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TrlE RATE OF OXIDATION OF ELEMENTAL SULPHUR FERTILIZERS 

M. Nyborg, M. Ayala, P. Yeung, S.S. Malhi, and M. Shier, 
Department of Soil Science, University of Alberta, 
Edmonton, Alberta. T6G 2El 

ABSTRACT 

Uncropped field experiments were begun in June, 1979, and continued 
from 12 to 15 weeks after the addition of sulphur fertilizer on three soils, 
to determine the rate of conversion of elemental sulphur to soluble sulphate. 
For very finely divided elemental sulphur, which was worked thoroughly into 
the soil at the start of the experiment, approximately one-half to two-thirds 
appeared as soluble sulphate. For commercial fertilizers formed as pellets 
or water degradable granules of elemental sulphur, which were worked thorough
ly into the soil at the start of the experiment, there was little, or no, 
conversion to soluble sulphate. At the last soil sampling the pellets and 
degradable granules of elemental sulphur were: found to be intact in all three
soils. 

These experiments indicate that for annual crops the pellets or 
granules are not suitable sulphur fertilizers when added at the time of 
seeding, or soon before. It must be emphasized, however, that the experiments 
were not designed to supply information on the effectiveness of the fertilizers 
when applied well before time of seeding, or in the previous fall. Likewise, 
the experiments were not designed to test any effect of tillage on rate of 
oxidation of these commercial elemental sulphur fertilizers. 

INTRODUCTION 

In the Prairie Provinces, sulphur (S) fertilizers are usually 
applied in the form of soluble sulphate (e.g. (NH4) 2so4) or as elemental S. 
While water-soluble sulphates are immediately available for crop use, 
elemental S needs to be converted to sulphate in the soil before it becomes 
available to crops. The rate at which elemental S is oxidized to sulphate 
depends greatly on some main factors: the plentifulness of Thiobacillus 
microorganisms which are responsible for the oxidation of elemental S in 
soils; the fineness of particles of S (lumps 1 or 2 em in diameter are 
essentially inert while dust-size is usually oxidized very quickly); soil 
temperature; and soil moisture content. Tisdale and Nelson (1975) deal 
tersely but well with these factors. If one were to exrapolate from the 
results given in Tisdale and Nelson to field conditions in the Prairie 
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Provinces, finely-divided elemental S (say 100 meshes per inch) may 
during a growing season become for the most part oxidized on some soils, 
while little would become oxidized on other soils. 

As Thiobacillus bacteria build up in number in soils through 
heavy or repeated additions of elemental S, the capacity of soils to 
oxidize elemental S becomes very large, perhaps several tons per acre in 
less than a year (Bertrand, 1973; Nyborg, 1974). 

While finely-divided elemental S is a more or less suitable 
material to convert itself into sulphate in soils, it is not a suitable 
material to handle. Consequently, various pellets or granules are now 
being manufactured from elemental S to serve as S fertilizers. The main 
question is perhaps the rate at which these fertilizers make themselves 
available to crops. 

The objective of the work reported in this article was to find 
the rate at which finely-divided elemental S and two commercial elemental 
S fertilizers applied in June appeared as soluble sulphate during the next 
few months. 

METHODS AND MATERIALS 

Two incubation experiments were run, one in 1978 and one in 1979. 
The two soils, described in Table 1, were placed in 1000 ml plastic 
containers, and Na2so4 and finely-divided elemental S were added by mixing 
into the soil or piac1ng at a point in the soil. In another treatment, a 
commercial elemental S fertilizer (90% S) was added as a single granule per 
container. (Further characteristics of the product will be given later in 
this section.) 

Table 1. Characteristics of soils used in incubations (1978 and 1979). 

Extract. 
Total Total so -s 4 

Location Description pH N (%) S(ppm) (ppm) Texture 

Milk Brown, 7.9 0.16 174 0.6 SL 
River Cultivated 

Canwood Dark Gray, 6.7 0.30 252 0.8 L 
Hay Land 
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In the incubation experiment the rate of addition of S was 
20 ppm. The soils were kept at field capacity moisture content and at 
a temperature of approximately 20 C. After four weeks the soils were 
removed from the containers, dried,· ground, and analysed for soluble 
sulphate. The soluble sulphate content of the soils was determined by 
first extracting in 0.1 M cac12 solution and then by measuring the sulphate 
content of the extract by the Dean (1966) method. 

In 1979, field experiments were conducted at three locations: 
Breton, Alta; Ellerslie, Alta.; and Canwood, Sask. The soils at the three 
experimental sites are described in Table 2. The experiments had five 
treatments (Nil, Na2so~, fine elemental S; pellets of elemental S; and 
water degradable granuies of elemental S). The experimental design was a 
randomized complete block in four replicates. At each location, the size 
of each treatment on each replicate was 2.7 by 6.9 m. 

Table 2. Characteristics of soils used in field experiments (1979). 

Extract. 
Total Total so -s 

Location Description pH N (%) S(ppm) (p~m) · Texture 

Breton Dark Gray, 5.6 0.18 150 3.4 SiL 
Cultivated 

Ellerslie Black, 5.7 0.57 620 6.4 SiCL 
Cultivated 

Canwood Dark Gray, 7.0 0.14 200 0.0 L 
Cultivated 

The finely-divided elemental S material was 100 % S by 
composition and was made up of particles so small that the individual 
particles were invisible to the naked eye. The commercial pellets, which 
were 99.5% elemental S, were made up of pellets (average weight of 0.01 g) 
which were round, smooth and very hard. The commercial granules of 
elemental S (90 %) varied in size, but a typical granule size was 0.02 to 
0.04 g. This product has the feature (apparently because of its bentonite 
content) of quickly breaking down into finely divided S when placed in 
water. 
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The Na2so4 and the elemental S-containing materials were all 
applied at a rate of 30 kg of S per ha. 

Each of the three field experiments were placed in fields which 
had been grown to barley the year before. The treatments were applied in 
late spring (June 1 at Breton; June 1 at Ellerslie; June 12 at Canwood). 
The fertilizer materials were broadcast, and then immediately worked into 
the soil to a depth of 10 to 12 em. The experiments were not cropped, nor 
were they tilled during the year. 

The experiments were soil sampled during the ensuing summer and 
fall. Samples were taken at depths of 0-15, 15-30, 30-60, and 60-90 em. 
All samples were analysed for soluble sulphate, but only the samples from 
the 0-15, and 15-30 em depths are given in this report. 

RESULTS AND DISCUSSION 

In the incubation experiment in 1978, with a cultivated Brown 
soil from Milk River, at four weeks the recovery of sulphate from the 
application of Na2so4 was complete or nearly so (Table 3). However, with 
finely divided elemental S the recovery as s~luble sulphate was low, 
either when the elemental S was mixed into the soil, or was placed at a 
point. With water degradable granules of elemental S there was no 
recovery as soluble sulphate. 

Table 3. Incubation for 4 weeks of a soil from Milk River with 20 ppm 
of S added. 

Method of Fertilizer recovered 
Fertilizer application as so -s 

4 
(ppm)* 

Na2so4 Mixed 15.4b 

Na2so4 Placed 20.2a 

Fine so Mixed 2.8c 

Fine so Placed 2.6c 

Degradable Placed -0.6d 
granules of so 

* Values not followed by the same letter are statistically different 
(P=0.05). 
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In the incubation experiment in 1979, with a Dark Gray soil 
taken at Canwood, Sask., from an old stand of bromegrass, the results 
were of the same nature as those obtained with the Brown soil (Table 4). 
The recovery of soluble sulphate from the Na2so4 from the soil was 
somewhat more complete at four weeks. The finely divided elemental S, 
which was mixed into the soil, gave a recovery of approximately 25%, but 
when the elemental S was placed at a point there was essentially no recovery. 
The degradable granules, which were placed as one intact granule per 
container, showed no recovery. 

Table 4. Incubation for 4 weeks of a soil from Canwood with 20 ppm 
of S added. 

Method of Fertilizer recovered 
Fertilizer application as so -s 

4 
(ppm)* 

Na2so4 Mixed 24.0a 

Na2so4 Placed 25.8a 

Fine so Mixed 4.8b 

Fine so Placed 0.8c 

Degradable Placed -0.2c 
granules of so 

* Values not followed by the same letter are statistically different 
(P=0.05). 

The main conclusion of the incubation experiments was that the 
oxidation of the finely divided elemental S was apparently low at four 
weeks, and there was no apparent oxidation of the elemental S granules at 
the same time. 

The three field experiments were put out, on three different 
cultivated soils, with the purpose of determining the release of soluble 
sulphate from finely divided elemental S, from pellets, or from the 
degradable granules. The results are displayed separately for the Dark 
Gray soil at Breton (Table 5), the Black soil at Ellerslie (Table 6), and 
for the Dark Gray soil at Canwood (Table 7). 
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Table 5. Recovery of S fertilizers as sulphate after addition at 
30 kg of S/ha in early June to a field experiment at Breton. 

Recovery as 
so4-s (kg/ha)* 

Fertilizer 5 weeks 12 weeks 

15.9a 11.5a 

Pellets of S0 O.lb 8.8b 

Degradable granules of S0 0.5b -0.7c 

* In each column, values not followed by the same letter are 
statistically different (P=0.05). 

Table 6. Recovery of S fertilizers as sulphate after addition at 
30 kg of S/ha in early June to a f£eld -experiment at Ellerslie. 

Fertilizer 

0 
Fine S 

Pellets of S0 

Degradable granules of S0 

5 

Recovery as 
so -s 

4 
(kg/ha)* 

weeks 15 weeks 

35.8a 30.5a 

11.8b 19.4b 

-2.2c -2.0d 

-4.lc 3.6c 

* In each column, values not followed by the same letter are 
statistically different (P=0.05). 
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Table 7. Recovery of S fertilizers as sulphate after addition at 
30 kg of S/ha in June to a field experiment at Canwood. 

Fertilizer 

Pellets of S0 

0 Degradable granules of S 

6 

Recovery as 
so -s 

4 
(kg/ha)* 

weeks 14 weeks 

32.la 35.5a 

17.lb 12.2b 

l.Oc 1.8c 

-0.6c 1.2c 

* In each column, values not followed by the same letter are 
statistically different (P=0.05). 

On the Na2so4 treatment in the Ellerslie and Canwood experiments 
(there was no Na2so4 treatment at Breton), the recovery of the sulphate 
was slightly more than complete at both times of sampling. In all three 
experiments, the recovery of soluble sulphate from finely divided 
elemental S was approximately one-third to one-half at 5 or 6 weeks. At 
Breton and Canwood the soluble sulphate content of this treatment decreased 
somewhat at the time of the second sampling, while at Ellerslie the 
sulphate content increased. While the sulphate content of the soils is only 
shown to the 30 em depth in Tables 5 to 7, when analyses were conducted to 
the 90 em depth the decreases from first to second samplings at Ellerslie 
and Canwood remained. (Current incubation work also indicates that 
sulphate as it is released from elemental S demonstrates a pronounced 
mineralization-immobilization cycle.) Nevertheless, considering the amounts 
of soluble sulphate recovered from finely divided elemental S at 5 or 6 
weeks, and the generally similar amounts found at 12 to 15 weeks, rates of 
elemental S applied at the time of seeding for annual crops might be 2 or 3 
times the amount needed of fertilizers containing sulphate-S. This 
speculation assumes no previous application within several years from the 
point of view of building up Thiobacillus bacteria, or any slow release 
of sulphate from previous applications. At the same time, it is to be 
remembered that unmodified finely-divided elemental S is not a suitable 
material for practical application. 

There was essentially no recovery as soluble sulphate at 5 or 6 
weeks for the two commercial elemental S fertilizers, the one in pellets 
and the other in granules (Tables 5, 6 and 7). At the last soil sampling 
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at 12 to 15 weeks, there was again essentially no recovery, except for 
30 % recovery with .the pellets in the experiment at Ellerslie. The lack 
of conversion of the granules or pellets of elemental S is perhaps not 
too surprising when compared to the very finely divided elemental S, 
which was mixed throughout the soil, and which still gave only incomplete 
conversion. It was more surprising, however, that during the last soil 
sampling intact pellets and granules were often found in all three of 
the soils. 

CONCLUSIONS 

In three field experiments either of two commercial S 
fertilizers, made up of elemental S and shaped as pellets or granules, 
released soluble sulphur very slowly, or not at all, during a period 
from June to September. Since the experiments were not cropped, and the 
soils were not tilled after the application of the fertilizers, these 
results indicate the two commercial fertilizers made from elemental S 
might not give sufficient soluble sulphate to an annual crop when the 
fertilizers are applied at the time of seeding. 

These experiments were not designed, however, to test factors 
which may greatly affect the plant-availabil:i:ty.of commercial elemental 
S fertilizers: time of application; tillage to break up pellets or 
granules; and any change in the ability of soils to generate sulphate 
from elemental S with its continued application. 
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