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Basics of Soybean Fertility
Soil and Plant Testing

Managing soybean fertility should begin with regular soil 
testing. Soil testing is a valuable and inexpensive tool for ascer-
taining the nutrient and pH status of a particular field and guid-
ing field input decisions. Soil tests should be taken every three 
to four years and sent to a reputable lab for analysis. 

Standard soil tests generally measure pH, buffer pH (or 
lime test index, which is buffer pH x10), available phosphorus 
(P), exchangeable potassium (K), calcium (Ca), magnesium 
(Mg), cation exchange capacity (CEC) and organic matter (OM). 
Note that soil test values may be reported in either pounds per 
acre (lb/acre) or parts per million (ppm). To convert ppm into  
lb/acre, multiply ppm by 2.

Micronutrient soil tests will report amounts of the other nu-
trients (at a greater cost), but these quantities do not always 
correlate well with nutrient application recommendations in 
agronomic crops. Tissue testing in-season is recommended for 
identifying and confirming micronutrient deficiencies indicated 
by soil tests.

When diagnosing a suspected in-season nutrient deficiency, 
take soil and tissue samples from a normal area of the field in 
addition to the affected area. Comparing these reports will give 
additional insight into possible nutrient issues and increased 
confidence in diagnosis and confirmation of a deficiency. 

Soil pH
The pH of a soil is a measure of the acidity or concentration 

of hydrogen ions in the soil solution. Many chemical and bio-
logical processes in the soil are affected by pH, and maintaining 
pH in the proper range will maximize the efficiency of other crop 
inputs and decrease the risk of yield losses. Soybeans thrive in 
the pH range of 6.0 to 6.8 (in mineral soils). Figure 1 shows the 
availability of essential nutrients as a function of soil pH.

Figure 1. Relative availability of plant nutrients by soil pH.
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Most of these nutrients are more available within than be-
yond this optimal pH range. Note also that some nutrients be-
come less available as pH rises above 6.8, so “blanket” applica-

tions of lime above this point may be detrimental to the crops. 
Another reason for keeping pH in the desired range is to support 
beneficial microorganism activity in the soil, particularly Brady-
rhizobium japonicum, which is responsible for fixing nitrogen in 
soybean root nodules.

Nitrogen (N)
Soybean is a high-protein crop and requires a large quan-

tity of nitrogen (N) to synthesize amino acids and proteins. As 
a legume crop, however, soybeans supply most of their own N 
needs by fixation of atmospheric N2 into ammonium (NH4

+), a 
form that is readily available to the plant. Additional N is scav-
enged from the soil through organic matter cycling and rainfall 
deposition to supply N needs not met by nodulation.

Research has shown that if ammonium or nitrate is avail-
able to be absorbed from the soil when nodules are present, 
N-fixation will decrease proportionally. For this reason, N fer-
tilization in soybeans rarely results in agronomic or economic 
yield increases when nodulation is normal, and is generally not 
recommended. However, research in some irrigated, high-yield 
environments has demonstrated that N applied during the pod 
or seed stages of soybean development may increase yield.

Phosphorus (P) and Potassium (K)
Phosphorus (P) and potassium (K) are macronutrients, or 

nutrients that are needed in relatively large quantities com-
pared to others. The content of both P and K in soybeans is high 
relative to that of corn and wheat on a per bu basis. A 60 bu/acre 
soybean crop would remove about 48 lbs P2O5 and 84 lbs K2O 
from the soil in the grain. By comparison, a 200 bu/acre corn 
crop would remove more P (74 lbs P2O5) and less K (54 lbs K2O).

Soil testing should be used to determine the levels of plant- 
available P and K. These nutrients must be in high enough  
quantities in the soil to prevent plant deficiencies, but once this 
critical level is reached, additional yield gains with higher levels 
of P and K are generally not realized. University studies put the 
critical level for P in the range of 30 to 40 pounds per acre. The 
critical level of K is more variable at about 90 to 150 lbs/acre, 
depending on the CEC of the soil. 

Symptoms of K deficiency include yellowing of the margins 
of the leaves, starting with the older, lower leaves. Note the yel-
lowing pattern beginning at the leaf margins in Figure 2.

Figure 2. Potassium deficiency in soybeans. Photo courtesy of Robert 
Mullen, Ohio State University.
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Phosphorus deficiency symptoms include stunting, spindly 
stems and dark-green to bluish coloration of plant tissue. Fertil-
izing on a crop-removal basis with P and K can be a good agro-
nomic practice once the critical levels are reached. In research 
studies, banding P and K usually does not produce consistently 
better yield results than broadcast applications. Fertilizers 
should not be placed with the soybean seed due to risk of seed-
ling injury and stand loss from salt-induced stresses associated 
with fertilizers. 

Sulfur (S) and Magnesium (Mg)
Sulfur (S) is an important plant nutrient that is available 

in the soil from cycling of organic matter and atmospheric de-
position. Sandy, low organic matter soils are associated with S  
deficiencies. Also, atmospheric deposition of sulfate in the east-
ern Corn Belt and northeast is typically higher than in the Great 
Plains and Midwestern states due to the operation of coal-fired 
power plants. Soybeans with S deficiencies will exhibit pale 
green-yellow color in topmost leaves.

Soybeans require 20 to 25 pounds of S per year, and in 
cases of high organic matter soils or manured fields, a high per-
centage is derived from the soil. Ammonium sulfate, ammonium 
thiosulfate, gypsum, potassium sulfate, magnesium sulfate and 
elemental sulfur are potential sources of supplemental S. 

Magnesium (Mg) deficiencies are relatively uncommon, 
but may occur in areas of acidic, sandy soils. Interveinal chlo-
rosis and mottling will occur on deficient plants, starting with 
the lower (older) leaves. These areas may appear bronzed or 
speckled as the deficiency progresses. 

Magnesium is usually reported in standard soil test and tis-
sue test reports. The critical level for exchangeable Mg in the soil 
is 50 ppm or 100 lb/acre. The simplest method for supplementing 
soil Mg is by the use of dolomitic limestone, magnesium sulfate 
or potassium magnesium sulfate. In some cases, excessive K in 
the soil can hinder the plant’s ability to take up Mg. 

Micronutrients
Compared to the macronutrients, micronutrients are equally 

necessary for plant growth and yield, albeit in smaller quanti-
ties. Since only small amounts are required, there is a narrow 
margin between “sufficient” and “toxic” rates for some micro-
nutrients.

Highly productive soils usually contain sufficient micro-
nutrients for optimum crop growth, but specific soil environments 
or features and weather patterns can result in deficiencies. Soil 
pH adjustments may increase micronutrient availability in some 
cases, though some deficiencies are induced by other factors, 
such as organic matter and texture.

Manganese (Mn) – One of the more common micronu-
trient deficiencies observed in soybeans is manganese (Mn), 
which is most likely to occur in coarse, dry, high pH and high 
organic matter soils. Manganese deficiency symptoms include 
interveinal chlorosis on the newest (topmost) leaves while the 

Figure 3. Manganese-deficient soybean plants. (Photo courtesy  of Ron 
Gehl, North Carolina State University).

veins remain green (Figure 3). Manganese is fairly immobile in 
the plant, rendering symptoms on the newest soybean leaves.

Consistent field history of Mn deficiencies may guide the 
decision-making for a soil-applied Mn amendment, but fo-
liar applications are also appropriate for treatment with a Mn 
product. Test soybean tissue (20 topmost trifoliate leaves with 
stems or petioles removed) to confirm Mn deficiency before ap-
plication. Research reports that less than 21 ppm in the tissue 
indicates low Mn, and crop 
response may result from fo-
liar Mn treatment from growth 
stage V6 to R1. 

Iron (Fe) – Iron deficien-
cy chlorosis (IDC)  symptoms 
are similar to those of man-
ganese, with interveinal chlo-
rosis and severe stunting, and 
are usually associated with 
native high pH soils. This con-
dition is yield-limiting in many 
soybean fields in the northern 
and western U.S. Primary management practices include vari-
ety selection, iron chelate treatments and increased soybean 
seeding rates. 

Variety Selection – Because soybean varieties vary widely  
for tolerance to IDC, variety selection is the first and most  
important step in managing this problem. Pioneer Hi-Bred 
has a significant research effort to screen its soybean va-
rieties in areas with IDC. This effort allows Pioneer to rate  
existing varieties as well as identify new varieties that can help 
growers overcome yield losses to IDC. Pioneer® brand variet-
ies are rated on a one to nine scale where one indicates poor 
tolerance and nine indicates excellent tolerance. If growers are 
planting into an area with a history of IDC, they should select 
varieties with an IDC score of six, seven or eight.
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