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Intended for Extension agents, this publication highlights 
the importance of sulfur in row and vegetable crop 
production systems in Florida, such as its use in pesticides 
and fertilizers. Additionally, the publication provides 
insights into the perspective of the Environmental 
Protection Agency (EPA) on sulfur in naturally occurring 
aquatic systems. This publication’s target audience includes 
agricultural producers, Extension agents, crop consultants, 
representatives of the fertilizer industry, state and local 
agencies, students, instructors, researchers, and interested 
Florida citizens.

Introduction
Sulfur (S) accounts for approximately 2.9% of the earth’s 
mass, making this element the fifth most abundant 
element on earth after iron (32.1%), oxygen (30.1%), sili-
con (15.1%), and magnesium (13.9%). The forms of sulfur 
in nature are elemental sulfur, sulfide, and sulfate minerals.

Sulfur is the fourth most important macronutrient after 
nitrogen, phosphorus, and potassium for plant nutrition. 
Sulfur can be found in plants, foods, and water. Plant leaves 
require S for chlorophyll formation; and most protein and 
enzymes required for plant metabolic activities consist 
of the element. The shoots take in the sulfur gas (SO2) 
available in the air. De Kok and company (2005) identified 
sulfur’s role as the vital component of amino acids, viz. 

cystine, cysteine, and methionine. The sulfur uptake across 
major crops in agriculture is shown in Figure 1.

Easily available in grocery stores, dilute sulfuric acid is 
often used for house cleaning and unblocking sewer pipes. 
Sulfuric acid is also used in many chemical analyses. 
Recently, south Florida has found an effective use of dilute 
sulfuric acid through irrigation to reduce soil pH as their 
soils are naturally alkaline (Longstroth 2012).

Role of Sulfur in Agriculture
Sulfur is an essential nutrient for plants, and its deficiency 
restricts plant growth and development. Figure 1 represents 
the sulfur uptake by major crops in the United States. In 
Florida, potato is the major crop (Figure 1) with an uptake 
of approximately 18 lb./acre of sulfur. Due to the decline in 

Figure 1. Sulfur uptake by major crops.
Credits: Government of Saskatchewan (2023)
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the environmental deposition of sulfur (Figures 2 and 3), 
the use of sulfur in agriculture has increased exponentially 
(Figure 4). The sulfate ion deposition in 1982–1984 was ap-
proximately 21 lb./acre. This figure was reduced to less than 
7 lb./acre by 2012 and would stay so until 2014. During the 
same period, sulfur application increased across different 
crop production systems (Figure 4).

Sulfur is not mobile inside the plant; therefore, its deficien-
cy appears on young leaves first. Both low and high levels 
of sulfur can negatively impact yield. Sulfur deficiency 
frequently occurs in sandy, well-drained soils with low 
organic content. In the United States, corn is particularly 
susceptible to sulfur deficiency (Figure 5). Sulfur deficiency 
could lead to poor nitrogen metabolism, stunted growth, 
low protein synthesis, and dwarfness (Divito et al. 2015). 
Potential visual symptoms could include the yellowing of 
young leaves, i.e., chlorosis, and necrosis in short slender 
stalks (Vidyalakshmi et al. 2009). Sulfur deficiency also 
affects the nitrogen fixation by the microbes (Saha et al. 
2018; Chaudhary et al. 2022). Large amounts of sulfur are 
required by oilseed crops such as peanuts (Zhao et al. 1999).

Sulfur protects plants (Zhao et al. 2008): its volatile nature 
repels pathogens and herbivores. Klikocka et al. (2005) 
found that lower soil pH due to sulfur-based fertilizers 
increased potato plants’ resistance to Streptomyces scabies 
and reduced the likelihood of Rhizoctonia solani infections.

Common Sulfur Fertilizers Used in 
Agriculture
Sulfur is used as fertilizer for many crops to replenish soil 
sulfur deficiency. Thanks to its slow, controlled release, S 
can also coat nitrogen fertilizer throughout the crop growth 
cycle to avoid potential leaching. Several innovative fertil-
izer technologies use sulfur as coating material.

Sulfur fertilizers can be categorized into 4 different groups:

1.	fertilizers that contain sulfate,

2.	fertilizers that contain elemental sulfur,

Figure 2. Wet S deposition across the United States in 1985.
Credits: National Atmospheric Deposition Program (2018)

Figure 3. Wet S deposition across the United States in 2018.
Credits: National Atmospheric Deposition Program (2018)

Figure 4. Sulfur use in agriculture production in the midwestern 
United States.
Credits: Hinckley (2022)

Figure 5. Sulfur deficiency in corn.
Credits: Dr. Ron Hieniger, NC State Extension
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3.	fertilizers that contain both sulfate and elemental sulfur, 
and

4.	liquid sulfur fertilizers.

Sulfate-containing fertilizers are most common among 
farmers to provide sulfur to plants through soil application. 
This application provides multi-nutrient fertilizer in the 
form of SO4-2 that is immediately available to plants after 
application. The popular sources of this type of fertilizer are 
ammonium sulfate, calcium sulfate, potassium sulfate, and 
magnesium sulfate.

The elemental sulfur-based fertilizers are concentrated 
sulfur carriers. They can reduce the soil pH and could be 
applied as an additive to nitrogen, phosphorus, or potas-
sium fertilizers.

Liquid application of sulfur has gained importance because 
of the low solubility of sulfate fertilizers.

S Interaction with N and P
Sulfur interacts with nitrogen (N) and phosphorus (P) 
in the soil and plant. Because S and N share three crucial 
amino acids (cysteine, cystine, and methionine), their 
interaction affects the plant’s ability to uptake S from the 
soil. When a plant is deficient in N, the S moves with 
the N into the plant, resulting in a reduced S deficiency. 
However, when N is sufficient, the S cannot move into 
the plant, resulting in S deficiency. For example, optimum 
yield and quality in beans require one part S for every 12 to 
15 parts N (Stewart and Porter 1969). (The required ratio 
for optimum growth changes with each crop type.) Any 
change in soil and plants’ optimum nutrient ratio reduces N 
efficiency, thereby allowing N to be lost to the environment. 
Continued studies on S’s and N’s interaction in row and 
vegetable crops are necessary to determine application rates 
for optimized nutrient efficiency and the best management 
strategies to maintain a proper balance of these elements.

The literature suggests that S and P negatively affect each 
other’s efficiency (Aulakh and Pasricha 1977). Thus, it is 
expected that higher S application rates reduce plants’ P 
uptake more so than lower S application rates. With higher 
applications, less P would be removed from the soil by 
the crop, leading to a possible lower P efficiency. Elevated 
soil phosphorus (P) levels in Florida indicate abundant 
availability (Liu et al. 2015). Since S and P ratios are still 
unknown for Florida soils, it is necessary to study their 
interaction to determine optimum application rates for 
optimized nutrient use efficiency.

Sulfur Use in Insecticides
Several pests—including insects, fungus, and even 
rodents—may be controlled using sulfur. In the year 1920, 
the Environmental Protection Agency granted registration 
for the use of sulfur in pesticides (EPA 2015). In the United 
States, there are more than 200 different insecticides 
available for purchase that include sulfur (EPA 2017). Some 
of them are used in the manufacture of organic foods, while 
others are used as pesticides, soil additives, or fertilizers 
(EPA 2013a).

Sulfur in the Environment: 
Agricultural Uses and Health Risks
Sulfur is a vital element for humans, animals, and plants. It 
can be found in various foods, such as onions and eggs, and 
is a regular part of our daily diet (EPA 2013). Once con-
sumed, sulfur is reduced to hydrogen sulfide in the diges-
tive tract, absorbed, and integrated into tissues and cartilage 
within the human body. As a result, exposure to sulfur is 
assumed to be both common and anticipated based on a 
balanced diet. The EPA has concluded that sulfur does not 
cause cancer, gene alteration, or gene damage (EPA 2013b). 
A person can be exposed to sulfur while applying sulfur 
dust, sprays, and other products through the skin, eyes, and 
breathing. It is important to read the product labels and 
follow proper protection measures. Prolonged exposure of 
the skin to sulfur may cause rashes and calluses.

Sulfur can kill fungi. However, the exact mode of sulfur as 
a fungicide is not well understood (Turner 2015). Sulfur 
is believed to enter fungi cells and affect their respiration 
(William and Cooper 2004).

Environmental Impact
Sulfur does not negatively affect the environment as it is a 
naturally occurring element (EPA 2013a). Elemental sulfur 
is regularly used as fertilizer and applied as sulfate or as 
elemental sulfur in soil acidifiers. Sulfur does not dissolve 
well in water. Thus, any drift or runoff to the water body 
is highly unlikely to impact aquatic life. However, it may 
damage sulfur-sensitive plants in treated areas (EPA 2013a).

Conclusion
Sulfur is a naturally occurring element essential to plant 
growth, development, and, thus, optimum crop yield. Sulfur 
also affects N and P efficiencies; therefore, its status in the 
soil needs to be aligned with crop requirements. EPA has 
found S to be an unharmful nutrient to the environment 
and human life.
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Additional Sources
Please visit these sites for more information on sulfur:

•	 https://pubmed.ncbi.nlm.nih.gov/11896744/

•	 https://www.sulphurinstitute.org/
pub/?id=8c64bf34-bc30-5bd9-0719-f6de83f7e84

•	 https://www3.epa.gov/pesticides/chem_search/reg_ac-
tions/reregistration/red_PC-077501_16-Apr-91.pdf

•	 https://www3.epa.gov/pesticides/chem_search/reg_ac-
tions/reregistration/fs_PC-077501_1-May-91.pdf
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