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INTRODUCTION

* Fertilizers are formulations which may contain nitrogen, phosphorus and potassium

compounds added to soil to improve plants' growth and yield.

* First used by ancient farmers, fertilizer technology developed significantly as the chemical

heeds of growing plants were discovered.
* Modern synthetic fertilizers are composed mainly of the following compounds:
1. Nitrogen.
2. Phosphorous.
3. Potassium.

4. Secondary nutrients added.
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FERTILIZERS SOLUBILITY

= Fertilizer compounds must be soluble in water so they can be absorbed by the root

hair cells:
v" Ammonium ions, NH,*, and nitrate ions, NO, are sources of soluble nitrogen
v Phosphate ions, PO,%, are a source of soluble phosphorus

v'All common potassium compounds dissolve in water to produce potassium

ions, K*
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SOIL HEALTH

= Fertilizers play an important role for soil health:
v" They supplement the natural supply of soil nutrients.
v Build up soil fertility.

v' Compensate for nutrients taken by harvested crops or lost to other factors which

locally-specific nutrient use management can mitigate.

v’ Fertilizers also help build carbon sinks in agricultural soils.
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NON-MINERAL NUTRIENTS

1. Hydrogen (H)
2. Oxygen (0)

3. Carbon (C).

These nutrients are found in the air and water.

In a process called photosynthesis, plants use energy from the sun to change carbon
dioxide (CO, - carbon and oxygen) and water (H,O- hydrogen and oxygen) into starches and

sugars.

These starches and sugars are the plant's food.

v
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MINERAL NUTRIENTS

Primary Nutrients Secondary Nutrients
1. Nitrogen (N) 1. Calcium (Ca)
2. Phosphorus (P) 2. Magnesium (Mg)
3. Potassium (K) 3. Sulfur (S)

= These major nutrients usually are lacking = There are usually enough of these

from the soil because plants use large hutrients in the soil, so fertilization is not

amounts for their growth and survival. always needed.
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MINERAL NUTRIENTS

1. Boron (B) = Micronutrients are those elements
2. Copper (Cu)

3. Iron (Fe) essential for plant growth which are
4. Chloride (CI) needed in only very small (micro)
5. Manganese (Mn) .

6. Molybdenum (Mo) quantities.

7. Zinc (Zn) = These elements are sometimes called
8. Cobalt (Co)

9. Nickel (Ni) minor elements or trace elements.
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NITROGEN (N)

Nitrogen is a part of all living cells and is a hecessary part of all proteins, enzymes, and

metabolic processes involved in the synthesis and transfer of energy.

Nitrogen is a part of chlorophyll, the green pigment of the plant that is responsible for

photosynthesis.

Helps plants with rapid growth, increasing seed and fruit production and improving the

quality of leaf and forage crops.

Nitrogen often comes from fertilizer application and from the air.

Prof. Y. Mubarak Fertilizers Technology Chem. Eng. Dept.

10



NITROGEN DEFICIENCY

Symptoms

The whole plant looks pale to
yellowish green.

Early senescence of older leaves.
Increased root growth and stunted
shoot growth result in a low

shoot/root ratio.
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PHOSPHORUS (P)

Phosphorus (P) is an essential part of the process of photosynthesis.
Involved in the formation of all oils, sugars, starches, etc.

Helps with the transformation of solar energy into chemical energy; proper plant

maturation; withstanding stress.
Effects rapid growth.
Encourages blooming and root growth.

Phosphorus often comes from fertilizer, and superphosphate.

Prof. Y. Mubarak Fertilizers Technology Chem. Eng. Dept. 12



PHOSPHORUS DEFICIENCY

= Phosphorus deficiency tends to inhibit or prevent
shoot growth.

= Leaves turn dark, dull, blue-green, and may
become pale in severe deficiency.

= Reddish, reddish-violet, or violet color develops
from increased anthocyanin synthesis.

=  Symptoms appear first on older parts of the plant
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POTASSIUM (K)

=  Potassium is absorbed by plants in larger amounts than any other mineral element except

nitrogen and, in some cases, calcium.
= Helps in the building of protein, photosynthesis, fruit quality and reduction of diseases.

= Potassium is supplied to plants by soil minerals, organic materials, and fertilizer.
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POTASSIUM DEFICIENCY

Symptoms of potassium deficiency appear
on the lower portion of the plant first with
chlorosis (yellowing) at the leaf margins
followed by necrosis (death).

Potassium deficiency can be caused by soil
pH, extreme liming or calcium rich areas of
fields, lack of soil oxygen or true soil

deficiency
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CALCIUM (Ca)

Calcium, an essential part of plant cell wall structure, provides for normal transport and

retention of other elements as well as strength in the plant.
It is also thought to counteract the effect of alkali salts and organic acids within a plant.

Sources of calcium are dolomitic lime, gypsum, and superphosphate.
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CALCIUM DEFICIENCY

= Symptoms of calcium
deficiency first appear on
younger leaves and tissues,
growth is inhibited, and plants

have a bushy appearance.

= The youngest leaves are usually small and misshapen with
brown chlorotic spots developing along the margins, which

spread to eventually unite in the center of the leaves
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MAGNESIUM (Mg)

Magnesium is part of the chlorophyll in all green plants and essential for photosynthesis.
It also helps activate many plant enzymes needed for growth.

Soil minerals, organic material, fertilizers, and dolomitic limestone are sources of

magnesium for plants.
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MAGNESIUM DEFICIENCY

Magnesium is highly

mobile in the plant and

Arable crops

deficiency symptoms

first appear on the

lower leaves.

Fruits

Symptoms are more severe on the lower leaves

because magnesium is moved to the new growth.

Vegetables

Deficiency symptoms consist of interveinal chlorosis

(leaf veins stay green while the regions between

them turn yellow)

Cash crops
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SULFUR (S)

= Essential plant food for production of protein.

= Promotes activity and development of enzymes and vitamins.
= Helps in chlorophyll formation.

= |mproves root growth and seed production.

= Helps with vigorous plant growth and resistance to cold.

=  Sulfur may be supplied to the soil from rainwater. It is also added in some fertilizers as an
impurity, especially the lower grade fertilizers. The use of gypsum also increases soil sulfur

levels.
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SULFUR DEFICIENCY

= A sulfur deficient plant will experience yellowing or
pale green coloring throughout the plant.

= Younger leaves suffer from chlorosis with their tips
becoming necrotic.

= Overall plant development and growth will be

stunted without enough sulfur in the soil
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BORON (B) AND COPPER (Cu)

Boron (B)

= Helps in the use of nutrients and regulates other nutrients.
= Aids production of sugar and carbohydrates.

= Essential for seed and fruit development.

= Sources of boron are organic matter and borax.

Copper (Cu)

= I[mportant for reproductive growth.

= Aids in root metabolism and helps in the utilization of proteins.
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BORON DEFICIENCY

Boron deficiency is a common deficiency of the
micronutrient boron in plants. ...

Boron deficiency affects vegetative and
reproductive growth of plants, resulting in
inhibition of cell expansion, death of meristem,
and reduced fertility.

Plants contain boron both in a water-soluble and

insoluble form.
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COPPER DEFICIENCY

= Copper is immobile, meaning its deficiency
symptoms occur in the newer leaves.

= Symptoms vary depending on the crop.

=  Typically, the symptoms start as cupping and
a slight chlorosis of either the whole leaf or

between the veins of the new leaves
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CHLORIDE (CI) IRON (Fe) and MOLYBDENUM (Mo)

Chloride (CI)

= Aids plant metabolism.

= Chloride is found in the soil.

Iron (Fe)

= Essential for formation of chlorophyll.

= Sources of iron are the soil, iron sulfate, iron chelate.

Molybdenum (Mo)

= Helps in the use of nitrogen.

= Soil is a source of molybdenum.
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CHLORIDE DEFICIENCY

Chloride deficiency can occur if there is
consistently less than 2 ppm chloride in the
growing medium and the symptoms appear as
chlorotic blotches with necrotic spots located
between the veins or on the margins of the
younger leaves.

In advanced cases, chloride deficiency could

cause plant wilting
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IRON DEFICIENCY

= The symptoms of iron deficiency appear on
the youngest, newest leaves.

= The area between the leaf veins becomes
pale yellow or white (this is called interveinal
chlorosis).

= Usually, no noticeable physical deformity
occurs, but in severe cases the youngest

leaves may be entirely white and stunted
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MANGANESE (Mn) and ZINC (Zn)

Manganese (Mn)

= Functions with enzyme systems involved in breakdown of carbohydrates, and nitrogen

metabolism.
= Soil is a source of manganese.
Zinc (Zn)
= Essential for the transformation of carbohydrates.
= Regulates consumption of sugars.
= Part of the enzyme systems which regulate plant growth.

=  Sources of zinc are soil, zinc oxide, zinc sulfate, zinc chelate.
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MANGANESE DEFICIENCY

Manganese deficiency symptoms, which often look
like those of iron deficiency, appear as interveinal
chlorosis (yellow leaves with green veins) on the
young leaves, and sometimes tan, sunken spots
that appear in the chlorotic areas between the
veins.

Plant growth may also be reduced and stunted
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ZINC DEFICIENCY

Zinc deficiency causes a type of Ileaf
discoloration called chlorosis, which causes the
tissue between the veins to turn yellow while
the veins remain green.

Chlorosis in zinc deficiency usually affects the

base of the leaf near the stem

Prof. Y. Mubarak Fertilizers Technology Chem. Eng. Dept.

30



FERTILIZERS

Organic

= Carbonaceous materials mainly of vegetable and/or animal origin added to the soil

specifically for the nutrition of plants.

Inorganic

= A term used by the International Organization for Standardization (10S) for fertilizer in which
the declared nutrients are in the form of inorganic salts obtained by extraction and/or by

physical and/or chemical industrial processes.
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INORGANIC FERTILIZERS

Straight Fertilizer

= A qualification generally given to a nitrogenous, phosphatic, or potassic fertilizer having a

declarable content of only one of the primary plant nutrients.

Compound Fertilizer

= A fertilizer that has a declarable content of at least two of the plant nutrients nitrogen,

phosphorous, and potassium, obtained by chemically or by blending, or both.

Mixed Fertilizer

= The term applied to a fertilizer that is a physical mixture of two or more of the straight

fertilizer. Mixed fertilizer may be powdered or granulated.
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INORGANIC FERTILIZERS (Continue ...)

Blended Fertilizer

= A fertilizer, obtained by dry mixing, that has a declarable content of at least two of the plant

nutrients nitrogen, phosphorus, and potassium.

Granular Fertilizer

=  Solid material that is formed into particles of a predetermined mean size.

Coated Fertilizer

= Granular fertilizer that is covered with a thin layer of a different material in order to improve

the behavior and/or modify the characteristics of the fertilizer.
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Slow-release Fertilizer

= A fertilizer whose nutrients are present as a chemical compound or whose physical state is such
that the nutrient availability to plants is spread over time.

Conditioned Fertilizer

= Fertilizer treated with an additive to improve physical condition or prevent caking.

Solution Fertilizer

= Liquid fertilizer free of solid particles

Suspension Fertilizer

= A two-phase fertilizer in which solid particles are maintained in suspension in the aqueous
phase.

Powder Fertilizer

= A solid substance in the form of very fine particles.
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FERTILIZER SPECIFICATIONS

A well written fertilizer specification should include the following elements in details:

1.

© © N o o ~ W N

Nutrient contents and concentrations.

Nutrient chemical composition.

Moisture content.
Physical condition.
Particle size distribution.
Solubility.

Conditioner.

Packaging details.

Penalties or discount for deviation from stated values.
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COMMON FERTILIZER

AN
AS
KNO,
CN
DAP
MAP
KCl
TSP
SOP

Ammonium Nitrate
Ammonium Sulfate
Potassium Nitrate

Calcium Nitrate
Diammonium Phosphate
Monoammonium Phosphate
Potassium Chloride

Triple Superphosphate
Potassium Sulfate

Urea
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33-34% N

21% N

13% N, 46% K,0
15% N

18-46-0

11-55-0 to 12-61-0
60-62% K,0
44-48% P,0,

50% K,0
45-46% N




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.

A fertilizer product with a grade of 18-46-0 is guaranteed by the manufacturer to have 18%
N and 46% P,0;.
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CONVERSION FACTORS

P,0g
P
K,0
K
CaOo
Ca
MgO
Mg
SO,

v
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