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Soybean Fertilization
and Liming in Alabama

Soybeans are grown on a wide variety of soils in
Alabama. These range from the calcareous clay

soils of the Black Belt and the acid, silty clays of
the Tennessee Valley to the sandy soils of the Gulf
Coast. As a result of natural characteristics and past
management practices, these soils have a wide
range in pH and soil fertility levels.

Responses to lime and fertilizer vary on differ-
ent soils. Although soybeans can grow under very
acid conditions and can produce a crop in low-
fertility soils, maximum economic yields are not
possible without establishing an optimum soil pH
and a high level of fertility.

Crop Rotation
Soybeans in Alabama should be rotated with

another crop. The benefits of crop rotation are
often more impressive than the benefits of direct
fertilization. When soybeans are rotated with anoth-
er crop such as corn, cotton, sorghum, or an annu-
al forage, or when soybeans are produced in a
double-cropping situation with a small grain, all
fertilizer can be applied to the crop preceding soy-
beans without the loss of efficiency.

Apply about two times as much phosphorus
and potassium to the preceding crop as you would
apply directly to the soybeans. This practice not
only builds soil fertility but also saves on fertilizer
application costs. When submitting soil samples for
analysis, list the specific crop rotation so proper
recommendations can be made.

Timing and Placement of Fertilizer

Time of Application
Fall or spring fertilizer applications are both sat-

isfactory for soybeans in most of Alabama. For best
results from fall fertilization, restrict its use to soils
with an optimum pH and avoid deep, sandy soils.
Controlling soil erosion is one way to avoid losing
fertilizer from surface runoff.

Direct Application
Soybeans respond well to high-fertility soils.

Beans planted on productive soils that test high in
phosphorus, potassium, and magnesium require no
additional fertilizer. If the site selected for soybeans
tests low in phosphorus, potassium, or magnesium,
broadcast the recommended rate of fertilizer.

Young soybean plants are very sensitive to salt
injury which may occur if fertilizer is banded too
close to the seed. Broadcasting fertilizer removes
this danger, is usually more convenient, saves time
at planting, and gets just as good a response as
banding.

Starter Fertilization
Starter fertilization is a different concept from

merely banding fertilizer although the techniques
are similar. A starter fertilizer is generally a small
amount of nitrogen and phosphorus placed near
(but not on) the seed at the time of planting. This
practice should give the young seedlings a boost in
cold, compacted soils where root development is
slow. This is why it has worked so well on corn
which is planted early and often in minimum-till
situations.

Soybeans have not produced a consistent yield
response to starter fertilizer applications in Alabama
tests. Soybeans are generally planted in warm soils
in May or early June when conditions are favorable
for optimum root growth. Starter fertilizers, particu-
larly nitrogen, may result in greener seedlings, but
they seldom increase yields and profits at harvest.
Because of inconsistent yield increases and risks of
seedling injury, use soybean starters only on small
acreages and on a trial basis.

Lime
Low pH (high soil acidity) remains one of the

major factors limiting soybean yields on many
Alabama farms. Although satisfactory yields can be
obtained at a low soil pH on some finer-textured
(clayey) soils, maximum economic yields are rarely
obtained unless the pH is at a desirable level. High
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yields are never produced on soils with a pH
below 5 (Figure 1). As the pH goes up, the proba-
bility of high yields also increases.

with a pH below 5.8 and on clays and silty clay
soils of the Black Belt and Tennessee Valley with a
pH below 5.6.

Lime is usually recommended to reach an opti-
mum soil pH, which is 6.5 for soybeans. On very
acid, clay soils, as much as 4 tons per acre may be
needed to reach this optimum pH. An investment
of this magnitude is not practical unless it is for
long-term crop rotations where high yields are ex-
pected. Applying half the recommended rate of
lime should raise the soil pH to near 5.5. This
would be more economically justified for 1-year
soybeans or for soybeans on rented land. Apply
molybdenum as a seed treatment at planting if only
half the lime is used. The remainder of the lime
could be applied to the crop in rotation.

The fallowing are important points to remem-
ber about a liming program for soybeans:

• Use soil tests as the only basis for applying
lime.

• Buy lime that meets state specifications for
fineness and for its neutralizing value.

• Use dolomitic lime if the magnesium level is
low. Otherwise, calcitic, dolomitic, high-quality
Selma chalk, and other industrial by-products may
be equally effective at raising soil pH when used
according to their neutralizing value.

• Apply lime as far ahead of planting as possi-
ble.

• Mix all liming materials thoroughly with the
soil; lime is generally recommended for an 8-inch
furrow slice.

• Take a soil sample at least every three years
and more often under high management, intensive
cropping, or irrigated conditions.

Major Plant Nutrients

Nitrogen (N)
Soybeans require a relatively large amount of

nitrogen (Figure 2). A 50-bushel per-acre soybean
crop will remove about 188 pounds of N in the
beans. The leaves, stems, and pods will contain an-
other 90 pounds of N.

The soybean plant can produce its own N
through symbiotic nitrogen-fixing bacteria associat-
ed with its roots. These Rhizobium bacteria form
nodules on the roots and fix atmospheric N into a
form usable by the soybean plant. When these bac-
teria are absent in soil or present in low popula-
tions, they must be added at planting by inoculat-
ing the seed.

The following problems are associated with
very acid soils:

• Reduced activity of nitrogen-fixing bacteria
on soybean roots.

• Increased concentration of aluminum in the
soil solution. This can be toxic to plant roots.

• A higher concentration of manganese in the
soil solution. This can result in a higher concentra-
tion in the plant causing crinkle leaf.

• Reduced availability of molybdenum.
• Increased phosphorus fixation by the soil,

making it less available to soybean plants.
• Reduced exchangeable calcium, magnesium,

and potassium in the soil.
Soybeans show different responses to lime on

different soils at the same pH. In general, soybeans
can tolerate a lower pH on fine-textured soils than
on coarse-textured sandy soils. As the pH decreas-
es, more toxic aluminum and manganese are re-
leased into the soil solution. The amount of alu-
minum and manganese in the soil solution at a
specific pH varies for different soils.

Clayey soils, with a higher capacity to hold nu-
trients such as calcium, magnesium, potassium, alu-
minum, and manganese, do not release much alu-
minum and manganese into the soil solution until
the pH gets low. These soils are also buffered
against rapid changes in soil pH. Because of this,
lime is recommended on sandy and loamy soils
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Research has shown no yield increases from
the application of fertilizer N, provided soybeans
are properly inoculated or soybeans are planted
in an area that has had a good crop of beans
within the past three years.

Adding fertilizer N actually suppresses N fix-
ation by the Rhizobium bacteria. The bacteria
use the applied N for their needs and do not
bother to fix atmospheric N. There is evidence
that the soybean plant can more efficiently use
N fixed by the bacteria than it can fertilizer-ap-
plied N. Low rates of fertilizer N apparently pre-
sent no problem, but higher rates can cause a
reduction in nodulation and can possibly reduce
yields. Alabama growers can spend their fertiliz-
er money more profitably on lime and on plant
nutrients other than N.

Phosphorus (P)
Although the soybean plant contains less P

than nitrogen or potassium, profitable yields can
be obtained only if an adequate level of this nu-
trient is maintained in the soil. Responses of
soybeans to direct applications of P are usually
small on most Alabama soils unless the soil is
quite low in this nutrient. If the soil tests low in
P, soybeans will generally show a larger yield re-
ponse to fertilization than corn (Table 1).

A phosphorus deficiency of soybeans cannot be
seen on the plants. Plants will grow more slowly
and not be as large as soybeans with adequate P.
However, decreases in yield may occur before
symptoms are evident, so the level of soil P should
be checked by a soil test.

The uptake of P by the soybean plant increases
rather steadily from the seedling stage to maturity,
suggesting the need for an adequate supply of P
throughout plant growth and development. During
pod-fill, most of the P is translocated into the seed
from other plant parts. A 50-bushel crop would re-
move about 41 pounds of P2O5 (Figure 2).

Phosphorus is chemically fixed in the soil and
is not subject to leaching. The only ways P can be
removed from the soil are through plant removal
and soil erosion. Alabama fields that have been in
row crop production for several years with annual
applications of a complete fertilizer and litttle ero-
sion will likely test medium, high, or very high in P. 

Unimproved pastureland or idle land brought
into production may be low in P. About 24 percent
of all soil samples tested by the Auburn University
Soil Testing Laboratory are low or very low in P
and would require direct P fertilization.

Potassium (K).
Soybeans require K in larger amounts than any

other nutrient except N. A 50-bushel per acre yield
will remove about 74 pounds of K2O in the beans
(Figure 2). Although K deficiencies are not wide-
spread, more deficiencies of K are observed each
year on soybeans than any other nutrient deficien-
cy. Severe K deficiency symptoms usually appear
as yellowing and scorched areas along the margins
of the leaves. Other symptoms include stunted
growth, poorly developed root systems, small shriv-
eled seed, and weak stalks.

Soybean plants that are deficient in K are more
susceptible to the various diseases that attack soy-
beans. A severe infestation of cyst nematodes may
also show some of the same symptoms as a K defi-
ciency. These pests apparently restrict the ability of
the roots to take up K. Maintain a high level of K in
areas known to be infested with cyst nematodes.

Just as with most other nutrients, K deficiencies
can cause yield reduction before you can see any
symptoms. The increasing reports of K deficiency
suggest that growers may not be aware of the
heavy nutrient requirements of soybeans. About 15
percent of the soil samples tested are low or very
low in K and 42 percent are medium in K.

Soybeans in a long-term rotation with a grass or
forage crop are particularly susceptible to a K defi-
ciency. Grasses are efficient users of soil K and

Table 1. Relative Responses of Soybeans and Corn to
Fertilizer at Different Soil-Test Levels of Phosphorus
And Potassium.*

Yield Increase from Fertilization (%)

Soil Test Rating Soybeans Corn

Phosphorus
Low 50 30
Medium 0 8
High 0 0
Potassium
Low 120 75
Medium 30 15
High 0 0
* Values are the average percentage of yield increase from seven
locations over a 10-year period.
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may deplete reserves of K in the subsoil unless
they are replaced through fertilization. A topsoil
test may not always indicate this potential problem.
Therefore, be aware of cropping and fertilization
practices to avoid this problem in soybeans.

Soils have relatively large reserves of K; howev-
er, much of it is ; unavailable or only slowly avail-
able to plants. Maintain soil K at a medium or high
level to ensure an adequate supply for plants.
Potassium will leach through soils but not to the
extent once thought. Leaching can be a problem on
very sandy soils, but on most of Alabama’s soils it
is not a problem. Most of the state’s sandy soils
have clayey subsoils which can hold K unless a
hardpan or subsoil acidity prevents root develop-
ment.

Secondary Plant Nutrients

Calcium (Ca)
Calcium plays a significant role in N fixation

and is important in cell structure. One of the visual
symptoms of severe Ca deficiency in soybeans is
collapsed petioles. Calcium deficiencies are usually
associated with very acid soils. In these soils, alu-
minum toxicity, manganese toxicity, or molybde-
num deficiency usually occur before a Ca deficien-
cy can be seen. Adequate Ca for soybeans is
supplied by lime. Therefore, Ca deficiencies are of
no concern where a good liming program is used.

Magnesium (Mg)
Magnesium is an essential component of the

chlorophyll molecule, thus, it is important in photo-
synthesis. A deficiency of Mg in soybeans shows
up as chlorosis or yellowing between the veins,
with the veins remaining green. Magnesium defi-
ciency symptoms usually occur first on the older
leaves.

Dolomitic limestone is the most economical
source of Mg for soybeans. By law, dolomitic lime
must contain at least 6 percent Mg (120 pounds per
ton). Most calcitic lime from Alabama quarries may
contain 1 to 5 percent Mg (20 to 100 pounds per
ton). Therefore, with Mg applied in lime, Mg defi-
ciencies in soybeans have not been a widespread
problem.

Only 4 percent of the soil samples tested for
soybeans are low in Mg. These same samples also
had a low pH and needed lime. Magnesium defi-
ciencies, although rare, are more likely to develop
on sandy soils of the Coastal Plain.

Sulfur (S)
Sulfur is very important in the formation of pro-

tein. An adequate supply is essential for the normal
development of soybeans. Where S is deficient,
soybeans show a general yellowing of the foliage,
stunted growth, and a decrease in quality. The
symptoms appear similar to a N deficiency which
results from poor inoculation. However, S deficien-
cies of soybeans are very rate in Alabama. In nu-
merous experiments since 1954, soybeans have
never shown a yield response to direct S fertiliza-
tion.

Soybeans are deeply rooted plants. Shortly after
seedling emergence, the primary root may be deep
enough to reach S reserves in most Alabama sub-
soils. Soybeans are planted later in the season after
the soils have warmed up. By this time, organic
residues in the topsoil are beibg mineralized by soil
microorganims.

Organic matter is a major source of S in sandy
soils. Red, clayey soils are capable of absorbing S
that accumulates from rainfall, fertilzer, plant
residues, and pollution. For these reasons, a yield
response to S fertilization is unlikely; although 10
pounds per acre is recommended for maintenance
if other plant nutrients are to be applied.

Because S leaches rapidly through sandy soils
and accumulates in clayey soils and subsoils, a S
soil test is not a dependable indicator of S availabil-
ity to a growing crop. Plant leaf analysis at early
bloom would give a much better indication of the S
nutritional status of a growing crop.

Micronutrients

Molybdenum (Mo)
Molybdenum, although needed in very small

quantities, is a key element in the N-fixing process
in soybeans and in the use of N within the plant to
form protein. A shortage causes a deficiency of N
and prevents normal protein formation. If a soy-
bean leaf sample analysis taken during early bloom
indicates low N and the roots have adequate nod-
ules, then a Mo deficiency may be the problem.

Molybdenum availability to plants is largely de-
termined by soil pH. Most soils have adequate Mo.
However, unlike most other micronutrients, soil Mo
is more available at high and less available at a low
pH. Applying lime to raise the soil pH to an opti-
mum level usually corrects a Mo deficiency.
Because Mo is needed in such small quantities,
testing soil or seed for Mo is not practical or eco-
nomical.
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On all soils of northern Alabama and on fine-
textured soils in other areas of Alabama, apply the
equivalent of 1 ounce of sodium molybdate or am-
monium molybdate per bushel of seed at plannng.
Rhizobium innoculant can be applied at the same
time if seed are to be planted immediately.
However, the Mo treatment can be toxic to the
Rhizobium bacteria. Mix Mo and inoculant together
just ahead of planting.

Manganese (Mn)
A manganese deficiency usually shows up as a

chlorosis or yellowing of the upper soybean leaves.
The leaf veins remain green, similar to the symp-
toms of an Fe deficiency. Most Alabama soils con-
tain high Mn levels. Mn toxicity is far more frequent
on soybeans than a Mn deficiency. If soils are ex-
tremely acid, a toxic level of available Mn in the soil
solution causes crinkling of upper leaves on the
plants. This is commonly called crinkle leaf disease.

More important than the amount of Mn in the
soil is its availability to plants. This is controlled
mostly by the soil pH and to some extent by the or-
ganic matter content, soil type, and drainage. The
only Mn deficiencies reported in Alabama have
been in sandy, poorly drained soils of the lower
Coastal Plain (Baldwin and Escambia counties) with
a relatively high pH (above 6.5). A Mn deficiency
has been suspected of contributing to iron deficien-
cies on calcareous soils of the Black Belt.

On soils where a Mn deficiency is likely or
where one has been observed in the past, avoid
overliming. Keep the soil pH between 5.6 and 6.2.
If a deficiency is suspected early in the season be-
fore blooming, a plant leaf analysis can confirm the
problem. One or two foliar applications of a dilute
manganese sulfate or manganese chelate solution
with a wetting agent will immediately correct the
deficiency and no yield loss will result.

Iron (Fe)
Soybean plants require a continuous supply of

Fe to maintain proper growth. Anything that inter-
feres with the uptake or translocation of this ele-
ment may cause a deficiency. Symptoms of Fe defi-
ciency include chlorosis of the upper soybean
leaves with the leaf veins remaining green. This is
similar to symptoms of a Mn deficiency.

Extended periods of dry weather after Fe
chlorosis has developed can cause stunting of the
plants. Unfortunately, a plant leaf analysis is not
very reliable in diagnosing an Fe deficiency. Dust,
soil contamination, and the different chemical forms
of iron can lead to meaningless lab results.

Iron is abundant in Alabama soils. Factors such
as high soil pH, however, can interfere with Fe up-

take by soybean plants and can result in deficiency
symptoms. This occurs almost exclusively on Black
Belt soils with a pH above 7.5. The problem is ag-
gravated during periods of very dry soil conditions.
The condition usually corrects itself following a
good rainfall and root growth.

The effect of temporary Fe chlorosis on the
overall yield of soybeans is thought to be minimal
unless the condition is present for prolonged peri-
ods. Soybean yield potential on the high-pH Black
Belt soils is generally low because of many other
soil fertility factors including P availability, Mn avail-
ability, rooting depth, and moisture.

Applying foliar Fe sprays may sometimes tem-
porarily correct the chlorosis but it is not an eco-
nomical practice. Adding Fe to the soil is also not
practical because the soil already has enough Fe—it
just isn’t available because of the soil pH.

The most practical approach is to select those
varieties showing more tolerance to Fe chlorosis on
the high pH soils of the Black Belt. Your county
Extension office maintains a current list of varieties
with tolerance to Fe chlorosis.

Boron (B), Zinc (Zn), and Copper (Cu)
Boron, zinc, and copper are known to be essen-

tial for normal plant growth, but their functions
have not been clearly identified. No deficiencies of
these nutrients in soybeans have been observed or
reported in Alabama. Likewise, continuous experi-
ments at six locations have never shown a reponse
to fertilization with these micronutrients.
Considering all evidence to date, there is no justifi-
cation for recommending these nutrients.

Plant Leaf Analysis
Plant leaf analysis is becoming more popular as

a diagnostic and fertility management tool for soy-
bean producers who want to fine-tune their soil fer-
tility program.

Leaf analysis is almost indispensable for diag-
nosing micronutrient deficiencies. However, inter-
pretation of the results requires careful considera-
tion of all the factors affecting plant health insects,
diseases, nematodes, physical crop injury, soil mois-
ture, soil test results, fertilizers applied, pesticides
applied, and pesticide injury.

For diagnostic purposes, whole plants or leaf
samples can be taken at any time. Also submit a
sample from normal, healthy plants for comparison.
For routine crop management and fine-tuning a soil
fertility program, collect mature, trifoliate leaves
from the top part of the plant during early bloom.

Take leaves randomly from throughout the field
just as you would take a soil sample. Loosely place
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the leaves in a paper bag—about 1 pound of leaves
is adequate—and mail directly to a reputable labo-
ratory that conducts plant tissue analysis. The
Auburn University Soil Testing Laboratory provides
a plant analysis service through county Extension
offices.


