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Soil Testing offers the producer the best way to judge production needs.  Research
conducted by state universities has shown the dramatic effects soil nutrient
concentrations have on crop growth and yield rates.  Having the data soil testing provides
gives the producer the necessary information to make important decisions about fertilizer,
chemical, and seed selections.

It is important that everyone involved in modern agricultural practices be aware of what a
good soil analysis program consists of.  The following information is designed to aid the
fertilizer dealer, the sampler, or the producer as to the significance of each step of the
analysis.  From sampling to results and recommendations, soil analysis is both an art and
science.  It takes experience to fully appreciate all of the subtleties of soil science.  This
information is not intended to be a full reference guide.  Frontier Labs is dedicated to our
customers’ success and believes that your success comes from a solid understanding of
what good soil analysis is all about.

The complete precision agriculture system includes all of the above components.

Introduction: Soil Testing for Economic Agriculture
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Test results can be no better than the sample.  All of the testing and interpreting are based
on this sample, so proper sampling techniques are essential.

Grid sampling vs. Conventional sampling

Conventional sampling is done in two ways. One way is the strip method where samples
are taken in a strip that is determined by farming practices, while another method uses
soil types to determine areas to be sampled. Both methods seem logical taking samples
from areas that were either farmed the same year after year or from areas with the same
soil type. Taking these samples one would zigzag through the sample area collecting
samples. Upon completion, samples were mixed together and sent to a laboratory for
testing. The results that came back were an average index for the field or sample area.

In the mid 50’s conventional sampling, whether it was done in strips or by soil type was
adequate because at that time soils were testing low to very low. The probability of a
return for every dollar spent on fertilizer was very high under these conditions. After
years of aggressive fertilization our levels of (P) and (K) are now in the high to very high
range using conventional sampling methods. The probability of an economical return on
high rates of fertilizer diminishes on soils already testing high to very high.

Grid Sampling became widely accepted with the availability of Global Positioning
Systems. The grid sample method allows us to systematically divide large fields into
smaller, sub-fields for fertility management purposes. Using yield monitors and grid
sampling we have learned many things:

1. While an area or field may have averaged a certain yield, there was a lot of variability
inside that field or area.

2. By applying fertilizer using a yield goal average for the whole field we under
fertilized half the field while over fertilizing the other half

3. Using the grid sample method we can once again find areas that have a high
probability of a return for high rates of fertilizer.

Choosing the Sample Area

Plan where you want to sample by dividing your field into uniform areas, which have
similar soil type, slope, crop history, fertilizer, and liming treatments.  Avoid small areas
that are not representative of the sample area such as old fencerows, low spots, end rows,
and dead furrows.  Stay away from roads, building sites, and waterways.  Record the
locations of the sampling areas on a map for your records.

Section 1: Soil Sampling Procedures
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Taking the Sample

Use a probe, auger, spade or other sampling equipment that will
give you an eight-inch core.  If using a spade or trowel dig a V-
shaped hole and remove a half-inch slice of the hole.  Take about
15 cores from your sample area and save all the soil.  Put the soil
in a plastic pail (use plastic to reduce the possibility of
contamination from a metal pail).  Mix the soil thoroughly and fill
the sample bag to the line.  Mark the bag with your name, sample
number and any other pertinent information.

Figure 1a:  Commonly used sampling techniques.
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The soil is vital in crop production because it gives support for vegetation and provides
nutrition for growth.  There are many factors governing soil properties, among the most
influential are:

Soil Forming Factors
Soil Components
Soil Texture
Soil Moisture
Soil Compaction

Soil Forming Factors

Climate - the amount of moisture, humidity, frost, heat, wind, and sunlight all play an
important role in determining the types of soils we grow our crops in.
The climate also influences the type of soil produced by determining the type of
vegetation that will grow.

Vegetation – plant life takes part in soil formation by altering the parent material. Tall
grasses have deeper roots thus you will find organic matter at deeper depths than the
shorter species, because of the annual death and re growth of grass roots. Trees have an
accumulation of organic matter on the surface, because of the large amount of foliage
dropped annually and the long life of the root system.

Topography  - topography refers to a soils slope. Level areas tend to accumulate water
because of poor drainage causing them to be wetter. The wetness results in lush growth of
water – loving plants. Poor aeration causes an accumulation of organic matter producing
dark soils. Steep areas are generally drier and have more erosion, thus affecting the
amount of vegetation and the amount of decomposition.

Parent Material  - soils inherit hundreds of minerals from their parent material. Thus each
soil is distinct depending on what parent material it originated from.

Time – soil formation is a slow but continuous process. Some soils take thousands of
years and some take a relative short time depending on the parent material and the
intensity of the weathering process.

Soil Components

Solids: organic and minerals
The solids hold nutrients and slowly release them for plant growth

Pores: air and water
The pores store water needed by plants; drain excess water and
allow soil aeration

Section 2: Soil Properties
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Soil Moisture

Managing Soil Moisture

Soil Moisture is the number one limiting factor for crop growth, making moisture
management an important consideration in crop production.

 Too much moisture - Drainage benefits
♦  Increases productivity on wet soils
♦  Soils warm earlier in the spring
♦  Permits better seedbed preparation
♦  Decreases N loss due to denitrification
♦  Provides a deeper rooting zone

Air
25%

Water
25%

Mineral 
Matter
45%

Organic 
Matter

5%

Figure 2a:  The four major components of soil.

Figure 2b:  The diagram shows the soil components with the split between
available and unavailable water.

Figure 2c:  Tiling for better drainage.
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Too little moisture - Irrigation benefits
♦  Permits higher yielding varieties
♦  Allows for higher yields on droughty soils

Soil Texture

The relative proportions of sand, silt and clay found in the soil determine soil texture.
Sand serves as a skeleton to support most of the weight borne to the soil and help to make
the soil permeable and well aerated. Clay works with organic matter to store water and
plant nutrients.

Particle Size of Soil Fractions
Particle size
(Diameter mm)            Soil separates
Less than 0.002 Clay
0.02 – 0.002 Silt
0.2 - 0.02 Fine sand
2.0 – 0.2 Course sand

There are twelve basic soil textural classifications, which are based on the percentages of
sand, silt, and clay. A textural classification chart has been devised by the United States
Dept. of Agriculture for this purpose.

Figure 2e:  The USDA soil texture triangle is used to
determine soil texture.

Figure 2d:  Low boom, high
efficiency irrigation for more
moisture.
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Soil Compaction

Compaction results when soil particles are squeezed together. This reduces the air and
water carrying capacity of the soil by reducing the pore size between the soil particles.

Soil Symptoms

♦  Aggregates and pore size are reduced
♦  Stay wetter and colder in the spring
♦  Reduced nutrients available to the crop
♦  Increases power requirements for tillage
♦  Reduced water infiltration
♦  Standing water / Drainage problems
♦  Fewer roots in profile

Plant Symptoms

♦  Slow crop emergence
♦  Uneven and reduced stands
♦  Shallow constricted roots
♦  Shorter plants
♦  Moisture stress

Reducing or Minimizing Compaction

♦  Avoid working wet soils
♦  Reduce axle weight whenever possible
♦  Vary tillage implements and depth

 ♦  Avoid use of disc-harrow whenever possible
♦ Use deep tillage to improve soil structure when soil conditions

are right improve soil drainage
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Nitrogen

Important Facts:

1. Nitrogen can take on many different chemical
forms in soil

2. Nitrogen is used in large quantities by the plant
3. Improves quality of leafy plants

Functions in plant:

•  Amino acids and chlorophyll contain nitrogen
•  Increases protein content of crops
•  Vital for full, mature growth of plant

Testing Methods:

Nitrate nitrogen can be measured using an ion-specific electrode designed to measure a
potential voltage carried by nitrate ions.  A chemical reduction can also be done using
cadmium.  This method is not suitable for large quantities of samples because of the
problem with disposing of cadmium safely.

Concentrations:

Varies depending on testing method

Soil Loss of Nitrogen

Nitrogen is mobile in the soil, and in the forms of nitrates and ammonium it is highly
mobile and can be lost from the soil in a variety of ways.  There are three major ways that
nitrogen is lost from the soil:

1. Leaching
2. Volatilization
3. Denitrification

1. Leaching

The amount of nitrogen lost to leaching depends on the amount of rainfall, the type of
nitrogen, and the texture of the soil. Nitrate nitrogen NO3

-
, being an anion, contains a

negative charge. Soil colloids contain an excess of negative charges; thus nitrates are
repelled rather than held on the soil colloid. Leaching occurs during times of excess

Figure 3a:  Anhydrous ammonia is a common
source of nitrogen.

Section 3: Primary Nutrients
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moisture, which percolates through the soil profile and takes nitrates to depths that cannot
be utilized by the crop.

2. Volatilization

Volatilization occurs when ammonia is not converted to NH4 and is lost to the
atmosphere as a gas (NH3

-). Anhydrous ammonia (NH3
-) when applied to the soil adsorbs

H+ and forms ammonium (NH4
+), which is adsorbed to the soil colloid, thus minimizing

the potential for loss. Urea and the urea fractions of N solutions (28% & 32% UAN) are
converted to ammonia by the enzyme ureas, which if not incorporated can be lost due to
volatilization.

Conditions favoring volatilization:
•  Unincorporated surface applications
•  Warm windy weather conditions
•  High soil temperatures
•  Moist, drying soil conditions

Methods of reducing volatilization loss
•  Apply when soils are cool (< 50o F)
•  Recognizing when losses will occur and use practices to minimize losses

3. Denitrification

When soils become waterlogged nitrates (NO3) are reduced to nitrous oxide or elemental
nitrogen (N2) and lost to the atmosphere as a gas. Denitrification usually occurs under
anaerobic (lack of oxygen) conditions. Some anaerobic organisms have the ability to
obtain their oxygen from nitrates (NO3) releasing the nitrogen into the atmosphere.
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Phosphorus

Important Facts:

1. Important part of many organic compounds
found in plants

2. Part of the ATP molecule which cycles energy
through the plant

3.  Part of the genetic code used to transfer genetic
code from one generation to the next

Functions in plant:

•  Encourages early root formation and growth
•  Aids in seed formation
•  Important nutrient in determining leaf size and number

Testing Methods:

There has been much debate in the last few years as to what type of testing method is
ideal for phosphorus.  The Bray P-1 test is generally used as the primary diagnostic test to
determine P levels.  However, in soils with a pH above 7.4, the Bray P-1 test becomes
unstable due to shifts in chemical equilibrium and often gives a reading much lower than
the actual concentration.  The Olsen test can compensate for this problem.  At higher
pHs, the Olsen test can still perform well.  However, because of the simplicity of the
Bray P-1 test and its relatively high speed and accuracy under most circumstances, it is
still the first choice in testing.  The Mehlich-3 Test is also available for P testing.  In all
three cases, P is extracted from the soil, a developing agent is added to the extract, and
the intensity of the resulting color (blue) is read using a colorimeter or UV-Vis
Spectrophotometer.

Concentrations:

Generally vary between 1 to 100 ppm

Figure 3b:  Elemental red phosphorus.
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Potassium

Important Facts:

1. Potassium aids in disease resistance
2. Abundant potassium levels increase overall crop

performance
3. Helps maintain key functions in photosynthesis

Functions in plant:

•  Key component of enzyme activation
•  Aids plant intake of water and other nutrients
•  Aids in protein synthesis

Testing Methods:

Potassium can be extracted by mixing the soil with an ammonium acetate solution.  The
concentration is then obtained by analyzing the extracting solution using an AA (atomic
absorption) spectrophotometer.

Concentrations:

Generally vary between 80 to 400 ppm

Figure 3c:  Elemental potassium metal.
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Calcium

Important Facts:

1. Major ion (Ca++) used to calculate CEC
2. Large amounts of calcium are provided by

liming
3. Promotes good soil structure and tilth
4. Immobile within plants
5. Above ground portion of most grain plants

contain between 0.2% and 2.0% calcium

Functions in plant:

•  Promotes early root growth and formation
•  Important part of plant cell wall and cell structure
•  Improves soil acidity

Testing Methods:

Calcium can be extracted by mixing the soil with an ammonium acetate solution.  The
concentration is then obtained by analyzing the extracting solution using either an AA
(atomic absorption) spectrophotometer or an ICP (inductively coupled plasma) atomic
emission spectrophotometer.

Concentrations:

Generally vary between 1000 to 5000 ppm

Figure 4a:  Elemental calcium metal.

Section 4: Secondary Nutrients
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Magnesium

Important Facts:

1. Major ion (Mg++) used to calculate CEC
2. Supplied by using dolomitic lime
3. Mobile within plants
4. High potassium concentrations and low

magnesium concentrations can lead to
magnesium deficiencies in grass pastures

Functions in plant:

•  Central element in chlorophyll – the molecule responsible for photosynthesis and
energy development in a plant
•  Activates certain enzyme systems in the plant
•  Important in formation of proteins (found in high amounts in seeds)

Testing Methods:

Magnesium can be extracted by mixing the soil with an ammonium acetate solution.  The
concentration is then obtained by analyzing the extracting solution using either an AA
(atomic absorption) spectrophotometer or an ICP (inductively coupled plasma) atomic
emission spectrophotometer.

Concentrations:

Generally vary between 100 to 500 ppm

Figure 4b:  Elemental magnesium metal.
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Sulfur

Important Facts:

1. Absorbed in plant as sulfate ion (SO4
2-)

2. Sulfur is mobile in soil but fairly immobile in
the plant

3. Sulfur can undergo transformations in soil
similar to nitrogen

Functions in plant:

•  Required for synthesis of plant proteins
•  Required for synthesis of chlorophyll

Testing Methods:

Sulfur can be extracted by mixing the soil with a calcium phosphate solution.  The sulfur
is forced out of solution mixing the extracting solution with a strong acid and barium salt
to precipitate a barium sulfate.  This solid is suspended in solution and is white in color.
The concentration is read using a colorimeter.  Alternatively, an ICP (inductively coupled
plasma) atomic emission spectrophotometer can be used to analyze the extracting
solution without any additional chemistry prior to analysis.  The ICP gives total sulfur
content while the colorimeter method gives sulfate-sulfur content.

Concentrations:

Generally vary between 7 to 12 ppm

Figure 4c:  Elemental sulfur.
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Zinc

Important Facts:

1. Absorbed in plant as Zn2+ ion
2. Becomes unavailable to plants at high pH levels
3. Continuing research is uncovering importance of

zinc in crop production

Functions in plant:

•  Necessary for formation of plant growth
regulators
•  Involved in protein synthesis
•  Promotes seed and grain production

Testing Methods:

Zinc can be extracted by mixing the soil with a DTPA solution.  The concentration is
then obtained by analyzing the extracting solution using either an AA (atomic absorption)
spectrophotometer or an ICP (inductively coupled plasma) atomic emission
spectrophotometer.

Concentrations:

Generally vary between 1 to 5 ppm

Figure 5a:  Elemental zinc metal

Section 5: Micronutrients
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Copper

Important Facts:

1. Absorbed by plants as Cu2+ ion
2. Becomes unavailable to plants at high pH levels
3. Low concentrations required by plants

Functions in plant:

•  Involved in chlorophyll formation and
photosynthesis
•  Needed for energy transfer in plants
•  Promotes seed production and formation

Testing methods:

Copper can be extracted by mixing the soil with a DTPA solution.  The concentration is
then obtained by analyzing the extracting solution using either an AA (atomic absorption)
spectrophotometer or an ICP (inductively coupled plasma) atomic emission
spectrophotometer.

Concentrations:

Generally vary between 0.2 to 1.5 ppm

Figure 5b:  Elemental copper metal.
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Iron

Important Facts:

1. Absorbed by plants as Fe2+ or Fe3+ ion
2. Commonly observed as deficient in soybeans

with iron chlorosis
3. Not translocated in the plant

Functions in plant:

•  Used in chlorophyll formation
•  Needed for cell division and growth
•  Used for energy reactions in the plant

Testing Methods:

Iron can be extracted by mixing the soil with a DTPA solution.  The concentration is then
obtained by analyzing the extracting solution using either an AA (atomic absorption)
spectrophotometer or an ICP (inductively coupled plasma) atomic emission
spectrophotometer.

Concentrations:

Generally vary between 4 to 25 ppm

Figure 5c:  Elemental iron metal.
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Manganese

Important Facts:

1. Absorbed by plants as Mn2+ ion
2. Becomes unavailable to plants at high pH levels
3. Relatively immobile in plants

Functions in plant:

•  Activator for enzyme systems
•  Used in chlorophyll formation
•  Needed for plant metabolic functions

Testing Methods:

Manganese can be extracted by mixing the soil with a DTPA solution.  The concentration
is then obtained by analyzing the extracting solution using either an AA (atomic
absorption) spectrophotometer or an ICP (inductively coupled plasma) atomic emission
spectrophotometer.

Concentrations:

Generally vary between 5 to 30 ppm

Figure 5d:  Elemental manganese metal.
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Boron

Important Facts:

1. Absorbed by plants as an acid (H3BO3)
2. Mobile in soils and moved by water
3. Alfalfa has shown positive response to

application of boron in low concentrations

Functions in plant:

•  Aids in movement of sugars in plant
•  Aids nodule formation in legumes
•  Aids in synthesis of proteins

Testing Methods:

Boron can be extracted by mixing the soil with hot water.  The concentration is then
obtained by mixing the extracting solution with other chemicals, creating a color change.
The intensity of this color change is then analyzed using a colorimeter.  Alternately, an
ICP (inductively coupled plasma) atomic emission spectrophotometer can be used to
analyze the extracting solution without any chemical additions prior to analysis.

Concentrations:

Generally vary between 1 to 3 ppm

Figure 5e:  Elemental boron.
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pH is a measurement of the acidity or alkalinity of a substance. The chemical definition
of potential Hydrogen is:

pH = -log[H+] = negative logarithm of the concentration of hydrogen ions

The number assigned to a substance can be from 0 to 14 on the regular scale with 0 being
extremely acidic, 7 being neutral, and 14 being extremely basic. Below is a table of some
everyday materials that represent certain pH values.

Material pH
Household Bleach 12.5
Milk of Magnesia 10.0
Baking Soda 8.3
Pure Distilled Water 7.0
Milk 6.8
Rain 5.8
Black Coffee 5.0
Tomatoes 4.1
Cola, Vinegar 3.0
Lemon Juice 2.2
Gastric/Stomach Acid 1.3

Soil pHs typically range between 5.0 and 8.0 in Iowa. Soil acidity can affect a plant’s
ability to take in nutrients.  The high acidity changes the chemical equilibrium of the soil
and makes osmosis and active transport much more difficult for the plant.  A pH between
6.5 and 7.5 is ideal for most grains.  The tables below show the various effects pH has on
crops.

Effect of Soil pH on Corn Yields

156
160.3

164.5

150

155

160

165

170

5.5 6 6.4

Average Soil pH

Bu
./A

cr
e

Basic

Acidic

Neutral

Nitrogen

Phosphorus

Potassium

5.5         5.0         6.5         7.0         7.5         8.0         8.5

Availability
Decreases

pH of Soil

Figure 6a:  Effect of pH on corn yield. Figure 6b:  Effect of pH on nutrient availability.

Section 6: pH and Liming
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Buffer pH

Buffer pH is a measurement used to determine lime requirements for soil.  Any soil with
a pH below 6.5 has buffer solution added to it.  This solution will mimic commercial lime
effects.  When the pH of the buffer - soil solution is taken, it is generally 0.4 to 0.8 pH
points higher.  This new buffer pH is then used to determine how much lime is necessary
to bring the soil back to a pH between 6.5 and 7.0.  Again, the benefits of liming can be
seen in the above graphs.  Raising pH from5.5 to 6.4 increases corn yields by 8-10
Bu/acre (and similarly 3-4 Bu/acre for soybeans) by making vital nutrients more available
for the plants.

How Lime Works

Lime is mined in open pit mines throughout the
U.S.  Most of what is used in agriculture is calcitic
or dolomitic limestone.  These both contain a
carbonate component.  The calcium or calcium-
magnesium carbonate reacts with the free hydrogen
in soil and effectively neutralizes the hydrogen with
by-products of water and carbon dioxide.  The
diagram below shows the chemical process.

CaCO3 + 2H+                  H2CO3 + Ca2+

                             H2 CO3                   H2O (liquid) + CO2 (gas)
     Weak acid
     dissociates

Figure 6c:  Commercial lime.
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Organic matter is a measure of the amount of dead plant and animal matter in the soil.
This is an important constituent in soil because it supplies nutrients such as phosphorus
and sulfur, helps retain water, and can affect pesticide spray rates.  Organic matter is
determined on an LOI (Loss on Ignition) basis.  After a sample is dried, it is put in a high
temperature furnace to reduce all organic matter to carbon.  The change in mass is
associated with the percent mass of organic matter.

% LOI for Sample = [(Dry Mass – Ignited Mass)/(Dry Mass – Mass of Crucible)]

The pictures to the right show some of the
equipment used for OM determination.  The
top picture is a rack full of crucibles ready
to be weighed.  The picture to the bottom
shows the balance used to get weights that
are accurate to one one-thousandth of a
gram.  The pair of tongs shown in both
pictures is to keep contamination from the
lab technician’s hands from altering the
recorded weight and to protect the
technician from being burned when
crucibles are still warm.

Figure 7a & 7b:  Figure 7a (top photo) shows
the crucible rack with soil in some of the
crucibles.  Figure 7b shows the balance used
to weigh the crucibles.

Section 7: Organic Matter Determination
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Cation exchange capacity is a measure of a soil’s ability to retain and hold cations
(positively charged ions such as H+, Ca++, Mg++, K+, NH4

+, Na+) against the forces of
leaching.  Soil colloid particles are negatively charged and have a weak attraction with
the positively charged cations.

Figure 1 illustrates why cations are attracted to soil colloids.  If two magnets are put into
contact, lining up the same poles parallel with each other, they repel.  If you line up the
opposite poles parallel with each other, then the magnets strongly attract and slam
together.  The same concept applies to ions.  If they have the same charge, they will repel
each other.  Ions of different charge will attract and hold to each other.  This is why all of
the cations, or positively charged ions, are held by negatively charged soil particles.
Certain types of soils hold a higher net negative charge than others and therefore have
higher CEC values than others.  Clay will have a much higher CEC than sand because the
clay has a negative charge and sand has almost no charge.  Certain types of clay are better
than others, also.  For example, most of the clay compounds found in the Midwest are of
the montmorillonite type, which have a higher CEC than the kaolinite types found in the
southern U.S.  Organic soil also carries a higher negative charge, so areas with high
organic matter generally have a higher CEC.

The diagram below shows cations moving in and out of a soil particle.  Some cations will
displace others in the particle.  The force by which cations are held in the soil will depend
on several factors.  The smaller and less hydrated the cation, generally the tighter the
cation is held in the soil.  For example, hydrogen ions are smaller than ammonium,
calcium, magnesium and potassium and are held tighter by the soil particles and are more
difficult to replace.   However, muriate of potash (potassium chloride) applied to the soil
dissolves in water as K+ ions and Cl- ions.  The K+ ions will displace a Mg++ ion; the
Mg++ ion can then combine with the Cl- ion that is then leached from the soil.

Figure 8a:  Magnets to ions analogy.

Section 8: Cation Exchange Capacity (CEC)



25

The numerical value for CEC is derived from a method used to keep charge and mass
equivalent for all species of ions considered in the calculation.  This system uses
milliequivalent values to achieve this purpose.  The milliequivalent is calculated by
starting with a base calculation.  For this, hydrogen was chosen as the base because its
atomic weight is 1, its valence charge (the number of free electrons around the atom) is
also 1, and the calculation for pounds/acre of one milliequivalent is 20.  The table below
shows how the pounds/acre for one milliequivalent of each element is calculated.

Cation Charge
(Valence)

Atomic Weight Equivalent
Weight

= (Atomic Wt.) /
(Charge)

Lb./A of one
milliequivalent

= (Lb./A of one
Meq of H) x

(equivalent wt. of
cation) or simply
(20 x equivalent

wt. of cation)
H 1 1 1 20
Ca 2 40 20 400
Mg 2 24 12 240
K 1 39 39 780

Calculating CEC
Values

Figure 8b:  Soil particle with
cation exchange taking place.

Figure 8c:  Close-up of the cation
exchange process.
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The actual CEC value is calculated for milliequivalents per 100 grams dry soil.  The
cation’s test value from the soil test is used in this estimate.  By dividing the soil test
value (in lb./acre) by the value for one milliequivalent of the cation, the Meq for 100
grams is calculated for each cation.  These values are then added together to get the total
CEC for that sample of soil.  The following table shows the Meq values for some sample
soil test values and the calculated CEC value for the sample.

Cation Soil Test (lb./acre) 1 Meq (lb./acre) Meq/100 grams
H 50 20 2.5
Ca 800 400 2.0
Mg 120 240 .5
K 250 780 .32

Cation Exchange Capacity        =    4.82
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The nutrient content of harvested crops used to calculate nutrient removal from different
crops.

Crop Unit of Yield P2O5 K2O
Corn bu. 0.375 0.3
Corn Silage bu. grain equivalent 0.55 1.25

Soybeans bu. 0.8 1.5
Alfalfa ton 12.5 40

Oat and Straw bu. 0.4 1.0
Wheat bu. 0.6 0.3

Smooth Bromegrass ton 9.0 47.0
Orchardgrass ton 14.0 68.0

Expected Crop Nutrient Removal P205 / K2O

Corn Soybean Alfalfa
Yield  P2O5 K2O Yield  P2O5 K2O Tonnage  P2O5 K2O
100 38 30 25 20 38 2.0 25 80
110 41 33 30 24 45 2.5 31 100
120 45 36 35 28 53 3.0 37 120
130 49 39 40 32 60 3.5 43 140
140 53 42 45 36 68 4.0 50 160
150 56 45 50 40 75 4.5 56 180
160 60 48 55 44 83 5.0 62 200
170 64 51 60 48 90 5.5 68 220
180 68 54 65 52 98 6.0 75 240
190 71 57 70 56 105 6.5 81 260
200 75 60 75 60 113 7.0 87 280
210 79 63 80 64 120 7.5 93 300
220 83 66 85 68 128 8.0 100 320
230 86 69 90 72 135 8.5 106 340
240 90 72 95 76 143 9.0 112 360
250 94 75 100 80 150 9.5 118 380

Values based on Iowa State University Recommendations

Section 9: Crop Removals
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Soil testing can provide a wealth of data, but additional information is needed to transfer
this data into useful applications.  Years of testing has provided what is thought to be the
ideal nutrient levels for various crops to grow to their maximum yield potential.
Recommendations are designed to help maintain or restore these ideal nutrient levels
throughout a field.

The following tables provide information about soil test levels and subsequent
recommendations.  These are intended only as guidelines.  If you have a specific question
or concern please contact us.  One of our agronomists will setup a time to talk with you.

Nutrient Symbol Function Ideal Level
Potassium K Efficient water use, disease resistance 180+ ppm
Phosphorus P Significant role in photosynthesis, crucial in seed and root

development
25-30 ppm

Nitrogen N Chlorophyll formation, efficient water use
Calcium Ca Exchangeable cation necessary for transport of nutrients
Magnesium Mg Chlorophyll formation, aid in production of starches &

sugars
Sulfur S Element in some amino acids essential for growth 7-12 ppm
Boron B Needed for protein synthesis and associated with seed set

and water retention
1.5-2.5 ppm

Copper Cu Enzyme activator, role in reproduction, and indirect role in
chlorophyll production

0.9-1.5 ppm

Iron Fe Involved in chlorophyll production 12-25 ppm
Manganese Mn Involved in breakdown of carbohydrates and metabolism of

nitrogen
15-30 ppm

Molybdenum Mo Needed for nitrogen fixation
Zinc Zn Aids in production of some amino acids 1+ ppm

Items in red are considered primary nutrients
Items in blue are considered secondary nutrients
Items in gray are considered micronutrients (trace elements)

Section 10: Soil Test Levels & Recommendations
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Corn

Potassium to Apply (lbs./Acre)

Test
Result Yield Goal (Bu./Acre)

Test Level (ppm) 100 100-
120

120-
140

140-
160

160-
180

180-
200

200-
220

220-
250

VL 0-25 100 110 120 140 160 190 200 210
VL 25-60 90 100 110 130 150 180 190 200
L 60-70 75 85 95 115 135 165 175 185
L 70-80 70 80 90 110 130 160 170 180
L 80-90 65 75 85 105 125 155 165 175
M 90-115 60 70 80 100 120 150 160 170
M 115-130 50 60 70 90 110 140 150 160
H 130-145 45 55 65 85 105 135 145 155
H 145-160 40 50 60 80 100 130 140 150
H 160-170 35 45 55 75 95 125 135 145

VH 170-190 30 40 50 70 90 120 130 140
VH 190-220 20 30 40 60 80 110 120 130
VH 220+ 0 10 20 40 60 90 100 110

Phosphorus to Apply (lbs./Acre)

Test
Result Yield Goal (Bu./Acre)

Test Level (ppm) 100 100-
120

120-
140

140-
160

160-
180

180-
200

200-
220

220-
250

VL 0-3 120 110 110 110 110 110 110 110
VL 3-6 100 100 100 100 100 110 110 110
L 6-9 90 95 100 100 100 110 110 110
L 9-12 85 90 100 100 100 100 110 110
L 12-15 80 80 90 100 100 100 100 110
M 15-18 60 60 80 95 100 100 100 100
M 18-21 45 50 60 80 90 100 100 100
H 21-24 40 40 50 70 90 90 90 95
H 24-27 40 40 40 40 40 40 90 95
H 27-30 40 40 40 40 40 40 40 40

VH 30-40 40 40 40 40 40 40 40 40
VH 40-50 20 20 20 20 20 20 20 20
VH 50+ 0 0 0 0 0 0 0 0

Nitrogen to Apply (lbs./Acre) = 1.2 x  (Yield Goal)
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                           Soybeans

Potassium to Apply (lbs./Acre)

Test
Result Yield Goal (Bu./Acre)

Test Level (ppm) 30 30-35 35-40 40-45 45-50 50-55 55-60 60+
VL 0-25 60 65 70 80 90 100 110 110
VL 25-60 55 60 65 75 85 95 105 110
L 60-70 50 55 60 70 80 90 100 110
L 70-80 45 50 55 65 75 85 95 105
L 80-90 40 45 50 60 70 80 90 100
M 90-115 35 40 45 55 65 75 85 95
M 115-130 30 35 40 50 60 70 80 90
H 130-145 25 30 35 45 55 65 75 85
H 145-160 20 25 30 40 50 60 70 80
H 160-170 15 20 25 35 45 55 65 75

VH 170-190 10 15 20 30 40 50 60 70
VH 190-220 5 10 15 25 35 45 55 65
VH 220+ 0 20 25 20 30 40 50 60

Phosphorus to Apply (lbs./Acre)

Test
Result Yield Goal (Bu./Acre)

Test Level (ppm) 30 30-35 35-40 40-45 45-50 50-55 55-60 60+
VL 0-3 80 85 90 90 90 90 90 110
VL 3-6 75 80 85 90 90 90 90 110
L 6-9 70 75 80 85 90 90 90 90
L 9-12 60 65 70 75 80 85 90 95
L 12-15 50 55 60 65 70 75 80 85
M 15-18 30 35 40 45 45 50 50 55
M 18-21 30 35 40 40 40 45 50 55
H 21-24 20 25 30 35 35 90 50 55
H 24-27 20 25 30 35 35 40 40 50
H 27-30 20 20 20 20 20 40 30 40

VH 30-40 0 0 0 20 20 20 20 40
VH 40-50 0 0 0 0 0 0 0 0
VH 50+ 0 0 0 0 0 0 0 0
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                             Alfalfa

Potassium to Apply (lbs./Acre)

Test
Result Yield Goal (Tons/Acre)

Test Level (ppm) 1-4 4-5 5-6 6-7 7-8 8-9 9-10 10+
VL 0-25 140 200 220 240 260 280 300 320
VL 25-60 135 190 210 230 255 270 290 310
L 60-70 130 180 190 220 240 260 280 300
L 70-80 125 170 175 210 235 250 270 290
L 80-90 120 165 170 205 235 245 265 285
M 90-115 110 160 165 200 220 240 260 280
M 115-130 60 150 155 195 215 235 255 275
H 130-145 60 130 135 190 210 230 250 270
H 145-160 60 110 115 150 170 190 210 230
H 160-170 60 60 65 140 160 180 200 220

VH 170-190 0 60 65 120 140 160 180 200
VH 190-220 0 0 0 60 80 100 120 140
VH 220+ 0 0 0 0 60 60 60 60

Phosphorus to Apply (lbs./Acre)

Test
Result Yield Goal (Tons/Acre)

Test Level (ppm) 1-4 4-5 5-6 6-7 7-8 8-9 9-10 10+
VL 0-3 70 100 105 110 110 110 110 110
VL 3-6 50 90 95 105 105 110 110 110
L 6-9 45 80 85 100 100 110 110 110
L 9-12 40 70 75 90 95 100 110 110
L 12-15 35 55 60 80 90 100 110 110
M 15-18 30 40 45 70 80 90 100 110
M 18-21 25 25 30 60 70 85 90 100
H 21-24 20 20 25 50 60 70 80 90
H 24-27 15 20 25 40 40 40 60 80
H 27-30 10 20 20 20 20 30 50 70

VH 30-40 0 0 0 20 20 20 30 45
VH 40-50 0 0 0 0 0 0 20 20
VH 50+ 0 0 0 0 0 0 0 0
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                           Grassland

Potassium to Apply (lbs./Acre)

Test
Result Yield Goal (Tons/Acre)

Test Level (ppm) 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8+
VL 0-25 40 60 80 110 140 170 180 190
VL 25-60 30 50 75 100 130 160 170 180
L 60-70 25 40 70 90 120 150 160 170
L 70-80 20 30 65 80 110 140 150 160
L 80-90 15 20 60 70 100 130 140 150
M 90-115 20 20 55 60 95 125 130 140
M 115-130 20 20 50 50 90 120 125 130
H 130-145 20 20 45 40 85 115 120 125
H 145-160 20 20 40 30 80 110 115 120
H 160-170 20 20 35 20 75 100 110 115

VH 170-190 20 20 20 20 70 95 100 110
VH 190-220 0 0 0 0 65 90 95 100
VH 220+ 0 0 0 0 60 85 90 95

Phosphorus to Apply (lbs./Acre)

Test
Result Yield Goal (Tons/Acre)

Test Level (ppm) 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8+
VL 0-3 75 80 100 110 110 110 110 110
VL 3-6 70 75 90 95 110 110 110 110
L 6-9 65 65 80 90 95 110 110 115
L 9-12 50 55 60 80 85 90 95 100
L 12-15 45 40 45 70 75 80 85 90
M 15-18 30 25 35 50 55 60 65 70
M 18-21 25 20 30 40 45 50 55 60
H 21-24 20 20 20 25 30 35 40 45
H 24-27 15 20 20 20 20 20 60 80
H 27-30 10 20 20 20 20 20 50 70

VH 30-40 0 0 0 0 20 20 20 20
VH 40-50 0 0 0 0 0 0 20 20
VH 50+ 0 0 0 0 0 0 0 0
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Test
Result ECCE

(Buffer pH) 6.5 7.0
7.0 0 1500
6.9 0 2500
6.8 800 3600
6.7 1700 4700
6.6 2800 5900
6.5 3700 6900
6.4 4700 8000
6.3 5600 9100
6.2 6700 10300
6.1 7600 11400
6.0 8600 12400
5.9 9500 13500
5.8 10600 14700
5.7 11500 15900

Test
Result

Test Level (ppm) Recommendation
VL 0-0.5 8
L 0.5-1 6
M 1-3 3
H 3-6 2
VH 6+ 0

Lime to Apply (lbs./Acre) Zinc to Apply (lbs./Acre)

Test
Result

Test Level (ppm) Recommendation
VL 0-0.3 3
L 0.3-0.5 2
M 0.5-1.2 1
H 1.2-2.0 0
VH 2+ 0

Boron to Apply (lbs./Acre)

Test
Result

Test Level (ppm) Recommendation
VL 0-5 2
L 5-10 1
M 10-16 0
H 16-25 0
VH 25+ 0

Iron to Apply (lbs./Acre)

Test
Result

Test Level (ppm) Recommendation
VL 0-5 8
L 5-8 6
M 8-12 3
H 12-30 1
VH 30+ 0

Manganese to Apply (lbs./Acre)

Test
Result

Test Level (ppm) Recommendation
VL 0-0.3 4
L 0.3-0.8 3
M 0.8-1.2 2
H 1.2-2.5 0
VH 2.5+ 0

Copper to Apply (lbs./Acre)

Test
Result

Test Level (ppm) Recommendation
VL 0-3 30
L 3-5 20
M 5-8 10
H 8-10 0
VH 10+ 0

Sulfur to Apply (lbs./Acre)
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Soybean cyst nematodes (Heterodera glycines) are small plant-parasitic roundworms that
attack the roots of soybeans and related plants.  SCN have become a major concern in the
last decade in the U.S.  Most likely, SCN came from Japan, where they were first
discovered about 75 years ago.  In the U.S., SCN where first reported in North Carolina
around 1954.  Since this time, almost all the states in the Midwest have reported areas of
infestation.

SCN is usually not noticeable at the time of initial infestation.  As the population density
increases, the effects become more apparent.  Above ground, soybean plants appear
stunted in growth.  This stunted growth typically covers a circular or oval area.  The
plants also have a yellow tint to them.  This can be mistaken for iron deficiency chlorosis
in high pH soils.  However, iron deficiency chlorosis symptoms generally appear in early
June, while SCN symptoms occur in July and August.  Yellowing from iron deficiency
chlorosis is between the veins in the leaves on the top of the plant while yellowing from
SCN starts at the edges of the leaves and effects the entire plant.  Another common
characteristic of SCN is the heaviest damage is spread in an elongated pattern in the
direction of tillage.

Above ground detection is not adequate to fully assess the degree of infestation of SCN.
In areas where this is suspected to be a problem, the roots of a plant can be visually
inspected.  While the worm itself is not visible without magnification, the egg cysts are
about 1/32 of an inch and can be seen as small yellow spheres on the roots.  Nitrogen
nodules are also present on the root, but these are much larger and darker in color.  For
assessment of true infestation levels, a soil sample needs to be collected and analyzed by
our lab.  The count in the sample will give a much better estimate of the level of the
problem and the necessary steps to alleviate the problem.

Figure 11a:  SCN causes the stunted growth
as seen in the above photo.

Figure 11b:  The aerial view of this field shows
the areas of stunted growth, and the elongation
of the infested areas along the direction of
tillage.

Section 11: Soybean Cyst Nematode
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SCN and Disease Factors

SCN do not carry diseases that harm the plant.  However, their parasitic means of
survival robs the plant of vital nutrients and water required for full and healthy growth.
Plants heavily infested often have fewer nitrogen nodules, meaning fewer nitrogen-fixing
bacteria, and poorer growth and yield.  While the SCN do not directly cause the diseases
a plant may suffer from, they do aid in weakening the plant’s natural defenses.  The small
openings developed as the parasite attacks the plant may allow some soil borne pathogens
to infect the plant, such as different strains of root rot.

Battling SCN problems

Current recommendations for battling nematode problems generally rely on taking away
the host plant in combination with planting nematode resistant varieties.  While
nemacides are available, they have had limited success and do not have enough residual
to be effective for the entire growing season.  Be aware of problem areas and not
spreading nematodes unnecessarily slows their spread.  Cleaning off the blades or teeth of
fieldwork equipment will stop the transplanting of the pest into other fields.  Good crop
management and rotation strategies are currently the best weapon against this tiny
invader.  The following page lists the recommended strategy for planting a field with
SCN problems.

Figure 11c:  The picture above shows the
roots as seen in the field.  Notice the small,
light-colored cysts from the SCN.

Figure 11d:  The roots in this picture are
magnified to show the actual worms
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Iowa State University Management Recommendations

Egg Count per 100cc of Soil = 0

If SCN is suspected to be the problem, continue to have the field sampled on a yearly
basis, but no control management is necessary at this time.

Egg Count per 100cc of Soil = 1 to 15000

SCN densities are low to moderate, and control management should be implemented to
deal with the problem.  A six-year rotation should be implemented as follows:

1st Year – plant a non-host (corn)
2nd Year – P188788 SCN-resistant soybeans
3rd Year – non-host
4th Year – Peking SCN-resistant soybeans
5th Year – non-host
6th Year – SCN susceptible soybeans

Egg Count per 100 cc of Soil = 15000+

SCN densities are moderate to high, and no soybeans should be planted in this field for
several years.  Each year after the harvest of a non-host plant variety, soil samples should
be checked.  Once the count has fallen below 15000, the six-year control management
plan can be implemented.
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