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Hugh Savoy, Associate Professor
Extension Plant and Soil Science

An understanding of soil chemical properties is important because of their effect on nutrient

availability to plants. Also, these properties may usually be favorably altered with the use of lime and/or

fertilizer materials. Many plants need 18 elements (see Table 1) for normal growth and completion of

their life cycle. These elements are called the essential plant nutrients. Soil amendments containing the

essential plant nutrients or having the effect of favorably changing the soil chemistry have been devel-

oped and used to enhance plant nutrition. These amendments are our lime and fertilizer materials.

With the development of these modern lime and fertilizer materials, as well as equipment for

handling and application, amending soil chemical properties became a cheap and easily accomplished

task relative to the high returns often achieved. Soil testing developed as a means for answering ques-

tions about need for a particular amendment (status of the soil's fertility) and uncertainty about how

much to add. The two basic questions answered from the soil testing results of modern laboratories are:

(1) Which soil amendments (specific types of fertilizers and/or liming materials) does this soil need?

(2) How much of the amendments are needed to get the most return on dollars spent? Our lime and

fertilizer materials are developed primarily from finite and non-renewable resources. Therefore, these

preceding questions are extremely relevant to our concerns about the efficient and environmentally

sound use of such resources.

Other diagnostic techniques, such as plant analysis, may sometimes be useful as a supplement to

soil test information or for "troubleshooting" and monitoring applications. The mineral components of

the plant (essential plant nutrients) are supplied to the plant by and through the mediums of air, water

and soil.

Three elements, carbon (C), hydrogen (H) and oxygen (O), are supplied by
air (in the form of carbon dioxide) and water. When the chlorophyll (green
pigments) of plants are exposed to light, these three elements are combined in a
process called photosynthesis to make carbohydrates, with a subsequent release of
oxygen. The water is brought into the plant by root absorption from the soil
system. Carbon dioxide (CO

2
) enters the plant through small leaf openings called

stomata. The rate at which photosynthesis occurs is directly influenced by the
water and nutritional status of the plant. Maximum rates are determined ultimately
by the genetics of the plant.
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Fifteen of the essential nutrients are supplied by the soil system. Of these,
nitrogen (N), phosphorus (P) and potassium (K) are referred to as primary or
macronutrients. This is because (1) they are required by the plant in large amounts
relative to other nutrients (see Table 2) and (2) they are the nutrients most likely to
be found limiting plant growth and development in soil systems.

Calcium (Ca), magnesium (Mg) and sulfur (S) are termed secondary
nutrients because they are less likely to be growth-limiting factors in soil systems.
Calcium and magnesium are  added in liming materials when soil pH is adjusted
and sulfur is added continually by rainfall and release from the soil organic matter.
It is estimated that some 10 to 20 pounds of sulfur per acre may be deposited
annually in precipitation.

 Zinc (Zn), chlorine (Cl), boron (B), molybdenum (Mo), copper (Cu), iron
(Fe), manganese (Mn), cobalt (Co) and nickel (Ni)  are termed micronutrients
because (1) they are found in only very small amounts (see Table 2) relative to
other plant nutrients in the average plant and (2) they are least likely to be limiting
plant growth and development in many soil systems. There is a much finer line

Table 1. Essential plant nutrients and their elemental (chemical) symbol

Nutrients Supplied Nutrients Supplied by the Soil System
by Air and Water

Non-Mineral Primary or Secondary   Micronutrients
Macronutrients

Carbon - C Nitrogen - N Calcium - Ca   Zinc - Zn

Hydrogen - H Phosphorus - P Magnesium - Mg   Chlorine - Cl

Oxygen - O Potassium - K Sulfur - S   Boron - B

  Molybdenum - Mo

  Copper - Cu

  Iron - Fe

  Manganese - Mn

  Cobalt - Co

  Nickel - Ni
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between "enough" and "too much" for the micronutrients than for other plant
nutrients. Use of micronutrient fertilizer materials should only be undertaken with
very clear objectives (i.e., correction of clearly identified Zn deficiencies of corn
grown on soils high in pH or P) in mind and with a knowledge of previously
successful rates of application. Indiscriminate use of micronutrients is more likely
to result in undesirable effects than similar use of other nutrients.

Table 2. Average concentrations of 13 soil-derived (mineral) nutrients in plant
dry matter that are sufficient for adequate growth (Epstein, 1965)

Element mg/kg (ppm) % Relative Number of Atoms

Molybdenum     0.1 --               1

Copper     6 --           100

Zinc   20 --           300

Manganese   50 --        1,000

Iron 100 --        2,000

Boron   20 --        2,000

Chlorine 100 --        3,000

Sulfur -- 0.1      30,000

Phosphorus -- 0.2      60,000

Magnesium -- 0.2      80,000

Calcium -- 0.5    125,000

Potassium -- 1.0    250,000

Nitrogen -- 1.5 1,000,000

Functions of the Essential Nutrients in Plants
Table 3 provides a brief description of the various functions of essential plant

nutrients within the plant and lists the form(s) of the nutrient that the plant is able to
obtain from the soil solution complex. Some nutrients are present in the soil solution
complex as positively charged cations and others as negatively charged anions.
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Plant Available
Nutrient From Soil Solution Complex
Element Functions in Plants Form(s) Symbol(s)

Nitrogen Promotes rapid growth, chlorophyll Anion and NO
3

-

formation and protein synthesis. Cation NH
4

+

Phosphorus Stimulates early root growth. Anion H
2
PO

4
-

Hastens maturity. Stimulates blooming HPO
4
 - -

and aids seed formation.

Potassium Increases resistance to drought and disease. Cation K+

Increases stalk and straw strength.
Increases quality of grain and seed.

Calcium Improves root formation, stiffness of straw and Cation Ca++

vigor. Increases resistance to seedling diseases.

Magnesium Aids chlorophyll formation and phosphorus Cation Mg++

metabolism. Helps regulate uptake of other
nutrients.

Sulfur Amino acids, vitamins. Imparts dark green color. Anion SO
4
- -

Stimulates seed production.

Boron Aids carbohydrate transport and cell division. Anion H
3
BO

3
H

2
BO

3
- HBO

3
- -

BO
3

- - -  B
4
O

7
- -

Copper Enzymes, light reactions. Cation* Cu++

Iron Chlorophyll formation. Cation* Fe++ Fe+++

Manganese Oxidation-reduction reactions. Cation* Mn++

Hastens germination and maturation.

Zinc Auxins, enzymes. Cation* Zn++

Molybdenum Aids nitrogen fixation and nitrate assimilation. Anion MoO
4
- -

Cobalt Essential for nitrogen fixation. Cation Co++

Nickel Grain filling, seed viability Cation Ni++ Ni+++

Chlorine Water use. Anion CI-

Oxygen Component of most plant compounds.

Hydrogen Component of most plant compounds.

Carbon Component of most plant compounds.

Obtained from air and water.

Table 3. Functions and available forms of nutrients

* Also available to plants in chelate form (a nutrient form having the essential nutrient linked to an organic compound so that
it stays available for plant use within certain ranges of soil pH).
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Cations are attracted to and held by the negatively charged surface area of clay
and organic matter. Anions move more freely with the soil solution.

Visual Diagnoses of
Plant Nutrient Deficiencies

Sometimes the soil chemistry is such that the soil is not able to supply
sufficient nutrients to the plant. Toxic conditions such as excessive soil acidity
may prevent plant roots from growing (see figure 1) or perhaps nutrients are
simply in low supply. When these conditions are severe enough, plants will
exhibit nutrient deficiency symptoms. The symptoms expressed by the plant are
often used to somewhat subjectively diagnose plant nutrient problems. Some
common symptoms shown by plants are:
(1) Chlorosis — A yellowing, either uniform or interveinal, of plant tissue due to
a reduction of the chlorophyll formation processes.
(2) Necrosis — The death or dying of plant tissue. It usually begins on the tips
and edges of older leaves and also may be caused by drought, herbicides, disease,
foliar application of fertilizer or animals marking territorial boundaries.
(3) Rosetting — A cluster of leaves crowded and arising from a crown, resulting
from a lack of new terminal growth.
(4) Anthocyanin (pigment) accumulation — This results in the appearance of
reddish, purple or brownish coloration. The pigment anthocyanin forms due to
sugar accumulation.
(5) Stunting or reduced growth, with either normal or dark green coloring or
yellowing.

The symptom location on the plant depends on how well the nutrient moves
from older plant tissues to younger developing parts. Nutrients that can be moved
readily by the plant (mobile nutrients) to younger developing tissue are nitrogen,
phosphorus, potassium and magnesium. Deficiency symptoms for these nutrients
are usually first expressed in the older
leaves. The entire plant may develop
symptoms if the deficiency is severe. Nutri-
ents that are not easily moved by the plant
from older, developed plant parts into
younger tissue are sulfur, calcium and all of
the micronutrients. Deficiency symptoms
for immobile nutrients are usually first
expressed in the growing points and young-
est leaves. The following is a generalized
key to commonly expressed nutrient defi-
ciency symptoms.

Figure 1.  Soil pH effect on plant roots.
pH 6.5 pH 5.5 pH 5.2


































