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Macronutrients- present inrelativelyhigh concentrations in
plant tissues.
N,P,K Ca, Mg S Si

Nitrogenis most commonly limiting to productivity of
natural and managed soils. Phosphorus Is next most
limiting, and is most limiting in some tropical solls.

- present in very low concentrations in plant
tissues
Cl, Fe, B, Mn, Na, Zn, Cu, NI, Mo



TABLE 5.1
Adequate tissue levels of elements that may be required by plants (Part 1)

Concentration Relative number of
Chemical in dry matter atoms with respect
Element symbol (% or ppm)? to molybdenum

Obtained from water or carbon dioxide I
Hydrogen 6 60,000,000
Carbon 45 40,000,000
Oxygen 45 30,000,000

Obtained from the soil ™ Not considered mineral nutrients

Macronutrients
Nitrogen 15 1,000,000

Potassium 1.0 250,000
Calcium 0.5 125,000

Magnesium 0.2 80,000

Phosphorus 0.2 60,000
Sulfur 0.1 30,000

Silicon i 0.1 30,000

Source: Epstein 1972, 1999.

?The values for the nonmineral elements (H, C, O) and the macronutrients are percentages. The
values for micronutrients are expressed in parts per million.
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TABLE 5.1
Adequate tissue levels of elements that may be required by plants (Part 2)

Concentration Relative number of
Chemical in dry matter atoms with respect
Element symbol (% or ppm)“ to molybdenum

Obtained from the soil

. . Very low concentrations, but still essential
Micronutrients because of specialized roles in metabolism
Chlorine cl 100 3,000

Iron 100 2,000
Boron 20 2,000
Manganese Mn 50 1,000
Sodium N 10 400
Zinc @ 20 300
Copper Cu 6 100

Nickel Ni 0.1 2
Molybdenum Mo 0.1 1

Source: Epstein 1972, 1999.

9The values for the nonmineral elements (H, C, O) and the macronutrients are percentages. The
values for micronutrients are expressed in parts per million.
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Listof Essential Plant Mineral Nutrients

MACRONUTRIENTS:

Nitrogen \ NH4+, NO3 2-5
Phosphorus P H2PO4, HPO42 0.20.4
Potassium K K+ 0.52.0
Calcium Ca Caz 1.52.5
Magnesium Mg Mg2+ 0.30.5
Sulfur S S042 0.1-0.3
MICRONUTRIENTS:

Boron B H2BO3 40
Manganese Mn Mn2+ 15)
Copper Cu Cu2+ 7

Iron Fe Fe2+ 50
Zinc Zn Zn2+ 20
Molybdenum Mo MoO4 0.5
Chlorine Cl Ct 100

There are four other micronutrients not listed in this tablsodium (Na), cobalt (Co), vanadium (V) and
silicon (Si). Evidence to date suggests that these nutrients are essential in some plants species hows
they have not been proven essential in other species.



How to classify all of these macro and
micro nutrients?

TABLE 5.2
Classification of plant mineral nutrients according to biochemical function (Part 1)

Mineral nutrient Functions

Group 1 Nutrients that are part of carbon compounds
N Constituent of amino acids, amides, proteins, nucleic acids, nucleotides, coenzymes,
hexoamines, etc.

Component of cysteine, cystine, methionine, and proteins. Constituent of lipoic acid,
coenzyme A, thiamine pyrophosphate, glutathione, biotin, adenosine-5"-phospho-
sulfate, and 3-phosphoadenosine.

Nutrients that are important in energy storage or structural integrity
Component of sugar phosphates, nucleic acids, nucleotides, coenzymes, phospholipids,
phytic acid, etc. Has a key role in reactions that involve ATP.

Deposited as amorphous silica in cell walls. Contributes to cell wall mechanical
properties, including rigidity and elasticity.

Complexes with mannitol, mannan, polymannuronic acid, and other constituents of cell
walls. Involved in cell elongation and nucleic acid metabolism.

Source: After Evans and Sorger 1966 and Mengel and Kirkby 1987.
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TABLE 5.2
Classification of plant mineral nutrients according to biochemical function (Part 2)

Mineral nutrient Functions

Group 3 Nutrients that remain in ionic form
K Required as a cofactor for more than 40 enzymes. Principal cation in
establishing cell turgor and maintaining cell electroneutrality.

Constituent of the middle lamella of cell walls. Required as a cofactor by some
enzymes involved in the hydrolysis of ATP and phospholipids. Acts as a
second messenger in metabolic regulation.

Required by many enzymes involved in phosphate transfer. Constituent of the
chlorophyll molecule.

Required for the photosynthetic reactions involved in O, evolution.

Required for activity of some dehydrogenases, decarboxylases, kinases,
oxidases, and peroxidases. Involved with other cation-activated enzymes
and photosynthetic O, evolution.

Na Involved with the regeneration of phosphoenolpyruvate in C, and CAM plants.
Substitutes for potassium in some functions.

Source: After Evans and Sorger 1966 and Mengel and Kirkby 1987.
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TABLE 5.2
Classification of plant mineral nutrients according to biochemical function (Part 3)

Mineral nutrient Functions

Group 4 Nutrients that are involved in redox reactions
Fe Constituent of cytochromes and nonheme iron proteins involved in
photosynthesis, N, fixation,and respiration.

Zn Constituent of alcohol dehydrogenase, glutamic dehydrogenase,
carbonic anhydrase, etc.

Cu Component of ascorbic acid oxidase, tyrosinase, monoamine oxidase,
uricase, cytochrome oxidase, phenolase, laccase, and plastocyanin.

Ni Constituent of urease. In N,-fixing bacteria, constituent of hydrogenases.
Mo Constituent of nitrogenase, nitrate reductase, and xanthine dehydrogenase.

Source: After Evans and Sorger 1966 and Mengel and Kirkby 1987.
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Oxidationrefers to the loss of electrons, whilezduction refers to the gain of electrons.
Eachreaction by itself is called a "halfeaction”, simply because there must be two haktactions to form a
whole reaction.
Thusin notating redox reactions, chemists typically write out the electrons explicitly:
The term comes from the two concepts of reduction and oxidation. It can be explained in simple terms:
Oxidationis thelossof electronsor anincreasein oxidation state by anolecule atom, orion.
Reductionis thegain of electrons or adecreasan oxidation state by a molecule, atom, or ion.



http://en.wikipedia.org/wiki/Electron
http://en.wikipedia.org/wiki/Molecule
http://en.wikipedia.org/wiki/Atom
http://en.wikipedia.org/wiki/Ion

TABLE 5.4

Mineral elements classified on the basis of their
mobility within a plant and their tendency to
retranslocate during deficiencies

Mobile Immobile

Nitrogen Calcium
Potassium Sulfur
Magnesium lron
Phosphorus Boron
Chlorine Copper
Sodium

Zinc

Molybdenum

Note: Elements are listed in the order of their abundance in the plant.
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Element

Molybdenum
Copper
Zing
Manganese
[ron

Boron
Chlorine
Sul fur
Phosphorus
Magnesium
Calcium
Potassium
Nitrogen

Abbrev-
iation

umol/g
dry wt

mg/kg

(ppm) of atoms

1

100

300
1,000
2,000
2,000
3,000
30,000
60,000
80,000
125,000
250,000
1,000,000

Average Concentrations of Mineral Nutrients in Plant Shoot Dry
Matter that are Sufficient for Adequate Growth

Relative number



BalanceNutrition is Key to Plant Growth
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Excess May Lead to Problems
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Soil pH influences availability of soil nutrients.

Nitrogen

Phosphorus

Potassium

Sulfur
Calcium

Magnesium

Iron
Manganese

Boron

Copper

Zinc

Molybdenum
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4. Roots and mineral nutrient acquisition

Root Root Water Sand Clay Air
particle particle

Fine roots and root hairs
AmMmi nedo the s«
nutrients.
Mycorrhizal hyphae do
this even better.
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Soils particles are generally negatively charged and so bind
positively charged nutrient ions (cations).
NETFSNR 02 | az2zAt Qa [ (
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