Characteristics of Nutrients in Soil and Plants
James J. Hoorman, Hoorman Soil Health Services
The availability of soil nutrients is dependent on three factors. One is the chemical form that it
can be taken up by the plant. Two is the proximity to actively absorbing plant root. Three is the
soil nutrient in a soluble form that can be absorbed by plant roots. Most plant roots require moist
soil and water to absorb soluble nutrients.
Table 1: Essential Plant Nutrients: Macronutrients or Micronutrients
Macronutrient

Available Forms

Micronutrient

Available Forms

Nitrogen
Phosphorus
Potassium
Calcium
Magnesium
Sulfur

NO3-, NH4+, Organic
H2PO4- HPO42K+
Ca2+
Mg2+
SO42-

Chlorine
Manganese
Iron
Zinc
Copper
Molybdenum
Boron
Nickel
Cobalt

ClMn2+
Fe2+, 3+
Zn2+
Cu2+
MoO42H3BO3, Others
Ni2+
Co2+

Nutrient Mobility in Soils
Mobile nutrients move with the soil solution and are generally negatively charged ions (anions)
or uncharged (does not apply to phosphorus) and tend to be in high concentrations in the soil.
Examples include nitrogen, sulfur, chlorine, molybdenum, and boron. Immobile nutrients have
little movement in the soil and generally have positive charges (cations) except for phosphorus,
tend to have low soil concentrations, are often bound to the soil cation exchange capacity (CEC),
and precipitate as slightly soluble compounds. Examples include phosphorus, potassium,
calcium, magnesium, manganese, iron, zinc, copper, and nickel. Cobalt is made more mobile
when the soil pH is close to 7.
Nutrient Mobility in Plant Tissue
Mobile nutrients in the plant are easily remobilized from the older leaves to the new leaves under
deficiency conditions. Deficiencies generally show up on the older leaves because the nutrients
are easily mobilized to newer faster growing leaves. Examples include nitrogen, phosphorus,
potassium, magnesium, chlorine, zinc, and molybdenum. Immobile nutrients in the plant are not
easily mobilized. Deficiency symptoms are most pronounced on young plant leaves and parts
that are newly grown. Examples include calcium, sulfur, manganese, iron, copper, and boron.
Cobalt is mobile in plants when in an organic form but is immobile in plant tissue as a cation
(Co2+)

Table 1: Nutrient Form, Concentration, Soil and Plant Mobility, Deficiencies, and Plant Function
Soil
Element

Soil
Concentration
(% or PPM)
2% to 5%

Soil
Mobility

Plant
Mobility

Deficiency Signs

Nutrient Plant Function

Mobile

Mobile

Phosphorus
(P, H2PO4-,
HPO42-)

0.2% to 0.5%

Immobile

Mobile

Potassium
(K+)

2% to 5%

Immobile

Mobile

Amino acids
Proteins
Enzymes
Chloroplast
Backbone to DNA &
RNA
Nucleic Acids
Energy production and
transfer (ATP)
phospholipids
Passive Osmosis
Water transport
Enzyme cofactor
Not part of plant cells

Calcium
(Ca2+)

0.2% to 1.0%

Immobile

Immobile

Magnesium
(Mg2+)

0.1% to 0.4%

Immobile

Mobile

Sulfur
(SO42- in soil,
some S and S02
in plant leaves)

0.1% to 0.4%

Mobile

Immobile

Chlorine
(Cl-)

0.2% to 2%

Mobile

Mobile

Manganese
(Mn2+)

20 to 500 PPM

Immobile

Immobile

Old leaves (bottom
leaves) turn yellow
from inside leaf and
progresses outward
Old leaves turn
purple, stunting, less
cell division, less
flowering, less fruit,
more susceptible to
disease
Old leaves are
yellow on outside
and moves inward,
stunting, cell death
(necrosis), makes
plants susceptible to
disease, sandy soils
are often deficient.
Young leaves have
deformed tissues
and deformed fruit
(blossom end rot),
sandy soils often
deficient
Old leaves or lower
leaves are red
between veins with
dark green veins,
whole plant is pale,
cell death (necrosis)
Young leaves are
pale or slightly
yellow, sandy soils
are often deficient.
Cold springs cause
transient problem.
Old leaves or
bottom leaves are
speckled, wilting,
discoloration
(chlorosis), and
disease susceptible
New leaves are
yellow between
veins (interveinal
chlorosis) identical
to iron deficiency

Nitrogen
(N, NO3-, NH4+,
Organic)

Root formation
Cell wall strength
Enzyme cofactor

Main element in
chlorophyll bridge
Enzyme cofactor

Amino acids and proteins
Essential element for
amino acids: cysteine and
methionine

Water movement
Water splitting for
Photosynthesis

Water splitting for
Photosynthesis
Enzyme cofactor

Soil
Element

Soil
Concentration
(% or PPM)

Soil
Mobility

Plant
Mobility

Deficiency Signs

Nutrient Plant Function

Iron
(Fe2+, 3+ )

50 to 250 PPM

Immobile

Immobile

New leaves are
yellow between
veins (interveinal
chlorosis)

Zinc
(Zn2+)

20 to 150 PPM

Immobile

Mobile

Copper
(Cu2+)

5 to 20 PPM

Immobile

Immobile

Molybdenum
(MoO42-)

< 1 PPM

Mobile

Mobile

Boron
(B0, H3BO3,
Others)

6 to 20 PPB
Monovalent
20 to 60 PPB
Divalent

Mobile

Immobile

Immobile

???

Yellow or white
stripes, small leaves,
deformed rosettes,
deformed fruit
Similar to potassium
deficiency but
yellowing
(chlorosis) on
younger leaves.
Toxicity more
common than
deficiency
Old leaves turn
yellow (chlorosis)
and deformed, soil
toxicity in excess
amounts.
New leaves have
yellow tips and are
deformed, common
in vegetable crops
Toxicity can be an
issue with fertilizer
overapplication.
Unknown

Redox (e-) equations
Energy transport of
electrons in respiration
and photosynthesis
Oxidation and transrespiration and
chlorophyll synthesis
Enzymes
Growth Hormone
Enzyme cofactor

Nickel
< 1 PPM
(Ni2+)
• PPM = Parts Per Million
• PPB = Parts Per Billion

Redox (e-) equations
Energy transport of
electrons in respiration
and photosynthesis
Lignin formation

Nitrogen Reductase and
Nitrogenase Enzymes

New cell growth and
elongation
Phloem transport

Urease Enzyme
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The soil pH plays is
vital to nutrient
availability. The bar
chart thickness shows
soil pH nutrient
availability. For most
nutrients, a slightly
acid pH between 6.5 to
7 make most nutrients
more available excepts
for Ca, Mg, and Mo.

Table 1: Maximum Nutrient Availability based on Soil pH
Nutrient
Lowest Highest Minimum
Minimum
pH
pH
Soil level
Tissue Test
Nitrogen (N)
6
8
(Depends)
2.6-4%
Phosphorus (P)
6.5
7.5
20-100 ppm
.25-.5%
Potassium (K)*%
6
10
.5 meq/100g
1.7-3%
Calcium (Ca)*
7
8.5
5 meq/100g
.2-1.0%
Magnesium (Mg)*
7
8.5
1.6 meq/100g
.21-.6%
Sulfur (S)
6
10
10-20 ppm
.18-.4%
Iron (Fe)
4
6.5
10 ppm
21-250 ppm
Manganese (Mn)
5
7
10-50 ppm
15-200 ppm
Boron (B)
5.5
7
0.5-4 ppm
1-25 ppm
Copper (Cu)
5
7
2-50 ppm
3-20 ppm
Zinc (Zn)
5
7
1-200 ppm
15-150 ppm
Molybdenum (Mo)
7
10
2 ppm
.3-1.5 ppm
Nickel (Ni)
6.5
7
1-20 ppm
.5-5 ppm
Chromium (Cr)
6.5
7
10-50 ppm
4-50 ppm
Selenium (Se)
6.5
7
LT (<) 200 ppm
5-50 ppm
Cobalt (Co)
6.5
7
1-2 ppm
100 ppb
*meq=milliequivalents per 100 grams of soil ppm=parts per million
%Cation Exchange Capacity (CEC) plays a major factor in soil levels

Nitrogen Deficiency

Phosphorus Deficiency

Adequate Phosphorus on Left

Phosphorus Deficient on Right
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Calcium Deficiency

Calcium Deficiency is difficult to
see. In tomatoes, it shows up as
blossom end rot. Calcium
deficiency may be a hidden
source of reduced yield and is
often caused by too much soil
Potassium (K), making calcium
plant unavailable. Leaf tip
necrosis is a sign of calcium
deficiency. Calcium deficient
leaves are stunted & mishappen.
Calcium is critical for seed
germination and early plant
growth.
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Iron Deficiency
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Iron (Fe) is essential for crop
growth and food production.
Plants take up Fe as the
ferrous (Fe²⁺) cation and
reduced Fe (which is the
plant available form). Iron is
a component of many
enzymes associated with
energy transfer, nitrogen
reduction and fixation, and
lignin formation.
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Copper Deficiency
Copper (Cu) activates enzymes and
catalyzes reactions in several plantgrowth processes. The presence of
copper is closely linked to Vitamin A
production, and it helps ensure
successful protein synthesis.
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Zinc Deficiency
Zinc (Zn) is taken up by
plants as the divalent
Zn⁺² cation. It was one of
the first micronutrients
recognized as essential
for plants and the one
most commonly limiting
yields. Although Zn is
required only in small
amounts, high yields are
impossible without it.
University of Nebraska Lincoln

University of Georgia

Manganese Deficiency
Manganese (Mn) functions
primarily as part of enzyme
systems in plants. It activates
several important metabolic
reactions and plays a direct role
in photosynthesis. Manganese
accelerates germination and
maturity while increasing the
availability of phosphorus (P)
and calcium (Ca).
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University of Georgia

Boron Deficiency
Boron (B) exists primarily in
soil solutions as the BO₃⁻³
anion – the form commonly
taken up by plants. One of
the most important
micronutrients affecting
membrane stability, B
supports the structural and
functional integrity of plant
cell membranes. Borondeficiency symptoms first
appear at the growing points.
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Molybdenum deficiency
Molybdenum (Mo) is a trace elemen
required for the synthesis and
activity of the enzyme nitrate
reductase. Molybdenum is vital for
the process of symbiotic nitrogen (N)
fixation by Rhizobia bacteria in
legume root modules. Mo is often
lacking in plant tissue and is another
source of hidden plant hunger.
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Molybdenum symptoms are very subtle but this micronutrient is often
lacking in our soils and is difficult to diagnosis.
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Nickel Deficiency
Nickel is important in plant N
metabolism because it is a
component of the urease
enzyme. Without the
presence of Ni, urea
conversion is impossible. It is
required in very small
amounts, with the critical
level appearing to be about
1.1 ppm.

Frontiers: Hidden Nickel Deficiencies

Left: Nickel Deficient Right: Nickel Sufficient

Cobalt Deficiency
Cobalt is required for the synthesis of vitamin B12. Vitamin B12 is essential
for energy metabolism and the production of red blood cells. Cobalt
deficiency in soils can cause vitamin B12 deficiency in livestock. Cobalt can be
added to a fertilizer blend, but this is an expensive option and the cobalt given
in marginal areas may be wasted in drier years.
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Chlorine Deficiency

Plants take up chlorine (Cl) as the chloride (Cl-) anion. It’s active in energy
reactions in the plant. Classified as a micronutrient, Cl- is required by all
plants in small quantities.

Selenium Deficiency
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