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ulphur has been re­
cognized as one of 
the many elements 
required for plant 
growth for nearly 
130 years. Deficien­
cies of this plant nu­
trient were identi­
fied as early as 1900 
on certain soils in 
the Pacific North­
western states (2, 
'28, 29). In Canada, 
this deficiency was 

first discovered in 1927 on some soils 
in !\Iberta (1, 41). In spite of these 
early records of the need for sulphur, 
it has received only limited attention 
until quite recently. 

Interest in sulphur as a plant nutri ­
ent has increased greatly in the past 
few years, partl~ because reports of 
sui ph u r deficiency throughout the 
world are becoming more frequent 
and extensive (2, 7, 38). The main 
reasons for greater occurrence of sul­
phur deficiencies are: 

1. Increased use of high analysis, 
essentially sulphur-fr ee fertilizers 

2. Decreased use of sulphur as a 
fungicide and insecticide 

3. Increased crop yields which re­
quire larger amounts of all of the 
essential plant nutrients 

4. Increased consumption of low sul­
phur fuels and increased emphasis on 
control of air pollution 

5. Increased ability to identify soils 
low in sulphur 
nole in the Plant 

Sulphur is required by the plant 
for : 

1. the synthesis of the amino acids 
cystine, cysteine, methionine and 
hence for protein elaboration 

2. the activation of certain proteoly­
tic enzymes such as the papainases 

3. the synthesis of certain vitamins 
(biotin and thiamin or vitamin El), 
glutathione and of coenzyme A 

4. the formation of the glucoside 
oils found in onions, garlic and cruci­
ferous plants 

5. the formation of certain disulp­
hide linkages which are associated 
with the structural characteristics of 
protoplasm. The concentration of sul­
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phydril (-SH) groups in plant tissues 
has also been show n to be related to 
increas ~ d cold resistance in some spec­
ies. 

Sulphur was recently shown to be 
present in the nitrogenase enzyme 
system which is involved in the fixa­
tion of nitrogen by microorganisms 
(11). In certain situations free living 
nitrogen-fixing organisms in the soil 
and the nodule bacteria in legumes 
will make significant contributions to 
the nitrogen supply in soils. 

Nitrogen and sulphur requirements 
are closely linked because both are 
req uired for protein synthesis. Plant 
protein contains about 1% Sand 17';1, N. 
The need for sulphur fertilization often 
depends upon the supply of Nand 
other nutrients and fertilization at high 
rates of these elements may induce a 
sulphur deficiency. 
Req ulrement by Crops 

Crops differ in their requirements 
for sulphur. The sulphur requir e­
ments of certain crops along with their 
requirements for nit rogen, phosphorus 
and potassium are shown in Table 1. 

Some vegetable crops such as cab­
bage, turnips and onions have high 
requirements for sulphur. A supply 
of readily available sulphur is espec ­
ially important for these crops because 
they have a relatively short growing 
season. 

Legumes have an intennediate sul­
phur requirement. Cotton and tobacco 
require as much sulphur as some of 
the leguminous crops. Small grains, 
grasses and corn are less sensitive to 
sulphur. 

Table 1 also shows that the sulphur 
requirements of some crops are quite 
similar to their phosphorus require­
ments . 

Cro p requirements for sulphur in­
crease greatly as higher yields are 
obtained. Although record-yielding 
crops represent only a small fraction 
of all crops grow n, they do indicate 
what can be done with good manage­
ment practices. Some recent record 
yields and resulting nutrient uptake 
which might be quite common in the 
near future are shown in Table 2. 

North America Deficiencies 
Listed below are the states in which 

. 


crop responses to sulphur have been 
reported. 

So. At!. States 	 So. Cent. 
N. and So. Carolina States 
Geo rgia Alabama 
Florida Mississippi 

E.N. Cent. States Mt. States 
Ohio-possibly Montana 
Wisconsin Idaho 

Colorado 

W. 	So. Cent 
Pacific StatesStates 
WashingtonLouisiana 
OregonOklahoma 

California
Texas-East 

and West 
W. No. Cent. 

Other StatesStates 
HawaiiMinnesota 

Nebraska 
Ka nsas 
Iowa-possibly 

Crop responses to sulphur have also 
OCCUlTed in the Canadian provinces of 
British Columbia, Alberta, Saskatch e­
wan and Manitoba (7). 

Recent Beneficial Effects 

Cereals 
Wheat has shown good respons e to 

sulphur in Texas (10). A sulphate fer­
tilizer greatly increased the yield of 
NPK-fertilized oats in field tests on 
fou r Gray Wooded soils of the Peace 
River region (27). 
Corn 

The first reported occurrence of sul ­
phur deficiency in corn in Californ ia 
was made in 1968 (20). The defic iency 
was observed north of Davis in the 
Sacramento Valley. Other sulphur 
deficient corn fields were found in 
Butte Co unty in the Nord area (21). 
Forage Crops 

Sulphur deficiencies occurred in the 
Puyallup area of wester'1 Washington 



when repeated heavy dosages of non­
sulphur bearing nitrogen fertilizers 
were applied to orchardgrass (24), Re­
sponses to this element were not ex­
pected in this area because it is near 
a large industrial area and significant 
amounts of incidental sulphur in rain­
water and atmosphere were anticipa­
ted, 

Sulphur responses were reported in 
1968 in east Texas on coastal bermuda 
grass at Overton and on a mixed stand 
of ryegrass and clover a t Flynn (36, 
37), 

The 1968 yield results from eight 
strip trials on established alfalfa in 
northwestern Wisconsin indicated that 
lack of sulphur may be limiting yield 
of this crop at some locations (19), 
Experiments started in 1966 in west­
ern Montana showed that applications 
of sulphur increased yields and longe­
vity of stands of alfalfa (31), 

Yield of Reed canarygrass-Alsike 
clover seeded on an organic soil in 
the Quesnel area of B,C, was increased 
ten-fold by using sulphur in combina­
tion with nitrogen, phosphorus and 
potassium (40), The nitrogen, phos­
phorus and potassium treatment yield­
ed only 0.3 ton/acre. 
Rape 

Large responses have been obtained 
in the Peace River Region where NPK­
fertilized rape was treated with from 

20-10 lb, of sulphur per acre (26), 

Applications of sulphur containing fer­

tilizer to certain soils in the province 

of Manitoba also increased yields of 

this crop (33). 

Sorghum 


Sulphur deficiency was observed sev­
eral years ago in sorghum growing 
near the Sacramento River in Tehama 
County, California (22). The deficien­
cy was very prominent early in the 
growing season but tended to diminish 
as the crop matured . 
Soybean 

Recent trials in Arkansas showed 
that sulphur fertilization improved soy­
bean yields, 
Sugarcane 

Responses by sugarcane to sulphur 
fertilization have been found in Louis­
iana (15) and Hawaii (18). 
Annual Range 

Sulphur applied in combination with 
either nitrogen and phosphorus has 
produced more feed and animal gains 
on annual ranges in California and 
southern Oregon (3). 
Timber Range 

The beneficial effects of 200 lb. of 
nitrogen/acre upon the yield, nutritive 
value and palatability of pinegrass 
were accentuated by the addition of 
100 lb. of sulphur/acre (14). This 
grass is an important understory spec­
ies present on about. 15 million acres 

of timber range in I3,C, 
Conifers 

There have been recent indications 
that S may be beneficial to the growth 
of conifers in the Pacific Northwest 
(6, 32, 35), The color and growth of 
Christmas trees grown on glacial mor­
aine soils in the state of Washington 
was improved more by nitrogen plus 
sulphur than by nitrogen alone (39), 
Growth of loblolly and slash pine seed­
lings in Southeastern U ,S, was im­
proved more by dressings of am­
monium sulphate than by either am­
monium nitrate or urea (23). 
Turfgrass 

Stu die s conducted at Puyallup, 
Washington, have shown that sulphur 
is beneficial for cool season turfgrass 
(16). Applications of sulphur have 
improved the appearance and vigor of 
bentgrass, have minimized the damage 
from Fusarium and Ophiobolus Patch 
diseases, and have prevented invasion 
of good turf by Poa annua . Sulphur 
is now included in the fertilizer rec­
onunendations for turf in western 
Washington e.g. 12-4-8-3.45 lb , of ni­
trogen, phosphorus, potassium and sul­
phur per 1,000 sq, ft., respectively. 

In Florida, the growth of war:n sea­
son grasses and their resistance to 
dollarspot have been improved con­
sid erably when sulphur is included in 
the fertilizer program (17), 

Crop Residues 

Table I 

Sulphur Co nlained in V arious Crops as Compared 

Wilh Their Con lent o f Nitrogen, Phosphorus and Polassium I 


Yield 
per 

Crop Acre Su lphur Nitrogen Phosphorus Potassium 

Corn 100 bu, S-IO 160 26 100 
Colton 1,5 bales 12-15 105 20 55 
Wheat 40 bu. 9-12 70 13 41 
Alfalfa 5 tons 20-24 225 21 IS7 
Clovers 4 tons 15-20 160 IS 133 
Grasses 4 tons S-IO 120 IS 100 
Cabbage 15 tons 19-3S 97 11 SI 
Turnips 20 Ions 25-35 90 IS 150 
Onions 15 Ions IS-20 90 IS 66 
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Table 2 

Estimated Sulphur Content of 


Record-Yielding Crops in U,S.A, in 1966 


Crop Location Yie ld/Acre S-contenl 
pounds/acre 

Alfalfa 
Corn 
Soybeans 
Wheat 

California 
Missouri 
Iowa 
Washington 

16,2 tons 
305 bu. 

93 bu. 
209 bu, 

97 
31 
26 
44 

Sulphur plays an important role in 
the management of crop residues. 
Growth of winter wheat in the green­
house was depressed by the addition 
of straws containing less than 0.15 
percent sulphur (31), Straws with a 
higher sulphur content did not reduce 
wheat yields. 

The use of ammonium thiosulphate 
and ammonium bisulphite fertilizers 
is believed to be effective in reducing 
the incidence of Foot Rot on winter 
wheat in eastern Washington (4), 'fwo 
separate effects are thought to be in­
volved: (1) effective removal of 
a ready source of fungus infection by 
speeding up the decomposition of the 
wheat stubble, and (2) the fungicidal 
effect of anunonium thiosulphate and 
ammonium bisulphite when sprayed 
on the growing crop in late fall or 
early spring. 

Supplying Sulphur 
The most common dry sulphur-con­

taining fertilizers are ammonium sul­
phate (21-0-0-21S), ammonium phos­
phate-sulphate (16-20-0-14S), nonnal 
superphospha te (0-20-0-12S), po­
tassium sulpha te (0-0-53-18S), potas­
sium-magnesium sulphate LO:2~~}s 
e Ie men t a I sulphur, And gypsum 
(20%S). 

Ammonium bisulphite (8,5-0-0-17S), 
ammonium thiosulphate (12-0-0-26S), 

/J~q~-,~ ~-<1~~ ~/~ 

http:12-4-8-3.45


a I¥l !J. mmonium polysulphide (20.6-0-0­
'40 to 15S) are the most popular liquid 
r_ilLler sources of sulphur. 
!~d or Dry Fertilizers 

i\ number of new solid sulphur­
bearing fertilizers have been develop­
ed. Some of these arc discussed be­
l O'N . 

( .. r- "J11 q I ~ tl'" T:' ·~l}J ~ ~~111)~~:) 11 t)c:.f} h 4 t ..~..... 
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This product pJ"(;pa!"l~ d by "1'\' A has 
been tested in Nebraska, California, 
1\'lontana, Oregon and perhaps 0 ther 
states. It is a satisfactory source of 
both phosphorus and sulphur. One 
fertilizer manufacturer in the Western 
U. S. is now producing a granular 
triple superphosphate-elemental sul­
phur product with an anal ysis of 0-38­
0-20(S). 

b) Ammonium Phosphates-Elemen­
tal Sulphur 
Solid and liquid sulphur have both 
been incol'porated into ammonium 
phosphates and complete N-P-K gran­
ular materials produced by the ammon­
ia tor- granulator techniq ue. Usually 12­
15 percent sulphur has been introduced 
into the ammonium phosphates. '(\vo 
complete fertilizers, 10-20-30-3 (S) and 
12-24-2'1-3(S), used for the fertilization 
of cotton were produced in the South­
eastern U.S. by this process. Experi­
mental fertilizers composed of 11-18-0 
plus elemental sulphur and 16-18-0 plus 
elemental sulphur have been produced 

and tested in British Columbia. They 
proved to be good sources of sulphur 
for alfalfa (9). 

C) Ammonium Polyphosphate-Ele­
mental Sulphur 
TV /\ has produced substantial amounts 
of a 12-51-0-15(S) for testing by bulk 
blenders in the Willamette Valley of 
Oregon (25). 

d) Ammonium Phosphate-Ammoni­
um Sulphate-Urea 
One manufacturer in Western Canada 
has introduced recently a homogene­
ous 23-23-0-6(S) containing ammonium 
phosphate, ammonium sulphate and 
urea. The 23-23-0 marketed in this 
region is usually a heterogeneous or 
mechanical mix of ammonium phos­
phate and ammonium nitrate . 

e) Ammonium Phosphate-Urea 
Phosphate-Elemental Sulphur 
A fertilizer based on ammonium phos­
phate , urea phosphate and elemental 
sulphur is described as particularly 
suitable for alkaline soils (12). /\ 
typical grade is 15-45-0-5(S). 

f) Urea-Sulphur 
/\ relatively new nitrogen fertilizer 
containing urea and elemental sulphur 
was marketed on a limited scale in 
the Western United Sta tes . It was a 
prilled material composed of a uniform 
mixture of the two components and 
contained 40"" N and about 10'7" S. 
vVhen placed in moist soil, urea dis­

solves and moves out of the fertilizer 
particle, leaving a honeycombed skele­
ton of sulphur which is oxidized to sul­
phate. Crop responses to urea-sulphur 
were erratic. In some cases satisfac­
tory results were obtained while in 
other instances unfavorable results oc­
currer!. These differences can prob­
1.hl' l 1.1'; . r.d"_~ ~n riiff ':."" '!!1. H'~~ IT. 7i.l . : 

vi uXldation, placement an d dlstriou­
lion of the particles in the soil. 

Coating of urea granules with sul­
phur may provide an effective con­
trolled-release nitrogen fertilizer atrel­
atively low cost (30). The coated pro­
duct has about 10-16 percent sulphur 
and the nitrogen content varies from 
35-1 0 percent. Although improved ni­
trogen utilization is the main con­
sideration with this new fertilizer, the 
sulphur present in the coating will 
eventually be oxidized and become 
available for plants. 

g) Urea-Ammonium Sulphate 
A mechanical mixture of urea and am­
monium sulphate with a grade of 34­
0-0-11(S) was offered for sale in West­
ern Canada in 1967. There are indica­
tions that this fertilizer , which gained 
ready acceptance , may be replaced part­
ly by a homogeneous product contain­
ing the same two components. 

h) Ammonium Nitrate-Ammonium 
Sulphate 
A fertilizer made from ammonium ni­
trate and ammonium sulphate with an 
analysis of approximately 24-0-0-12 (S ) 
was available in California. The TV /\ 
and a British fertilizer manufacturer 
have developed methods for producing 
a granular homogeneous ammonium 
nitrate-sulphate. TV /\ products have 
grades of 30-0-0-5(S) and 27-0-0-11(S). 

i) Nitrophosphates Containing Sul­
phur 
i\!itrophosphates made in Norway are 
now being distributed in the Western 
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United States (5). Tvvo grades, 15-15­
15 and 21-7-11 , containing sulphur are 
being marketed. 

i) Granular Sulphur Assemblages 
The last of the newer solid materials 
is prilled or pan-granulated elemental 
sulphur. Finely divided elemental sul­
Dhur is an effecti,,'e fertilizer but !s 
'mTI J I~~nl -q lnn: -.- ~ ·TnS~..[' 11'..: 1 r L~~ 

tb cr~ ha!o been cOllsJderabk 1l1tereSl in 
developing granular elemental sulphur 
fertilizers which will diSintegrate at a 
reasonably rapid rate after application 
to soil. High analysis granular sul­
phur assemblages have been prepared 
by suspending sodium bentonite in 
molten sulphur and either prilling or 
pan-granulating the molten material. 
ninding agents such as gypsum, gou­
lac (calcium lignosulphonate), and am­
monium sulphate have been used 
either alone or in various combina­
tions. Soluble salts such as sodium 
SUlphate and ammonium sulphate have 
been included to supply an immediate­
ly available source of sulphur and in 
some methods of preparation to also 
ass ist in the formation of hard durable 
granules . rIowever , ammonium sul­
phate should be avoided in certain as­
semblages because it appears to impair 
their disintegration properties. /\ sur­
factant can be added to facilitate the 
entrance of water into the prills. The 
quantities of the various components 
in these assemblages can vary wideiy 
but it is important to have as high a 
tOtal sulphur content as possible and 
still retain the properties imparted by 
the binders and additives. 

Bentonite is a swelling type clay and 
when sulphur assemblages containing 
it are placed in soil there is sufficient 
mechanical disintegration of the gran­
ule, caused by swelling of this clay, to 
produce smaller particles. This is ex­
tremely important for sulphur must be 
in a fairly finely divided state (for 
early response at least 30-10');, of the 
sulphur should be -80 mesh) to be 
rapidly converted to the sulphate foml. 

Porous granules with considerable 
in t ern a I surface area arc probably 
formed following dissolution of solu­
ble binding agents or additives such 
as gypsum, sodium sulphate, ammon­
ium sulphate and goulac. The result­
ing condition of greater exposure of 
elemental sulphur within the granule 
should favor the oxidation of sulphur 
to sulphate. 

Early this year a high-analysis gran­
ular sulphur product became available 
commercially. This product contains 
88 percent sulphur and the remaining 
portion is believed to be mainly ben­
tonite. It has good physical proper­
ties making it suitable for bulk blend­
ing or for direct application. Upon 
contact with water it will degrade into 
smaller particles which facilitate the 



t 
. (~ " . oxidation of sulphur to sulphate. This available sulphur in soils either rou­ 16. GOSS, R. Personal communication to Dr. 

nelV fertil izer replaces a granular sul­
phur product which contained over 99 
percent sulphur and had excellent phy­
sical properties but was unsuitable 
agronomical ly. 

Various experimental assemblages 
have been investiga ted in greenhouse, 
growth chamber and field trials in Cali­
fornia, Georgia, Minnesota, Nebraska 
and British Columbia. In several of 
these trials the new sulphur fertilizers 
were as effective as finely divided sul­
phur or gypsum (8, 13). 

New Fluid Sulphur Fertilizers 
i\nhydrous ammonia-sulphur and 

sulphur dioxide are the only new li­
quid sulphur fertilizers. Some suspen­
sions containing sulphur have been 
made by TVA. 

a) Anhydrous Ammonia-Sulphur 
,\ comparatively new preparation be­
ing considered is a solution of ele­
m ental sulphur dissolved in anhydrous 
ammonia. The experimental solu tions 
usually contain 10-12 '1~ sulphur. Test 
programs with a TV A product have 
been conducted by nine companies in 
seven states. Laboratory and field 
trials have show n preplant applications 
to be effective on wheat and barley 
in the Pacific Northwest. However, ac­
ceptance of this fertilizer matelial has 
been slow because of cOITosion of 
tanks on applicator rigs and clogging 
of nozzles and supply lines. 

b) Sulphur Dioxide 
Investigations at Washington State 
University showed that liquified SUl­
phur dioxide (50 '):, su lphur) injected 
direcUy into the soi l was as effective 
as gypsum as a sourceofplantnutrient 
sulphur. Rates of application of up to 
61 lb . of sulphur per aCre were used 
without halm to crop plants. Fertil­
izer dealers have not readily accepted 
the introduction of this sulphur source 
because, (1) separate pump and stor­
age tank on applicator rigs are need­
ed and, (2) present pumps are not de­
signed for accurately metering small 
amounts of liquid sulphur dioxid.e. 

C) Suspensions 
Suspensions with grades such as !l-lS­
18-10(S) and 12-12-12-20(8) have been 
prepared by TVi\ by mixing finely 
ground sulp hur with 12-21-0 base sus­
pensions, urea-ammonium nitratesolu­
tion and potassium chloride . 
Use of Sulphur as a Soil Amendment 

Sulphur and its compounds are also 
applied to the soil for (a) loweling 
the pI! of naturally alkaline or over­
limed soils and (b) reclaiming alkali 
and saline-alkali soUs. 
Predicting the Need for Sulphur Fer­
tiliz ers 

Several soil testing laboratories in 
the Uni ted States and Canada measure 

tinely or upon request. These labor­
atories will recommend the amount 
of sulphur to be applied to soils con­
taining less than adequate amounts 
of this nutrient for good crop produc­
tion . Certain laboratories may also 
use crop analysis for detetmining the 
need for sulphur fertilizers. 

Summary 
Crop yields a re increasing because 

of more adeq uate fertilization, be tter 
plant varieties and other improved 
falming practices. i1igher crop ~l ields 

bring about greater withdrawal of sul­
phur, and other nutrients , from the 
soU. There is an increasing need for 
the inclusion of sulphur in fertilizers 
to produce good crop yields and to re­
]<llenish the amount of this nutrient 
removed by crops. Through the efforts 
of research organizations such as TV A 
and the fertilizer industry a number of 
su lphur containing fertilizers are now 
available to meet the needs of nmst 
cropping situations. 
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