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Managing Soils to Optimize Crop Production
Soil fertility is a very important
component in the management
of optimal crop production. In
addition to fertility, there are
many other factors in the soil
that directly affect crop growth.
For example, soil moisture,
temperature, compaction and
drainage all influence the plant’s
a b i lity to gr ow, ma ture a nd
reproduce.1
The purpose of this newsletter is
to explore some of the characteristics
of the soil at a fundamental level.
This information can assist us
in developing optimal programs
for soil applications of fertilizers
and foliar applications of
Metalosate ® products on our
crops. The better we understand
the various constituents that make
up our soils, the better we can
manage them to improve the
efficiency of the production of
our crops.

Soil Texture
The mineral component of the soil is
made up of particles of various sizes.
The largest sized particle is sand and
the smallest is clay. Silt is a particle
intermediate in size to sand and clay.
Loams are soils made up mixtures of
these different sized particles.2
Most soil particles have negative
charges on their surfaces. This
means that they attract and hold

positively charged elements or
cations. The only way a cation can
be removed from the surface of a
soil particle is if another soluble
cation replaces it. This process is
referred to as cation exchange. The
quantity of cations that can be held
by a soil is known as the cation
exchange capacity (C.E.C.). 3

Soil pH
pH is the measure of the relative
acidity or alkalinity of the soil.
The solubility, and therefore the
availability, of all plant nutrients
is dependent on soil pH. Certain
elements are more soluble under acid
conditions while others are more
available under alkaline conditions.
See Figure 1. For this reason each
crop has an optimal pH range within
which it grows best. 2
The range of pH is from 0 to 14,
where 7 is neutral. A pH below 7 is
acid and above this level is alkaline.2
The availability of nutrients in the
soil is optimal for most crops at
neutral to slightly acid.
We can change the pH of the soil
by applying amendments. Calcium
carbonate (CaCO 3), or lime, will
increase the pH of the soil. Where
WKHUH LV D GHÀFLHQF\ RI PDJQHVLXP
we can apply dolomite, which is a
form of lime that contains calcium
and magnesium carbonates. Many
soils in arid areas contain an excess

amount of lime. These are referred
to as calcareous soils and are
naturally high in pH.4
Many fertilizer products produce
acid in the soil. These include
ammonium forms of nitrogen and
those that contain sulfur. Liquid
fertilizer blends containing sulfuric
acid or other acids can also be
used to reduce the pH of the soil.
These are frequently applied in the
irrigation water.4

Soil Organic Matter
Organic matter is an important
component of the soil that
LQÁXHQFHVLWVVWUXFWXUH,WLPSURYHV
the infiltration rate of water and
water holding capacity of the soil.
As organic matter decomposes, it
becomes an important source of
nutrients for the crop.5

Salinity
A high salt content in the soil can
cause serious injury to the crop.
Different crop species vary in their
tolerance to salinity. Generally, low
quality irrigation water is the source
of the salts that are introduced to the
soil. However, high concentrations
of fertilizers can also contribute to
the salinity.4
The only way to reclaim saline soils
is by washing the salts out of the
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root zone with a large amount of
good quality irrigation water. Then,
with adequate drainage, the salts can
be leached away. 4

and the availability of P is highly
dependent on pH. A soil pH of
near 6.5 is where the solubility of P
is the greatest.6

The Macronutrients

Most fertilizer forms of phosphorus
are quite soluble. However,
when they are introduced into
the soil environment, the P is
rapidly converted into the less
soluble forms. Then, as plants
remove phosphorus from the
soil solution, a small amount
of P goes back into solution to
form equilibrium. Therefore,
the soil has the capacity to store
phosphorus and slowly release it
over time.3

Nitrogen (N) in the soil is present
primarily in three forms: ammonium,
nitrate and organic nitrogen.
When urea is applied to the soil,
it is converted into ammonium
very rapidly. 3 Organic matter is
an important source of nitrogen
for crops. However, fresh organic
matter that is very high in carbon
can reduce the amount of available
N in the soil.5
Nitrogen can also be applied
in the ammonium and nitrate
forms. Ammonium has a positive
charge and is held on the surfaces
of the soil particles due
to their negative charges.
Nitrification can take place
in a very short time in warm,
moist soils. This is the process
of conversion of ammonium-N
to nitrate-N by bacteria in
the soil.4
Nitrate is the form of N that
is most readily available to the crop.
However, since it is not retained
by the soil particles, it is also readily
leached out of the root zone with
the movement of water. Since
nitrate is a serious contaminant of
ground water, it is important to apply
only the amount of nitrogen that
will be needed by the crop. Careful
timing of N applications to meet
the crop demand will decrease
nitrate pollution and increase
IHUWLOL]HUXVHHIÀFLHQF\3
Phosphorus (P) can be found
as calcium phosphates in high
pH soils or as iron and aluminum
phosphates in acid soils. All of
these forms are sparingly soluble

Potassium (K) is a positively
c h a rg e d e l e m e n t , o r c a t i o n ,
which can be retained on the
surfaces of the negatively charged
soil particles. Some types of clays
also have the capacity to hold
large amounts of K within their
structures. In addition, the organic
matter in the soil can contain
significant amounts of potassium.
As a result, most soils have a
tremendous capacity to store this
element. However, if a soil has
become depleted, these storage sites
can become a very strong sink for
any applied potassium. This will
remove the nutrient from the soil
solution and compete with the plant
for the available K.6
Sulfur (S) must be present in the
soil in the soluble sulfate form to
be readily available to the crop.
However, because it has a negative
charge, sulfate can be repelled by
the soil particles and leached out of
the root zone with the downward
movement of water. Therefore, it
is important to carefully time the
applications of sulfate forms of
sulfur to meet the crop demand
and to obtain the most efficient
responses.3

2

The Major Cations
Calcium (Ca) in the soil is in
the form of a divalent cation,
which means it has two positive
charges. In addition to being an
important nutrient, it also exerts
D VWURQJ LQÁXHQFH RQ VRLO VWUXFWXUH
The two charges of Ca can attach
to two soil particles, causing them
to stick together or flocculate.
This creates openings between
the clumps of particles that
facilitates the movement of water
and air.2
Magnesium (Mg) is also found in
the soil as a divalent cation, so it has
the same effect on the soil structure
as calcium. Magnesium is a vital
crop nutrient so it is important to
maintain adequate levels in the soil.3
Sodium (Na) in the soil is in the
form of a monovalent cation, which
means that it has only one positive
charge. It has the opposite effect
on the soil structure as the divalent
cations, Ca and Mg. Sodium
UHGXFHV WKH ÁRFFXODWLRQ RI WKH VRLO
and causes the particles to flow
together. This can form a layer
that is nearly impervious to the
movement of water and air. Crops
growing in sodium saturated, or
sodic soils frequently suffer from
severe water stress.2
The way to reclaim sodic soils
is to replace the sodium on the
soil particles with calcium. Then,
with the downward movement of
water, the sodium can be leached
below the root zone. Calcium
sulfate (CaSO4), or gypsum, is one
form of Ca that can be used for this
purpose. If the soil contains free
lime (CaCO 3), then acid-forming
materials that reduce the pH can
be applied to dissolve the lime and
liberate Ca in the soil.2
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Elemental sulfur can also be applied
to the soil as an amendment.
However, it must be converted to
sulfuric acid by bacteria before it
will reduce the pH. This process can
be very slow, taking many months or
even years to complete. As a result,
the application of elemental sulfur is
more gradual method of reclaiming
sodic soils.4
The Micronutrients
Micronutrients are elements required
by plants in relatively low quantities.
This does not mean, however,
that they are less important than
the macronutrients.
Iron (Fe), manganese (Mn),
zinc (Zn) and copper (Cu) are all
metals, which are less soluble in
the soil at a higher pH, as seen in
Figure 1. This is why we frequently
see deficiencies of these nutrients
in alkaline soils. Molybdenum
(Mo), in contrast, is much more
available in alkaline soils. Boron
(B) is present in the soil as borate,
which is negatively charged.
Since boron is not held by the
soil particles, it can be leached out
of the root zone with water
movement.7
Since the micronutrients are
only needed by the crop in
small quantities, it is easy for
a plant to get too much of one of
these elements. An excessive level,
or toxicity, of an element can be
just as harmful to the plant as a
GHÀFLHQF\8 Furthermore, too much
of one element can cause adverse
interactions with other nutrients
by reducing or enhancing their
availability.
Nutrients can be applied to crops by
applications of Metalosate products.
The Metalosate products are Albion s
patented amino acid chelated mineral

nutrients. Foliar applications
of Metalosate products bypass the
interactions in the soil that can
render the nutrients unavailable
to plants. Metalosate products
can also be applied to the soil
through the irrigation water.
Amino acid chelated minerals
are protected from many
chemical reactions in the
soil. Well-timed applications
of the Metalosate products
have resulted in very good responses
in a wide variety of crops around
the world.9
Analysis of Soil
and Plant Tissue
The reason for soil testing is
to determine the availability of
nutrients to the plants. Analysis
will also detect many of the other
factors that influence nutrient
availability. From the results
Albion can determine the quantities
of fertilizers and soil amendments
required to optimize these
factors and improve nutrient
availability.10
7KH GLIÀFXOW\ ZLWK VRLO DQDO\VLV LV
that it cannot measure some of the
most important
factors that
a ff e c t h o w a
plant absorbs
n u t r i e n t s
from the soil.
Te m p e r a t u r e ,
m o i s t u r e
conditions,
compaction and
drainage are just
a few of these
factors. This
is the reason
Albion also
recommends
plant tissue
analysis.
If
one analyzes

3

the leaves of the plant, one can
determine exactly how much of each
nutrient the plant is absorbing
from the soil and accumulating in
the leaf.11 The results of plant tissue
analysis can then be evaluated
by Albion’s exclusive T.E.A.M.®
program to determine the
balance between the nutrients
within the plant. T.E.A.M. analysis
can provide the grower with
important information in addition
to soil analysis, which is very
useful in managing soil
applications of fertilizers
and amendments and foliar
applications of Metalosate products.9
Conclusion
Crop production is highly
dependent on the fertility of
the soil and other factors that
affect the ability of the plant
to absorb nutrients from the soil.
The better we understand the
various characteristics of our
soils, the better decisions
we can make on how to
manage them to produce
RXUFURSVPRVWHIÀFLHQWO\
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Albion highly recommends the use of the T.E.A.M. program and the
Metalosate products to enhance the value of your fertility program. Please
contact your nearest Albion representative or see our website for more
information on these important tools that can optimize the ef¿ciency and
SUR¿WDELOLW\RI\RXUFURSV
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