


eral particles into aggregates that are largely re-
sponsible for the loose, easily managed condition
of productive soils and increases the soil’s water-
holding capacity.

Soil organic matter contains nutrients that can

be used by plants. Tese nutrients are released
through a process called mineralization, which
converts organic forms of nitrogen (N), phospho-
rus (P) and boron (B) into plant-available forms.
Soil organic matter can also bind a variety of metal
forms of plant nutrients such as copper (Cu), zinc
(Zn) and iron (Fe). If the bond is strong and not
soluble in water, plants may not able to use them;
however, if the bond is not strong and those nutri-
ents can be released in water, then they are avail-
able for plant uptake.
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ing nutrients to growing plants. An important prop-
erty of the soil solution is its acidity or alkalinity,
i.e., thf gmount of hydrogen ions (H*) or hydroxide
ions (ONY") in the soil solution. Soil solution acidity,
or pH, il uences the solubility and availability of
several essential nutrient elements, such as iron (Fe),
manganese (Mn), P, Zn, Cu and Mo, to plants.

T'e force that holds soil pore water is referred to

as soil moisture tension. Small pores possess more
power to hold water and vice versa. Soil water held
strongly by pores is not available for the plant to use
and is referred to as unavailable water. Te wilting
point occurs when there is not enough water in the
soil for the plant to use. Te maximum amount of
water a soil cdn hold after gravitational drainage is
referred to as! eld capacity. During and immediate-
ly following a heavy rain or irrigatjon, pores in the
upper soil zones are often entirely! lled with water.
When soil has been saturated, moisture will con-
tinue to dralp away for 24 to 48 hours, after which
the soil is at! eld capacity. Te amount of water in
soil that can be used by plant is the plant-available
water in soil. To calculate the amount of water avail-
able (grams of water per cubic centimeter soil), you
need to subtract the water coddgent at wilting point
from the soil water content at' eld capacity. One
unit of expression for pore force or tension is the
atmosphere (normal atmospheric pressure at sea
level), 14.696 1b in2. T'e metric term “bar” is also
used; 1 bar is equal to 14.5 Ib in?. Since bar and at-
mosphere are essentially the same, they can be used
interchangeably for most purposes. T'e greater the
amount of water in a given soil, the lower the soil
moisture tension. At the same soil moisture tension,
a clay soil holds more .Vater than a sandy soil.

Water in excess of the! eld capacity is termed
“gravitational.” Gravitational water is of limited use
to plants because it is present in the soil for only a
short time. While in the soil, it occupies the larger
pores, thereby reducing soil aeration. Removing



Figure 1. Soil textural triangle (from Brady, N. C. 1990. T“e Nature and
Properties of Soils. New York: MacMillan).

withstand careful handling without breaking; how-
ever, a ribbon won't form.

Loam

An ideal loam is a mixture of sand, silt and clay
particles that exhibits the properties of those soil
separates in about equal proportions. Neither












nutrition of plants. Nitrogen applied in inorganic
fertilizers is generally very soluble and may be sub-
ject to losg by leaching if excessive rain or irrigation
is present.‘i‘c’)wever, N moves to plant roots largely
through thel ow of water. T\erefore, providing ad-
equate water for crop plants is critical to maintain-
ing a satisfactory N supply.

Phosphorus (P)

Phosphorus is tightly bound to soil particles in
many soils. T e amount removed during soil ex-
traction §s very dependent on soil type and on

the speci c extractant used. T'e extractant cur-
rently recommended for soil analysis of P is called
Mebhlich-3 extractant, and it is the best for a wide
range of conditions. (See UAF AFES Circular 81,
Relating Mehlich-3 extractable P to Morgan and
Bray 1 extractable P for Alaska Soils.) However, the
optimum P soil test value varies substantially in
Alaska soils, requiring separate interpretation for
each soil type. Phosphorus analysis is one of the
most reliable and useful soil tests.

In contrast to N, P is very insoluble in soil systems.
Maintaining proper soil pH is critical to providing
adequate P for optimum plant growth. When soil
pH drops below 5.0, aluminum becomes soluble
and will bind P, making it less available for plant
use. Alternatively, if soil pH is above 7.5, Ca may
bind P, rendering it less available to crops. With-
in the range of pH 5.0 to 7.5, P solubility is maxi-
mized, but it is still low compared to the other pri-
mary and secondary nutrients.

.}Some types of soil minerals have a very strong af-
nity for P molecules. Primary among these are
volcanic ash particles, which predominate in many
Alaska soils, particularly in the Kenai and Susitna
Valley areas. In these soils, large amounts of fertil-
izer may be necessary to provide adequate P. Or-
ganic mattdr decreases the ability of soil mineral
particles to! x or bind P, so adding organic materi-
als may reduce the P requirement of volcanic ash
soils. Another method of reducing the P require-
ment in P4 xing soils is to apply P fertilizer in a
concentrated band to minimize its dpntact with soil
mineral particles and thus decrease! xation.

Potassium (K)

Although the total amount of K in most soils is
quite large, a relatively small portion is generally
available for plant growth. Most K is held as part
of the soil minerals structure or inside layered clay
particles, and it may become available very slowly.
T'e release of K from K-bearing minerals is usually
not sufficient for crop plants.

Potassium is held tightly enough to soil particles
that K fertilizer may be applied in the fall or spring
in all but the sandiest soils. In very sandy soils, K
fertilizers should be applied only in the spring.

Potassium availability is not strongly affected by



acidic conditions, Mg is very soluble and may be
lost due to leaching. If an acidic soil is limedrwith
a material that contains little or no Mg, a de cien-
cy of this nutrient may result. When liming a very
acid soil (below pH 5.2), it is a good practice to use
a liming material that contains Mg or to monitor
soil Mg levels closely.



when acidic, low-lying sandy soils are limed to
pH levels above 6.5, or when wet, sandy soils are
drained.

Zinc (Zn)

Soil acidity is e primary factor affecting Zn avail-
ability. Zinc dé ciency occurs in moderate- to
high-pH soils and may bk more pronounced if soil
P levels are high. Zinc dé ciency may occur in soils
with a pH of g} to 7.0 if they are overfertilized
with P. Zinc dé ciency is most likely to be found in
sandy or high-organic matter soils.

Iron (F

Iron de ciencies occur only in high-pH soils. In
soils with high pH, most of the Fe is insoluble and
therefore unavailable to plants. Reducing the pH
with elemental S or some other acidifying agent
will correct the problem by solubilizing the Fe in
the soil.

Copper (Cu)

Copper solubility also decreases as pH levels in-
crease. T erefore, Cu de ciency can occur in soils
with pH levels above 7.5. In contrast to Mn, Zn and
Fe, Cu is tightly bound by soil organic matter. As
soil organic matter content increases, Cu availabil-
ity decreases. In some soils With large amounts of
organic matter, Cu can be de cient when soil pH is
5.5 or below.

Molybdenum (Mo)
Higher plants require Mo in extremely small
amounts. Molybdenum behaves very differently
from most other micronutrients. Te most com-
mon form of soil Mo is anionic, which can be eas-
ily leached from sandy soils. Molybdenum is most
sé,uble at high pH levels and is most likely to be
cient in acidic sandy soils. However, Mo de-
ciencies are sometimes found in moderate-pH,
ne-textured soils. T'is generally occurs where the
parent mateial is low in Mo. Molybdenum is es-
sential to N xatidn! by legumes, which are very
sensitive to Mo dé cNIncies. T e crucifers (broccoli,
Brussels sprouts, caull ower, canola and the forage
rapes) all have a high Mo requirement. These plants
are sensitive to low Mo levels and also remove
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substantial quantities of Mo from the soil when
harvested.






is publication replaces the following Extension publications: Soil Fundamentals by C. L. Johnson, former Extension Assistant,
Palmer Research Station, University of Alaska Fairbanks and Soil Fertility Basics and Soil Sampling and Analysis by J.L. Walworth,
former Soil Scientist, Agricultural and Forestry Experiment Station, Palmer Research Center, University of Alaska Fairbanks.
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