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Figure 1. Effect of flooding on soil pH.
Adapted from The Chemistry of Submerged Soils
Ponnamperuma, Advances in Agronomy, 1972.

PHOSPHORUS (P) DEFICIENCY is often seen on
medium-textured soils (silt loams to silty clay loams) in
fields or areas of fields where extended periods of flooding
occur. Poorly drained areas, fields along streams prone to
flooding, and areas flooded for rice production or wildlife
habitat are examples where this condition is observed.

Phosphorus behavior is not the same in soils that are
continuously flooded compared to soils alternately dried
and flooded. The duration and depth of flooding affects
soil oxygen (O

2
) levels, soil pH, P availability, and the

levels and forms of some micronutrients. The purpose of
this publication is to explain the P reactions under differ-
ent soil conditions, to offer tips to avoid P deficiency, and
to provide information for increased responses to fertilizer
P applications.

What happens to soils under flooded
conditions?

Oxygen levels—When a soil is flooded (anaerobic
conditions), microorganisms use the available soil O

2
 to

survive. Free O
2
 in the soil is usually depleted within a

couple of days after flooding. The longer the soil is
flooded, the lower the soil O

2
 levels become (more re-

duced). Some O
2 
movement does occur from the air,

through the floodwater into about the upper ¼ to ½ in. of
soil. The deeper the flood, the less O

2
 can move from the

air into the soil. Most upland crops cannot tolerate
prolonged saturation or flooding. In contrast, rice has the
ability to transport O

2
 from the leaves and stems to the

roots. The area immediately around rice roots is usually
oxygenated compared to the rest of the soil.

The soil O
2
 status can be measured using specialized

electrodes and is termed the redox potential. The redox

potential is measured in millivolts. The lower the redox
potential (more negative), the more reduced (less O

2
) the

soil is. If the soil O
2
 supply is deficient, soil bacteria are

forced to get O
2
 from other compounds in the soil in the

following general order, from first to last: nitrate-nitrogen
(NO

3
-N), manganese oxide (MnO

2
), iron hydroxyoxide

(FeOOH), and sulfate-sulfur (SO
4
-S). If the functionality of

these compounds is exhausted, microorganisms can use
some of the energy stored in soil organic compounds and
released by fermenting organic matter to carbon dioxide
(CO

2
) and methane (CH

4
).

Soil pH—After a soil is flooded, regardless of its
original pH before flooding, the pH will approach neutral-
ity (pH 6.5 to 7.5). The pH of alkaline soils declines and
the pH of acid soils increases. The change in pH upon
flooding may take up to several weeks, depending on the
soil type, organic matter levels, microbial population,
temperature, and other soil properties (Figure 1).

Acknowledgement: Thanks to Dr. Nathan Slaton,
Director of Soil Testing at the University of
Arkansas, and to Dr. Cliff Snyder, PPI Southeast
Director, for providing information in this News &
Views.
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Figure 2. Effect of flooding on available P.
Adapted from The Chemistry of Submerged Soils
Ponnamperuma, Advances in Agronomy, 1972.
1ppm = parts per million

Soil P—There are two categories of P in soils: organic
and inorganic. Soil organic P forms are not readily
available to plants. Inorganic P can be grouped into five
general categories: iron (Fe) phosphates, aluminum (Al)
phosphates, calcium (Ca) phosphates, reductant soluble
phosphates (soluble under reduced soil conditions), and
occluded Fe and Al phosphates [phosphate covered with
iron oxide (Fe

2
O

3
) or aluminium oxide (AlO

3
) and not

available until the covering is removed]. Phosphorus must
be in the soluble orthophosphate form (HPO

4
2-, H

2
PO

4
-) to

be taken up by plants.

Flooding (saturation) generally increases the avail-
ability of P to rice crops. Similar reaction would likely be
found in other cropping situations where flooding or
extended periods of soil saturation occur. The increase in P
availability to rice under flooded conditions involves the
reduction of ferric (Fe3+) phosphate to ferrous (Fe2+)
phosphate and the release of P from insoluble Fe and Al
compounds and some dissolution of Ca phosphates at
higher CO

2 
levels in the soil solution. It may take several

weeks after flooding until P is released by these processes
(Figure 2). This initial flush of released P can be adsorbed
onto clay particles and Al hydroxides (AlOOH), and may
actually result in a temporary decrease in P availability in
some soils with large amounts of active Fe and Al.

Maintaining medium to high levels of soil test P
helps to hedge against the potential “tie-up” of P and to
ensure that soil solution P can be rapidly replenished as
plant roots deplete it. Phosphate ions diffuse, or move
from areas of high concentration in the soil to areas of low
concentration, more readily in moist to flooded soils
compared to dry soils. This diffusion distance is less than
0.02 in.

Long-term irrigation using well water with high
concentrations of Ca2+, magnesium (Mg2+) and bicar-
bonate (HCO

3
-) can lead to increased soil pH in some

areas. In fields with alkaline soils, most of the soil P may
be found in Ca compounds which do not release plant-
available P upon flooding. The high concentration of Ca in
the soil and irrigation water may result in the precipitation
of insoluble Ca phosphate compounds for a short time and
reduce P availability.

Seasonal variability in soil test P levels is related to
the soil O2 status and changes in temperature and
microbial activity, as well as the soil mineralogy.
Generally, extractable soil P levels decrease after a flooded
field is drained. This makes it particularly difficult to
develop a valid soil test P interpretation for such situa-
tions.

These observations raise significant concerns about
the time (environmental conditions) of sampling and its
effect on the measured soil test P level and the ability to
predict the need for P fertilizer.

As soils dry after field draining, the Fe and Al com-
pounds that became soluble after flooding will react with
native and applied fertilizer P to form insoluble P com-
pounds. As fields dry, amorphous FeOOH compounds
form which have a high chemical reactivity. They rapidly
adsorb soluble phosphates, decreasing P availability. This
“tie-up” or fixation of P is more extensive, and less
reversible, under alternating flooding and draining than
under either continuous flooding or continuously moist
conditions.

How can P deficiency be avoided in crops
planted in fields flooded over the winter?

Some farmers apply common P fertilizers just ahead of
spring planting, to avoid potential P deficiencies. There is
a risk that fall-applied P may become “tied-up” as the soils
dry and P is bound in insoluble Fe and Al compounds.
This is especially a concern for spring-planted crops on
soils that test medium or lower in extractable P.

Early season P deficiency can take a severe toll on corn
and sorghum growth, dramatically reduce yields, and delay
maturity. Starter fertilizers containing P can help mini-
mize the risk of P deficiency in corn and sorghum.
Although starter P is not a substitute for sufficient broad-
cast P, it is likely required if corn or sorghum follows
winter flooding to supplement good broadcast P fertilizer
programs.

In soils that are alternately flooded and dried, it may be
important to make annual applications of P at or near
planting of spring planted crops to prevent the develop-
ment of P deficiency on soils testing medium or lower in
extractable P.

Conclusion

Farmers, crop advisers, consultants, and fertilizer
dealers should understand the seasonal changes in soil test
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P levels that can occur with soil wetting and drying cycles.
These cycles are real, will affect soil test results, and can
influence fertilizer recommendations.

One way to reduce the risk of P deficiency of crops
following  flooding is to build soil test P levels to the
medium to high range and to apply at least 40 to 60 lb
P2O5/A just ahead of the spring planted crops.

When considering the need for P fertilization,
farmers should think of ways to protect the fertilizer
investment, maximize plant uptake, and reduce the risk
for undesirable impacts on water quality. Runoff losses
of P should be managed to minimize the potential for
eutrophication of surface waters and harmful algae
blooms. �

InfoAg 2003 Set for July 29 to August 1

The sixth Information Agriculture Conference is scheduled for July 29 through August 1, in 2003. The
location again will be the Adam’s Mark Hotel at the Indianapolis Airport, site of InfoAg 2001.

The event will begin with an all-day field trip by bus to visit a fertilizer dealer who is using site-specific
systems with his customers, followed by a tour of the Davis-Purdue Agriculture Research Center in eastern
Indiana where university staff and cooperators are conducting a wide variety of site-specific management and
remote sensing projects. A cookout on the evening of July 29 will transition to the traditional conference that
begins on the morning of July 30. Program features will include hands-on workshops on data management and
interpretation, exhibits and demonstrations of the latest technology, and ample opportunity to attend seminars
by farmers, dealers, technology developers, and researchers.

For more details, check the website at www.ppi-far.org/infoag

Check the following websites for the latest on
PPI programs and information:

PPI central website: www.ppi-ppic.org

PPI Midwest Region: www.ppi-ppic.org/midwest

On-Farm Research Projects:
www.farmresearch.com

Fertilizing Crops for Functional Foods

A symposium on fertilizing crops for functional foods is also planned at the annual meetings of the Ameri-
can Society of Agronomy, Soil Science Society of America, and Crop Science Society of America in November.
Scheduling details will be available soon.

Symposium for Field Agronomists Planned in November

The American Society of Agronomy (ASA) meetings scheduled for Indianapolis November 10 to 14 will
feature a special symposium by the newly formed agronomic practitioner Division A-9. This program provides
two full days of special presentations targeted for people who put agronomy to work in the field. Certified Crop
Advisers will be able to qualify for up to 18 hours (estimated) of continuing education credit by attending these
sessions. There will be credits in each of the four main performance objective areas. Details will be available on
the ASA website: www.agronomy.org and on the PPI website: www.ppi-ppic.org/midwest.

Plan to attend and help show strong support for this new Division, created to provide a direct link between
the field agronomist and ASA.



PRESORTED STANDARD

U.S. POSTAGE

PAID
Atlanta, GA 30329

Permit No. 1355

Potash & Phosphate Institute (PPI)
655 Engineering Drive, Suite 110
Norcross, GA 30092-2837

VIEWS
NEWS
&

Midwest
April 2002

Early Season Phosphorus Deficiency in Corn

Phosphorus deficiency in corn often occurs early in the season, especially under cool temperatures and either wet or dry
soil conditions. The most recognizable symptom is the purple coloration of the leaves of corn seedlings. However, some
hybrids may suffer from P deficiency, yet fail to exhibit the purple coloration. Other hybrids have a genetic tendency for
purple coloring that should not be confused with P deficiency. Cool, wet conditions slow root growth and the P-supplying
power of the soil is unable to meet crop demand. These symptoms will usually disappear within a few days after the soil
warms and the roots begin to proliferate.

How much potential loss in growth and yield results from these early deficiencies depends upon how long the deficiency
persists. Upper limits on ear size and potential yield are set early in the growing season, so early plant health is critical to
optimum yields and profits. This potential deficiency is one of the main reasons for using starter fertilizer on corn. Starter
nearly always provides a boost to early growth, even where soil test levels are high. Yield response to starter is not always
realized, perhaps because other conditions later in the season prevent the full potential from being realized.

The taller corn rows shown at right in this central Indiana
field had 140 lb/A of 18-18-0 starter fertilizer applied at
planting. The soil test levels across the field were in the
high range for P and K. The shorter corn plants in the
rows at left had no starter applied. The starter added
approximately 8 bu/A to the final yield in this strip
comparison. In another area of the field, herbicide injury
was also found to be reduced where starter fertilizer was
applied.

The PPI-Midwest website (www.ppi-ppic.org/midwest) provides further information on early-season P deficiency.


