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Mathematical Symbols, Abbreviations and 
Conversion Factors Used in This Manuala 

Monetary Value 
$ ................. .'........ ............................................................................. US. dollar (unless otherwise indicated) 
DM ...................................................................................................................................... Deutsche mark 

Linear Measurement 
m ................................................................................................ meter = 3.28 feet (ft) = 39.37 inches (in) 
crn ............................................................................................. centimeter = 0.01 meter = 0.3437 inch (in) 
mm ..................................................................................................................... miIlimeter = 0.001 meter 
pm .................................... ... .................................................... micrometer or "micron" 
km ...................................................................................................................... kilometer = 0.62 mile (mi) 

Area Measure 
mZ ...................................................................................................... square meter = 10.76 square feet (ftz) 
cm2 ............................................................................................. square centimeter = 0.155 square inch (in? 
km2 .............................................................................................. quare kilometer = 0,386 square mile (mi2) 
ha ............................................................................. hectare - 10,000 square meters (m2) = 2.471 acres (A) 

Weight 
g .................................................................... gram = 0.032 troy ounce {oz) = 0.035 avoirdupois ounce (04 
mg ..................................................................................................................... milligram = 0.001 gram (g) . 
pg .............................................................................................................. microgram = 0.000001 gram (g) 
kg .................... .. ................................................................ kilogram = 1,000 grams (g) = 2.205 pounds (Ib) 
t ........................................................................ tonne (metric) = 1,000 kg = 2,205 Ib = 1.102 short tons (st) 
g-mole ............................................... gram mole = the molecular weight of a compound multiplied by 1 gram 

....... ..--.. .-.. . . .... .- --- 
Volume 
gal ................................................................................................................... U.S. gallons = 3.785 Liters 
m3 .................................................................................. cubic meter = 35.34 cubic feet (ft3) = 1,000 liters (1) 
cm3 or cc ......................................................................................... cubic centimeter = 0.061 cubic inch (in3) 
1 ......................................................................................... liter = 0.264 U .S. gallons (gal) = 1.057 quart (qt) 
bbl ................................................................................ barrel (of petroleum) = 42 gallons (gal) = 159 liters (I) 

...................................................................................... ml milliliter = 1 cubic centimeter (cm3) approximately [ 

Nm3 ........................................................................... cubic meter (of gas) measured at "normal" temperature 
ft3 ........................................................................................................................... cubic foot = 0.0283 m3 

Yields or Application Rates 
................................... kg ha-' or kg/ha ................... .. kilograms per hectare = 0.892 pounds per acre (lb/A) 

g h a  ............................................................................................................................... grams per hectare 

Weight Per Unit of Vohme (Density) 
sp gr .......................... specific gravity = the ratio of the weight of a substance to the weight of an equal volume 

of water at 4°C; no dimensions; numerically equal to density in g/cm3 
g/cm3 .........................................................g rams per cubic centimeter = 62.43 pounds per cubic foot (Ib/fP) 
kg/m3 .......................................................................................... kilograms per cubic meter = 0.0624 Ib/ft3 
t/m3 ............................................................................................................ tonnes per cubic meter = g/cm3 
"I% ...................................................................................................................................... degrees B a m k  

Note: For definitions of tme, apparent, and bulk densities or specific gravities, see Chapter 18. 

a. Factors for converting metric units to English or SI units (Systeme International d'llnitks) or vice versa. 
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Chapter 1. General Concepts, Classification, 
Terminology, and Definitions 

1. I Introduction 

A fertilizer is a material that furnishes one or more of 
the chemical elements necessary for the proper devel- 
opment and growth of plants. The most important fer- 
tilizers are fertilizer products (also called chemical or 
mineral fertilizers), manures, and plant residues. A fer- 
tilizer product is a material produced by industrial pro- 
cesses with the specific purpose of being used as a 
fertilizer. Fertilizers are essential in today's agricultural 
system to replace the elements extracted horn the soil 
in the form of food and other agricultural products. 

1.2 Plant Nutrients 

Chemical elements that are essential for the proper 
development arid growth of plants are typically referred 
to as plant nutrients. The list of plant nutrients recog- 
nized as being necessary for plant growth has increased 
over the years and now totals sixteen, as shown in Table 
1.1. 

. . .- 

1.2.1 Classification 
Nine plant nutrients are required in relatively large 

amounts and are referred to as major elements or 
macronutrients. Of these, carbon, hydrogen, and oxy- 
gen are obtained from the carbon dioxide in the atrno- 
sphere and water and therefore are not dealt with as 
nutrients by the fertilizer industry. These three plant nu- 
trients make up 90%-95% of the dry matter of ail plants. 
The other major elements are subdivided into primay 
nutrients (nitrogen, phosphorus, and potassium) and 
secondary nutrients (calcium, magnesium, and sulfur). 
The remaining seven plant nutrients are required in much 
smaller amounts and are known as micronutrients or 
minor elements. 

In addition to the 16 essential elements listed in Table 
1.1, some other elements have been shown, in certain 
circumstances, to be helpful in increasing crop yields or 
in improving the value of crops for animal or human 
nutrition. Examples are sodium, silicon, cobalt, and 
vanadium. 

1.2 -2 Expression 
Many countries express quantities or percentages of 

the primay nutrients in terms of elemental nitrogen (N), 
phosphorus pentoxide (P205), and potassium oxide 

Table 1 .l. Classification of Elements Essential 
for Plant Growth 

Major elements (Available from Carbon 
(macronutrients) air or water) Hydrogen 

Oxygen 

Primary nutrients Nitrogen 
Phosphorus 
Potassium 

Secondary nutrients Calcium 
Magnesium 
sulfur 

Minor elements 
(micronutrients) 

Boron 
Chlorine 
Copper 
Iron 
Manganese 
Moly bdenurn 
Zinc 

- - - -. - - . . 

(KzO), Secondary nutrients and rnicronutrients usually 
are expressed on an elemental basis although calcium 
and magnesium sometimes are expressed in the oxide 
form. Howwer, several countries express all plant nutri- 
ents on an elemental basis. Plants actually use neither 
the pure element nor the pure oxide form, so the differ- 
ence is Iargely academic. Conversion factors for those 
plant nutrients that may be expressed in the elemental 
or oxide form, depending on the country, are shown in 
Table 1.2. 

i 1.3 Fertilizer Grade 

It is customary to refer to a given fertilizer product by 
a series of numbers separated by dashes. This set of 
numbers is called the "grade" of the fertilizer product. 
Each of the numbers indicates the amount of a nutrient 
that the manufacturer guarantees is contained in the 
fertilizer product. This number includes only the amount 
of nutrient found by prescribed analyhcal procedures, 
thereby exciuding any nutrient present in a form that is 
deemed to be unavailable for plant nutrition. The content 
of each nutridt is always expressed as a percentage by 






