatite) where the major source (73%) is in Florida.

· Superphosphate (acidulation with sulphuric acid) (0-20-0).

· Triple superphosphate (acidulation with phosphoric acid)       (0-46-0).

· Ammonium phosphates (ammonia and phosphoric acid).

· Rock phosphate used in very acid humid tropical soils.

Potassium fertilizer materials

· Original source from wood ashes. For industrial use large evaporate deposits (mainly of K and Na salts (Cl)). Major source is now Saskatchewan Canada.

· KCl separated from potash deposits and comprises about 95% of K fertilizer.

b. evaluation of fertilizer needs

Deficiency symptoms and tissue tests

· N def. on corn, lower leaves turn yellow along midrib, starting at the tip.

· K def. on corn, lower leaves have yellow margins.

· P def. on corn, purplish discoloration of leaves.

Soil tests

· Soil sampling:

· Limit each sample to represent 10 to 15 acres.

· Each sample should consist of at least 20 subsamples taken randomly from the field.

· Mix samples well. Use a plastic bucket, not metal.

· Avoid unusual areas (near gravel road, lime piles).

· Soil test at MSU:

· Regular soil test. pH, P, K, Ca, Mg and recommendations.
· Basis for recommendations, numerous field studies conducted and soil test levels have been correlated to crop responses.

· What nutrients have recommendations?:

· N, not dependent on soil test, there is not one.

· P, greatest benefit for fast growth of small seedlings. To the point in MI where many soils very high in P. P banded in row to reduce P fixation.

· K, K supply dependent on type of clay minerals.

· Ca, through liming. Ca def. very rare.

· Mg, apply if soil <75 lb exch/acre or Mg<3% of exchangeable bases.

Application of fertilizers

· Fixation of P, use band application.
· Leaching loss of nitrate, apply as close to time when crop needs nutrient (N).

· Denitrification, provide drainage and apply later in season.

· Ammonia volatilization, particulary with urea, mix soil and fertilizer.

· Salt effect on seed germination, place band application to the side and below seed.

· Soil moisture, hope or irrigate.

Affect of fertilizers on soil pH

· Generally, K and P fertilizers have little effect on soil pH.

· Nitrogen fertilizers, especially those in NH4 form, produce acidity.

c. fertilizer manufacture and composition

Fertilizer grade

A fertilizer is defined as any organic or inorganic material, of natural or synthetic origin (other than liming materials), that is added to the soil to supply one or more plant essential elements.
By law, a bag of fertilizer must list the minimum percentages for nitrogen, phosphorus, and potassium.
Since the fertilizer grade is guaranteed by the manufacturer, this is sometimes refered to as the guaranteed analysis.
Nitrogen is expressed in terms of total N.
Phosphorus is expressed in terms of available P2O5.
Potassium is expressed in terms of water soluble K2O.
To convert from the oxide form to the elemental form of phosphorus, multiply the percent P2O5 times 0.43.
To convert from the oxide form to the elemental form of potassium, multiply the percent K2O times 0.83.
Nitrogen

The source of nitrogen used in the production of nitrogen fertilizers (dinitrogen or N2) comes from the atmosphere.
Anhydrous ammonia
Once nitrogen is extracted from the atmosphere, it is then combined with hydrogen from natural gas to form anhydrous ammonia.
Under normal temperature and pressure, anhydrous ammonia is a gas, but under 100 pounds per square inch pressure, it becomes a liquid.
Anhydrous ammonia is the most concentrated form of fertilizer nitrogen, containing 82% N (82-0-0).
Liquid anhydrous ammonia can be used as a nitrogen fertilizer source if it is injected directly into moist soil.



NH3 + H2O = NH4+ + OH-
N fertilizers

Nearly all of the nitrogen fertilizers applied in the world come from anhydrous ammonia or a material made from anhydrous ammonia.
The most widely used form of fertilizer nitrogen is Urea.
Ammonium nitrate is produced by oxidizing NH3 to form nitric acid (HNO3), then neutralizing the nitric acid with ammonia.

NH3 + HNO3 = NH4NO3
Since 50% of the nitrogen is in the nitrate form, there is a potential for leaching and denitrification losses when using ammonium nitrate, as compared to urea or anhydrous ammonia.
Ammonium sulfate is the most acidic of the nitrogen fertilizer sources manufactured and is also a very good source of sulfur.

2 NH3 + H2SO4 = (NH4)2SO4
Aqua ammonium is manufactured by forcing compressed NH3 gas into a closed container of water. The ammonia in this source is very volatile at temperatures above 10 centigrade.

NH3 + H2O = NH4OH
Several nitrogen fertilizers are formulated in a slow release or slowly soluble form.
Sulfur Coated Urea (SCU) is a slow release nitrogen fertilizer containing 10-39% nitrogen.
Urea-formaldehyde (UREAFORM) is a slowly soluble N fertilizer containing 35-40% nitrogen.
Phosphorus

The primary source of phosphorus used in the production of phosphate fertilizers comes from natural deposits of rock phosphate (apatite) found in Florida, North Carolina, and Idaho, in the United States.
The manufacturing process used to convert the relatively insoluble rock phosphate into a soluble form that plants can use is called acidulation.
Acidulation

Acidulation is the process of treating rock phosphate with an acid.
Treating rock phosphate with sulfuric acid (H2SO4) creates a material called ordinary superphosphate, which has a grade of 0-20-0.
This process produces a soluble form of phosphorus (monocalcium phosphate), with the byproducts gypsum (CaSO4) and hydrofluoric acid (HF).
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Treating rock phosphate with phosphoric acid (H3PO4) creates a material called triple superphosphate, with a grade of 0-46-0.
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Both superphosphates contain the same soluble form of phosphorus, Ca(H2PO4).
Ammonium phosphates
Another class of phosphate fertilizers, called ammonium phosphates, is produced by neutralizing ammonia gas in phosphoric acid.
Monoammonium phosphate (MAP) is produced when 1 mole of ammonia gas is neutralized in 1 mole of phosphoric acid.
MAP has a grade of 11-48-0.
Diammonium phosphate (DAP) is produced when 2 moles of ammonia gas is neutralized in 1 mole of phosphoric acid.
DAP has a grade of 21-53-0.
Polyphosphates

Polyphosphates are another form of phosphate fertilizers which are made by linking chains of orthophosphate molecules together by dehydration.
A pipe-reactor is used to produce polyphosphate fertilizers.
Various amounts of chemicals are injected into the pipe-reactor and are heated to a temperature of 600° F.

Common forms of ammonium polyphosphate fertilizers include the liquid forms 10-34-0 and 11-37-0 and the solid form 13-52-0.
Potassium

The primary source of potassium used in fertilizers comes from ancient sea evaporite deposits containing a mineral called sylvanite.
Sylvanite deposits are found in New Mexico, California, and Canada as a mixture of sylvanite (KCl) and halite (NaCl).
Unlike rock phosphate, sylvanite is water soluble and the process used to produce a fertilizer grade of potassium is separating the KCl from NaCl.
Separation

Crushed sylvanite is placed in a solution containing a floating agent that separates the KCl from the NaCl.
K fertilizers

Fertilizer grade KCl is commonly refered to as potash (pot-ash) and has a grade of 0-0-60.
d. fertilizer formulations

Fertilizer formula

The formula of a fertilizer is defined as the quantity and analysis of the materials used to produce a mixed fertilizer.
Fertilizer ratio

The fertilizer ratio is a ratio of the three main ingredients contained in a fertilizer, N, P2O5, and K2O.
Filler

A filler material is added to fertilizers to make up the difference between the added ingredients (N, P2O5, and K2O) in one ton of fertilizer and 2,000 pounds.
The principal fertilizer filler material is limestone, but fillers may also include various types of conditioners that control the physical characteristics of the material.
Conditioners

Conditioners are added to manufactured fertilizers to improve their physical characteristics, such as dustiness, or to reduce caking.
The dustiness of a fertilizer is caused by improper sizing during the manufacturing process which leaves too many fine granules.
Fertilizer caking is caused by excess moisture left in the fertilizer material after the manufacturing process is complete.
Moisture in the fertilizer dissolves some of the more soluble compounds, creating a saturated salt solution.
To adsorb some of the excess moisture, anti-caking dusts are applied to the fertilizer at the time of manufacture.
Granulation
The granulation process combines the materials used to produce a given fertilizer grade into a granular form, with each granule containing the same ratio of N, P2O5, and K2O as the fertilizer.
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Granulated fertilizers allow for a more uniform distribution of nutrients when applied to the soil and are more stable compared to nongranulated fertilizers.
Fertilizer types

Fertilizers are manufactured to meet the specific needs of various types of crops and soil conditions.
There are 3 basic types of commercial fertilizers, straight carriers, double carriers, and complete fertilizers.
Straight carriers

Straight carrier fertilizers are materials which contain only one of the three major plant nutrients, nitrogen, phosphorus, or potassium.
Double carrier

Double carrier fertilizers are materials which contain two of the three major plant nutrients, nitrogen, phosphorus, or potassium.
Complete fertilizer

Complete fertilizers are materials which contain all three of the major plant nutrients, nitrogen, phosphorus, and potassium.
Calculations
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x=amount of carrier.

A= amount of fertilizer (2000 lbs=1 ton).

B= % element in mixture.

C= % element in carrier.

Do it this formula with N, P2O5 and K2O.
Then plus all the results, and 2000 less the results, is the siller.

To see if the problem is ok do it:

2000 x %N in mixture and the result must be equal than the x of N times % N in carrier.
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