The “Fourth Major”
Nutrient in Crop Nutrition

Sulfur (S) is a part of every living cell and is a constituent of two of the 21 amino acids which form
proteins. The benefits from sulfur fertilization of crops can be traced to its role in protein development, to
improvement of nitrogen (N) use, etc. However, the availability of sulfur needed for profitable crop
production continues to decline. Reasons for the decline include the emphasis on improved air quality, the
increasing amount of sulfur removed from the soil by higher yielding crops and use of modern fertilizers
containing less sulfur. Understanding how specific crops utilize sulfur for improved growth and how
fertilizer provides crop sulfur needs will help to improve crop yield and profitability.

Why is sulfur important?
Some of the benefits that sulfur provides in growing plants are:
 Improved nitrogen use efficiency
 Improved protein production as a constituent of two amino acids, cysteine and methionine
* Improved seed oil in oil seed crops
* Activation in enzyme systems and vitamin development
* Contributions to chlorophyll formation

What nutrients do crops need?  Nutrient uptake by major crops

Sulfur uptake varies greatly among major Crop #N_#PO, #KO #S #Mg
agricultural crops. Crops having high nitrogen Corn (180 bu/a) 240 100 240 28 41

needs also have a high sulfur need due to their Soybeans (60bu/a) 325 65 140 25 26

mutual functions in plant growth, such as
protein formation. Forage grasses and certain Bermudagrass (8t/a) 370 96 400 44 26

vegetable crops require sulfur for both high Wheat (55bu/a) 120 45 85 13 15
yield and quality. Rice (7500%#/a) 120 60 170 12 15
Cotton (1500#/a) 180 65 155 40 32
Alfalfa (8t/a) 410* 95 400 40 40

* Legumes get most of their N from the air.

Sulfurdeficiency in corn

Deficiency symptoms:
* Slow growth rate and poor response to nitrogen
* Pale green coloration of new growth
* Low protein levels




When do high yielding crops need sulfur?

A 180-bushel corn crop takes up nearly 30 pounds of sulfur during the growing season. Vegetable crops such as
onions, cabbage or garlic require sulfur in much larger amounts. The functions of sulfur and its influence on
plant growth show why sulfur is a full season nutrient. It promotes plant growth from the seedling stage until the
crop reaches physiological maturity. Sulfate sulfur is very mobile in soil solution, but considered non-mobile
within the plant. Elemental sulfur must be converted to the sulfate form in the soil before taken up by the plant.
Elemental particle size determines the amount of sulfur expected to be available in the season of application. A
severe shortage of sulfur often develops visible deficiency symptoms on new growth. The preferred method of
sulfur application is to use a combination of sulfate form for immediate uptake and finely ground elemental
sulfur for mid- to late-season uptake. This provides season-long sulfur supply while minimizing potential
leaching losses.

Importance of balanced nutrition

Sulfur is a vital ingredient in nutrient management plans designed for high-yield, top-profit cropping systems.
Nutrient balance involves many nutrients but especially sulfur with nitrogen and potassium. These three
nutrients are essential for protein synthesis, photosynthesis, and other plant growth processes. A shortage of
any one will restrict the effectiveness of the others. A 2005 study by Gordon showed the importance of a
balanced nutrient program including sulfur on nitrogen uptake efficiency. To avoid an imbalance, many suggest
the use of 20 to 30 pounds per acre of fertilizer sulfur.

Balanced Fertilization Improves Crop N Recovery
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Source: Gordon, 2005

Impact of sulfur levels on yield

Adequate sulfur is necessary for high yield cropping systems and optimum plant use of nitrogen and potassium.
However, other soil/crop conditions such as soil texture, can influence crop need and use of nutrients such as
sulfur. For example, in 2008, northeast lowa corn studies showed that response to applied sulfur was measured
in 62% of the test sites. Yield response to sulfur applied on coarse textured soils exceeded fine textured soils by
13 bu/a. Also, corn responded to a higher rate of fertilizer sulfur (23 vs 16 Ibs/a S) on the coarse textured soils.
Remember, sulfur is a mobile nutrient in the soil and the nutrient reservoir is smaller for coarse textured soils.

Corn response to applied sulfur in northeast lowa (2008)

Soil Texture S Required Yield Increase
Fine Texture 16 Ibs/ac S 15 bu/a
Coarse Texture 23 Ibs/ac S 28 bu/a
Source: IPNI
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