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Adding sulfur to finished fertilisers: inside or outside?
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Abstract
The world has rapidly moved away from sulfur containing single superphosphate and ammonium sulfate to 
high analysis ammonium phosphates and urea. This move, together with higher yields and lower atmospheric 
inputs of S has led to increasing incidence of sulfur deficiency which not only affects yield, but also product 
quality. Addition of fine elemental S to fertilisers during manufacture, or to the finished product, has potential 
problems because of the explosive nature of elemental S dust. Various processes have been developed to 
safely deliver the S, each having advantages and disadvantages.

A glasshouse experiment has been conducted to evaluate the sulfur availability to a maize crop grown for 5 
weeks in a glasshouse when applied as a surface coating to, or incorporated in the fertiliser granule. Maize 
yields were not different between surface and incorporated treatments with TSP, DAP or MAP fertilises, 
Plant yields were not different from powdered elemental S applied alone. By contrast, yield with sulfur 
bentonite was not significantly different from the –S control. Tops S content and % apparent fertiliser S 
recovery also did not differ between coated and incorporated S fertilisers or between fertilisers.

For elemental S to be agronomically effective when added during, or post manufacturing it has to be of fine 
particle size. The process used depends on technology available in fertiliser plants, transport conditions and 
local S needs. These results suggest that local S coating of finished fertilisers is a feasible alternative to S 
incorporation undertaken at a central fertiliser plant.
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Introduction
Increasing freight and spreading costs have focused attention in fertiliser manufacture to producing products 
with high nutrient density. Elemental S is an almost ideal fertiliser as it contains 100% nutrients. Elemental S 
must be oxidized to sulfate before it is available to plants and since microorganisms carry out this process it 
is moisture and temperature dependant, as is the crop demand for S. The rate of oxidation is also dependent 
on the particle size of S. This means that there is great scope to manage the release rate of sulfate to the plant 
to maximize plant uptake and minimize losses by surface runoff and leaching.

Farmers in many parts of the world have readily accepted sulfur enhanced ammonium phosphate fertilisers 
and these fertilisers commonly contain a mixture of sulfate and elemental S. Much of the developmental 
work on sulfur enhanced fertilisers has been undertaken by Shell at the International Fertiliser Development 
Center where the process has been used with pre-neutralizers (PN) and pipe cross reactors (PCR) and 
combined PN/PCR units with S concentration ranging up to 20%. A significant feature of the process is that 
elemental S is distributed throughout the fertiliser granule (Blair, 2009).

Many fertiliser have been marketed which have elemental S coated on to TSP and MAP. One problem 
encountered with these products has been abrasion of the coat during transport and spreading (Dana, 1994b).
Because of the explosive nature of fine elemental S dust considerable precautions need to be taken to safely 
add elemental S during manufacture. Recent advances in wet grinding technology (e.g. US Patents 4372872A, 
US8679219 B2) have reduced this hazard and it is now feasible to safely prepare fine elemental S. 

The aim of the experiment reported here was to evaluate the availability of S to maize when either coated 
onto the surface of a finished fertiliser or incorporated into the fertiliser granule during manufacture.
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Materials and Methods
A Tenosol soil of granitic origin, known to be S deficient was collected from the Kirby Experimental Station 
of the University of New England, Armidale, Australia. The soil was collected from the 0-30cm horizon, 
dried, ground, and passed through a 2.0mm sieve. The total S concentration in the soil was 204 µg/g and 
KCl-40 S was 1.3 µg/g

PVC plastic pots with an inside diameter of 15 cm and 12 cm deep were filled with 1.3 kg of soil and the pots 
watered to field capacity and above for two weeks to remove sulfate. The solid fertiliser treatments shown in 
Table 1 were applied to the surface of this soil layer along with a small amount of soil which had previously 
received elemental S to act as an inoculum for Thiomonas, and an additional 200 g of soil placed on top of 
the 1.3 kg soil. 

TSP was coated with <75 mm elemental S or the S was incorporated into the granule in the granulator during 
manufacture. MAP and DAP were coated with <75 mm elemental S or the S was added as molten S into 
the preneutraliser during manufacture so that the S was incorporated throughout the granule. All fertilisers, 
except S bentonite contained some sulfate S as shown in Table 1. 

There were 9 treatments with three replicates and all treatments, except the control, received S at 27 mg/pot 
(equivalent to 15 kg S/ha) based on pot surface area. N, P, K and Mg were applied to all treatments at rates 
of 80, 45, 20 and 5 kg/ha, respectively as Urea, DAP, KCl, and MgCl2.  Additional ammonium nitrate was 
applied throughout the five week trial to ensure that nitrogen deficiency did not interfere with the results. The 
pots were maintained at field capacity for three weeks to initiate S oxidation.

Four 4 day old-germinated seeds of maize were sown on in each pot to a depth of 2-2.5 cm and the pots 
watered to near field capacity.  After one week plants were thinned to two healthy plants per pot. The 
moisture content was adjusted to field capacity and maintained at that moisture with tap water for the 
majority of the experiment. Excess water was applied at intervals to promote leaching of sulfate. The 
temperature of the glasshouse was maintained at 20-30oC throughout the experiment. 

The design was a randomized block with three replicates. Pots were re-randomized every week within a 
replicate to minimize glasshouse variation. 

Table 1.  Description of S sources evaluated
Fertiliser Analysis

%N %P %S %Sulfate %Elemental
Control 0 0 0 0 0
S/bentonite 0 0 90 0 90.0
TSP  S coated 0 17.8 12.9 1.0 11.9
TSP S incorporated 0 17.8 10.8 2.5 8.3
MAP S coated 8.5 18.7 14.3 2.4 11.9
MAP incorporated 11.7 19.0 11.6 3.8 7.8
DAP S coated 15.3 17.1 14.4 2.5 11.9
DAP S incorporated 16.0 14.8 12.0 3.0 9.0
Elemental S 0 0 100 0 100.0

Maize was harvested approximately 5 weeks after planting by cutting plants 1.5 cm above the soil surface. 
The harvested tops were dried at 60oC until constant weight. The dry plant tops was weighted and ground to 
pass a 1 mm screen, Ultrawave Microwave digested and S concentration measured in an Inductively Coupled 
Plasma Optical Emission Spectrometer (ICP-OES). 

Results and Discussion
Maize tops yield did not differ significantly between S coated or S incorporated fertilisers or between 
fertiliser type (TSP, MAP, DAP) and the tops yield in these treatments did not differ from powdered 
elemental S (Table 2). 
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Tops S content was not significantly different between the control and S bentonite treatments and there was 
no significant difference between coated and incorporated S in any fertiliser or between fertilisers (Table 2). 
The highest tops S content was in the elemental S treatment due to its higher tissue S concentration (data 
not presented). Apparent fertiliser S recovery was lowest for S bentonite and, as for the other parameters 
measured, there was no significant difference between coated and incorporated S in any fertiliser. Tops C 
content and apparent fertiliser S recovery was highest in the elemental S treatment presumably because the 
powder was more accessible for oxidation and for plant root interception.

In the short 5 week period of this experiment S bentonite released little S as sulfate which is similar to the 
findings of Dana et al. (1994a) who found that S oxidation from S bentonite and sulfur coated urea (SCU) was 
not fast enough to meet initial plant demand, although they had a higher residual value in the following crop. 

The results of Dana et al. (1994b) indicate the importance of bonding strength when S is coated onto finished 
fertiliser products. They found that the bonding process used in the Hifert Goldphos 10 fertiliser (TSPS) 
resulted in a coating which not only delayed the S release rate but also significantly reduced the rate of Ca 
and P movement from the TSP granules under laboratory leaching conditions.

Table 2. Maize tops yield (g/pot), S content (mg/pot) and apparent fertiliser S recovery (%).
Treatment Tops yield (g/pot) Tops S content 

(mg/pot)
Apparent fertiliser 

S recovery (%)
Control (+P-S) 8.4 cA 4.9 e -
S Bentonite 7.7 c 5.5 de 2.1 d
TSP  S coated 10.3 bc 6.6 cde 6.1 cd
TSP S incorporated 13.3 ab 8.4 bcd 11.6 c
MAP S coated 12.1 bc 8.6 bcd 13.5 bc
MAP incorporated 12.7 bc 10.0 bc 18.8 b
DAP S coated 12.5 bc 9.88 bc 18.5 b
DAP S incorporated 14.2 ab 10.6 bc 21.1 b
Powdered Elemental S 13.6 ab 15.8 a 40.6 a

A Numbers within a column followed by the same letter are not significantly different according to Duncan’s 
Multiple Range Test.

Among the adhesive materials used to coat TSP Dana et al. (1994b) found that polyvinal acetate and sodium 
lignosulfonate were the most effective and it is of interest to note that the initial rate of fertiliser S uptake from 
these products was greater than from elemental S alone of the same particle size. This is most likely due to the 
enhanced oxidation rate of elemental S when in intimate contact with P, as reported by Lefroy et al (1997).

These results suggest that local S coating of finished fertilisers is a feasible alternative to S incorporation 
undertaken at a central fertiliser plant.
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