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Abstract 

A glasshouse study was undertaken on an sulphur (S) deficient soil to examine the availability of S to 

flooded rice when elemental S (S) was coated by various means onto the surface of triple superphosphate. 

The experiment consisted of a factorial combination of 6 sources of fertiliser S materials [Goldphos10 

(GP10), UNE1, UNE2, TSP+Sf, TSP+Sm and TSP+Sc, and a control] with 3 replications. A straw and 

grain yield response was recorded for all fertilisers. Among the fertilisers GP10 produced a significantly 

lower grain yield, tops S content and fertiliser S recovery than the other fertilisers. Although no significant 

difference in straw or grain yield was recorded between the different S particle size coatings there was a 

lower S content and % fertiliser S recovery in the coarse treatment compared to the fine and medium. The 

lower yield with GP10 compared to the fertilisers coated with a similar particle size elemental S (TSP+S°f, 

TSP+S°m) suggests that the chemical binding used to produce GP10 inhibited S oxidation. 
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Introduction 

There is a growing demand worldwide for sulfur (S) containing fertilisers because of the increasing 

incidences of S deficiency caused by extensive and popular use of high analysis fertilisers such as mono-

ammonium phosphate (MAP), triple superphosphate (TSP) and di-ammonium phosphate (DAP) that contain 

little or no S (Blair 2002). Crop responses to applied S have been reported in all regions from temperate to 

tropical climates (Blair 1979; Eriksen 2008; Liu et al. 2014). Sulfur may severely limit crop yield and impair 

the quality of agricultural products (Blair et al. 1994; Fageria et al. 2011). However, increasing freight and 

spreading costs have focused attention on fertiliser manufacturers to produce products with high nutrient 

density (Till 2010).  

 

Producers of fertilisers such as MAP, DAP and TSP are often reluctant to alter the manufacturing process in 

their large plants to include nutrients such as S and Zn and coating of the finished fertiliser is an alternative. 

The high nutrient density of elemental S (100%) compared to gypsum (16% S) makes it an ideal source to 

add to fertiliser. However its use has been limited because of the risk of explosion during its preparation 

which involves dry grinding needed to produce fine particles. 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. This can either be added during the manufacturing process or later to the finished fertiliser. 

The objective of this experiment was to investigate the availability of S to plants from elemental S coated on 

to finished fertilisers. 
 

Methods 

The surface layer (0-15 cm) of the soil was collected from a native pasture site about 100 m from the New 

England Highway at Uralla, NSW and dried.  The Colwell P test was 17.3 mg/kg and KCl-40 S was 4.5.  

The soil was sieved through a 2 mm sieve prior to potting to obtain a uniform soil particle size.   

 

The experiment was conducted from January to May, 1997 in a glasshouse at Agronomy and Soil Science, 

University of New England, NSW, Australia. The experiment consisted of a factorial combination of 6 

sources of fertiliser S materials [Goldphos10 (GP10), UNE1, UNE2, TSP+Sf, TSP+Sm and TSP+Sc, and 

a control] with 3 replications.  Details of the fertilisers used are presented in Table 1.These treatments were 

arranged in a randomized complete block design.  UNE1 was made using 10% sodium lignosulfonate as the 

binder and UNE2 was made using the same binder and the coat was hardened during the drying process by 

blowing warm air into the drum.  GP10 is a commercial S coated TSP (Goldphos10) which was 
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manufactured by Hi-Fert Pty Ltd, Australia.  Information booklet (No.8) on Goldphos by Hi-Fert Pty Ltd 

(undated) states that “GP10 is made by milling elemental S to <250 m and chemically bonding it onto TSP 

granules”. Liquid ammonium sulfate was used as the binder. To obtain the different particle sizes of 53-154 

m (fine), 154-263 m (medium) and 263-328 m (coarse), S was sieved through the required sieve sizes 

by wet-sieving.  TSP (20% P) and GP10 granules between 2.0-2.8 mm in diameter were used in the 

experiment.  The TSP granules were coated with the S by mixing 20 g of S with 10 mL of 10% calcium 

lignosulfonate to make a paste.  To obtain a good coated fertiliser the mixture was transferred to a rotating 

drum and a slightly warm air current blown over the granules as they were being coated.   

 

The S and P concentration of the coated fertilisers (Table 1) was determined using the combined phosphorus 

and sulfur digest method for soils and fertilisers of Till et al. (1984).  The S and P rates used in the 

experiment were 10 kg S/ha and 46 kg P/ha. P was balanced between treatment by adding TSP where 

necessary. 

 

Prior to potting into 15 cm diameter pots each 1.85 kg of soil was labelled with 0.893 MBq of carrier free 

35S.  Immediately after the application of the radioactive solution, 50 mL of deionized water was added and 

mixed thoroughly with the soil.  The labelled soil samples were then stored to incubate for 3 weeks which 

allowed the equilibration of 35S with the native sulfate and rapidly turning over organic S in the soil (Dana 

1992).  This allowed the reverse dilution calculation method of Shedley et al. (1979) to be used to determine 

fertiliser S uptake The pots were placed in a glasshouse, watered with deionized water to field capacity and 

basal nutrients equivalent to rates of 100 kg N/ha and 10 kg K/ha applied as Urea and KCl applied one day 

later. 

After one week the fertilisers were applied by placing the granules uniformly on the soil surface. Flooding 

was imposed by adding deionized water to a depth of 4 cm above the soil surface and maintained at that level 

until during the ripening period, when watering was terminated. Nitrogen was reapplied as urea at 40 kg/ha 

at  30 and 45 days after transplanting (DAT) and 20 kg K/ha reapplied as KCl at 35 DAS. 

 
Table 1   P and S concentration and method of making the fertilisers added. 

Fertiliser 

% P % S 

Elemental S 

particle size 

(mm)  

Binder 

GP10 18.0 10.0 <250 Chemical 

UNE1 20.0 10.0 10 Lignosulfonate (LS) 

UNE2 17.4 9.7 10 LS+heat 

TSP + S
o

f 20.7 10.3 53-154 LS 

TSP + S
o

m 20.3 11.3 154-263 LS 

TSP + S
o

c 20.3 11.6 263-328 LS 

 

At maturity the plants were cut 1 cm above the soil surface and grain and straw separated and dried at 80 C 

for 48 hours and after cooling, their dry weights were recorded and ground to pass a 1 mm screen. 

Plant analysis were undertaken using HClO4 / 
 
H2O2 sealed chamber method of Anderson and Henderson 

(1986). Total S was measured by Inductively Coupled Plasma Optical Emission Spectrometer (ICP-OES) 

and 35S content was measured by Liquid Scintillation Counting (Till et al. 1984).  The reverse dilution 

technique of Shedley et al. (1979) was used to calculate the recovery of fertiliser S by the rice plants. In this 

technique the specific radioactivity (SR, MBq/mgP) data is converted to specific radioactivity ratio (SRR).  

SRR is the ratio of the treatment to the control SR.  The proportion of S in the sample derived from the 

fertiliser is estimated as (1-SRR)  100%. 

 

The data were analyzed by the analysis of variance  using the NEVA Version 3.3 computer program (Burr 

1982).  Mean separation for each treatment was determined using the Duncan's Multiple Range Test 

(DMRT), where treatment effects observed at a probability level of 5% or less are considered significant. 

 

Results and Discussion 

A straw and grain yield response was recorded for all fertilisers (Table 2). Among the fertilisers GP10 

produced a significantly lower grain yield, tops S content and fertiliser S recovery than the other fertilisers. 
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Similar results were found by Dana et al. (1994) and Blair et al. (1994), who found that the application of 

GP10 resulted in significantly lower plant and grain yields than other S containing fertilisers.   

Sulphur is required early in the growth of rice plants and if it is limiting during early growth the final yield is 

reduced (Blair et al. 1979).  Dana et al. (1994) and Blair et al. (1994) found that the application of UNE1 

prepared using calcium lignosulfonate as the binder generally gave consistently higher yields than other 

coated fertilisers prepared using polyvinyl alcohol binder. 

 

No significant difference in straw or grain yield was recorded between the different S particle size coatings 

however there was a lower S content and % fertiliser S recovery in the coarse treatment compared to the fine 

and medium. The lower yield with GP10 compared to the fertilisers coated with a similar particle size 

elemental S (TSP+S°f, TSP+S°m) suggests that the chemical binding used to produce GP10 inhibited S 

oxidation. 

 
Table 2. Dry weight (g/pot), S content (mg/pot) of straw and grain and % total fertiliser S recovery. 

 Dry weight (g/pot) S content (mg/pot) 
Fertiliser S 

recovery 
 Straw Grain Total Straw Grain Total       (%) 

Control 6.9 a 7.1 a 14.0 a 3.0 5.0 7.9 a  

GP10 11.7 b 8.3 a 20.0 b 6.0 5.8 11.8 b 17.8 

UNE2 12.6 b 12.1 b 24.7 c 7.2 10.5 17.7 c 49.2 

UNE1 13.4 bc 11.7 b 25.1 c 10.2 12.1 22.2d 73.6 

TSP+S°f 13.3 bc 12.7 b 26.0 cd 9.2 12.3 21.5 d 68.8 

TSP+S°m 12.8 b 12.2 b 25.0 c 9.6 12.0 21.6 d 70.2 

TSP+S°c 13.2 bc 12.0 b 25.2 c 7.4 10.6 18.0 c 50.4 

 

The rapid oxidation of elemental S observed in this flooded soil study contrasts to earlier studies (Janzen and 

Bettany 1987; Nevell and Wainright 1987) which demonstrated that S° oxidation is favoured at field 

moisture capacity.  However, Dana et al. (1994), found that oxidation of S° was rapid under both flooded and 

non-flooded conditions.  Within a flooded soil, there are aerobic and anaerobic zones, therefore, oxidation 

and reduction reactions can occur at the same time in the different parts of the flooded soil (Blair and Lefroy 

1987).  Rice plants generally occupy a large volume of the planted soil so that oxidized zones occur which 

allow for the growth and metabolism of aerobic microorganisms (Freney et al. 1982).  In the present 

experiment, flooding of the soil favoured the dispersion of the elemental S into the surrounding soil making 

it accessible to S oxidising microorganisms. 

 

Conclusion 

The method of binding elemental S to finished fertilisers has been shown to have a bigger effect on S 

oxidation, and hence plant S uptake, than particle size over a wide range of particle sizes. 
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