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BEST MANAGEMENT PRACTICES

Chapter 19: 
Identifying Potential Iron Chlorosis 
Soils for Soybean Production

Douglas D. Malo (Douglas.Malo@sdstate.edu)

Soybean yields can be reduced by iron chlorosis deficiency (IDC). Iron chlorosis deficiencies typically are 
observed in high pH soils containing high concentrations of carbonates. If the new leaves of a soybean 
plant are yellow with green veins, it may be experiencing an iron deficiency. The purposes of this chapter 
are to: a) discuss why iron (Fe) is important to soybeans and how soil impacts Fe availability; b) describe 
the key soil and other factors affecting iron availability; and c) provide a step-by-step procedure that can 
be used to identify fields likely limited by IDC. Soil fertility recommendations for IDC fields are located in 
Chapter 26. 

Figure 19.1. Soybeans with interveinal chlorosis due to iron deficiency. 
(Photo courtesy of R. Gelderman, SDSU). 



19-138 
extension.sdstate.edu  |  © 2019, South Dakota Board of Regents

Table 19.1. Hints for reducing iron deficiency chlorosis (IDC).
• IDC is most often found in high pH soil that contains high carbonate (e.g., CaCO3 or MgCO3) 

concentrations.

• An easy test to assess if the soil contains high carbonates is to drip dilute acid on it. If the soil fizzes, it 
likely contains carbonates.

• In IDC suspected fields, consider testing for soybean cyst nematode (SCN),which can mimic iron 
chlorosis symptoms. 

• In IDC fields, avoid stressing the plants further by carefully following pesticide-labeled directions.

• Improve soil drainage to reduce excess moisture in high salt (electrical conductivity >4 dS/m) areas.

• Plant resistant varieties and use Fe (iron) seed treatments if needed.

A. Why iron (Fe) is important to soybeans
Iron is an essential plant nutrient
Of more than 100 elements known on Earth, 18 are recognized as essential for plant growth (Brady and 
Weil, 2008). Iron is one of these. To be classified as an essential plant nutrient, it must:

1. be required to create the different plant organizational structures (e.g., cell walls, chlorophyll); and/
or

2. be required in the chemical reactions of the plant or be used as a catalyst for required plant growth 
reactions (e.g., conversion of light energy into chemical energy); and

3. be required to complete the plant’s life cycle. 

Essential plant nutrients can be divided into macronutrient and micronutrients. Macronutrients are 
required in large quantities (more than 500 parts per million, ppm) and include carbon (C), hydrogen (H), 
oxygen (O), nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), and sulfur (S). 
The Micronutrients are required in small amounts (less than 100 ppm) and include iron (Fe), manganese 
(Mn), Zinc (Zn), Copper (Cu), Molybdenum (Mo), Cobalt (Co), Boron (B), Chlorine (Cl), and Nickel 
(Ni). Micronutrients are just as essential as the macronutrients. A more complete description of the role of 
all of the nutrients is available in Brady and Weil (2008).

Iron, an essential micronutrient, exists in the soil either as ferric (Fe3+) or ferrous (Fe2+) iron. Most 
plants require between two to four lbs of Fe/acre (2 to 4 kg of Fe/ha). Under oxygen-limited conditions 
(anaerobic and water-logged soil), Fe2+ is the dominant species, while under aerobic conditions, Fe3+ is 
often the dominant species. The plant actively uptakes ferrous iron (Fe2+), which is most available when the 
soil pH is < 6.5. Soil properties like drainage, water table depth, soil temperatures, soil calcium carbonate 
(lime) content, erosion class, soil nitrate levels, % slope, parent material composition, and other factors, 
impact soil pH and plant available iron. Low soil pH values (very acidic conditions, soil pH values ≤4) 
can cause iron toxicity while high pH values (strongly alkaline, soil pH values >7.5) can cause an iron 
deficiency.

If Fe availability is limiting soybean growth, the leaves can turn 
yellow while the veins remain green (Fig.19.1). In many South 
Dakota fields, IDC is most dominant in low areas (Fig. 19.2). 
Iron deficiency symptoms occur in the youngest, newest plant 
tissue and it occurs in young plant parts because the nutrient 
is immobile. Under extreme conditions, the plant leaves may 
appear almost white. The first trifoliate of leaves does not 
exhibit Fe deficiency symptoms because there is enough stored 
iron in the seed to support leaf and plant growth through the 
first trifoliate stage (Chapter 3).

Figure 19.2. Soybean field with areas of 
moderate to severe iron deficiency chlorosis. 
(Photo courtesy of D. Malo, SDSU)
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Even though most soils (40 inches or 102 cm depth) contain large quantities of Fe (400,000 to 700,000 lbs/
acre, about 1% to 5 % of the total soil mass), only a very small fraction is plant-available. Maintaining an 
adequate supply of Fe for plant growth is difficult if the soil: 
• has a high soil pH,

• contains a high concentration of carbonates (CaCO3 or MgCO3),

• contains little Fe, 

• has poor aeration, and/or

• has high concentrations of P and nitrate (NO3-).

Iron availability and IDC
Most soils do not lack Fe; rather, it is in a form that plants cannot use (Fig. 19. 3). Soybean roots release 
organic acids and iron-reducing enzymes to increase iron’s availability. IDC-resistant soybean plants are 
better at releasing organic acids than non-resistant plants. If the soil contains bicarbonate (HCO3-) or 
carbonate (CO 2-

3 ), then these compounds can react with Fe, reducing its availability. IDC is normally not a 
problem in soils with pH values less than 7.
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Figure 19.3. Fe cycle in soils. (Modified from Havlin et.al., 2005; soybean image from 
http://ian.umces.edu/imagelibrary/albums/userpics/12789/normal_ian-symbol-soybeans.png, 2012)

B. Soil and plant factors affecting Fe availability
Soil pH 
The soil pH is defined as the –log of the hydrogen ion concentration. Nutrient availability to plants is 
influenced by soil pH (Fig. 19.4). In alkaline conditions (pH >7), Fe concentrations are low, causing IDC 
to develop in susceptible plants. IDC is not a problem in soils with pH values less than 7. At pH 3, Fe is 
soluble enough to meet plant needs by mass flow; however, at this pH, aluminum (Al) is toxic to plants. 
For each unit increase in soil pH, the Fe3+ solubility decreases 1000 times and the Fe2+ decreases 100 times 
(Havlin et al., 2005). As a result, at pH 7 the amount of iron in the soil solution is not adequate to meet 
plant needs. 

http://ian.umces.edu/imagelibrary/albums/userpics/12789/normal_ian-symbol-soybeans.png
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Figure 19.4. Soil pH and nutrient availability. Band width indicates the 
relative nutrient availability at the soil pH indicated. (Figure modified from 
Beckerman, 2008)

Soil pH 
Plants have developed other pathways (e.g., root exudates, humus decomposition products, organic acids, 
manures, leaf exudates carried by water into the soil, and microbial exudates) to reduce Fe deficiencies 
(Fig. 19. 5). In an aerated soil (well drained), chelates bring Fe, usually as Fe3+, to the root surface by mass 
flow and diffusion. Fe3+ is released from the chelating structure. Fe3+ is converted to Fe2+. Plant root absorbs 
Fe+2. And finally, the chelating molecule returns to the soil to pick up more Fe3+ from the soil solution.

Figure 19.5. Fe uptake by plant roots using a chelating mechanism. 
(Modified from Lindsay, 1974, and Havlin et.al., 2005)

This model is influenced by other reactions that may reduce Fe+2 availability. Soil wetness (poorly drained 
soils) and high nitrate concentrations can reduce Fe availability through several different mechanisms. 
Nitrate (NO -

3 ) (Rehm, 2008; Chapter 25) has the potential to increase IDC because when the plant takes 
up this anion, it releases HCO -

3  (bicarbonate) into the soil solution (Equation 1), which then reacts with Fe 
(Equations 2 and 3). Soil wetness and poor aeration can also increase IDC in soils because a soil wetness-
induced increase in CO2 concentration increases HCO -

3  (Equation 3) concentration, which then reduces 
plant available Fe+2 (Equation 2). Carbonates impact these processes because they are in equilibrium with 
HCO -

3  (Equation 4). 

1. HCO -
3  + H2O → CO -2

3  + H3O
+

2. CO -2 + Fe+2 +H O → FeCO  +H O+
3 2 3 2

3. CO2 + 2H2O → HCO -1
3  + H3O

+

4. CaCO3 + H2O → Ca +
2  + HCO -2

3  +OH
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These equations suggest that any event that increases HCO -
3 , such as wetness, compaction, high clay contents, 

high water table, flooding, ponding, or high nitrate concentration in association with high carbonate or 
bicarbonate contents, can contribute to soybean IDC. However, IDC is sporadic and is often associated with 
cool, wet conditions when soil aeration is poor and may lessen or disappear when soils dry and warm 
(Havlin et. al., 2005). In soils that contain no carbonates, Fe2+ availability may increase under waterlogged 
conditions. 

The presence of high carbonate (lime) levels is a concern when erosion has removed the surface soil, which 
exposes carbonate-containing subsurface soils, classified as a Bk or C horizons. The presence of lime can be 
tested in the soil by using vinegar or a weak acid. Just drop the acid on the soil and if fizzing reaction occurs, 
there are carbonates present in the soil. The loss of topsoil may also increase soil compaction, which in 
turn reduces soil aeration and microbial activity. Land leveling or any other action that removes topsoil 
or brings calcareous material (e.g., construction, pipeline installation, and others) to the surface can cause 
IDC.

Most soil testing labs will routinely provide soil pH, salinity, texture, P, and nitrate N levels. Some soil 
testing labs will analyze for nutrients like Fe, Cu, Mn, Zn, and Mo. These soil tests and determinations can 
be used to make key soybean management decisions. Of particular interest in identifying Fe-limited soils 
are soil pH, electrical conductivity, and soil nitrate concentration. 

Potential problem areas should be sampled separately from the rest of the field. Soil with pH values > 7 or 
high nitrate or available P concentrations could be at risk. Soils with high Mn, Cu, Zn, and Mo can also 
tie up Fe and cause IDC. One ratio used to predict potential IDC is the ratio of Fe:Mn+Cu (Havlin et al., 
2005). As this ratio decreases, the IDC potential increases. 

Plant genetic makeup differences
Plants increase Fe availability by (Havlin et al., 2005):

1. Excreting H+ and organic acids from the roots to lower the soil pH.
2. Excreting chelating agents to increase Fe solubility and availability (e.g., grass roots often exude 

phytosideropheres [amino acids] which chelate with Fe3+ to bring the iron to the root surface and to 
enhance iron absorption).

3. Reducing Fe3+ to Fe2+ at the root surface.

Conditions like soluble salts, herbicides, and environmental extremes that place stress on the soybean 
plant can also accentuate IDC expression. Energy needed by the plant to overcome these stresses makes 
it less able to overcome IDC. In IDC-suspected fields, consider testing for soybean cyst nematode (SCN), 
which can mimic iron chlorosis symptoms.

Developing a web-soil survey key for identifying at risk soils
Based on the soil chemistry, a characterization key for identifying high-risk soils was developed. These 
components include:

1. The surface soil has a high soil pH and contains carbonates.
2. May contain high nitrate (NO -1

3 ) concentrations.
3. Soil salinity (electrical conductivity of surface, subsoil, and parent material) may be relatively high.
4. The soil may be poorly drained.
5. Water table is high.
6. The soil likely has a fine soil texture (clay soil texture) and high compaction potential.
7. Soils likely reside in potholes or low areas of the field. 
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C. Developing a step-by-step guide for identifying at risk soils

Four sources of information can be used to identify potential IDC soils are the Web Soil Survey, Hydric 
Soil Lists, Soil Test Results, and Soil Taxonomy (soil classification). These different information sources 
are described below. 

Web Soil Survey (WSS) 
An extremely useful source of soils information is the Web Soil Survey (WSS). Additional information on 
how to use the Web Soil Survey is available (Malo, 2012). A new application, “SoilWeb: An Online Soil 
Survey Browser,” that works with iPhone applications and Android OS smart phones is also available. 
http://casoilresource.lawr.ucdavis.edu/drupal/node/902

The kinds of data that one can obtain from the Web Soil Survey and with Soil Web include soil pH, lime 
concentrations, salinity levels, water table depth, water table duration, texture (% clay), drainage class, 
locations of potentially problem soils, soil organic matter levels, and others. There are three basic steps in 
using WSS.

1. Identify and define the Area of Interest (AOI) where you need to obtain detailed soil information. 
The area can be a field, farm, or parcel of land.

2. Once the AOI is identified, the soils map is prepared and you can assess the suitability and 
limitations of soils for selected uses (e.g., soybean production). Maps and tables of selected soil 
physical/chemical properties and characteristics as well as land productivity information are 
available.

3. Electronically store and/or print the available data generated by the WSS session.

Step 1 – Identify the AOI
The first step in using WSS is to identify your AOI. The AOI is used by the WSS to generate tabular and 
visual data for use in later steps of the WSS. The AOI can be located either by using the various Quick 
Navigation options or the Interactive Map option (Fig. 19.6) in the WSS Navigation window. We will 
use the Legal Land Description (section, town, and range) option for this example to locate your AOI. 
Remember to select the proper Principal Meridian (PM) for your AOI. Use the drop-down helps in 
the program to assist you in picking the proper PM (Fig. 19.7). Additional ways to select your AOI are 
available (see the WSS help screens for AOI or see Malo, 2012). 

Once the AOI has been located, the AOI boundaries need to be entered into WSS. Select one of the two 
boundary buttons (one for rectangular [box] method to create AOI. AOI are created by using polygons 
[click and drag your cursor]) near the top center on the page (Fig. 19.7). Once you have outlined the AOI, 
double click to electronically define and enter the AOI into WSS. After the AOI is defined and accepted, 
the acres and availability of soils data/maps and an air photo of the AOI are given (Fig. 19.8). 

http://casoilresource.lawr.ucdavis.edu/drupal/node/902
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Figure 19.6. WSS (Web Soil Survey) Area of Interest (AOI) selection window with quick navigation and interactive map 
options. http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx (Malo, 2012)
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Figure 19.7. Using WSS (Web Soil Survey) legal land description quick navigation tool for locating area of interest (AOI). 
Principal Meridian drop-down box is located in center of the window. Example – Eastern South Dakota uses the Fifth Principal 
Meridian for legal land description.

http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx
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Figure 19.8. WSS (Web Soil Survey) Area of Interest (AOI) selection window with AOI defined, cross-hatched. 

STEP 2a – Soil Map for AOI
After completion of Step 1 (AOI defined), click on the Soil Map Tab at the top of the WSS Web page to 
create a modern detailed soil survey map for the AOI (Fig. 19.9). The types information available include: 
the soil map and legend (tab on upper left side of image), the soil map unit (MU) name and symbol, 
number of acres of each soil MU, the percentage of AOI that each soil MU occupies, and tabular data for 
each MU. The tabular data (click on the MU name found in the AOI in the drop-down box on the left side 
of the Soil Map window, Fig.19.9) includes: 

1. MU setting – elevation, annual precipitation, average annual temperature, and frost-free days.

2. MU composition – lists all the major and minor soil units with their composition %.

3. Description of each major MU component (named in the MU name):

a.  Setting for named series – landform, landscape position, slope shape (down and across), and 
parent material;

b.  Selected soil properties and qualities – % slope, restrictive layers, drainage class, permeability, 
depth to water table, flooding and ponding frequency, lime (calcium carbonate content), salinity 
(EC), sodium adsorption ratio (SAR), and profile plant available water holding capacity;

c.  Interpretive groups – Land Capability Classification, Ecological Site (formerly Range Site), and 
Other Vegetative Groups (e.g., Forage Suitability Groups); and

d.  Typical profile information (e.g., horizon depths and textures).

4. A brief description of each minor MU component to explain how the minor soil differs from the 
named major MU component(s).
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Figure 19.9. WSS (Web Soil Survey) Soil Map for Area of Interest (AOI) information. 

If you would like a copy of the soil map or include the soil map in a custom soil survey report, select 
the proper print tab in the upper right hand corner of the window (Fig. 19.10). There are two options 
(Printable Version or Add to Shopping Cart). The Printable Version option allows you to download a pdf 
version of just the soil map and associated documentation. The Add to Shopping Cart option adds the soil 
map to a file and saves the file until you are done with your WSS session. You can print the customized 
Web-based soil survey report including the soil map and tables as needed. Note that when either the 
Printable Version or the Add to Shopping Cart button is selected it will fade. 

 

Print Tab for Current
Window

Save Current Window for Final Report

Figure 19.10. Location of Printable Version tab and Add to Shopping Cart tab in upper right-hand corner of WSS (Web Soil 
Survey) window. Printable Version tab creates a pdf file of the current window on the computer monitor and the Add to Shopping 
Cart tab stores the current window contents and associated information for later retrieval in a final report.
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Step 2b – Soil suitability/limitations/properties and characteristics
After generating the soil map, look at various soil properties, qualities, and uses (Suitabilities and 
Limitations). Select the Soil Data Explorer Tab at the top of the Web page (Fig. 19.11). A new window 
appears giving you the options of:

1. Intro to Soils (tutorial about soils and their use)
2. Suitabilities and Limitations for Use
3. Soil Properties and Qualities
4. Ecological Site Assessment
5. Soil Reports

Select the Suitabilities and Limitations for Use Tab. A new series of drop-down tabs appears on the left 
side of the Web page window (Fig. 19.11). If you press the Open All Tab then all the options for each 
category (e.g., Land Classification, Sanitary Facilities, Vegetative Productivity, etc.) in the box will open. 
The categories of Land Classification, Land Management, Vegetative Productivity, Waste Management, and 
Water Management are most commonly used for agricultural production and management decisions (see 
Table 2 for WSS Soil Suitabilities and Limitations ratings and maps available). 

Soybean yield data (rating map, legend and description) for the AOI can be seen in Figures 19.12 and 
19.13. For each soil suitability or limitation listed, you can look at the dominant condition within a 
MU, the dominant soil in a MU, all components of a MU, components of a certain percentage, or a 
weighted average of all components in a MU. You can print/save a single purpose map, associated 
legend, description information, and other related materials by using the Printable Version Tab or Add 
to Shopping Cart Tab in the upper right hand of the Web page window. Note that the tabs in the Add to 
Shopping Cart area fade when selected. When the report becomes large (>8 MB), the NRCS (Natural 
Resources Conservation Service) will send you the report by email as a pdf file after it is created.

 

Soil Data Explorer Tab

Suitabilities/Limitations for Use Tab

AOI
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Category Drop-
Down Boxes
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Options Tab

Figure 19.11. WSS (Web Soil Survey) suitabilities and limitations for use window with drop-down boxes on the left. If you 
want all options to be visible in the drop-down area, select the Open All tab. 
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Table 19.2. Selected WSS (Web Soil Survey) suitability and limitation category information available for 
agricultural purposes. (Malo, 2012) continues on the next page

WSS Suitability/
Limitation 
Category*

Category Options* Explanation/Examples

Land Classifications Tree and Shrub Groups Lists trees/shrubs best suited for MU.
Ecological site ID and name Forage Suitability Groups and Rangeland Sites.
Farmland classification Identifies if land in prime farmland, land of state 

importance, land of local importance, unique land, or 
land not prime or of importance.

Hydric rating The components of each soil mapping unit are 
evaluated for hydric criteria and the map unit is 
designated as all hydric, partially hydric, not hydric, 
or unknown.

Dryland land capability class and 
subclass (irrigated where available)

Soil limitations for crop, grass (range), and timber 
production.

Soil taxonomy classification Soil classification based on Soil Taxonomy.
Land Management Erosion hazard (off-road, off trail) Soil loss from off-road and off trail areas 

disturbance.
Erosion hazard (road, trail) Soil loss from unsurfaced roads and trails.
Fugitive dust resistance Vulnerability of soil to go into suspension during a 

windstorm.
Potential for fire damage Rating of potential fire damage to nutrient, physical, 

and biological soil properties/quality.
Soil degradation susceptibility Susceptibility for soil degradation during 

disturbance on rangeland or woodland.
Soil restoration potential Soil’s inherent ability to recover from 

degradation (soil resilience). 
Suitability for roads (natural surface) Soil suitability for natural road surface.

Sanitary Facilities Septic tank absorption fields Soil between 24 to 60 inches (60 to 152 cm) 
evaluated for use in septic tank absorption fields.

Sewage lagoon Identify the soil feature and extent to which soils are 
limited by soil features impacting sewage lagoon 
construction and function.
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WSS Suitability/
Limitation 
Category*

Category Options* Explanation/Examples

Vegetative 
Productivity

Crop productivity index Relative ranking of soils based on intensive crop 
production potential (not crop specific).

Forest productivity Tree Site Index and cubic feet of wood/acre/year.

Range production Amount of vegetation expected in favorable, normal, 
and unfavorable years in a well-managed area 
supporting a native plant community.

Yields of irrigated crops (by 
component or map unit)

Crop yields for selected crops suited to a county 
are presented (e.g., alfalfa hay, barley, bromegrass 
hay, bromegrass-alfalfa hay, corn, corn silage, grain 
sorghum, oats, soybeans, spring wheat, sunflowers, 
and winter wheat).

Yields of non-irrigated crops (by 
component or map unit)

Crop yields for selected crops suited to a county 
are presented (e.g., alfalfa hay, barley, bromegrass 
hay, bromegrass-alfalfa hay, corn, corn silage, grain 
sorghum, oats, soybeans, spring wheat, sunflowers, 
and winter wheat).

Manure and food waste management Soil properties and features rated based on their 
impact on agricultural waste management.

Waste Management

Water Management Excavated ponds (aquifer fed) Soil suitability for excavated dugouts/pits to provide 
water from a ground water aquifer/water table.

Irrigation (general, sprinkler, and 
surface)

Rates soils suitability for installation and use of 
irrigation.

*Please note that not all WSS Suitability/Limitation categories or all options within a category are listed 
in this table. Some items listed in this table may not be available in all counties and different items of local 
importance may be present.
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Figure 19.12. Sample WSS (Web Soil Survey) Soil Data Explorer window suitabilities and limitations for use tab (estimated 
soybean yields (bu/a)) for area of interest (AOI), right, and legend on the left. Note: Click the legend tab to cause the suitability map 
legend to appear. 



19-149 
extension.sdstate.edu  |  © 2019, South Dakota Board of Regents

 
 

Figure 19.13. Sample WSS (Web Soil Survey) Soil Data Explorer yield table and descriptive information for soybean map 
created in Figure 19.12. This information is located under (scroll down) the yield map. 

In addition to soil suitability and limitations for use, there is a tab for Soil Properties and Qualities at the 
top of the Web page (Fig. 19.14). If you select this tab, a drop down-box with various categories (chemical, 
erosion, physical, and water) of soil properties and qualities appears on the left side of the window. 

For each soil property or quality selected, you can look at the dominant condition within a MU, the 
dominant soil in a MU, all components of a MU, components of a certain percentage, or a weighted 
average of all components in a MU. You also can select the soil depth range, e.g., surface, part of a profile, 
or all of a profile. Many different options are available for viewing maps (Fig. 19.15) and tables (Fig. 19.16 
and Table 19.3). For water table information, you can select the months when excess water is a problem. 
You can print and/or electronically save a single purpose map, associated legend, description information, 
and other related materials by using the Printable Version tab or Add to Shopping Cart tab in the upper 
right hand of the Web page window.
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Figure 19.14. WSS Soil Properties and Qualities window with drop-down boxes on the left. If you want all options to be visible 
in the drop-down area, select the Open All tab. 

 

AOI
Surface
pH Map

Legend Tab

Surface pH
Map Legend

Figure 19.15. Sample WSS (Web Soil Survey) Soil Data Explorer window – Soil Properties and Qualities tab (Surface Soil 
pH) for Area of Interest (AOI), right, and Legend on the left. Note: Click the Legend tab to cause the soil property map legend to 
appear. 
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Figure 19.16. Sample WSS (Web Soil Survey) Soil Data Explorer soil properties and qualities ratings and descriptive 
information for surface pH for map created in Figure 19.15. This information is located under (scroll down) the pH map. 
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Table 19.3. Selected WSS (Web Soil Survey) soil properties and qualities information available for agricultural 
purposes. (Malo, 2012) continues on next page

WSS Soil 
Properties and 

Qualities Category*
Category Options* Explanation/Examples

Soil Chemical 
Properties

Calcium carbonate  
(CaCO3 - lime) 

Percent calcium carbonate by weight in the <2mm size 
fraction.

Cation exchange capacity 
(CEC-7)

Total amount of extractable cations that can be held by 
soil at pH 7.

Electrical conductivity (EC) Conductivity of a saturated paste extract (mmhos/cm) – 
measure of water-soluble salt concentration in soils.

Gypsum Pct gypsum by weight in the <2 mm size fraction
pH (1:1 Water) Measure of acidity and alkalinity using 1 part water and 

1 part soil (weight basis).
Sodium adsorption ratio 
(SAR)

Measure of the amount of sodium (Na+) relative to the 
calcium + magnesium (Ca2++Mg2+) in a saturated soil 
paste extract.

Soil Erosion Factors K Factor Soil susceptibility to sheet and rill water erosion.

T Value Maximum tolerated amount of wind and water erosion 
without reducing productivity.

Wind erodibility group/
index

Soil properties affecting soil susceptibility to wind 
erosion, index- numerical value indicating susceptibility 
to wind and water erosion.

Soil Physical 
Properties

Available water holding 
capacity

Amount of plant available water in the 0-25, 0-50, 0-100, 
and 150 cm depths.

Bulk density Soil bulk density at 15, 1/10, and 1/3 bars are used to 
calculate shrink-swell potential, plant available water 
holding capacity, total pore space, and other soil 
properties. The soil bulk density indicates the pore space 
available for water and roots.

% Organic matter Organic matter is decomposed and decomposing plant 
and animal residue in the soil. Organic matter content 
is determined on the soil particles <2 mm and is % by 
weight.

% Sand, % Clay, % Silt The percent of each soil separate by weight <2 mm in 
diameter sized soil materials.

Saturated hydraulic 
conductivity or permeability 
(Ksat) 

Transmission rate (ease) with which saturated soil pores 
allow water to move or pass through.

Surface texture Representative soil textural class plus any appropriate 
coarse fragment modifiers.

Water content at 1/3 and 
15 bars

Volumetric water content at 1/3 bar (field capacity) and 
15 bar (wilting point) are used to define plant available 
water (=1/3 - 15 bar).
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WSS Soil 
Properties and 

Qualities Category*
Category Options* Explanation/Examples

Soil Qualities and 
Features

Depth to any soil restrictive 
layer

Depth to soil layer that significantly impedes root growth 
and/or water and air movement. 

Drainage class Frequency and duration of wet period that are expressed 
in the morphology of the soil.

Water Features Depth to water table Water table refers to a saturated zone in the soil present 
long enough (1 month or more) to cause significant 
changes in soil properties and management. User 
defines the months to use. Depths are determined based 
on observed water table measurements and based on 
the presence of redox features (gray colors) in the soil.

Flooding frequency Temporary inundation caused by overflowing streams 
or runoff from adjacent slopes. Water standing for short 
periods after rainfall or snowmelt is not considered 
flooding, and water standing in closed depressions (e.g., 
prairie potholes/wetlands, swamps, and marshes) is 
considered ponding rather than flooding.

Ponding frequency Water standing in closed depressions (e.g., prairie 
potholes/wetlands, marshes, and others). Water is 
only lost through evaporation, transpiration, and deep 
percolation.

*Please note that not all WSS (Web Soil Survey) Properties and Qualities categories or all options within 
a category are listed in this table. Some items listed in this table may not be available in all counties and 
different items of local importance may be present.

In addition to the interpretive maps, you can download tabular data for your AOI. Tabular data is available 
when you use the Soil Reports Tab in the Soil Data Explorer window (Fig. 19.17, upper right-hand corner). 
The many possible options for tabular data found in the drop-down menu are located on the left-hand side 
of the Soil Reports window (Table 19.4 and Fig. 19.18). 

After the tabular data is selected, view an explanation of what each table contains by using the View 
Description Tab or View Soil Report Tab on the left side of the window. You can print and/or save the 
tabular data, description information, and other related materials by using the Printable Version Tab or 
Add to Shopping Cart Tab (creates a composite report containing all the information you selected upon 
completion of your WSS session) in the upper right hand of the Web page window. The selected tables will 
be printed with interpretive maps and narrative information in the final custom soil survey report.
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Soil Report Drop-Down Box Options

AOI
Soil
Map

Sample
Drop-
Down
Box

Soil Reports Tab

Figure 19.17. Sample WSS (Web Soil Survey) Soil Data Explorer window Soil Reports tab with drop-down boxes on the left. 
If you want all options to be visible in the drop-down area, select the Open All tab. Example – drop-down box for Non-irrigated Yields 
by map unit is shown. Selected crops for table creation are checked. AOI = Area of Interest. (Malo, 2012)
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Table 19.4. Selected tabular soils data available in the WSS (Web Soil Survey) Soil Report tab folder. (Malo, 
2012) 

WSS Soil Report Tabular 
Data Category* Category Options*

AOI Inventory Component legend
Map unit description
Soil interpretations

Building Site Development Dwellings and small commercial buildings
Roads/streets, shallow excavations, lawns and landscaping

Construction Materials Source for sand and gravel
Land Classifications Conservation tree and shrub suitability groups

Hydric soils
Land capability classifications
Prime and important farmland
Taxonomic classification of soils

Land Management Rangeland fencing, resistance to fugitive dust
Rangeland site description and fire damage susceptibility
Rangeland tillage, compaction resistance and soil restoration

Sanitary Facilities Sewage disposal (e.g., septic systems and sewage lagoons)
Soil Chemical Properties Cation exchange capacity (CEC), pH, lime (CaCO3), gypsum, salinity, and 

sodium adsorption ratio (SAR)
Soil Erosion Attributes for RUSLE2 equation (estimate soil erosion rates)

Windbreaks and environmental plantings
Soil Physical Properties Engineering soil properties, particle size and coarse fragment content, % 

sand, % silt, % clay, bulk density, saturated hydraulic conductivity, plant 
available water holding capacity, % organic matter, erosion factors, linear 
extensibility (shrink/swell), wind erodibility group and index

Soil Qualities and Features Restrictive layers (depth and type), frost action, corrosion (steel and 
concrete)

Vegetative Productivity Crop yields for major and adapted crops (e.g., alfalfa hay, barley, 
bromegrass hay, bromegrass alfalfa hay, corn, corn silage, grain sorghum, 
oats, soybeans, spring wheat, sunflowers, and winter wheat)
Rangeland productivity and plant composition

Waste Management Agricultural disposal of manure, food processing waste, and sewage 
sludge
Large animal carcass disposal

Water Features Hydrologic group, surface runoff, water table (depth and duration), flooding 
(duration and frequency), ponding (duration and frequency)

Water Management Irrigation (general, sprinkler, surface)
Ponds (reservoirs and aquifer-fed excavated ponds) and Embankments 
(dikes, levees)

*Please note that not all WSS (Web Soil Survey) Properties and Qualities categories or all options within 
a category are listed in this table. Some items listed in this table may not be available in all counties and 
different items of local importance may be present.
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Step 3. Creation of Custom Soil Survey Report for AOI
The table and maps can be converted to a customized report by clicking on the Add to Shopping Cart Tab, 
at the top center of the Web page (Fig. 19.19). This option allows you to create your own AOI customized 
detailed soil survey report. Review the Report Properties and report Table of Contents and make any 
additions or deletions you may need. When you are satisfied with the information in the Report Properties 
and the Report Table of Contents select the Check Out tab (upper right-hand corner of window). 

For small reports (< 8 MB), a Check Out Options box will appear and you will have the option to receive 
the report online during the current WSS session or having the report sent by email (receipt within 24 
hours) to you. The report (Fig. 19.20) is in pdf format and requires the current version of Adobe Acrobat 
Reader to open the file. http://get.adobe.com/reader/

 

Figure 19.18. Sample WSS Soil Data Explorer window Soil Reports Table. Example created based on Figure 19.17. Yields are 
long-term yields with average management and average weather conditions. (Malo, 2012)

Use and limitation of Web Soil Survey (WSS) information
WSS provides information that can be used to predict how sites differ under various land management 
systems. Examination of key soil properties and quality attribute information aids the user in making 
key planting, fertility, pest management, water/erosion conservation, tillage, and other crop-related 
management decisions. Along with site-specific data, management efficiency can be improved (Reitsma 
and Malo, 2011). 

One key point to remember is that the soil maps in WSS were originally prepared at a scale of 1:20,000 and 
1:24,000 for most of South Dakota. As a result, the smallest delineation that can be shown is about two 
acres. Most soil mapping unit descriptions include descriptions of these inclusions to let the user know 
that these other soils exist in the soil mapping unit. This limitation can be minimized by careful ground 
scouting. 

http://get.adobe.com/reader/
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Checkout
Delivery
Options

Shopping
Cart Tab

Figure 19.19. Sample WSS (Web Soil Survey) Soil Shopping Cart window with the Check Out tab selected (upper right-hand 
corner. (Malo, 2012)

 

Figure 19.20. Sample WSS (Web Soil Survey) Report window. Report can be saved on your computer in pdf format for later use. 
(Malo, 2012)
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Hydric Soil Lists
Another source of information for identifying IDC susceptibility is the hydric soil list. Hydric soils 
information can be obtained from the NRCS (Natural Resources Conservation Service) web site at 
http://soils.usda.gov/use/hydric/ [verified October, 2012]. Hydric soils are soils which are wet enough 
(saturation, flooding, or ponding) long enough (at least 7 days) in the upper soil profile [6 (sandy textures) 
to 12 inches (15 to 30 cm) (loams and fine textures) to develop anaerobic conditions during the growing 
season (soil temperatures >41ºF (5ºC) at the 22 inches (50 cm) soil depth)]. 

Hydric soil mapping units contain either major or minor hydric components. One needs to remember 
that some soil mapping units included on the list may have only 1 or 2% hydric soils present. The list is 
useful in identifying soil mapping units that may have hydric soils present but detailed on-site inspection 
is needed to verify and locate those soils with wetness problems. To obtain a hydric soil list:

1. Go to the NRCS Soil Data Mart. http://soildatamart.nrcs.usda.gov/ [verified October, 2012]. See 
Figure 19.21.

2. Press the Select State button and scroll to find your state (e.g., SD, Fig. 19.22).
3. Select the County for which you need information (e.g., Minnehaha County, Fig. 19.23). Press the 

Select Survey Area button.
4. Press the Generate Reports button to create available reports for the selected county (Fig. 19.24).
5. A listing of all the soil mapping units appears along with a drop down box where you select the 

report(s) you would like for the county. For an entire county’s information press the Select All button 
and then all the soil mapping units for that county are highlighted (Fig. 19.25).

6. Check the Include Minor Soils and Include Description boxes and then press the Generate Report 
Button (Fig. 19.26) and the Hydric Report for the County is prepared (Fig. 19.27). 

7. The hydric soil list shows:
a. Soil map unit name.
b. The hydric component of the soil mapping unit and its % of the soil mapping unit.
c. The landscape location for the hydric soil.
d. Hydric rating. 
e. Hydric criteria the soil meets (found at the end of the report; must check Include Description so 

that the hydric criteria are listed with the report).

 

Select State button

Figure 19.21. NRCS (Natural Resources Conservation Service) Soil Data Mart home page. 
http://soildatamart.nrcs.usda.gov/ (Verified October 2012)

http://soils.usda.gov/use/hydric/
http://soildatamart.nrcs.usda.gov/
http://soildatamart.nrcs.usda.gov/
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Select County button

Selected State – highlighted

Figure 19.22. Step 1 – State selection (scroll through drop-down list to highlight your state) and press the Select County 
button. http://soildatamart.nrcs.usda.gov/ (Verified October 2012)

 

Selected County – highlighted

Select Survey Area button

Figure 19.23. Step 2 – County selection (scroll through the drop-down box list to highlight the county of interest) and press 
the Select Survey Area button. http://soildatamart.nrcs.usda.gov/ (Verified October 2012)

 

Select Generate Reports button

Figure 19.24. Step 3 – Generate the list of county reports available (press Generate Reports button). 
http://soildatamart.nrcs.usda.gov/ (Verified October 2012)

http://soildatamart.nrcs.usda.gov/
http://soildatamart.nrcs.usda.gov/
http://soildatamart.nrcs.usda.gov/
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Press Select All button

Select Hydric Soils

Figure 19.25. Step 4 – All soil mapping units are selected (press the Select All button) and the Hydric Soils report is 
selected from the drop-down box in the middle of the page. http://soildatamart.nrcs.usda.gov/ (Verified October 2012)

 

Include Minor
Soils button

Include Description
button

Select Generate
Report Button

Figure 19.26. Step 5 – Select Include Minor Soils and Include Description buttons and press Generate Report. 
http://soildatamart.nrcs.usda.gov/ (Verified 2012)

http://soildatamart.nrcs.usda.gov/
http://soildatamart.nrcs.usda.gov/
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Figure 19.27. Sample page from Hydric Soils report from Soil Data Mart. http://soildatamart.nrcs.usda.gov/ 
(Verified October 2012)

http://soildatamart.nrcs.usda.gov/
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Soil Test Results 
Soil tests on the soil you plan to use for soybean production provide valuable information on key soil 
properties related to IDC. Soil test results are only as accurate as the soil samples taken. Soil tests should be 
used to provide actual soil data for key management decisions. Utilize the Web Soil Survey maps and on-
site inspection to determine where to sample for potential IDC problems. Be careful to sample the problem 
areas separate from the rest of the field. 

Most soil testing labs will routinely provide soil pH, salinity, texture, P, and nitrate N levels. Some soil 
testing labs will analyze for nutrients like Fe, Cu, Mn, Zn, and Mo. These soil tests and determinations can 
be used to make key soybean management decisions. 

As indicated in Part B of this chapter, soil pH values > 7 will cause a reduction of iron availability and thus 
a high pH tolerant soybean variety should be considered. Soils with high nitrates can induce IDC because 
of Fe being tied up with the bicarbonate ion released by the plant for NO3- uptake. Soils with high nitrate 
levels may need a cover crop in the rotation to take up the nitrate and reduce the severity of IDC. 

Ammonium (NH4+) based fertilizers could also be used to lower pH and increase iron availability. Soils 
with high P, Mn, Cu, Zn, and Mo can tie up Fe and cause IDC. One ratio used to predict potential IDC is 
the ratio of Fe:Mn+Cu (Havlin et al., 2005). As this ratio decreases, the IDC potential increases. One needs 
to check the soil test results to determine what soil parameter is causing the IDC and then select a proper 
management plan to implement to reduce the IDC potential or problem.

Soil Taxonomy
A fourth important source of information for identifying and locating IDC soils is Soil Taxonomy (soil 
classification). Soil Taxonomy is based on observable and definable soil properties and as a result, one can 
use soil classification to identify soils that have properties. Listed below (Table 19.5) are soil classification 
terms that relate to the key soil properties identified in the Soil and Plant Factors (Section B) of this 
chapter.

To obtain the classification of your soil, you can get that information from Web Soil Survey, from your 
county soil survey report, or—if you know the name of your soil—you can get the soil classification from 
the Official Soil Series web site. Shown below is how one could obtain the soil classification for a soil series. 
http://soils.usda.gov/technical/classification/osd/index.html

Table 19.5. Soil taxonomic terms indicating potential problems which may induce iron deficiency chlorosis 
(IDC) in soybeans.
Term Letter Code* Definition
aquic aqu Soil has periods of saturation (waterlogged) and reduction close to the soil surface 

(usually within 40 cm [16 in]).
calcic calc Soil has calcareous soil material at or near the soil surface and has a calcic horizon near 

the soil surface (within 100 cm [39 in]).
natric natr Soil has a natric (sodium, Na+, affected) horizon in the soil profile resulting in high soil pH 

values and reduced permeability.
albic alb Used with Mollisols (prairie derived soil) containing an albic horizon (E horizon, light-

colored horizon near, usually within 40 cm [16 in], the soil surface). Usually found in 
wetlands with aquic conditions.

* If this letter code appears anywhere in the soil classification then that soil has the potential for causing IDC 
and more detailed lab and field tests, including on-site inspection with a soil scientist, are needed to check for 
possible IDC problems. (USDA-NRCS, 1999)

http://soils.usda.gov/technical/classification/osd/index.html
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Obtaining soil classification information using the Soil Series
After obtaining the name of the soil(s) where you plan to seed soybeans, go to the NRCS Official Soil 
Series Web Site (Fig. 19.28). Select the “View OSD by Series Name” option, shown by arrow on Figure 
19.28. The next window (Fig. 19.29) will appear and you will need to type the name of the soil series in the 
text box as on the left-hand side of the page (see the arrow with the Tonka soil entered as an example). 

After entering the name, press the “Find Series” Button (found under the soil name box). The classification 
information for the soil is then displayed in the next window (Fig 19.30). One can then look at the 
classification name and see if any of the letter codes listed in Table 19.5 are present in the soils of your field. 

If one or more of the letter codes are present, there is a good chance that there is a potential for iron 
chlorosis in soybeans under normal environmental conditions. In this example, both “alb” and “aqu” 
are present so the Tonka soil has a wetness problem close to the soil surface. If you desire additional 
information on the named soil series, you can select the view description or view extent map or contract 
your local extension educator/specialist, the land-grant agricultural experiment station research scientists, 
and NRCS personnel.

Summary
Iron chlorosis may be a major limiting factor for soybean production in your fields. Information 
provided in Part A, Why Iron (Fe) Is Important to Soybeans of this chapter describes how and why iron is 
important. The Soil and Plant Factor Section (Part B) describes soil factors creating iron deficiencies, such 
as poor drainage, high-water tables, high soil calcium carbonate levels, slope, parent material composition, 
high soil pH and nutrient availability. 

The rest of the chapter (Part C) is devoted to obtaining the knowledge of key soil properties present in 
your field allows you to enhance soybean production and minimize IDC impacts by using resources 
available through a number of websites. This knowledge is readily available to producers through online 
sources, through your local extension educator and specialists, the land-grant agricultural experiment 
station research scientists, and NRCS personnel.

  

Figure 19.28. Opening page of the NRCS (Natural Resources Conservation Service) Official Series Description home page. 
Arrow shows category to select when you have the soil series name. 
(Source: http://soils.usda.gov/technical/classification/osd/index.html) (Verified October 2012)

http://soils.usda.gov/technical/classification/osd/index.html
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Figure 19.29. View by Name page in the NRCS (Natural Resouces Conservation Service) Official Soil Series Descriptions 
web site. Arrow shows where to enter the name of the soil for which you want soil classification information.
(Source: http://soils.usda.gov/technical/classification/osd/index.html) (Verified October 2012) 

 

Figure 19.30. Soil Classification Information page for the Tonka Soil from the NRCS (Natural Resources Conservation 
Service) Official Series Description home page. Arrow shows the classification information for the soil selected. 
(Source: http://soils.usda.gov/technical/classification/osd/index.html) (Verified October 2012)

Abbreviations used in this chapter
AES = Agricultural Experiment 
Station
AOI = area of interest in WSS
B = boron
bu = bushels, bu/a = bushels per acre
C = carbon
Ca = calcium
CaCO3 = calcium carbonate
CEC = cation exchange capacity
Cl = chlorine
cm = centimeters
Co = cobalt
CO 2-

3  = carbonate ion
Cu = copper
dS/m = deciSiemens/meter
e- = electron
EC = electrical conductivity
Fe = iron
Fe2+ = ferrous form of Fe
Fe3+ = ferric form of Fe
H = hydrogen
ha = hectare
HCO -

3  = bicarbonate ion

IDC = iron deficiency chlorosis
in = inches
K = potassium
K = soil erodibility factor used in soil 
erosion estimates
KSAT = soil saturated hydraulic 
conductivity
kg = kilogram; kg/ha = kilogram per 
hectare
lbs = pounds; lbs/a = pounds per 
acre
MB = megabyte
Mg = magnesium
MgCO3 = magnesium carbonate
Mn = manganese
Mo = molybdenum
MU = soil mapping unit in WSS
N = nitrogen
Ni = nickel
NO -

3  = nitrate ion
NRCS = Natural Resources 
Conservation Service
O = oxygen

P = phosphorus
pdf = portable document format 
pH = soil acidity level, negative log 
of the H+ concentration
PM = principal meridian
ppm = parts per million
RUSLE2 = Revised Universal Soil 
Loss Equation
S = sulfur 
SAR = Sodium Adsorption Ratio
SCN = soybean cyst nematode
SDSU = South Dakota State 
University
T = Soil erosion loss tolerance level
USDA = United States Department 
of Agriculture
WSS = Web Soil Survey
Zn = zinc

http://soils.usda.gov/technical/classification/osd/index.html
http://soils.usda.gov/technical/classification/osd/index.html
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University, the South Dakota Board of Regents and the United States Department of Agriculture.

http://extension.agron.iastate.edu/soybean/production_growthstages.html
http://extension.agron.iastate.edu/soybean/production_growthstages.html
http://soils.usda.gov/sqi/publications/files/indicate.pdf
http://soils.usda.gov/sqi/publications/files/indicate.pdf
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