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Fertilizers: 
definitions 
and calculations 

Objectives. This guide is intended to enable you to: 

o discuss soil fertility and nutrient availability; 
o define different types and grades of fertilizers ; 
o calculate fertilizer applications; 
o mix fertilizers correctly. 

o Fertilizer samples. 
o Examples of fertilizer recommendations. 

o Practice the identification of common fertilizers . 
o Calculate the conversion from oxide to elemental 

basis, and vice versa. 
o Calculate application rates for different levels of re

commendations and different types of fertilizers . 
o Practice the use of Tables 4, 5 and 6. 
o Mix fertilizers . 
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1 What are nine macronutrients? 
2 What macronutrients are supplied by a ir and 

water? 
3 What are seven micronutrients? 
4 1n addition to the 16 essential elements, what are 

some other elements tha t are helpful in improvi ng 
yield and qua lity of crops? 

5 Why can water solubili ty a lone not be used as a 
measu re of nut rient availability? 

6 Wha t methods exist for eva luating the avai la bili ty 
of phosphate fert ilizers? 

7 What is t he defin ition of "fertilizer"? 
8 What is the definiti on of "grade" of a fert il izer? 
9 What does "10-15-18" indicate" 

10 How do most countries express the grade of nitro
gen , phosphorus and potassium? 

11 Wha t is the chemical residu al effect of most nitro
gen fe rtili zers? 

12 How a re fertil izer recommend ations ex pressed? 
13 What are fi ve steps in calculatu,g the amount of 

fertilizer required for a single-element fertili zer? 
14 How should you select a fertil izer? 
15 What da ta a re necessary for fertil izer ca lcula

tion s? 
16 What do you have to consider when mixing fertiliz

ers? 

4 



IITA Research Guide 24 

Fertilizers: 
defi nitions 
and calculations 

I Soil fertility and nutrient availability 
2 Definitions and terminology 
3 Fertilizer calculations 
.. Mixing fertilizers 
5 Bibliography 
6 Suggestions for trainers 

Abstract. Fertilizers furnish plants with nutrients for 
growth. Generally, plants take up nutrients dissolved 
in water. Water solubility, however, cannot be used as 
tbe only measure of nutrient availability to plants. 
Several definitions and terms are important to describe 
fertilizers. The "grade", for example, describe~ the N· 
P205·K20 content in weight percentage. The exact 
amount of fertilizer required has to be calculated 
depending on type of fertilizer and area to be fertilized. 
Mixing of fertilizers makes application easier, how· 
ever, not all fertilizers can be mixed. 
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1 Soli fertility and ' nutrient availability 

Soil fertility depends on the status of a soil with respect 
to its ability to supply nutrients essential for plant 
growth. Soil fertility focuses on adequate and balanced 
supply of nutrients to satisfy the needs of plants, avoid
ing toxir. concentrations. 

Fertilizers, organic or inorganic, natural or synthetic, 
furnish plants with nutrients . The list of essential 
elements for plant nutrition has increased over the 
years and now totals 16 (Table 1). 

Table 1. Essential.nutrients. 

Macronutrients 

Micronutrients 

6 

Available from 
air and water 

Primary 
elements 

Secondary 
elements 

carbon 
hydrogen 

oxygen 

nitrogen 
phosphorus 

potassium 

calcium 
magnesium 

sulfur 

boron 
chlorine 
copper 

iron 
manganese 

molybdenum 
zinc 



The first nine e lements are required in relatively 
large amounts and are called macronutrients . Three 
of them, carbon, hydrogen, and oxygen, are supplied by 
air and water. The other macronutrients are subdivid
ed into primary elements (nitrogen, phosphorus, potas
sium) and secondary element. (calcium, magnesium, 
sulfur). The remaining seven elements are required 
in small amounts and are known as micronutrients or 
trace elements. 

In addition to the 16 essential elements listed above, 
some other elements are helpful in improving yield 
and quality of crops. Examples are sodium, silicon, 
cobalt and selenium. 

Most commercial fertilizers contain at least one of the 
primary elements in a form available to plants in spec
ified amounts. Generally, plants take up nutrients dis
solved in water. Thus, water solubility is a measure of 
nutrient availability to plants. Unfortunately, the sit
uation is far too complex to use water solubility alone as 
a measure of availability. All nutrients are soluble in 
water to some degree, even the most "insoluble" nutri
ents . 

Many partially soluble nutrients are available to plants 
and, in some cases, are even more effective than read
ily water-soluble nutrients (e.g. in controlled-release 
fertilizers). However, some substances are so insoluble 
that they are not useful as fertilizers. Therefore, most 
countries specify some degree of nutrient solubility in 
water or other reagents. 

For example, natural organic fertilizers may be accept
able on the basis of their total N, P205, and K20 content. 
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Synthetic organic fertilizers, if partially soluble, may 
requi re special methods of ana lysis, particularly if 
intended for controlled-release fertilizer s . Likewise, 
special tests may be requ ired for coated controlled
release fertilizers . 

Since most common nitrogen and potassi um fertilizers 
are readily water soluble, water solubility is u sually 
accepted as a measure of nutrient availability. Special 
methods a re applied to less soluble elements only when 
there is evidence that the low (or controlled) solubility 
may be advantageous . 

Phosphate fertilizers have a wide range of water solu
bility . Several methods exist for evaluating their 
availability. The most common methods other than 
water solubility are based on solubility of P20S in neu
tral or alkaline ammonium citrate solutions , or in 
solutions of citric or formic acid . In addition, the total 
P20 S may be acceptable for some ferti lizers . Some 
examples of quality control of phosphate fertilizers are : 

• Federal Republic of Germany . Phosphate is 
expressed as the sum of P20S soluble in water 
and (a lkaline) ammonium citrate. For super
phosphate, at least 90 % of the sum must be solu
ble in water. For compound fertilizers, at least 
30 % of the sum must be soluble in water. 

• Belgium . For triple superphosphate, only the 
water-soluble P20S may be guaranteed . The 
product must contain at least 38 % water-soluble 
P20S· 
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• 

• 

Soft rock phosphate must contain not less than 
2S % P20S soluble in minera l acids, of which 
not less than SO % must be soluble in forlllic 
acid. It must be ground to such a fmeness that at 
least 90 % passes through a sieve with O.IS mm 
sieve openings . 

For compound fertilizers, the P20S content may 
be expressed as P20S soluble in water, ,.Ikaline 
ammonium citrate, or both . If the compound 
fertilizer contains Thomas (basic) s lag as the 
only source of phosphate, the P20 S content is 
expressed as P20S soluble in citric acid. 

United States. The :;uaranteed P20S content of 
a ll fertilizers is based on the "available phos
phoric acid" (APA ) content which is the P20S 
content solubl e in neutra l ammonium citrate 
including P20S soluble in wa ter . APA does not 
state the water-soluble P20S content separately. 
The total P20S may be slated, but it is not slated 
in th e guaranteed APA content. 

European Economic Community (EEC). Regu
lations adopted in 1977 specify the following 
permissible solvents as a bas is for evaluating 
phosphate fertilizers: 

• water for those phosphate fertilizers 
"where applicable", 

• formic acid (2 %) for soft natura l 
phosphates, 

• citric acid (2 %) for basic slag, 
• neutral ammonium citrate solution 

for all fertilizers. 
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Since a wide variety of natural and synt hetic sub
stances are beneficial to plants , an unlimited number 
of products could be labeled "fertilizer" and marketed 
as such. Therefore, it is important to control marketing 
of fertilizers so that farmers can be sure that each lot of 
fertilizer has the same effectiveness. 
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2 Definition. .nd terminology 

Fertilizer. A fertilizer is a manufactured product con· 
taining a substantial amount of one or more of the pri
mary, secondary macronutrients or micronutrients. 

In some countries, the terms "chemical fertilizer", 
"mineral fertilizer", or "inorganic fertilizer" are used 
to distinguish the manufactured products from natural 
organic fertilizers of plant or animal origin which are 
called "organic fertilizers." 

Grade. The grade of a fertilizer is the nutrient content 
in weight percentage of N, P205, and K20 in the order 
N-P-K The grade is only the amount of nutrient found 
by prescribed analytical procedures, excluding any 
nutrient that is unavailable to plants. For example, a 
grade of "10-15-18" indicates a fertilizer containing 
10 % N, 15 % P205, and 18 % K20. 

Most countries express the grade as elemental nitrogen 
(N), phosphorus as pentoxide (P205), and potassium as 
oxide (K20). Secondary and micronutrients are also 
expressed on an elemental basis, although calcium and 
magnesium are sometimes expressed as oxides. Sev
eral countries have adopted the elemental basis for all 
plant nutrients. 

Recently, FAO changed to the elemental form, but will 
use both forms for phosphorus (P and P205) and potas
sium (K and K20) during a transitional period. 

Table 2 shows factors to convert from oxide to elemental 
basis. For example, the grade 10-15-18 becomes 10-6.5-
14.9. 

The grade may also be called 'analysis' or 'formula'. 
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P20S x 0.44 = P 
P x 2.29 = P20S 
K20 x 0 .83 = K 
K x 1.20 = K20 
Cao x 0 .71 = Ca 
Ca X 1.40 = CaO 
MgO X 0 .60 = Mg 
Mg X 1.66 = MgO 
5°2 X o.so = 5 
5 X 2 .00 = 5°2 

Table 2. Conversion factors for plant nutrients. 

Straight fertilizer. Fertilizer containing only one 
nutrient, for example, urea or superphosphate. 

Compound fertilizer. Fertilizer containing two or more 
nutrients . 

Granular fertilizer. Fertilizer in the form of particles, 
with upper and lower size limits, or between two screen 
sizes, usually between 1·4 mm. In general, the term 
"granular" does not imply any particular means of 
preparation. The desired size may be obtained by: 

• compacting smaller particles, 
• crushing and screening larger particles, 
• controlling crystal size in crystallization pro· 

cesses, 
• separating a screen fraction of crushed benefi· 

ciated potash ore, 
• prilling a material. 

Often, the name of the product indicates the method of 
preparation, for example "prilled," "compacted," crys· 
talline," etc. 
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PriIIed fertilizer. A granul a r fertilizer with round 
grains . 

Coated fertilizer. Granular fertilizer coated with a thin 
layer of substances, such as clay or sulfur, to prevent 
caking or to control dissolution rate. 

Nongranular (powdered) fe rtilizer. Fertilizer contain
ing fine particles, usual ly with some upper limit size 
such as 3 mm, but no lower limit. 

Conditioned fe rtilizer. Fertilizer treated with an addi
tive to improve physical conditi on or prevent caki ng. 
The cond itioning agent may be applied as a coating or 
incorporated in the product . 

Bulk fertilizer. Unpacked fertilizer . 

Bulk·blend fe rtilizer or blende d fertilizer. Two or 
more granula.r fertil izers of si mil a r s ize mixed to
gether to form a compound fertilizer . 

Liquid or fluid fertilizer. A genera l term fo r liquid 
fertili zers including fertili zers t hat are readily or pa r
tially soluble, clear liqu ids, liquids contai ning solids 
in suspension , a nd (usua lly) anhydrous am monia . 
However, anhydrous am monia is sometimes referred 
to as a gaseous fertilizer even though it is applied as a 
liquid . 

Solution fertilizer. Liquid fertilizer dissolved in water 
and free of solids. 
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Reaction of fertilizers. Chemical residual effect of fer· 
tilizer . Most nitrogen ferti li ze rs have an ac idifyi ng 
effect i(N H4 )2S04 >U rea >CANI . The effect increases 
with application rate. 

Effectiveness of fertilize rs. A measure of effi ciency of 
th e a pplied nutrient. Efficiency depends on appli cation 
ra te, source, timing, and method of fe rtilizer a pplica
tion . 

Table 3 presents abbreviations and grade. of com mon 
fe rtilize rs . 
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Table 3. Common lertilizers. 

AN Ammonium nitrate 33·34 % N 
ANL Ammonium nitrate·limestone 

mixture (see CAN) 

AS Ammonium sulfate 21 % N 
ASN Ammonium sulfate nitrate 26 % N 
CN Calcium nitrate 15 % N 

CAN Ammonium nitrate/calcium 20·28 % N 
carbonate mixture (may contain chalk. 
marl, dolomite, limestone, or chemically 
precipitated calcium carbonate. Also 
called calcium ammonium nitrate and 
ammonium nitrate limestone (ANL) 

UAN Urea ammonium nitrate (solution) 28·32 % N 

APN Ammonium phosphate nitrate 30·10·0 to 18·36·0 

APS Amm0nium phosphate sulfate 16·20·0 
DAP Diammonium phosphate 18·46·0 
MAP Monoammonium phosphate 11·55·0 
APP Ammonium polyphosphate (solution) 10·34·0 
NK Nitrate of potash (potassium nitrate) 13·0·44 

MOP Muriate of potash (fertilizer·grade) 
potassium chloride 60·62 % K20 

SOP Sulfate of potash (fertilizer·grade) 
potassium sulfate 50 % K20 

SSP Single superphosphate 16·22 % P20S 
TSP Triple superphosphate 44·48 % P205 
KMP Potassium meta phosphate 0·55·37 
r",KP Monopotassium phosphate 0·47·31 
KP Potassium phosphate 

(see MKP and KMP) 
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3 Fertilizer calculations 

Fe r ti li zer recomme ndations a re ex pres ed in kil o
grams of nutri ents per hectare (kg/ha) in the order N
P205-K20 (or N-P-K). If only nitrogen is needed , for 
example, the rate is given in kilograms of nitrogen (N) 
per hectare. 

Based on result of fi eld t ri als or results of soil ana lysis, 
fe rti li zer rates are formulated . 

Caleulation for a single-element fertilizer: 

Step 1. Select a fertilizer that is: 

• ava ilable locally, 
• least expens ive, 
• suited to the so il conditions (on acidic soil , 

avoid or minimi ze use fertilizers with residua l 
acid effect), 

• storable, 
• a pplicable with available equipment. 

Step 2. List necessary data: 

• recommended application rate (R) (k g/ha), 
• an alysis (C) of the fertilizer (%), 

'. area to be fertilized (m2). 

Step 3. Calcula te a mount of fertilizer required per 
hectare (ha) by dividing a pplication rate (R) by analy
sis (C). 

Equation 1: 

Fertilizer required (kg/ha) 

16 

= 
R (kg/ha ) x 100 

C (%) 



Step 4. Calculate the amount offer tilizer required per m2 

by dividing the required amount per ha by 10 000 (1 ha ; 

10000 m2). 

Step 5. Calculate the amount of fertilizer required for the 
area to be fertilized . Multiply the required amount per m2 

by the number of m2 of the a rea to be fertilized . 

Calculation for combinations of single-element fertiliz
ers (example): 

For example, a recommended rate of 80N-30P205-30K20 
kglha can be achieved by combining single-nutri en t 
fertilizers, such as urea, triple superphosphate, and muri
ate of potash. 

Calculate first the amount of urea (45 % N) required, then 
the amount of triple superphosphate (45 % P205) and muri
ate of potash (60 % K20) to satisfy the recommendation 
80-30-30 kg/ha using equation 1: 

80 kg I ha x 100 

45 % 

30 kg I ha x 100 

45 % 

; 178 kg I ha of urea 

; 67 kg I ha of triple superphosphate 
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30 kg/hax 100 

60% 
= 50 kg I ha of muriate of potash 

Calculation for combinations of single-nutrient and 
compound fertili7.en (example): 

An application rate of 80-30-30 kg/ha can also be 
achieved by combining single-nutrient fertilizers with 
compound fertilizers. 

Assumption: 

A 15-15-15 fertilizer and urea (45 % N) are recom
mended for the 80-30-30 kg/ha fertilizer application . 

In the recommended rate 80N-30P205-30K20 kg/ha, 
less amounts of phosphorus and potassium are r~
quired . Phosphorus and potassium must be calculated 
first : 

30 kg I ha x 100 

15 % 
= 200 kg/ha 

200 kg of a 15-15-15 compound fertilizer supplies only 30 
kg of N per ha. This means that you must yet supply 
another 50 kg ofN by urea: 

18 
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45% 
= lllkg/ha 



Calculation offertilizer requirement for a certain area 
(example): 

recommended a pplication rate 
a rea to be fertilized 

120-40-0 
350m2 

45 % N 
26 % N 

urea 
calcium ammonium nitrate 
single superphosphate 
triple superphosphate 
monoammonium phosphate 

18 % P2<>5 
45 % P2<>5 
11-55-0 

If you use urea and triple superphosphate, the amount 

required for 350 m 
2 

(0.0350 hal is: 

120 kg I ha x 100 x 0 . 0350 ha 

45 % 

40 kg/ha x 100 x 0.0350 ha 
45 % 

= 9.1 kg urea 

= 3.1 kg triple 

superphosphate 

If you use monoammonium phosphate (MAP) and urea, 

the amount of P205 required for 350 m2 is: 

40 kg I ha x 100 x O. 0350 ha 

55 % 
= 2.54 kg MAP 
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This 2.54 kg of MAP does not only provide the phospho
rous required, but also 11 % of nitrogen corresponding 
to: 

2.54 kg x 0.11 = 0.2794 kg N per 350 m2 

or: 

0.2794 kg N x 10 000 m 2 

350 m 2 
= 8 kg Nlha 

According to the recommended application rate you 
still need to add 120-8 = 112 by Nlha. Thus, you must 
still provide additional urea : 

100 x 0 . 0350 ha 
(120-8) kg Nlha x = 8.7 kg 

45 % 
urea/350 m2 
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Table 4. Conversion of pure elements to quantities of 
nitrogen fertilizers (kglha) . 

Rate of N Ammonium Urea Aqua Anhydrous 
application sulfate ammonia ammonia 

(kglha) (20 % N) (45 % N) (25 % N) (82 % N) 

10 50 22 40 12 

20 100 44 80 24 

30 150 67 120 37 

40 200 89 160 49 

50 200 111 200 61 

60 300 133 240 73 

70 350 156 280 85 

80 400 178 320 98 

90 450 200 360 110 

100 500 222 400 122 

110 550 244 440 134 

120 600 267 480 146 

130 650 289 520 159 

140 700 311 560 171 

150 750 333 600 183 

To calculate the amount of fertilizer required , multiply the 
rate of N (nitrogen) application by conversion factors of 5.0 
for ammonium sulfate, 2.2 for urea, 4.0 for aqua ammonia, 
1.2 for anhydrous ammonia. 
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Table 5. Conversion 01 pure elements to quantities of 
phosphorus fertilizers (kg/ha). 

Rate of P205 
application 

(kg/ha) 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

Ordinary 
superphosphate 

(20 % P205) 

50 

100 

150 

200 

250 

300 

350 

400 

450 

500 

550 

600 

650 

700 

750 

Triple 
superphosphate 

(45 % P205) 

22 

44 

67 

89 

111 

133 

156 

178 

200 

222 

244 

267 

289 

311 

333 

To calculate the amount of fertilizer required. multiply the 
rate of P205 (phosphorus) application by conversion 
factors of 5.0 for ordinary superphosphate. 2.2 for triple 
superphosphate. 
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Table 6. Conversion 01 pure elements to quantities of 
potassium fertil izers (kg/ha). 

Rate of K20 
application 

(kg/ha) 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

Muriate of 
potasll 

(60 % K20) 

17 

33 

50 

67 

83 

100 

117 

133 

150 

167 

183 

200 

217 

233 

250 

Sulfate of 
potash 

(50 % K20) 

20 

40 

60 

80 

100 

120 

140 

160 

180 

200 

220 

240 

260 

280 

300 

To calculate the amount of fertilizer required , multiply the 
rate of K20 (potassium) application by conversion factors of 
1.7 for muriate of potash, 2.0 for sulfate of potash. 
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4 Mixing fertilizers 

If fertilizer application requires more than one ele
ment, it is likely that a combination of single element 
and compound fertilizers are necessary. You may 
weigh these fertilizers and apply separately, or mix 
them together. It is more convenient to mix the fertiliz
ers because application is easier, especially on large 
mechanized farms . 

However, not all fertilizers can be mixed. For exam
ple, strong basic fertilizers such as lime, should not be 
mixed with urea otherwise the nitrogen may be lost as 
ammonia . 

If you need to apply nitrogen and phosphorus, do not mix 
ammonium sulfate with rock phosphate, or urea with 
superphosphate. If you mix these fertilizers, the ele
ments react against one another, and one of them 
becomes less effective (Figure O. 
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6 Suggestions for trelners 

If you use this Research Guide in training ... 

Generally: 

• Distribute handouts (including this Research 
Guide) to trainees one or several days before your 
presentation, or distribute them at the end of the pre
sentation . 

• Do not distribute handouts at the beginning of a pre
sentation, otherwise trainees will read instead of 
listen to you. 

• Ask trainees not to take notes, but to pay full atten
tion to the training activity. Assure them that your 
handouts (and this Research Guide) contain all rel
evant information. 

• Keep your training activities practical. Reduce the
ory to the minimum that is necessary to understand 
the practical exercises. 

• Use the questions on page 4 (or a selection of ques
tions) for examinations (quizzes, periodical tests, 
etc .). Allow consultation of handouts and books 
during examinations. 

• Promote interaction of trainees. Allow questions, 
but do not deviate from the subject. 

• Respect the time allotted. 
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Specifically: 

• Discuss with trainees about experiences, needs and 
feasibility of fertilizer application under local 
farming conditions. 

• Present and discuss the cont.ent of this Research 
Guide, using the study materials listed on page 3 (1 

Y2 hours). You may photocopy the tables, formula, 
and figure onto transparencies for projection with 
an overhead projector. 

• Conduct the practicals suggested on page 3 in groups 
(3-4 trainees per group; 2 hours). Make sure that 
each trainee has the opportunity to practice. Have 
resource persons available for each group. 
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Give each group the same set of data for calculating 
fertilizer applications. Ask each group to present 
the results of one example; the other groups should 
compare the results with their own calculations. 



InlernallOnal lnstltute of Tropical Agriculture 
Institut International d'agriculture troptcale 
Instltuto IntematlOnal de Agncultura TropICal 

(IITA) 
(IITA) 
(IITA) 

The International Institute of Tropical Agriculture (<<TAJ is an interna
tional agricultural research center in the Consultative Group on Interna
tional Agricultural Research (CGIARJ, which is an association of about 
SO countries, international and regional organizations, and private 
foundations. 1fT A seeks to increase agricultural production in a sustain
able way, In order to improve the nutritional status and well-being of 
people in eropical sub-Saharan Africa. To achieve thIS goal, UTA con
duces research and training, provides information. collects and exchanges 
germplasm, and encourages transfer of technology, in partnership with 
African natlOflai agricultural research and developmene programs. 

L'lnstitut internat/OflSl d'agriculture eropicale (<<TA) est un centre in· 
temational de recherche agrico/e, membre du Groupe consu/tarif pour la 
recherche agricole intemationaJe (GCRAI), une associatlOl1 regroupant 
quelque 50pays, organisations intemationales et r~ionaJes et fondations 
privees. L '1fT A a pour obJecrif d'accroitre durablement la production 
agricole, afili d 'ameliorer l'a/lmenraCion et Ie bien-~tre des populations 
de I'Afrique troplCa/e subsahariellfle. Pour arteindre cet objectlf, /'IITA 
mene des accMtes de recherche et de formation, divulgue des informa
tions, ramit et «hange du mathiel genetique et encourage Ie transfert 
de technologies en collaboratlOl1 avec res programmes natienaux africsins 
de recherche et develoooement. 

o Inseituco Incemacional de Agricultura TropICal (lrTA) e um centro 
intemadonal de invest~1o agricola pertencendo ao Grupo Consu/tivo 
para Investig~1o Agrfcola Intemacional (GCW), ums associafAo de 
cerea de SO paises, organiz~6es intemacionais e regionais e fu~Oes 
privadas. 0 IrrA proeura aumentar duravelmente a prodUfAo agricola 
para melhorar a aliment~1o e 0 bern-escar das populafOes da Africa 
tropical ao sui do Sahara. Para alcaOfar esse objetWo, 0 UTA conduz 
actMdades de jnvestig~l() e trelnamento, fomece informafOes. reUne e 
troea material geneeico e favorece a rransferencia de tecnologias en cola
bo~lo com os programas nacionais africa. /Os de investigaflo e 
desenvolvimienco. 


