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Abstract

Field and growth chamber studies were conducted in order

to examine the response of barley and rapeseed to the additj-on

of different forms of sulfur. AIso examined was the oxidation

of ammonium thiosulfate as affected by tlne and soil phosphorus

content and the effect of thiosulfate upon the utilization of

fertilizer phosphorus by barley and rapeseed.

Tn a field experiment ammonium sulfate, ammonium thiosul-

fate, gypsum and a source of elemental sulfur were eval.uated

for their relative abilities to supply barley and rapeseed with

sulfur. In general, graln yield, sulfur concentration and sul-

fur uptake of barley were not significantly affected by the ad-

dition of sulfur in any form. While not always significant,

there \^/as a trend towards higher total sulfur uptake and seed

yield of rapeseed supplied with sulfur as ammonium sulfate,

am¡nonj-um thiosulfate or qypsum compared to where sulfur was sup-

plied as elemental sul-fur.

In a growtki chamber experiment, ammonium thiosulfate, gyp-

sum and elemental sulfur in the form of Agrisul were compar:ed

as sources of sulfur for rapeseed. Rapeseed supplied with am-

monium thiosulfate or gypsum produced significantly hi.gher dry

matter yields and recovered significantly more fertilj-zer sulfur

than treatments supplied with elemental sulfur. Powdering and

mixing of el-emental sulfur as opposed to banding granules, sig-

nificantly increased dry matter yield of rapeseed and recovery

of fertil"izer sulf ur. VrhiLe not always signif icant, there was



a trend toward higher dry matter yield and higher recovery of

fertilizer sulfur where gypsum granules were mixed as opposed

to banded and where ammonium thiosulfate was placed in a band

as opposed to being mixed throughout the soil.

An incubation experiment carried out on two Manitoba soils
showed that the oxidation of ammonium thiosulfate to sulfate
occurs over a relatively short period of time (14 days) and that
the rate and extent of this oxidation differs among soils. In-
creasing the available phosphorus content of the soil had no

effect upon the rate at which thiosulfate was oxidized.

A second growth chamber experiment was undertaken in order

to examine the effect that banding urea or a thiosulfate source

with monoanmonium phosphate had upon fertilizer phosphorus up-

take and dry matter yield of barley and rapeseed. For barley,
fertilizer phosphorus uptake and dry matter yield \^/ere signifi-
cantly increased when a thiosulfate source was banded with mono-

anunonium phosphate. Sodium thiouslfate was more ef fective j.n

increasing fertilizer phosphorus uptake than was ammonj-um thio-
sulfate. Banding urea with monoanunonium phosphate did not

affect fertilizer phosphorus uptake or dry matter yield of
barley. Fertilizer phosphorus uptake and dry matter yield of

rapeseed \dere not significantly affected by banding ej-ther a

thiosulfate source or urea with monoammonium phosphate.
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I

I fntroduction

Sulfur is an essential element required in plant usable

forms aud sufficient quantities j-n order to maintain amino

acid and protein synthesis, and chlorophyll production in plants.

If soils provide insufficient sulfur for optimum plant growth,

additions of a fertil izer supplying plant available sulfate

must be made. Any fertilizer being considered must provide sul-

fur in the sulfate form or i.n a form which is readily oxidized

to plant ar¡a i labl-e sulf ate .

Other studies have examined the sulfur status of Manitoba

soils (Anderson 1966, Bailey 1978) and established the sulfur

requirements of various crops (Anderson 1966, Hamn L969 ' Rid-

ley L973, Bailey 1978). Little if any work has been done to

eval-uate the relative effectiveness of various sulfur fertili-

zers in providing crops with plant available sulfur.

Field studies were under:taken in which dry matter yield

and tissue sulfur concentration of barley and rapeseed were

used to evaluaLe the relative plant availability of four sul-

fur sources over the course of the growing Season. ln a growth

chamber study, sulfur Sources requiring oxidation in order to

become plant available and a source which provj-ded sulfur in

the sulfate form !ùere compared for their ability to supply

rapeseed with sulfur. The effect of banding versus mixing the

three sources \das also determined.

The rate of oxidation of ammonium thiosulfate in a soil as

affected by time and soj.1 phosphorus content was examined in an
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incubation experiment. A second growth chamirer experiment

assessed the effect that banding a thiosulfate source with a

phosphorus source had upon fertilizer phosphorus uptake and dry

matter yield of barley and rapeseed.
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II LITERATURE REVIEW

A. The Oxidation of Reduced Sulfur Compounds

In order to become plant available reduced compounds of

sulfur, such as elemental sulfur and thiosulfate, must be

oxldized to sulfate. The oxidation of reduced sulfur com-

pounds may occur by purely chemical means in the soi1. Gleen

and euastel (l'952) reported that soils containing an excessive

quanLity of adsorbed ferric ions were able to oxidize thio-

sulfate to sulfate. However, chemical oxidation in soils is

usually slow and accounts for only a small portion of the

oxidation occuring when compared to that carrj-ed out by micro-

organisms.

Biological oxidation of reduced sulfur compounds may be

carried out by three groups of microorganisms found in soi1s.

These include anaerobic photoautotrophs, certain heterotrophs

and chemoautotrophic bacteria.

Anaerobic photoautotrophs such as the green sulfur bac-

teria Chlorobium and Chlorobaeterium and the purple sulfur

bacteria Thiocystis are able to carry out the oxidation of re-

duced sulfur compounds. However, Vitolins and Swaby (1969)

found photosynthetic, anaerobic oxidation to be unimportant

and concluded that oxidation by this process would be rare in

opaque, aerobic soils.

Varj-ous heterotrophic bacteria have L:een shown to be cap-

able of oxidizing thiosulfate and elemental sulfur to sulfate.



q

pure culture studies have shown that the heterotrophic bacteria

Arlhrobacter sPP. ' Bacillus spp., Flavobacterium spp. are cap-

able of oxidizLng sulfur or thiosulfate to sulfate while

Achromobacter stutzeri and Pseudomonas fluorescens have been

found to be capable of oxidizing thiosulfate to tetrathionate

(Wainwright 1978). fn soils incompletely oxidized sulfur com-

pounds, such as tetrathionate, would be oxidized further to

sulfate (Starkey 1965).

Most heterotrophic micr:oorganisms prefer a pH range of

6.0 7 .5. Although oxidation of sulfur by heterotrophs in

soils has not received extensive study, Prêsumably oxidation

by these organisms is of importance in neutral to slightly

alkaline soils.
pepper and Miller (1978) reported that two nonacidiophilic

heterotrophic microorganisms identified only as fsolate 1 and

fsolate 5 were capable of the oxidation of thiosulfate and

elemental sulfur in soils with a neutral to alkaline pH. Vi-

tolins and Swaby (1969) found that heterotrophic yeasts and

heterotrophic facultative autotroptric bacteria were far more

numerous in Australian soils than \dere obligate autotrophs

although they were far less efficient at oxidj-zing sulfur

that were the autotrophs. Vitolins and Swaby (1969) felt that

the role of the heterotroph in many neutral to alkaline soils

is that of a primary oxidizel;, reducing pH to the point that

secondary oxidation by autotrophic thiobacilli can take place.

The occurence of heterotrophic microorganisms in soil as
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sulfur oxidizers is well established, however, the effect of

their activity has yet to be quantified. The importance of

their role in the oxidation of reduced' sulfur compounds in

soil and the means by which it is carried out remains unclear.

Autotrophic bacteria of the genus Thiobacillus are the

most important oxidi zers of sulfur in soils. The thiobacilli

are a smaIl group of chemolithotrophic organisms whj-ch obtain

their energy fr:om the oxidation of elemental sul-fur and other

reduced sulfur compounds, while obtaining carb'on from CO, or

from inorganic salts.

Wainwright (1978) identified five species of thioi¡acilli

as being important in the oxidation of sulfur in soils.

Thiobacillus novellus, the only one of the five which is

not an obligate chemoautotroPh, and Thiobacillus thioparus gro\,v

best when pH of the media is close to neutrality ' Thiobac i1 Ius

thio arus is well distributed in soils and able to aerobically

oxidize thiosulfate, sulfide, elemental sulfur and tetrathionate.

Thiohacillus novellus can oxidize thiosulfate to sulfate but is

not able to oxidize elemental sulfur (Starkey 1965) ' Thio-

bacillus dentrificans is similar to Thiobacillus thioParus but

may also oxidize sulfur compounds anaerobically using nitrate

as the specific hydrogen acceptor -

Thiobacil.Ius thiooxidans is able to withstand extreme

acidity cleveloping best in pH's ranging from 2.0 3.0

(Rao and Berger 1971). Starkey (1965) reported little or no

developme nt of Thiobaci.llus thiooxidans at neutral PHrs but
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in more acid media it was found to oxidize elemenLal sulfur

rapidly and was also capabl.e of oxidizing sulf ide, thiosulfate,

t.etraLhionate and sulf ite. Similarily Thiobaci 1 lus ferrooxidans

is extremely acid tolerant, able to oxidize thiosulfate and is

also capable of oxidizing ferrous iron'

The thiol¡acilli are considered to be the most important

oxidizers of elemental sulfur in soils. oxidation of elemen-

ta] sulfur by these organisms has been shown by a number of

workers.

KaravaÍko and Pivovarova (1973) found that cultures of

Thiobac i 1l.us thiooxidans energeticalty oxidized sulfur as 1n-

dicated by a decrease in pH and an accumulation of sulfate in

the medium. The maximum rate of oxidation occured in the ex-

ponential growth phase of the culture and is consistent with

data obtained by Lettl et al (1981) who found oxidation of

elemental sulfur: exhibited a lag phase, the oxidation eventu-

atly being induced by a proliferation of thiobacilli.

Although nì.lmerous pathways for the aerobic oxidation of

elemental sulfur by the thiobacilli have been elucidated,

Wainwright (1978) favoured the polythionate pathway for the

oxidation of sulfur in soils:

s-+s o è -) so
3

+ so¿
2 3

2-1_
s3o6--à

)-
S¿oo"2-

sulfur thiosulfate tetrathionate trithionate sulfite sulfate
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Wainviright (1978) provided evidence for the occurrence

of thiosulfate as an intermediate in the oxidation of ele-

mental sulfur. An increase was shown in both soil rhodanese

activity and sulfate concentration in a soil amended with

elemental sulfur. Rhodanese is an enzyme (thiosulfate

sulfurtransferase) which catalyses the formati.on of sulfite

from thiosulfate.

Nor and Tabatabai (L9771 j.ncubated a numi:er of Iowa

soils which were amended with elemental sulfur. Analysis

shov¡ed that thiosulfate \,vas produced within the first few

days of j-ncubation and that tetrathionate accumulated in

some soils. The accumulation of these compounds in the soil

\rras found to be transitory in nature. After 28 days aII

sulfur which had been oxidized was present as sulfater rro

thiosulfate or tetrathionate could be detected.

Most evidence to date indicates that elemental sulfur

is oxicLized to sulfate via the polythionate pathway.

Suzuki (L982) proposed that elemental sulfur was oxidized

directly to sulfite by thiobacilli and then underwent further

oxidation to sulfite. Elemental sulfur normally exists as

an S^ rinq structure and the sulfur atoms would be oxidized
ö

one by one to sulfite. Accumulations of thiosulfate obser-

ved by other workers could be explained by a reaction bet-

ween sul-fide from the broken ring structure and sulfite,

which would yield thiosulf ate. I,lhether oxidized directly

or via the polythionate pathyway, the literature indicates
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t.hat elemental sulfur is

by thiobacilli in soils.

Thiosulfate is the

energetically oxidi.zed to sulfate

form of reduced sulfur which is the

thioi:'acitli (Parker and Prisk

for the aerobic oxidation of
most widely oxidized bY the

1953). The overall reaction

thiosulfate is as follows:
+szol +2o, + H2o -) 2sot +2H'

The reaction is highly exergonic and will provide the

thiobacilli with their sole source of energy under auto-

trophic conditi-ons (Aleem t975).

The mechanisms involved in the oxidation of thiosulfate

have been the subject of much research. The lj-terature

would indicate that there are three possible pathyways for

the oxidation of thir¡sulfate to sulfate by the thiobacilli '

Peck (L962) proposed a pathway in which the initlal

reaction would be a recluctive cleavage of the thiosulfate

molecule to form sulfite and sulfide. The sulfite moiety is

then further oxidized to sulfate via a pathway involving

adenosine phosphosulfate (APS). The sulfide moiety under-

goes <¡xidation to elemental sulfur which is presumably oxi-

dized to sulfate. A1eem (1975) summarized the reductive

cleavage of thiosulfate and subsequent oxidation of the

moieties as follows:

-)s"-'APS --IEO
f:)s- :HSo^

J
szoJ =

4

Although the mechanism proposed by Peck (1962) may
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appear to be the most direct route for the oxidation of thio-

sulfate to sulfate, it does not take into account the formation

of polythionate observed by many workers. These observations

would suggest that a polythionate pathway in which thiosulfate

is oxidized to sulfate through the production of the intermedi-

ates tetrathionate, trithionate and sulfate occurs.

Vishniac (79521 , working with cultures of Thiobacillus

thioparus, found tilat thiosulfate was oxidized to sulfate

with the intermediate formation of tetrathi.onate and tri-

thjonate. Precipitation of elemental sulfur in the cultures

was noted and thought to arise from the dismutation of

tetrathionate to trithionate and pentathionate with the sub-

sequent decomposition of pentathionate to tetrathionate and

sulfur.

Gleen and Quastel (1952) perfused a soll with thiosul-

fate solutj-on. They found that sulfate and tetrathionate

were the most common products formed. When concentrations

of soil phosphates hrere high or when thiosulfate concentra-

tion was high, the production of sulfate and sulfur was fa-

voured.

London and Rittenberq (1964't, citing enzlzmatic evidence,

showed that tetrathionate and trithionate were sequentially

formed during the oxidation of thiosulfate to sulfate by

Thiobac i1 lus thiooxidans and Thiol:'acillus thioparus. Mahmoud

et al Q979) were able to show the formatlon of polythionate
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in the oxidation of thiosulfate bY Thiobacillus thioparus.

Tetrathionate in partÍcular was present and this was in

keeping with an hypothesis originally proposed by Vishniac

(L952) that the oxidation proceeded in two stages, first

the complete oxidation of the substrate to tetrathionate

followed by the oxidation of tetrathionate to give rise to

sulfate.

Parker

bacilli and

and Prisk

found that

(1953) examined four species of thio-

aIl were capable of oxidizing thio-

thiooxidans, Thi"oi¡acillus concreti-sulfate.

vours and

Thiobaci llus

Thiobacillus X first oxidized thiosulfate to

and then converted the tetrathionatetetrathionate and sulfate

to sulfate. Thiobacillus rhi rus oxidized thiosulfate to

sulfur and sulfate with the

tial oxidation.

Aleem (L975) was able

sulfur undergoing a further par-

to character:-ze the polythionate

pathway of thiosulfate oxidat j-on as follows:

rzol 4 s4o; :+ s3o; -Ð to; -+ so;

Another mechanism for thiosulfate metaboli-sm in the

thiobacilli was proposed by Lyric and Suzuki (1970). In

this scheme, the thiosulfate molecule is split to form sul-

fur and sulfite. The sulfur moiety undergoes further oxi-

dation to sulfite and both sulfites undergo oxidation to sul-

fate via the electron transport chain or APS reductase. ft

was felt that the simple splitting of thiosulfate achieved

the same result as the polythionate pathway yet was more en-

ergy efficient. Aleem (1975) summarized the pathway as
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follows:

S o
2 -) APS + so;

SO

I3
SO;

l-**SO;
4

In view of the data available, RoY and Trudinger (1970)

fett that oxidation of thiosulfate by the thobacilli could

proceed along any one of the three pathways. The proposed

mechanisms are by no means incompatable and it is possible

that they could occur simultaneously-

The rate and extent of the conversion of thiosulfate

to sulfate by the thiobacil-ti has been shown to be depend-

ent upon the concentration of phosphate in the media

(Peck L962, Santer 1959, Santer et al 1959, Vi-shniac and

Santer 1957). In the complete absence of phosphate, only

a portion of the thiosulfate can be completely oxidized to

sulfate. The remainder will be oxidized. to a sulfur con-

taining compound short of sulfate -

Santer et aI (1959) demonstrated the requirement for

inorganic phosphate for the complete conversion of thio-

sulfate to sulfate bY cells of Thiobacillus thioparus. Their

data showed that low phosphate concentrations had a rate

limiting effect upon the oxidation, that even with very ]ow

concentrations of phosphate the conversion of thiosulfate

could be carried to completion, and that in the absence of

phosphate only about 70e. of the theoreticial amount of oxy-

gen required to convert all of the thiosulfate to sulfate is
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1ìc'ôÄ

18Subsequent work by Santer (1959) using O labelled

phosphate supported the hypothesis that phosphate was in-

volved in a substrate level oxidative step in which a sulfur

compound was linked to phosphate. VishnÍac and Santer (1957)

felt that such a compound may donate phosphate to ADP to

form ATP in a subsequent energy producing reaction, and that

one of the oxygen atoms of each of the sulfur molecules is

derived from the phosphate.

Santerrs work indicat,es that in a lì-quid media, increa-

slng the phosphate concentration increased the rate of thio-

sulfate oxidati-on to sulfate. Similar work was carried out

by Lettl et al (1981) in their examination of the oxidative

capacity of a number of forest soils towards thiosulfate.

Increasing amounts of potassium phosphate or superphosphate

hTere added to the soi-l-s. Às the phosphorus concentration of

the soils was increased the rate of conversion of thiosul-

fate to sulfate increased over control soils which received

no additional phosphorus.

The literature indicates that a phosphorus requj-rement

for the complete oxidation of thiosulfate to sulfate in

liquid media can be shown and that this reguirement may be

extended to the oxidation of thiosulfate in soils. Thus

it is possible tkrat the thiosulfate oxidiz1ng capacity of

a soil could be enhanced by increasing concentrations of in-

organic phosphorus.
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Sulfur and Sulfate Addition on
to Plants

The Effect
Phosphorus

Research by several workers has shown that the addi-

tion of a sulfur source with a ohosphorus source may in-

crease the plant availabiliLy and uptake of phosphorus.

This effect has been related to an increase in the solu-

bility of the phosphorus source (Mitchell et â1, 1-9521, to

an increase in the availability of phosphorus reaction pro-

ducts (Menary and Hughesr1967, Barrow,1967l and to an alter-

ation in the physiology of the plant such that it is better

able to utilize phosphorus.

Mltchell et aI (7952) showed that mixing smal1 amounts

of elementat sulfur with dicalcium phosphate-nitrate increased

the uptake of phosphorus by wheat. In order for the elemen-

ta1 sulfur to be effective in increasing phosphorus uptake,

conditions conducive to the oxidation of elemental sulfur had

to exist. ft was felt that the increased uptake of phosphorus

r,üas due to the reduction of pH in the area of the fertilizer

granule thus resulting in a reduced rate of fixation or an

increased solubility of the phosphorus fertilizer.

Menary and Hughes (1967 ) were able to provide evidence

for a sulfur-phosphorus interaction in work with tomato

plants. In field trials, tomato plants showed a response

to sulfur banded w-i-th monocalcium phosphate when the plants

were phosphorus deficient. No response \das noted when the

plants were adequately supplied with phosphorus suggesti-ng
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that sulfur deficiency was not a factor. While no further

explanation was offered, the authors noted that the response

to sulfur was independent of the form applied; in this case

elemental sulfur, calcium Sulfate or sodj-um sulfate.

In greenhouse trials, Menary and Hughes noted an in-

crease in phosphorus uptake by tomato plants when sodium sul-

fate and monocalcium phosphate were mixed together through-

out the soi1. When sodium sulfate was applied alone, there

\'fas no influence upon phosphorus uptake even under extreme

phosphorus deficiency conditions. Menary and Hughes con-

cluded that sulfate influences phosphorus uptake only in the

presence of apptied phosphorus and attributed the increased

uptake of phosphorus to a reduced fixation of phosphate in

the presence of sulfate.

Aitken and Hughes (198CI) investigated the effect of the

addition of sulfate upon phosphorus uptake by greenhouse

gro\,ün tomatoes when three phosphate fertilizers (monocalcium

phosphate, monoafiImonium phosphate or diammonj-um phosphate)

were either banded or mixed into a high P'fixing soil. The

results shovred that availability of phosphorus from all sour-

ces b¿as increased in the presence of potassium sulfate as

long as the plants \^Iere not severely phosphorus deficient.

A second crop of tomatoes grovün without any further addition

of phosphorus showed that only plants receiving phosphorus

as banded monocalcium phosphate had phosphorus concentrations

near the critical leveI. In this case both yield and
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phosphorus concentration were significantly increased in

those treatments which received potassium sulfate along with

the monocalcium phosphate.

Aitken and Hughes felt that in this experiment sulfate

increased phosphorus availability and that this increase

\das the result of sulfate effectively competing with phos-

phate for fixation sites on soil minerals. A response to

sulfate due to a sulfur deficiency was discounted as soil

and plant tissue analysis indicated sufficient leve1s of sul-

fur were present.

Kumar and Singh (1980) were able to show that the addi-

tion of sulfur as potassium sulfate had a synergistic effect

upon the P content of greenhouse grown soybeans. Addition

of sulfur significantly increased phosphorus concentration

in plant parts and an increase in grain yield was observed

when sulfate was applied at 40 ppm.S. Kumar and Singh account-

ed for this effect as being the result of the fact that sul-
fur and phosphorus are rel-ated in a number of metabolic pro-

cesses in plants. If sulfur concentratÍon is increased, the

P requirement of the plant would be higher.
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C. Elemental Sulfur as a Fertilizer

At normal pressures and temperatures elemental sulfur

exists as a sotid, orthorhombic eight membered ring which is

essentially insoluble in water. Although elemental sulfur

may be considered as having the potential for being 100å

plant nutrient, its insoluble nature renders it unavailable

for plant use until oxidation to sulfate occurs.

The oxidation of elemental sulfur in soils can be re-

lated to a number of factors. Soils with a water content

near fietd capacity, under aeroi¡ic conditions and with a

temperature range of 23oC 40oC have been shown to have

the highest oxldation rates (wainwright 1978). Soil tex-

ture and organic matter content have shown no well defined

effect upon the oxidation of sulfur although among soils

there may be variation in the species and numbers of sulfur

oxidizj.ng organisms which would in turn influence the amount

of sulfur oxidized to sulfate.

Studies have shown that the rate of oxidation of ele-

mental sulfur is directly related to its exposed surface

area and thus to particle size (Li 1964, Fox et al 1965,

Attoe and Olson 1966, Li and CaIdweII 1966, Felinger et al

L972, Vtainwright 1978). Fox et aI (1965) showed that as

the particle size was decreased, sulfur fractions were more

effective in supplying sulfur to young corn grown in the

greenhouse. Li (1964) obtained similar results in soil

incubation work and concluded that the oxidation of sulfur
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is a surface phenomenon dependent upon the amount of ex-

posed surface area. When the amount of sulfur added is

the same, the finer particles will have the greater surface

exposed to bacterj-a and wiIl thus l¡e oxidized faster.

The direct relationshíp between surface area of sulfur

particles and the amount of sulfur oxidized has been shown

to be due to the necessity for direct contact between the

oxidizíng organisms and the sulfur particle (Vogler and

Umbreit 1941, Schaeffer et aI 1963). Umbreit et al (1941)

showed that cells of Thiobacillus thiooxidans came into

contact with sulfur particles by means of a fat-like globule

located at the end of the cell. Upon contact, the sulfur

was dissolved in the fat and in this way insol-uble sulfur

was brought within the boundries of the cell for controlled

oxidation.

Schaeffer et

of sulfur crystals

thiooxidans. The

al- (1963) obtained electFon micrographs

before and after attack by Thiobacillus

eroded portions of

results showed that the indivi-duaI cel1

the crystal immediately adjacent to them-

selves.

Because the rate of oxidation of elemental sulfur to

sulfate is so much faster when the particle size is reduced,

it would follow that applying sulfur in its finest form,

as a flour, would be most conducíve in making it available

to plants. Applying sulfur as a fine flour on a large scale

is however, inherently difficu1t. Some utilization of

sul fur*bentonite assemblages have been made in order that
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elemental sulfur can be applied as a granule. Presumably

upon contact with soil moisture the bentonite component

will swell causi-ng dislntegration of the granule into finer

particles (Burns 1967).

Feilinger et al (L972) examined a number of granular sul-

fur fertilizers and found that a sulfur-bentonite -NarSOn

assemblage was as beneficial to growth of alfalfa as was

finely powdered elemental sulfur. However, oxidation in

the soil of the sulfur-bentonite -NarSOn assemblage was

very low unless it was pretreated by shaking with water.

An increase in the rate of application of elemental

sulfur will increase the total surface area available for

oxidation to plant available sulfate. Li (1964) increased

the application rate of sulfur from 100 to 1000 ppm and

found that an j-ncreasing amount of sulfur was oxidized

while percent oxidation remained approximately the same for

aI1 five leveIs of application. Similarily results obtain-

ed by Nor and Tabatabai (\L977 ) showed that increasing amounts

of elemental sulfur were oxidized when the rate of applica-

tion was increased from 50 to 100 vg/g soil and that the per-

centage of the sulfur oxidized in the soil remained fairly

constant.

Placement of elemental sulfur in a band will effective-

1y reduce the amount of surface area available for direct

contact with microorganisrns and thus reduce the amount of

sulfur oxidized to sulfate. Sulfurj.c acid is a product of
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the microbial oxidation of sulfur. When sulfur is banded,

the buffering effect of the soil will be reduced. In acid

soils, concentrations of H2SO4 high enough to discourage

plant root and microbial growth could accumulate in the band.

In a calcareous soil, the lower pH may have beneficial ef-

fects; for example, in increasing the plant availabilit.y of

phosphorus.

Fox et. al (1965) showed that when sulfur flour was mix-

ed throughout an acid soiI, it could be as effective a source

of sulfur for young green house grown corn as was gypsum.

However, when sulfur flour was sidebanded it was not as ef-

fective unless a small amount of calcium carbonate was added

with it. This

centration of

may

calcium carbonate.

indicate the

in the k¡andH2SO4

accumulation of a harmful con-

which was neutralized by the
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D. Gypsum as a Fertilizer

Gypsum is a sparingly soluble sulfur fertilizer which

may contain from 13 Lgz sulfur by weight depending upon

the water of hydration" In order for the sulfate supplied

by gypsum to become plant available, it must firsL enter

into the soil solutj-on. The rate of dissolution of gypsum,

and thus plant availabilit.y, will be governed firstly by

the rate of movement of the solid into solution and second-

ly by the tr:ansport of the dissolved material away from the

surface (Barrow 1975).

Williams (1971) used superphosphate, which contains its

sulfur component as calcium sulfate, to study the movement

of sulfate into soils. It was found that both fertil izer

particle size and soil moisture influenced the rate of solu-

tion of calcium sulfate. The rate of solution of the gyp-

sum and its movemenL into the soil under constant moisture

conditions was enhanced by decreasing the particle size of

gypsum. Leaching of the soil also increased the solutiort

of sulfate.

Vvi1liams (1971) also studied the dissolution of sulfate

provided by superphosphate as affected by soil pH. Three

acid soils and one calcareous soil \,vere examined. ft was

found that the amount of sulfate entering the calcareous

soil was only 372 of that for the acid soil. This would

indicate a lower sol-ubility of calcium sulfate in calcar-

eous soils possibly due in par:t to the common ion effect on
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solubility. In thj.s case the colrunon ion would be the cal--

cium components of CaSOn and CaCOr.

Aylmore et aI (1971) studied the dissolution of gyp-

sum and superphosphate in soil. Their studies showed that

the rate of dissolution of gypsum was directly proportional

to the size of the fertilizer particle. When soils were

leached with the equivalent of 15 inches of rainfalI, neg-

ligibte amounts of sulfate ions were lost from superphos-

phate particles )2rnm in diameter. More than 60% was lost
from powdered superphosphate while there was a virtual 100å

loss from powdered gypsum. Aylmore et al (1971) thus sug-

gested that j-t was the external surface area exposed by the

granules per unit mass which governed the rate of dissolu-

tion. In other words, rate of dissolution of superphosphate

and gypsum \iras increased by decreasing the particle size.

Mclachlan and De Marco (1968) investigated tire response

of pasture (subterranean clover) to the application of dif-
ferent amounts and particle sizes of gypsum. At low rates

of application the yield of pasture in the first year of

application was influenced by particle size. At high rates

of application there was no significant effect of particle

size. It was found that gypsum applied as a very fine po\d-

der at 56 Lb/ac could be as effectj.ve in increasing dry

matter yields as applications of up to 224 Lb/ac of a coarser

mater:ial ()5.Omm) . Mclachlan and De lr4arco felt that the in-
creases in net uptake observed with the finer particle fr:a-
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ctions lúere associated more with increases in the rate of

sol-ution than with a change in the number of particles and

their proximity to Plant roots.

Williams and Lipsett (1969) were able to show that the

uptake of sulfur by pasture plants (subLerranean clover) from

finely powdered superphosphate was three times that from a

single particle. They were also able to show that the avail-

ability of sulfate from superphosphate was unaffected by the

distance of the particle to the plant, dt least to a dis-

tance of 2 inches. Sulfate was not strongly absorbed in the

soils under study thus suggesting that the availabiLity of

sulfate was mainly affected by its rate of solution from super-

phosphate.
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E. Ammonium Thiosulfate as a Fertilízer

Ammonj.um thiosulfate is a clear tiquid fertilizer which

is gaining wider usage as a Source of sulfur for agricultural

crops. Thiosulfate has a tetrahedral structure similar to

that of sulfate but with a sulfur atom substituting for an

oxygen. Oxidation of the thiosulfate molecule is required to

convert it to plant available sulfate. !{hile the use of thio-

sulfates as sulfur fertilizers has been recognized (Burns,

1967l , reported l-iterature on methods of use and relative effi-

ciency is rather scanty and inconclusive.
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individual stud-

f c¡r

individ-ual studies. The analytical procedures

were employed for all studies.

each of the

described here

Soil Anall¡sis

Soil Texture Soil texture was estimated by hand on unground

soil samples

Calcium Carl:onate Content Free lime content (CaCOr) was

the degree of reaction (efferves-

a 1:3 HCl - water solution.

Soil pH Soil pH was determined using a glass calomel elec-

paste.trocle to measure the pH of a water soil

Soil Salinity Soil salinity was

the electrical conductivity of a

with a Fisher Combination

conductÍvity meter.

determined by measuring

soil-water paste

electrode on a Radiometer

extracting

were added

Soil Nitrate Nitrogen Fifty ml. of 0.5M NaHCO
3

solution (pH B .5 )

to 2.5 gm. of soil

for 30 minutes on

and 1 gm. of

in l.25 ml-.

a Eberbach

activated charcoal

Erlenmeyer flasks and shaken

slow

no. 30

reciprocating shaker on

filtered through Whatmanspeed. The soil extract was
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cation of

NO3-N level in the extract

the colorimeLric procedure
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determined by a modifi-

of Kamphake et al (1967).

Exchangeable Potass j-um Twenty-five ml. of

NH OAC and 2.5 gm. of soil \,vere shaken for

f iltered through lühatman no. I

neutral tM

30 minutes and

paper. Potassium content of

by flame photometry usingthe extract

lithium as

v¡as then determined

an internal standard.

Available Phosphorus - One gram of pretreated charcoal and

100 ml. of 0.5M NaHCO, (pH 8.5) solution were added to 5 gm.

of soil.. The samples \dere shaken for 30 minutes, filtered
through i¡ühatman no. 30 paper and the P content in the extract
determined colorj-metrj-ca1Iy by the acid molybdate-ascorbic

acid method (I'lurphy and Riley 79621 .

Calcium Chlorj-de Extractable Sulfate Sulfur - fifty mI. of

0.001- M CaCl, extracting solution was added to 25 gm. of soil
and shaken for 30 minutes. The suspension was filtered
through Whatman no. 42 paper and sulfate-sulfur concent deter-

mined using the barj-um chloride turbidimetric method as des-

cribed by Lazrus et aI (1966).

Plant Analysis

Total- Nitrogen TotaI nitrogen content of plant mater.ial was

Kjetdahl-Gunning method as described bydetermined by the

Jackson (1958).
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Tgtat P - Phosphorus concentr:atÍon of plant material was de-

termined by the method described by Stainton et aI (I974)'.

Plant material was oven dried (85"c), ground and digested.

In the digestion, I gm. of plant material was mixed with

5 m1. of concentraled nitric acid and 2.5 ml. of concentra-

ted perchloric acid and heated. After allowing sufficient

time for complete digestion, the material was filtered through

Vlhatman no. 42 paper and P content of the filtrate determined

colorimetricalty by the acld molybdate-ascorbic acld method

(Murphy and Riley L9621 .

Total Sulfur - For the determination of sulfur concentration,

plant material was oven dried (85oC) and ground. The ground

material was then digested by mixing 5 ml. of concentrated

nitric acid and 2.5 m1. of concentrated perchloric acid and

heated. After allowing sufficient time for complete diges-

tion, the materj-al was filtered thr:ough hÏhatman no. 42 paper

and the filtrate analysed for sulfate sulfur content colori-

metrj-ca1ly by the barium chloride turbiclimetrj-c method as

described by Lazrus et a1 (1966).
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fV Field TriaIs: Effect of Sulfur Fertilizers on
Yield and Chemical ComPosition

Rapeseed and Barley

Introduction

Plants utilize sulfur mainly as sulfate; thus in order

for a crop to utilize sulfur, it must be available in the

soil solution in the sulfate form. Fertilizers such as

a¡nmonium sulfate contain atl of their sulfur in the sulfate

form, are highly sotuble and thus become quickly available

for use by plants. Other fertilizers such as gypsum con-

tain all of their sulfur as sulfate but are only sparingly

soluble thus reducing their plant availabilit.y. Fertilizers

such as ammonium thiosulfate or Agrisul contain their sul-

fur in a form which must undergo oxidation to sulfate in

order to become plant available.

Previous work in Manitoba (Anderson 1966) identified

soils which contain amounts of sulfur inadequate for the

production of rapeseed. other work (Anderson 1966, Hamm

L969, Ridley L973) has shown that barley and rapeseed gro\,fn

on these sulfur deficient soils will respond to the addition

of sulfur fertilizers.

The field experimenL reported here was established in

ord.er to determine what effect sulfur fertilization had

upon the yield and sulfur uptake of rapeseed and barley

grown on soi.ls considered to be sulfur deficient. Also

examined is the relative plant availability of sulfur sup-

The
the
of
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plied as ammonium sulfate, gypsum, amtnonium thiosulfate and

Agrisul.
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Methods and lttaterials

Plot sites for the field experiment were established in

the spring of L979 at two locations in lvlanitoba. One site was

established near Sidney, Manitoba on a soil of the Firdale asso-

ciation (Orthic Dark Grey Chernozem (EhrIich et aI, 1957) ) and

a second site was located near Neepawa, Manitoba on a soil of

the Stockton association (Orthic Black Chernozem (Ehrlich et â1,

1957)). The plot sites chosen \iüere well drained and relatively

uniform with a soil t-exture ranging from very fine sandy loam

to loamy very fine sand. In selecting sites for the field ex-

periments emphasis was placed on those soils designated as being

sulfur deficient. Sulfur availability at both sites was deter-

mined by the Manitoba Provincial SoiI Testing Laboratory as be-

ing in the low to moderate category.

Soil samples were taken in early spring to a depth of 60

cm. A summary of characteristics of both soils is given in

Table 1. The trials at each site and for each crop were of

a randomized complete block design consisting of ten treat-

ments and six replj-cates. Treatments for each crop are listed

in Tables 2 7. Pl-ot d.imensions htere 10 n. in length and

1.6 m. wide.

All fertilizers except for phosphorus were broadcast

by hand over individual plots prior to seeding. Barley

plots received 150 kg. N/ha and rapeseed plots 200 kg.

N/ha mostly as commercial grade NH4NO3 (34-0-0). Some of
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the sulfur sources used for treatments j-n this experiment con-

tain nitrogen in their formulatj-on and the amount of NHANO3

applied was calculated so t.hat all treatments received equiva-

lent amounts of nitrogen. Soil tests indicated that addition-

aI potassium was required at the Neepawa site and this was

supptied at 50 kg. K/ha as KCl (0-0-60).

For the sulfur treatments, prilled ammonium sulfate
(21-0-0-24), prilled gypsum (0-0-0-18) and granular Agrisul

(0-0-0-90 L919 product) were l:,roadcast bl' hand over appro-

priate plots prior to seeding " Liquid ammonium thiosulfate
(L2-0-0-261 \,vas diluted with tap water and sprayed over in-

dividual plots prior to seeding.

Phosphorus requirements for both crops at both sites were

met by sidebanding 26.9 kg. P/ha as NH4H2PO4 (11-55-0) at seed-

ing. Nitrogen added as NH4H2PO4 (I3.3 kg. N/ha) was in addi-

tion to that which had been supplied as NH4NO3.

Avadex BW, a preemergience herbicide for the control of wild

oats, \^ras applied to barley plots at a rate of 7.7 kg. active

ingredient/ha in LI2 1. water/ha via a pressurized boom sprayer.

Treflan applied in a similar manner and at a rate of I.l2 kg.

active ingredient/ha in 112 1. water/ha was used for weed

control in rapeseed. Prior to seeding, all plots \,vere roto-

vated in order to incorporate the nitrogen, potassium and sul-

fur sources and preemergence herbicides.

A nine ro\^i seeder with ro\'r spacings of 22.9 cm" vüas

used to seed barley (Hordeum vulgare var. Conquest) and
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rapeseed (Efg¡¡ig_t campestris var. Torch) at rates of 102

kg/ha and 5.2 kg/ha respectively. Both crops at both sites

were seeded June 3, L979. Furaden, an insecticide used

for the control of flea beetles in rapeseed' was also ap-

plied at seeding. A 50:50 mix of rapeseed and granular

Furaden was drilled through the seedbox at a rate of 10.4

kg /l:'a.

l"lidseason samples for barley were taken on July 20 at

the Sidney site and July 26 at the Neepawa site when the

majority of the barley plants had formed heads. Midseason

sanrples for rapeseed at the sidney site were taken on

July 31 when the majority of plants had formed pods. sam-

pling procedure consisted of cutting plants from 3 m- of

a single row of a few centimeters above the soil surface.

The samples were then air dried, weighed and ground to pass

a 2 mm. sieve.

The second harvest was taken at maturity and consist-

ed of two 3 m. samples taken from two rows. Total dry

weight was determined and the samples were threshed.. Grain

yield was determj_ned and barley was ground to pass a 2 mm.

sieve j-n order to facilitate laboratory analysis.

Rapeseed at the Neepawa site was severely damaged by

toxic pesticides early in the season and thus not sampled.

The source of the toxicity would appear to have been spray

drift from adjacent farmers fields as rapeseed at Sidney

showed no signs of chemical damage.



Tissue analysis for midseason barley

site is not avaj-lable as the samples were

destroyed Prior to anaIYsLs.

Table 1 Chemical and physical properties of soils
used in the field experiment (1979).

Site and Cr op

from the Neepawa

inadvertantly

Sidney Rapeseed Neepawa Barley

VFSL

abs ent

LVFS

ab s ent

7 .L 1.4

0.27 0.12

13.6 8.5

12.r 8.0

2t7 131

7.3 4.r

Characteristics

Texture (O-tScm)

Carbonate Content
(o- 15cm)

pH (0-15cm)

Salinity (0-15cm)
(ds m-1)

NO?-N (0-60 cm)
(ip*)

NaHCO, ext. P (0-f5cm)
(ppt)

Exchangeable K (0-i5cn)
(pp*)

idney Barley

VFSL

absent

7.0

0 .23

13.0

13.7

L77

( o-6ocm) 9.0tr^iater Soluble SO

(ppm) 4
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Results and Discussion

Mj.dseason dry matter yields for barley from either

the Sidney or Neepawa sites (Tab1es 2 and 3) were not af-

fected by the addition of sulfur in any form. Analysis of

plant tissue from the Sidney site (Tab1e 2l showed that

sulfur concentration of midseason barley was significantly

incr:eased when 20 or 40 kg S/ha as ammonium sulfate or

ammonium thiosulfate or 40 kg. S/ha as gypsum were applled

compared to those treatments which received no sulfur,

10 kq. S/ha as ammonium sulfate 20 or 80 kg. S/ha as Agri-

sul or 20 kg. S/ha as gypsum. Barley from treatments re-

ceivJ-ng 40 kg. S/ha as ammonium sulfate, ammonium thiosul-

fate or gypsum had both the highest tissue sulfur concen-

tration and the hlghest total sulfur uptake indicating that

by early heading significantly larger amounts of sulfur

\^/ere being utilized where 40 kg. S/ha as ammonium sulfaLe,

ammonium thj.osulfate, or gypsun were applied compared to

treatments which received no sulfur or 20 or 80 kg. S/ha

as Agrisul. Application of 10 kg. Sllna as ammonium sulfate

produced total sulfur uptake in barley which was signifi-

cantly higher than when no sulfur was added or where Ag-

risul was applied at 20 kg. S/ha.

!{here Agrisul was applied, sulfur concentration and

total sulfur uptake by barley did not differ significantly

from the treatment which received no sulfur. This would
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suggest that by early heading, oxidation of Agrisul may

not have occured to the point that barley was able to util-

ize significant amounts of sulfur from this source. Barley

which received ammonium thiosulfate as its sulfur source

had values for sulfur concentration and total sulfur up-

take which were significantly higher than those obtained

for treatments where no sulfur was applied or where Agrisul

was applied. This would. indicate that the oxidation of

thiosulfate had occured to the point that by midseason, si9-

nificant amounts of sulfate-sulfur were available to barley.

Neither sulfur concentrat.ion or total sulfur uptake lrere

af f ected when 20 kg. S/ha as gypsum ldas applied and this

may be a reflection of the relatively low solubility and

hence plant availability of sulfur supplied as gypsum com-

pared to ammonium sulfate.

Graj-n yields of barley from either site were not af-

fected by the addition of sulfur in any form (Tables 4 and

5). Analysis of grain from the Sidney site (Table 4l show-

ed Lhat barley supplied with 40 kg. S/ha as gypsum had the

lowest concentrations of sulfur in its grain and the low-

est total sulfur uptake. Although these results would sug-

gest that barley utilized less sulfur from gypsun at 40

kg. S/ha this is rather unlikely as treatments which v/ere

supplied with 2A kg. S/ha as gypsum did not differ from any

of the other treatments. With the exception of the 40 kg
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S/ha gypsLim treatment, there were no significant differ-

ences among treatments for sulfur concentration or sulfur

content of grain. Root growth in the period from early

heading to maturity may partially account for the lack of

difference i-n sulfur concentration and content of the

grain. Up until early heading, the barley roots had ex-

plored a limited soil volume and total sulfur uptake and

concentration of the tissue may have been influenced to

a gireater degree by the availability of sulfur from fer-

tilizer sources. As the roots reached greater depth, soil

sulfur from a larger soil volume would become available

to the plant and the availability of sulfur from fertili-

zer sources would have less effect upon total sulfur con-

tent. Translocation of sulfur within the plant from vege-

tative material to grain may also in part account for the

lack of difference in sulfur concentration noted i-n the

barley grain.

At the Neepawa site, concentratíon of sulfur in the

barley grain did not differ significantly among treatments

(Table 5). Total sulfur uptake of the grain was signifi-

cantly higher when barley was supplied with 20 k9. S/ha

as ammonium sulfate as opposed to no sulfur or 20 kg. S/ha

as Agrisul. No other significant differences \^¡ere noted.

The lack of a yield response to the addition of sul-

fur in any

soil sulfur

form would indicate that sufficient amounts of

availablefor the productj-on of barley were
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at both the Sidney and Neepawa sites. Hamm (1969) had

determined the critical soil sulfur content for the pro-

duction of cereal crops to be J-l-"2 kg. /ha water extract-

able sulfate sulfur to a depth of 60 cm. The Manitoba

Provincial- Soil Testing Laboratory (1982) currently em-

ploys a val.ue of 12.0 kg./ha water extractable sulfate

sulfur to 60 cm. to indicate sulfur sufficiency for the

production of cereals. Soil at the Sidney site was well

in excess of this critical value with a water extractable

sulfate sulfur content to 60 cm. of 28.3 kg/ha (Table 1).

At the Neepawa site the sulfate sulfur content (water

extractable to 60 cm.) was L2.7 kg./ha, only slightly in

excess of the previously determined critical leveIs. On

the basis of the critical soil sulfur value determined by

Hamm (1969) and the Manitoba Provj-ncial Soil Testing La-

boratory (I9B2l , a yield response by barley to the addition

of sulfur would not be expected at either site. The fact

that barley did not respond to the addition of sulfur at

elther site and i-n particular the lack of response at the

Neepawa site would indicate that a value of 12.0 kg. SO4-S/

ha (water extractable to 60 cm. ) as is in use by the Manitoba

Provj-ncia1 Soil Testing Laboratory is a reasonable indicator

of sul"fur sufficiency for the production of barley.

Rapeseed gro\^In at Sidney and sampled at early

ing showed no significant dry matter yield response

flower-

to the

analy-appllcation of sulfur in any form (Table 6). Tissue
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sis of rapeseed at early flowering showed that sulfur con-

centration \das signficantly increased when sulfur was

added at 20 or 40 kg. S/ha as ammonium sulfate or 20 kg.

S/ha as ammonium thiosulfabe compared to where no sulfur

!üas added or where Agrisul was added at 20 or 80 kg. S/ha.

Addition of ammonium thiosulfate at 40 kg. S/ha signifi-

cantly increased tissue sul-fur concentration compared to

rapeseed which received 20 kg. S/ha as Agrisul.

The tissue analysis indicates that by early flower-

ing rapeseed was obtaining a portion of its sulfur require-

ment from ammonium sulfate or ammonium thiosulfate applied

at 20 or 40 kg. S/ha. Sulfur concentration of plant tis-

sue from these treatments was higher than from treatments

which received no sulfur being well in excess of the criti-

cal value of 0.253 as determined by Hamm (1969) to be in-

dicative of sulfur sufficiency in rapeseed. By midseason,

Agrisul appeared to be supplying rapeseed with very little

if any of its sulfur requirement. This is reflected by

tissue concenLrations of sulfur which l/vere well below the

critical value and which did not differ from sulfur con-

centration in rapeseed which received no additional sulfur.

By early flowering, gypsum at 40 kg. S/ha was providing a

portion of the sulfur requirement of rapeseed as evidenced

in sulfur concentrations which vüere above the critical

value. When gypsum vras supplied at 20 kg. S/ha, sulfur

concentrations in rapeseed \úere slightly below the criti-
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caI value, showing that solubility of this fertilizer is

low enough to somewhat limit its plant availability.

Total suffur uptake by rapeseed at early flowering

was significantly greater when ammonium thiosulfate was

applied at 40 kg. S/ha as compared to where no sulfur was

applied or where Agrisul was applied at 80 kg. S/ha.

There were no other significant differences in total sul-

fur uptake by rapeseed at midseason although a trend did

exist toward higher values in treatments supplied with

sulfur as ammonium sulfate, ammonium thiosulfate or gyp-

sum as opposed to treatments receiving no sulfur or hav-

ing sulfur supplied as Agrisul.

Seed yield of rapeseed at final harvest was signi-

ficantly increased when 4A kg. S/ha as ammonium sulfate

or gypsum \^/ere added (Table 7). Rapeseed supplied with

40 kg. S/ha as ammonium sulfate produced seed yields

significantly higher than treatments supplied with Agri-

sul at 20 kg. S/ha. No other significant differences

were noted for seed yields although there was a trend to-

ward increased yield where sulfur was added as ammonium

sulfate, ammonium thiosulfate or gypsum compared to where

Agrisul was added or where no sulfur was added. Sulfur

concentration in the seed was not a-ffected by addition

of sulfur in any form. Values for total sulfur uptake

by the seed \¡rere sígnificantly higher when 40 kg. S/ha

gypsum was added as opposed to treatments receiving no
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sulfur or Agrisul at 20 kg. S/ha- Addition of 20 kg.

s/ha as ammonium thiosulfate produced sulfur uptake by

seed which was significantly higher than that obtained

where no sulfur was added. Although not always signifi-

cant, there was a trend towards higher total sulfur up-

take by the seed when sulfur was added as ammonium sul-

fate, ammonium thiosulfate or gypsum as opposed to Agrisul

being supplied at 20 kg. s/ha or where no sulfur was add-

ed.

The results show that over the course of the growing

season, sulfur supplied as ammonium sulfate, ammonium thio-

sulfate or gypsum was plant available and was being utili-

zed by rapeseed. Rapeseed appeared to utilize little of

the sulfur supplied by Agrisul at 20 kg S/ha indicating

that the oxidation of Agrisul to plant available sulfate

was s1ow. By final harvest, Agrisul at 80 k9- S/ha was

able to provide rapeseed with amounts of sulfate compara-

Ie to that supplied by other carri'ers; however, these

carriers \^/ere being applied at a rate of one quarter to

one half that of the Agrisul. This is a further indica-

tion thaL over the time period studied, only a portion of

the sulfur supplied as Agrisul was being oxidized to a

plant available form.

The response of rapeseed to the addition of sulfur,

as reflected in values for miclseason tissue concentration

of sulfur and in the higher final seed yiel.ds obtained
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when sulfur \'üas Suppliecl in an available form, would in-

Cicate that soil sulfur eontent at the Sidney site was

somewhat inadequate for the production of rapeseed. Hamm

(1969) had determined that a soil sulfate sulfur content

of 22.4 28.0 kg./ha (water soluble to 60 cm.) would pro-

vide sufficient sulfur for the production of rapeseed.

Ridley (1973) showed a significant yield response by rape-

seed to sulfur fertilization on soils containing up to

31.4 kg. SOn-S/ha to 60 cm. and an increase in seed sulfur

concentration when soils containing 33.6 kg. SOn-S/ha to

60 cm had sulfur aclded. Currently the Manitoba Provincial

Soil Testing Laboratory (1982) uses a critical value of

23 kg./ha water extractable sulfate sulfur to 60 cm. to

indicate sufficient soil sulfur for rapeseed production.

At the Sidney site, the average soil sulfur content (water

extractable to 60 cm.) was 21.1 kg. SO4-S/ha. On the basis

of the val.ue determined by Hamm (1969) and in use by the

I'lanitoba Provincial SoiI Testing Laboratory, this site

would be deemed as being stightly deficient in its ability

to supply rapeseed lvith sulfur. The seed yield response

obtained at Lhis site along with the values for midseason

tissue concentration of sulfur are a further indication

that a response by rapeseed to the addition of sulfur may

be expected on soils contai-ning 21.1 kg son-s/ha (water

extractable to 60 cm. ) .

From the observations in this study, it is apparent
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that rapeseed grown on soils considered to be sulfur de-

ficÍent showed a response to the addition of sulfur in

terms of seed yield and composition and that this response

viras dependent upon the form of sulfur added. In general,

it would appear that over the time period studied, the

oxidation of thiosulfate to plant available sulfate occured

to such an extent that it was comparabLe to ammonÍum sul-

fate or gypsum in its sulfur supplying po$¡er to rapeseed.

Oxj-dation of Agrisul to sulfate did not occur to the same

extent thus limiting its plant availability and utilizatj-on

by rapeseed.

fhe University
of Manitaba
[.IBRARIES
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Table 2: Dry matter yields and tissue analyses for barley at ihe
erarly lreading sLage from the Siciney site.

Carr ier

Check

(NH4) 
2sO

(NH4) 
2SO

(NH4) 
2So

Agrísul
Agrísul
(M¿) ztz
(NH4 ) 2s2
CaS0O5H,

CaS0O 5H,

Rate
kg/ha

4

4

4

0

o

3

3

o

0

10

20

40

20

80

20

40

20

40

Carríer

Yield
ke/ha

3140 ¿*

3547 a

344A a

3381 a

3209 a

3334 a

3103 a

3456 a

3584 a

3559 a

Sulfur
Corrcent raÈ ion
(7")

0. f56 a

0.180 a

0.190 b

0.2r2 b

0.153 a

0.150 a

0.200 b

0.249 b

0.r.77 a

0.?-I2 b

Yield
kg/ha

3,153 e

3750 a

4263 a

3753 a

3403 a

3800 a

3906 a

383¿ a

4478 a

3328 a

Total Sulfur
Upt ake
(ke/ha)

4.7

6,l+

6.3

7.2

4.9

5.0

6.3
1',)

6.3

7.5

d

bc

abc

c

a

ab

abc

c

abc

c

o

Table 3: Dry natter yields for barley at the early heading
stage from the Neepawa site.

Check

(Mr4) 
2so

(NH4 ) 2So
(NH4 ) 2so
Agrisul
Agrisul
(NH4) 

2s2
(M¿) 

zsz
CaSOO5H,

CaSOO5H,

4

4

4

Rate
kg/¡,a

0

10

20

40

20

80

20

40

20

40

og

o3

o

o

Duncanrs Þfultip1e Range: Numbers followed by the same letter
are not significantly different
at P = 0.05.

*
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llab1e 4 : I'i nal grain ¡'iel d and analyses f or barley f rom t-he
Sicìney síte.

Carrier

Check

(NH4 ) 
2 

so4

(NH¿) 
zsoa

(NH4 ) 2s04
Agrisul
Agrisul
(NH4) 

ZSzoZ
(NH4) 

ZSZO3
CaSOO5Hr0

CaS0O5Hr0

Carrier

Check

(NH4) 
2So4

(NHA ) 
2 

so4

(NH4) 
2s04

Agrisul-

Agrisul
(M¿) 

zszo3
(NH¿) zszot
CaSOO5Hr0

CaSOO5Hr0

Yield
kglha

32It. s:t

3023 a

2886 a

3157 a

3023 a

2917 a

3011 a

2814 a

3090 a

3001 a

Yield
kg/ha

245L a

2528 a

2895 a

2862 a

2228 a

2520 a

2703 a

2286 a

3106 a

22L4 a

Su1 fur
Concent rat ion
(%)

Total Sulfur
Uptake
(ke/ha)

4.7 ab

4.3 ab

4.L ab

4.8 b

4.4 ab

4.5 ab

4.3 ab

4.I ab

4.5 ab

3.8 a

Total Sulfur
Uptake
(kelha)

Rate
kg/ha

0

10

20

40

20

BO

20

40

20

40

Rate
kg/tta

0

10

20

40

20

80

20

40

20

40

0.146

0.14r

0.139

0.150

0.1t+9

0. 157

0.I42
0.146

0.148

0.r27

ab

ab

ab

ab

ab

b

ab

ab

ab

a

Table 5: Final grain yleld and analyses for barley from the
Neepawa síte.

Sulfur
Concentrat ion
(7")

0.138 a

0.172 a

0.181 a

0.L7 4 a

A.L47 a

0.186 a
AI77 a

CI166 a

0.162 a

O178 a

3.3

4.4

5.2

5.0

3.3

4.2

4.7

3.9

5.l"

4.0

a

ab

b

ab

a

ab

ab

ab

ab

ab

Duncanls Multiple Range: Numbers followed by the same letter
are not significantly different
at P = 0.05.

,f
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Table 6: Dry m;ltL{rr Vjerlds arrd tisstle anal.yses for ra¡rcsc:ed at
Lhe early'flower:ing stage from the Sidney slte.

CarrÍer

Check

(NHA) 
2s04

(m¿) 
zsoq

(M+) 
zso¿

Agrisul
Agrisul
(¡lH¿ ) zszo:
(M¿) zszot
CaSoO5Hr0

CaS0O5Hr0

Carrier

Yield
kg/ha

3031 ¿*

2287 a

2269 a

2084 a

2662 a

1975 a

235C a

3037 a

2234 a

2359 a

Yi eld
kglha

Su 1 fur
Concentrat ion
(7")

Total Sulfur
Up t ake
(kg/tra)

Rate
kg/ha

0

10

20

40

20

BO

20

40

2A

40

Rate
]rs/ha

0

10

20

40

20

BO

20

40

20

4û

r287

1526

L57 0

1783

1_39.2

145i

L42'6

1578

1564

17l.4

d

abc

abc

c

ab

abc

abc

abc

abc

bc

6.0

8.5

8.9
a)

7.0

8.2

9.5

8.6

7.8

10. B

a

abc

abc

abc

ab

abc

bc

abc

abc

c

9.202
0. 280

0. 306

0.308

a.202

0.2r2
0.315

0.29/1

0.246

0.290

a

abc

c

c

a

ab

c

bc

abc

abc

5a
3ab
7ab
7ab
6ab
4a
5ab
3b
9ab
9ab

4.

6.

6.

6.

5.

4.

7.
o

5.

7.

Table 7: Final seed yields and analyses for rapeseed from the
Sídney site.

Check

(NH4) 
2so

(NH4 ) 2St)
(NH4) 

2so
Agrisul
Agrisul
(*q) 

zsz
(NH, ).s^.+¿z
CaSOO5H,

CaSOO5H,

4

4

4

Sulfur
Concentr:at ion
(7.)

0.473 a

0.565 a

0.563 a

0.550 a

0.525 a

0.571 a

0.661 a

0.552 a

0.504 a

0.636 a

Total Sulfur
Uptake
(kelha)

og

o3

o

o

& Duncan's }fultiple Range: Numbe::s followed by the same letter
are not sÍgnÍficantly differerìt
ar P = 0.05.
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V Growth Chamber Experiment 1: The effect of method of
appl ication of a source of elemerrtal sulfur, gypsum and
ammonium thiosulfate on yield and uptake of sulfur by
rapeseed.

Introduction

In the previous study, rapeseed grown on a moderately

sulfur deficient soj-l was shown to respond to sulfur fertili-

zation and this response vüas related in some degree to the

type of sulfur fertilizer added. Plant availability of fer-

tilizer sulfur is dependent upon the form of sulfur present

in that fertillzer. For example, sulfur supplled as e'lemental

sulfur or ammonium thiosulfate must be oxidized to suffate in

order to become plant available and sulfate supplied as gypsum

must first move j-nto the soil solution before beinq utilÍzed

by plants" The amount of fertilizer sulfur available for use

from these sources has afso been shown to be related to the

amount of sulfur applied and to the metirod of applicalion
(r,i L964, Fox et al 1965, McI,achlen and De Marco 1968, Nor and

Tabatabai 1977l .

In the work reported here, elemental sulfur in the form

of Agrisul, ammonium thiosulfate and gypsum ldere compared for

their relative effectiveness in supplying sulfur to rapeseed

(Brassica napus var. Regent) grown in a growth chamber on a su1-

fur deficient soil-. Also examined in the experiment was the

effect that banding versus mixing throughout the soil- would have

upon the plant availabj-lity of sul-f ur f rom these sources.



46

Methods and l"late::ials

SoiI from the top 15 cm. of a sulfur deficient Stockton

very fine sandy loam was collected in October 1979. Soil

characteristics are listed in Table 8. The soil was stored

in a frozen condition untÍl December whereupon it was air drj-ed,

sieved and mixed thoroughly. 5r000 grams of air dry soil was

then placed in each of 46 polyethylene pots.

All soils received a basal application of potassium, phos-

phorus , zLnc and copper. Potassiuin and phosphorus were added

as KH2PO4 at 100 ppm P to give L26.3 ppm K (a11 nutrient concen-

trations are on an air dry soil basis). Potassi-um phosphate

was dissolved in deionized water and a sufficient amount of

the resulting solution to treat soil from an i-ndividual pot was

placed in a spray bottle. This was further diluted with less

than 10 ml. of dej-onized water, sprayed onto the soil as a fine

mist and mixed throughout.

Zinc and copper were applied at B ppm Zn as ZnCL, and

at 5 ppm Cu as CuClr. The ZnCL, and CuC12 were dissolved

together Ín deionized water and applied to soil from individual

pots in a simj-Iar manner to the potassium phosphate.

Three sulf ur sources \,{ere investigated in this experiment.

Gypsum (CaS04'5H20) and ammonium thiosulfate ((NH4)2 SZ0¡) were

applied at rates of 10 ppm S and 20 ppm S. Agrisul (90e"S) was

applied at rates of 10 ppm S, 20 ppm S and 40 ppÍì S. Al1 sul-

fur treatments were applied in two waysi as a band or mixed
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throughout. the soi}. In the band treatments, granules of

Agrisul or gypsum or a concentrated liquid band of ammonium

thiosulfate was placed 3 cm. below the 2 cm. to the side of

a seed row. For the mixed treatments, Agrisul was powdered.

with a mortar and pestle to a flour-like consistency and the

required amount was mixed throughout the soil. Those treat-

ments in which giypsum \{as used had granules of gypsum mixed

thoroughly throughout the soi1. For the thiosulfate treat-

ments, the required amount of liquid ammonium thiosulfate was

placed in a spray bottle, diluted with less than 20 m}. of de-

ionized water, sprayed as a fine mist on soil from an individual

pot and mixed thoroughly throughout the soil.

Treatments which received a sulfur source were replicated

three times while check treatments, which received all nutri-

ents applied except for sulfur, \,vere replicated four times for

a total of 46 pots in a completely randomized design.

Rapeseed was seeded to a depth of 2 cm. in a single row

at a rate of 10 to 15 seeds per pot. Rapeseed plants were

thinned to four plants per pot one week after emergence. The

initial watering took place on January 29, 1980. Sufficient

deionized water was added to each pot to wet the upper 3 cm.

of soiI. Once good seedling growth was established ( approxi-

mately one week after emergence), all treatments were brought

to field capacity on a daily basj-s through watering with de-

ionized water.
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Nitrogen requirements \dere met through the addition of

300 ppm N in three 100 ppm N aliquots. Sufficient NH4NO3 to

give I00 ppm N was dissolved in deionized water. This solu-

tion was further dituted with the daily watering requirement

and added to individual pots on the day of the initial water-

ing, on day 20 and on day 28 of the study to give a total of

300 ppm N per pot.

Rapeseed from aIl Lreatments was harvested on March 9,

1980 when most of the plants were at the early flowering stage.

Plants were cut a few millimeters above the soil surface, dried

in a forced air oven at 85oC and ground to pass a 2 mm. sieve

in a hammermil.l.

Conditions in the growth chamber \dere set as follows:

Temperature: 15oC (night) 20oC (day); day length: 15 hours;

Humidity: 80? (night) 51? (day). Light intensity measured

seven days after planting ranged from 630 642 microeinsteins
_2 _'tm sec - at the topmost height of the canopy.

Results a Discussion

Dry matter yields of rapeseed (Table 9) were significantly

affected by the form of sulfur applied, the method of appli*

cation and the amount of sulfur applied. Yield response \,ì/as

generally larger when sulfur was supplied as ammonium thiosulfate

or gypsum compared to where it was supplied as elemental sulfur.

In most cases, rapeseed showed visible signs of sulfur defici-

enc]¡, regardless of the form of sulfur applied.
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Tab1e B: SoÍl properties for surface soils used in
qrowth chamber and incuiration experiments.

SOTLS

Carbonate Content absent

pH 1.2

0.2

6.8

13.6

2L7

r.8

High

7.6

0.3

9.4

4.0

-1Salinity dSm

N0--N (ppm)
J --

NaHCOrextP (ppm)

Exchangeable K
(ppm)

Water Soluble
So4-S (ppm)

325

4.8

Stockton Elm RÍver



Table 9: Dry nâtÈer yie1d, tissue analyses and percent recovery of fertilizer
hw f

^
np seed in the proç'th chamber.

Carr ie r

Control

Agrisul

Method of
Appl icat ion

banded

Rate S

(ppm)

10

20

40

l0

2A

40

10

20

l0

20

10

20

t0

20

Dry Matter
Yield (gm)

Sulfur Conc.

.109 ab

.118 b

.100 ab

.087 ab

.098 ab

.080 ab

.096 ab

.088 ab

. L¿V O

.102 ab

.119 b

.090 ab

.107 eb

.077 a

.097 ab

mixed

Gypsurt banded

mixed

Thiosulfate banded

mixed

8.0

8.7

7.7

10.6

22.5

2L.O

.26.3

23.0

31.0

30.0

34.7

31 .0

36.3

27 .7

35.0

a*

a

â

a

bcd

b

bcde

bc

efg

efg

gh

df

h

cf

oh

36.0

40.8

50. i

50. I

34.0

t15.3

34.0

?: n

26.L

29.7

23.0

35. r

24.9

39 .6

27 .9

abcde

cdef

f.

ef

abcde

def

abcde

abcdef

abc

abcd

abcdef

ab

bcdef

abc

0.7

0.0

0.2

24.7

6.6

7.7

24.6

27.L

42.3

31 .4

35 .8

29 .l

2L.9

24.O

i
a

a

bcde

abc

ab

bcd

de

e

de

de

de

bcd

cd

N/S
Ratio

Z Recovery
ofS

Standard
Deviation

4.7

0.0

0.3

L2.7

2.3

2.1

0.0

L2.2

17.2

8.0

LL.7

8.3

4.5

7.2

* Duncan's Multiple Range: Numbers fo11oçed by the same letter are not significantly diffcrent at P'0.05
'!¡

O
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Where Agrì-sul was banded at I0, 20 or 40 ppm S, dry matter

yields for rapeseed did not differ significantly from treat-

ments which received no sulfur. Where Agrisul \,'ùas po\,tdered

and mixed throughout the soil, dry matter yields were con-

sistently and significantly higher than those obtained for the

check or the banded Agrisul treatments.

AII treatments which received gypsum as thelr sulfur

source produced dry matter yields which were significantly

higher than the banded Agrisul treatments for the cireck, ancl

dry matter yield increased as the amount of sulfur applied

as gypsum was increased from 10 to 20 ppm S. Mixing of gyp-

sum granules throughout the soil at 10 ppm S. slgnificantly
j-ncreased dry matter yields compared to the banded 10 ppm S.

gypsum treatments. When gypsum was mixed at 20 Ppm S. , the

dry matter yield was significantly higher than that obtained

in any treatments receiving sulfur as Agrisul.

Where ammoniurn thiosulfate was used, comparable dry matter

yields \4rere obtained when rapeseed was supplied wÍth equiva-

lent amounts of sulfur as thiosulfate or gypsum with the ex-

ception of the banded. thiosulfate treatments which produced

higher dry matter yields than the banded gypsum treatments.

Rapeseed which receÍved 10 ppm S. as thiosulfate produced dry

matter yields which \,vere significantly higher than those ob-

tained when no additi.onal sulfur was supplied or where sulfur

was supplied as banded Agrisul. When thiosulfate was mixed

or banded 20 ppm S., d.ry matter yiel-ds \dere significantly higher
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than any obtained for rapeseed supplied with sulfur as Agrisul.

Although not signì-ficant, treatments where thiosulfate was

placed in a band had slightly higher yields than treatments

where thiosulfate was mixed.

values for the recovery of fertilizer sulfur (Table 9)

reflected the trends noted for dry matter yield, with percent

recovery increasing as yield increased.

Where rapeseed was supplied with banded Agrisul' very

1i,tt]e o if any of the fertiLízet sulfur was recovered. V/hen

Agrisul was powdered and mixed through the soil, utilization of

fertilizer sulfur by rapeseed was improved considerably. Rape-

seed was able to recover 24.682 of the fertilizer sulfur supplied

in the 10 ppm S. mixed Agrisul treatments, significantly more

than in any of the banded Agrisul treatments.

The improved recovery of fertilizer from the mixed Agrisr.rl

treatments índicates that oxidation of elemental sulfur in this

form, to plant available sulfate, occurs more quickly when it is

mixed as opposed to banded. The fact that a greater percentage

of fertilizer sulfur was recovered from the 10 ppm S mixed Agri-

sul treatment than the 20 or 40 ppm S treatment may indicate that

the amount of microbial oxid,ation occuring was the most limiting

factor in the availability of Agrisul to plants. Nor and Taba-

tal:ai (1966) incubated elemental sulfur in a number of soils and

found that after 56 days of incubation, even when large amounts of

sulfur were applied, oxidation to sulfate by microorganisms occurred



53

in approximtely the same proportions. The recovery of a larger

percentage of fertilizer sulfur in the 10 ppm S mixed Agrisul

treatment than at 20 or 40 ppm S would indicate that, in the

time period studied, the rate of microbial oxidation was the

limiting factor in the plant availability of Agrisul applied

in this manner.

In treatments which received gypsum, recovery of fertili-

zer sulfur by rapeseed was significantly higher when gypsum

was b'anded at 20 ppm or mixed. at 10 or 20 ppm than it was in

any Agrisul 'treaLment except where Agrisul was mixed at 10

ppm S. !{here gypsum was banded at 10 PPm, percent recovery

did not differ from the mixed Agrisul treatments but was

significantly higher t.han any of the banded Agrisul treatments.

Mixing of gypsum at 10 ppm S as opposed to banding significantly

increased the percent recovery of fertilizer S by rapeseed.

When sulfur was supplied as am¡nonium thiosulfate, recovery

of fertilizer sulfur by rapeseed was similar to that obtained

with gypsum. While no real differences existed between the

gypsr:m and ammonium thiosulfate treatments in terms of fertili-

zer recovery, placement of the sources did show some effect.

In general, there was a trend toward higher fertilizer re-

coveries from the mixed gypsum treatments compared to the band-

ed treatments. For thiosulfate, banding produced a trend to-

ward higher recoveries than those obtained when it was mixed.

Fertilizer recoveries obtained in mixed gypsum treatments were

more comparable to banded thiosulfate treatments and those
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obtainecl for mixed thiosulfate treaLments v'/ere more comparable

to banded gypsum treatments.

Inlhile definite trends \^/ere noted, the effect of place-

ment upon the recovery of fertilizer sulfur from gypsum and

ammonium thiosulfate remains unclear. fn most cases, place-

ment had no significant effect upon recovery although this lack

of significance may be due in part to the large error associ-

ated with the measurement of percent recovery of fertilizer

sulfur.

Tissue analysis for sulfur concentratj-on (Table 9) indi-

cated that no rapeseed grolrn in this experiment was adequately

supptied with sulfur. Hamm (1969) determined that a total

sulfur concentration of less than 0.25? at early flowering or

a total N/total S ratio in tissue greater than 12 was indica-

tive of sulfur deficiency in rapeseed. N/S ratios are often

a more accurate indication of sulfur sufficiency in a plant

than sulfur concentration aIone. In Brassica sp. sulfur

occurs not only in protej-n but also in the form of glucosino-

lates thus producing a relatively narrow N/S ratio. In the

data reported here, N/S ratios lrlere high and well in excess

of Hammrs crj-tical value of L2 thus j-ndicating that rapeseed

from all treatments was deficient in sulfur. Ti-ssue concen-

tration of sulfur for rapeseed from all treatments was well

short of the 0.25å which Hamm determined as being the critical

value, again indicating that no rapeseed in this experiment

was adequately supplied wíth sulfur.
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Inspection of the rapeseed through the course of the

experiment showed that visual symptoms characteristic of sul-

fur deficiency in rapeseed occured in most treatments. Ander-

son (1966) described severely sulfur deficient rapeseed as be-

ing smaller than plants receiving adequate sulfur, exhibiting

chlorosls, having a thickening of the leaves to give a leathery

feel and an upward cuppi-ng of the leaves. Visual deficiency

symptoms occured much earlier in the experiment for check and

Agrisul treatments than they did for the gypsum or aÍrmonium thio-

sulfate treatments.

Figure I shows rapeseed, supplied with 40 ppm S as Agrisul,

twenty days after seeding. lühere the Agrisul $/as banded, Iape-

seed is sulfur deficient indicating that by this time very litt1e

if any sulfur from banded Agri-sul was being utilized by the plant.

Rapeseed. from the mixed Agrisul treatment shows no visible sign

of sulfur deficiency j-ndicating that up until day 20 rapeseed

was utilizinq more sulfur from the mixed Agrj-su1 treaLment than

it was from the banded treatment. Aside from the banded Agri-

sul treatments and the check, ho sulfur deficiency symptoms r^¡ere

visible for any of the other treatments at this time.

The series 2 figures show rapeseed 29 days after seeding.

Figure 2a shows that by 29 days, rapeseed supplied with Agrisul

at 40 ppm S was exhibiting visible symptoms of sulfur deficiency

indicating that by this time inadequate amounts of sulfur from

this source were available to the p1ant. Rapeseed supplied

with 10 ppm S as gypsum or thiosulfate (Figures 2b and 2cl

were also exhibi-ting sulfur: deficiency symptoms indicating
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insufficient sulfur from these sources.

Figures 3a and 3b show rapeseed 37 days after seeding,

just prior to final harvest.. Rapeseed in Figure 3a was sup-

plied wiLh 10 ppm banded sulfur. Where the sulfur was sup-

plied as gypsum or thiosulfate, rapeseedshows signs of a mod-

erate sulfur deficiency. Vlhere sulfur was supplied as Agri-

su1, rapeseed was exLremely stunted and chlorotic exhibiting

symptoms of severe sulfur defici-ency. This is a further in-

dication that although 10 ppm S in any of the forms applied

was insufficient sulfur for the rapeseed, sulfur supplied as

gypsum or thiosulfate was considerably more available for

plant use over the course of the experiment than that from

Agrisul.

Figure 3b shows rapeseed supplied with 20 ppm mixed

sulfur. Where sulfur was supplied as gypsum or thiosulfate,

no symptoms of sulfur deficiency were visit¡Ie. However, when

supplied with 20 ppm S as mixed Agrisul, rapeseed was extreme-

1y sulfur defici-ent, again indicating that sulfur from this

source is not utilized by rapeseed to the same extent as suI-

fur from gypsum or thiosulfate is.

fn comparing the three carriers as suppliers of sulfur for

rapeseed, it is obvious that Agrisul did not perform as well as

either the gypsum or ammonium thiosulfate fertilizers. Dry

matter yield.s and percent recovery of fertilizer sulfur was,

for the most part, much lower for the Agrisul treatments as

compared to the other two treatments. Even when Agrisul at
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Figure 1: Rapeseed supplied with 40 ppm S as
Agrj-sul twenty days af ter seeding.

Figure 2az Rapeseed supplied with 40 ppm S as
mixed Agrisul 29 days after seeding.
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40 ppm S vüas powdered and mixed throughout the soi1, dry matter

yields hrere produced which compared only to the lowest yields

obtained by the other carriers. This is consistent with daLa

obtained by Noellemeyer et a1 (1981) for rapeseed grown in

the growth chamber. In their experiment rapeseed showed little

response to elemental sulfur fertilizers applied up to 150 ppm S

while application of sulfur from a readily available source,

in this case ammonium sulfate at 30 or 75 ppm S, greatly in-

creased yields of rapeseed.

Vühen Agrisul- was powdered and mixed throughout the soi1,

dry matter yields and percent recovery of fertj-lizer sulfur

rtrere improved. This is consistent with work done by Li (1964)

who found that oxidation of elemental sulfur to sulfate occurs

more quickly when the particle size is smaller. By applying

Agrisul as a well mixed powder, surface area contact with oxi-

dizing microorganisms is greatly increased hence speeding oxj--

dation to sulfate. It would be expected that elemental sulfur

applied in this manner would be more quickly oxidized to sul-

fate than if a similar amount were applied as banded granules.

Doubling or quadrupling the amount of sulfur added as

Agrisul did not increase dry matter yield.s to the extent ex-

pected. Presumably by increasing the amount of Agrisul appli-

ed surface area available for microbial oxidation siroufd be

increased. This should in turn increase the amount of sulfate

availakrle to the plant. Li (1964) and Nor and Tal:atabaí (19771
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were able to show that the amount of el.emental sulfur oxidized

was a function of the rate of application. As more elemental

sulfur was applied, increasing amounts of sulfur \4rere oxidized,

the percent oxidation remaining approximately the same for all

level-s of application. In this experi-ment, the percent recovery

of oxidized sulfur did not increase proportionally to the amount

of elemental sulfur added. This would suggest that oxidation of

elemental sulfur and hence plant availability was limited by the

reduced act1on or population of oxidizing microorganisms rather

than by the amount of sulfur added.

In the results reported here, gypsum treatments produced

substantially higher fertilJ-zer recoveries and dry matter yields

than the Agrisul treatments. Plant availability of the sulfate

component of gypsum i-s governed by the movement of this sulfate

into the soj-I solution. In the time period studied it is ap-

parent that the dissolution of gypsum occurred to a greater ex-

tent than did the oxidation of elemental sulfur and this is re-

flected in the higher dry matter yields and fertilizer recover-

ies obtained in the gypsum treatments compared to the elemental

sulfur treatments.

While not always significant, mixing of gypsum granules

throughout the soil showed a trend toward higher dry matter

yields and fertilizer sulfur recovery compared to where gypsum

granules were banded. In the banded treatments, the common

ion effect of the high calcium concentrations associated with

the band may have reduced the dissolution of gypsum and hence
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plant availabilÍt.y of the sulfate component. By mixing indiv-

idual granules throughout the soil, câIcium concentration in the

area of the granule would be reduced thus enhancing the solution

and plant availability of sulfur from gypsum.

Rapeseed supplied with sulfur as ammonium thiosul-fate

produced dry matter yj-elds and recoveries of fertilizer sulfur

which were comparable with those obtained in the gypsum treat-

ments and somewhat higher than those obtained in the Agrisul

treatments. The increased plant utilization of sulfur supplied

as ammonium thiosulfate compared to sul-fur supplied as Agrisul

would indicate that the oxidation of thiosulfate to sulfate pro-

ceeds more quickly than does the oxidation of elemental sulfur

in the form of Agrisul. Thiosulfate has been identified as an

intermediate in the oxidation of elemental sulfur to sulfate
(Nor and Tabatabai 1977, Vùainwright 1978) . It would therefore

follow that the oxidation of thiosulfate to sul-fate would occur

over a shorter period of time than would the oxidation of ele-

mental sulfur to sulfate. Thus, sulfur supplied as ammonium

thiosulfate should become plant available earlier than sulfur

supplied as Agrisul.

Although not significant, there was a trend toward higher

dry matter yields and fertilizer sulfur utilization where am-

monj-um thiosulfate was banded compared to where j-t was mixed.

The apparently increased availability of thiosulfate placed in

the band may be due in part to the following. At pHrs near
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neutrality, the majority of thiosulfate oxidation is carried
out by heterotrophic bacteria. vitolins and swpby (r96g) found
that production of sulfate from heterotrophic thiosulfate oxi-
dation was far less than that produced in oxidation by autotro-
phic bacteria. At more acid pH's oxid.ation of thiosulfate could
be carried out by a broader ränge of thiobacilri. For example,
Thiobacillus thiooxidans , a major oxidizer of sulfur in soils,
develops best in pH's ranging from 2 .0 3.0 (Rao and Berg,er

I97I); however Starkey (1965) reported tittle or no development
of this organism at near neutral pH's. rn the banded treat_
ments, heterotrophic microorganisms would act as primary oxidi zers
of thiosulfate- As products from the heterotrophic oxidation
of thiosulfate accumulate and lower the pH in the area of the
band, conditions conduci-ve to the more efficient oxidation of
thiosulfate by thiol:aci1li would exist. Thus oxidation to su1-
fate would occur more quickly. when the thiosulfate was appried
over a large volume of soil- (i.e. mixed throughout), the effect
on pH would be negligible, thus oxidation of thiosulfate would
be carrled out by the less efficient heterotrophic microorganisms.

The results obtained in this experiment would indicate that
elementar sulfur in the form of Agrisul is a poor supplier of
plant available sulfur over the time period studied. Even where

Agrisul was added in a form most conducive to increasing its
oxidation and ultimately its plant availability, (i.e. as a

well mixed ftour) the results achieved were not as good as those



64

for either gypsum or ammonium thiosulfate. The results would

also indicate that oxidation of ammonium thiosulfate occurs

quickly enough and to such an extent that thiosulfate may be

considered comparable to gypsum in its ability to supply rape-

seed with sulfur.
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VI Incubation
phosphorus

Experiment:
content upon

The effect of time and soil
t,hiosulf ate oxidation .

avai Iable ,

sulfate.

In order for j-ts sulfur component to become plant

be oxidized to

of this oxidation

Preliminary in-

ammonium thiosulfate must first

date, the rate and extent

not been well documented.

To

in soils has

cubation work, which is not reported here, had been car-

ried out on seven Manitoba soils in order to determine

whether differences in soil pH, texture, calcium carbon-

ate content or organic maLter content could affect the

rate of thiosulfate oxidation. No relationshi-p could be

shown between thiosulfaLe oxidati-on and these factors aI-
though some correlation was shown to exist between thio-
su-lfate oxidation and the amount of available phosphorus

in a soil. This is consistent with work by Lettl et al
(1981) who showed that the oxidation of thiosulfate was

increased as the phosphorus content of a forest soil was

increased through the addition of KH2PO4.

In the work reported here, the oxidation of ammonium

thiosulfate in soils was examined with regard to tj-me,

soil type and soil phosphorus content.
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Ùlethods and l"laterials

T\,úo soils chosen for their differences in soil pH, car-
bonate content, available phosphorus and sulfate sulfur con-

tent were used ín the incubation experiment. A stockton very

fj-ne sandy loam (orthic Brack chernozem (Ehrlich et âr, 1957))

which had been stored in an air dry state for a period of eight-
een months, was sieved, moistened to field capacity with de-

i-onized water and incubated for two weeks in order to stimulate

microbj-al activity. The same soil was then air dried and sleved

once again prior to the incubation experiment. An Elm River

silty loam (Cumulic regosol (l,tichalyna and Smith, l-972]l ) r,ras

taken directly from the field, air dried and sieved for use in
the experiment.

Both the Elm River and Stockton soils h/ere handled in
exactly the same manner through the course of the experiment

and each soj-l was treated as follows : 200 gms. of air dry soil
was placed into each of forty-f ive pots. The pots \,rere split in-
to three groltps of 15, group one being incubated for one d.y,
group two for five days and group three for 14 days. Each group

of 15 pots was further subdivided into three subgroups of five
pots, subgroup one recej-vi-ng no sulfur, subgroup two receiving

20 ppm S. as ammonj-um thiosulfate and subgroup three receiving

100 ppm S. as amnonium thiosulfate. Within each subgroup, phos-

phorus content of soil in the individual pots was increased through
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the addition of 10 ppm P , 25 ppm P | 50 ppm P and 100 ppm P

with one pot receiving no additional phosphorus.

For treatments receivj-ng additional phosphorus, suffi-

cient KH2PO4 was dissolved in deionized water and applied

dropwise through the soil. The soil was then air dried and

thoroughly mixed with a mortar and pedestal.

For those treatments receiving sulfur, amtnonium thio-

sulfate at 20 ppms or 100 ppmS was diluted with sufficient

deionized water to bring the soil to field capacity and

then added directly to the soil in the pots. tr{here no thio-

sulfate was added, deionized water only was used to bring

soil in the pots to field capacity.

All treatments were maintained at a temperature of 20oC

and at field capacity through the course of the experiment.

Sampling technique rvas as follows. For the one day incu-

bation, samples were allowed. to stand long enough for the

water added to thoroughly infiltrate the soil. The soil was

then removed from the pot, spread in a thin layer and allowed

to air dry prior to analys j-s. Vlhere the samples were incu-

bated for 5 or 14 days, soil was removed from the pots on

the morning of the fifth or fourteenth d-y, spread j-n a thin

layer and allowed to air dry.

Percent thiosulfate oxidized to sulfate is based upon

the difference in the sulfate sulfur content of soils treated

with ammonium thiosulfate and those which had no thiosulfate

added. Sulfate sulfur content in excess of that obtained
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in the check pots is assumed to be the result of oxidation

of ammonium thiosulfate. Soil phosphorus content reported

in Table 10 is on the basis of NaHCO, extractable phosphorus

present on the date of sampling.
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no effect upon the rate
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at which thiosulfate
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are reported in

of the soil had

was oxidi-zed

Elm River or Stockton soi1.

dation of thiosulfate increased with time and the two

differed both in the rate of thiosul-fate oxidation and

the total amount of thiosulfate oxidized to sulfate in

Oxi-

soil-s

in

the

time period studied.

fn Elm River soil incubated for one dry, the rate of

thiosulfate oxidatlon \das affected by the amount of thiosul-

fate added to the soil. A greater percentage of the thio-
sulfate applied was oxidized in the 100 ppms treatment

(50.7å) than in the 20 ppms treatment (20.42'). By day five
of the incubation this effect had disappeared ano thiosulfate

was being oxidized in approximately the same proportions

for both the 100 ppms treatment and the 20 ppms treatment.

Similarily by day \4, sulfate sulfur was being recovered in
approximately the same proportions for both the 20 ppms

treatment and the 100 ppms treatment.

The oxidation of thiosulfate in relatively the same

proportions, regardless of the amount initiaily added, has

also been found to occur where elemental sulfur under-

goes active microbial oxidaÈion. Li (1964) and Nor and

Tabatabai (19771 had found that when increasing amounts of

elemental sulfur \,{ere added to a soil, oxidation by micro-
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organisms increased so that the oxidation occured in rela-
tively the same proportions. The same would seem to be

true for the oxidation of thiosulfate in the Elm River soil.
In the Stockton soil the rate of thiosulfate oxidation

was lower than that in the Elm River soil with the exception

of the 20 ppms treatment incubated for one day. The amount

of thiosulfate added affected thiosulfate oxidation to a

greater degree in the Stockton soil, with a higher percent-

age being oxidized to sulfate in the 20 ppms treatment than

in the 100 ppms treatment by day five of the study. By day

14 this effect was no longer evident with the percent thio-
sulfate oxidized to sulfate being slightly higher in the

100 ppms treatment compared to the 20 ppns treatment.

These results would indicate that the oxidative capa-

city of the Stockton soil towards thiosulfate was less than

that of the E1m River soil-. Previous work had shown no

correlation between the oxidation of thiosul-fate and soil
pH, calcium carbonate content or organic matter content.

Attoe and Olson (1966), j-n reviewing the oxidation of e1e-

mental sulfur in soil-s found no well defined relationship
between soil type and sulfur oxidation but felt that the

oxidation of sulfur in soils was more related to the number

of sulfur oxid,izi-ng organisms within a soil. If this is
true, the results obtained in this experi-ment could be ex-

plained as follows. In the Elm River soil, large numbers

of viable microorganisms capable of oxidizíng thiosulfate
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may have been present. This would account for the higher

total amount of thiosulfate oxidized in the EIm River soil

compared to the Stockton soil and also for the fact that

by day five in the EIm River soil, thiosulfate was being

oxidized in the same proportions whether supplied at 20 ppms

or I00 ppms.

In the Stockton soiI, populations of oxidizing micro-

organisms may have been low enough that up until day five of

the study, thiosulfate from the 100 ppms treatment was not

oxidized to sulfate in the same proportions as that from

the 20 ppms treatrnent. After 14 days of incubation, the

population of oxidizing microorganisms may have increased

to the extent that percent oxidation of thiosulfate was

similar for both the 20 ppms and 100 ppms treatment but not

to the extent that it was comparable with the oxidation

occuring j-n the Elm River soil.

The data reported here indicates that phosphorus, at

the levels examined in this experiment, and at the levels

of ammonium thiosulfate added to the two soils considered,

had no effect upon the rate or total amount of thiosulfate

oxidation. Presumably inorganic phosphorus leve1s were high

enough in the soils for the oxidation of thiosulfate by

mic::oorganisms to proceed quickly and completely. Although

increasing the amount of phosphorus to the levels indicated

had no effect upon oxidation of ammonium thiosulfate, the

data would indicat.e that in soi1s, ammonium thiosulfate is
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The rate and extent

and this difference

of sulfur oxidizing
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in a relatively short period of time.

of this oxidation differs among soils

is perhaps due to the numbers and types

orgianisms originally present in the soil.
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Table l0: Percent recovery of sulfate from ammonium thiosuLfate as
affected by available phosphorus, time and soil.
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2z The effect of ammonium
availabillty and uptake by plants.

Experiment
phosphorus

Several workers (Mitchell et al 1952, Menary and Hughes

1967, Kumar and Singh 1980) have shown that the addition of a

sulfur source with a phosphorus source may increase the plant

availability and utilization of phosphorus. I4itche11 et al
(1952) were able to relate the oxidation of elemental sulfur
and the subsequent reduction of pH to the increased uptake and

utilization of fertilizer phosphorus by wheat. Ammonium thio-
sulfate is oxidized in soils i-n a similar manner to elemental

sulfur. Thus the addition of ammonium thiosulfate with a phos-

phorus source may result in a simil-ar increase in plant avail-
ability and utilization of fertilizer phosphorus.

In this experiment, barley and rapeseed were examined for
their response to the placement of monoammonium phosphate in a

band with ammonj-um thiosulfate. AIso examined were responses

to banding monoammonium phosphate with sodium thiosulfate, urea,

or urea and ammonium thiosulfate.

l,lethods and Materials

Rapeseed (Brassica campestris var. torch) and barley

(Hordeum vulqare var. Conquest) were grown in a growth chamber

on a sulfur and phosphorus deficient Elm River silty loam soil
(Cumulic Regosol (Michalyna and Smith 7972)l (Tab1e 8). Soil

from the 0 - 15 cm. depth was collected in June of 1981, air
dried and sieved. 6,000 grams of air dry soil was then placed
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into each of 48 ptastic pots. There \,vere a total of I treat-

ments replicated three times in a completely ranclomized design.

Nitrogen, phosphorus and sulfur were supplied to barley

and rapeseed in six of the eight Lreatments. Phosphorus was

supplied at 40 ppm P as monoaûrmonium phosphate. Sulfur was

supplied at 20 ppm S as either ammonium thiosulfate or sodium

thiosulfate. Urea was added so that a total of 100 ppm N was

supplied from all sources.

In order to examine t-he effeet of carrier placement upon

phosphorus utilization, nitrogen, phosphorus and sulfur sources

were placed 1n different combinations in various bands. Figure

4 illustrates the relative positi-on of fertiLizer bands in the

poL. All bands were placed at a 7 cm. depth and band 2 lay di-

rectly below the seed row.

Figure 4z Top view of fertilizer band placement in pot.

Treatments consisted of placing urea, mor¡oanmonium phos-

phate and ammonium thiosulfate in separate bands; placing urea

and ammonium thiosulfate in a single band and banding mono-

ammonium phosphate separately; placing urea and monoamnionium

I 2
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phosphate in a single band and banding ammonium thiosurfate
separately; placing monoammonium phosphate and ammonium thio-
sulfate in a single band and banding urea separately; pracing
monoammonium phosphate and sodium thiosulfate j-n a single band

and banding urea separately; or placing urea, monoammonium phos-
phate and ammonium thiosulfate in a single band. The two addi-
tional treatments consisted of placing urea and ammonium thio-
sulfate in a single ]rand with no phosphorus source added and

placing urea and monoamrnonium phosphate in a single band with
no sulfur source added. The relative locati-ons of the bands in
the pot for each treatment are listed in tables 11 and 12.

All nutrients applied in a band were added as liquid soru_

tion. Monoammonium phosphate, ammonium thiosulfate or sodium

thiosulfate and urea were dissolved in sufficient deionized water
so that the volume of solution applied to each of the requlred
bands was 10 mI. I{here more than one nutrient was applied in
a single band, the required amounts of those nutrients !üere dis-
sol-ved in 10 ml. of deionized water and then banded.

Prior to use in the experiment, monoanmonium phosphate was

labelled wj-th t2P. One millicurie of t2P obtained from New Eng-

Iand Nuclear was added to a liquid solution containj-ng monoammonium

phosphate which was then diluted to a 500 ml. volume with de-

ionized water. 60 mls. of this solution was placed in a 100 ml.

volumetric flask and when brought to volume, 10 mI. of the re-
sulting solution would supply an individual pot with 40 ppm P
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on a dry soil weight basis.

copper and zinc were requÍred and were supplied at 4 ppm

cu and I ppm zn. sufficient cucl, and zncr, \,\rere dissolvecl in
deionized water ancl added 1n the first daily watering after
seeding. Further nitrogen requirements were met through the
addition of two subsequent aliquots, each supplying 100 ppm N

as dissolved urea¡ on day 24 and day 34 of the study.

seedinq took place on July 28, 19Bl when 10 seeds per pot
were placed j-n a single row 1cm. deep, directly above fertilizer
krand 2. The numl¡er of plants per pot was thinned to 5 af ter
emergence. The watering regime consisted of daily watering to
field capacity with deionized water. Plants from all treatments
v/ere harvested on september 15, lg8l when rapeseed was in the
early flowering stage and barley in the early heading staqe.
At harvest, plants were cut a few millimeters above the soil
surface, dried in a forced aj_r oven (BsoC) and ground in a lÍiley
miIl to pass a 2 mm. sieve. conditions in the growth chamber

\,.üere set as follows: Temperature: 18oC (night) - ZA,C (day);

Day length 15 hours; Humidity 90%.

In this experiment 3 2 P labelling was used in order to deter-
mine percent phosphorus derived from fertilizer which was in turn
used to calculate fertitizer phosphorus uptake. The procedure

for the determination was as follows: 1 gm. of plant material
was mixed with 5 m1. of concentrated nitric acid and 2.5 ml.
of perchloric acid and heated. After allowing sufficj-ent time
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for complete digestion, the material was filtered through What-

man no. 42 paper. A 15 mI. portion of the filtrate was pipet-

ted into the required container and radioactive counts were

taken by a Beckman LS 7500 Liquid Scintillation counter. The

standard for this procedure was prepared by diluting 0.1 mI -

of the 40 ppm. solution in 15 ml. water. Plant material con-

taining no labelled P was digested to provide blanks in order

that background radiation could be obtained.

Percent phosphorus derived from fertÍlizer was calcul-ated

as follows: ? Pdff Specific Activity of Sampl-e x 100
Specific Activity of Standard

Specific Activity counts /mLn/mg P/ml. of solution

Results and Discussion

Carrier placement significantly affected total fertilizer

phosphorus uptake, total phosphorus uptake and dry matter yield

of barley. (Table 10). Where phosphorus !\las added total phos-

phorus uptake and dry matter yield of barley \^¡ere increased

significantly compared to the treatment where no additional phos-

phorus was supplied. Dry matter yield of barley was significantly

increased by the addition of sulfur except where sulfur was sup-

plíed as ammonium thiosulfate in a band wiLh urea and monoammonium

phosphate.

placement of thiosulfate ín a band with monoammonium phos-

phate significantly increased total fertilj-zer phosphorus uptake,

total phosphorus uptake and dry matter yield of barley. Total
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phosphorus uptake j-n treatments where monoammonj-um phosphate

was banded with either sodium or ammonium thiosulfate were

comparable and significantly higher than that obtained in any

other treatment.

hrhere sodium thiosulfate was banded with monoarnmonium phos-

phate, total fertilizer phosphorus uptake was significantly higher

than that obtained in any other treatment and was in particular

1583 of that obtained in the treatment where urea, ammonium thio-

sulfate and monoammonium phosphate \^iere each placed in separate

bands. Banding ammonium thiosulfate with monoamrnonium phosphate

produced total fertilizer phosphorus uptake which was l-ower than

that obtained when sodium thiosulfate was banded with monoam-

monium phosphate, but signi.ficantly higher than that obtained

in any other treatment. The effect of ammonj-um thiosulfate

upon the uptake of fertilizer phosphorus by barley is reflected

intlre value for total fertiJ-izer phosphorus uptake which is L23Z

of that obtained in the treatment where the phosphorus, nitrogen

and sulfur sources hrere banded separately. Fertilizer phosphorus

uptake was not significantly affected by the placement of mono-

ammonium phosphate in a band with any other carrier.

Dry matter yield of barley was significantly increased by

banding monoammonium phosphate \ÀIith eiLher sodium or ammonium

thiosulfate compared to where the nitrogen, phosphorus and sul-

fur sources u/ere banded separately. Any other comb j-natlon of

carriers in a band did not have a similar effect.
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The fact that higher dry matter yields and total phos*

phorus uptake may be associated with increased fertj_lizer
phosphorus uptake by barley in treatments where a thiosulfate
source was banded witÏ¡ monoan'rmonj-um phosphate would indicate
that thiosurfate effectively increased either plant avail-
ability or plant utilization of phosphorus or both. In the

previous experiment it was shown that thiosulfate undergoes

oxidation to surfate in soil. The overall reaction for the

aerobic oxidation of thiosulfate is an acid forming process

(Aleem 1975). This may in part account for the increased

utilization of fertilizer phosphorus placed in a band with
thiosulfate. As oxidation of thiosulfate proceeds, the pH

in the area of the band would be lowered which may in turn
result in a reduced fixation or an increased solubility of the

phosphate fertilizer thus making j-t more avairabl-e for plant
use.

Mitchell et ar (L952) showed an increase i-n phosphorus

uptake by wheat when small amounts of elemental sulfur vrere

mixed with dicalcium phosphate. This effect was attributed to
a reduction of pH in the area of the l¡and associated with the

oxidation of elemental sulfur, the lower pH resulting in a re-
d.uced rate of fixation or an increased solubility of the phos-

phate fertilj-zer. Menary and Hughes (I967 ) noted an increased

uptake of fertilLzer phosphorus by tomato plants when sodium

sulfate was banded with mono-calcium phosphate and attributed
this effect to a reduced fixation of fertirizer phosphorus in



81

the presence of sulfate. Simil-arily Aj-tkens and Hughes (1980)

showed an increase in phosphorus availability to tomato plants

when monocalcium phosphate, monoafiImonium phosphate or dicalcium

phosphate !,üere banded in the presence of a sulf ate source.

Banding urea with monoammonium phosphate did not affect the

plant uptake of fertilizer phosphorus in the same way that thio-

sulfate did. Where urea was placed in a band with monoanmonium

phosphate, uptake of fertiLizer phosphorus, total phosphorus and

dry matter yield of barley did not dlffer significantly from the

treatment where the nitrogen, phosphorus and sulfur sources were

banded separately. Both total fertilizer phosphorus uptake and

total phosphorus uptake were significantly lower when urea lvas

banded with monoammonium phosphate than when either sodium or

ammonium thiosulfate !{ere banded with monoammonium thiosulfate.

Where urea \,vas placed in a band with monoammonium phosphate

and ammonium thiosulfate, total fertilizer phosphorus uptake,

total phosphorus uptake and dry matter yield of barley !{ere com-

paraÏ:le to that obtained in the treatment where the three car-

riers were banded separately and significantly lower than that

obtained in treatments where monoanìmonium phosphate was banded

with either ammonium thiosulfate or sodium thiosulfate. A1-

though thiosulfate was present j-n the band with phosphate and

urea, the increased uptake of fertilizer phosphorus associated

with other thiosulfate-phosphate treatments was not observed.

The lower uptake of fertilizer phosphorus noted for treat-

ments where urea \,,ias banded with monoanmonium phosphate may
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rerate to ammonia toxicity in the area of the band. Flaten

and Racz (1982) had shown that when monoammonium phosphate

was banded with urea, there was an initial depression in phos-

phorus uptake by wheat. ThÍs depress.i-on was attributed to con-

centrations of ammonia ion in the band which were toxi-c to root
growth. rn treatment where urea, monoanmonium phosphate and

ammonium thiosulfate were all placed in the same band a total
of 100 ppm N was supplied from al-l sources and concentrations

of arnmonia ion may have been high enough to be toxic to root
growth thereby preventing plant utilization of fertilizer phos-

phorus. For barley, the high level of ammonia associated with
the triple band would prevent root access to the point that the

beneficial effects of an intimate association of thiosulfate
and phosphate in the band would be negated. This is reflected
in values for dry matter yield ancl phosphorus upt-ake which did
not differ or were significantly lower than those obtaj-ned in
the treatment where the nitrogen, phosphorus and sulfur sources

were banded separately. Further evidence that ammonia toxi-
city in the area of the band may have reduced fertilizer phos-

phorus uptake comes from the fact that total fertilizer phos-

phorus uptake by barrey was significantly lower when mono-

ammonium phosphate was banded with ammonium thiosulfate as op-

posed to sodium thiosulfate.

Rapeseed responded to the addition of phosphorus as re-
flected in values for t.ota1 fertilizer phosphorus uptake, total
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phosphorus uptake and dry matter yield (Table 11) which were

significantly higher for treatments receiving phosphorus com-

pared to the treatment which received no phosphorus. Addition

of sulfur significantly increased total fertilizer phosphorus

uptake, total phosphorus uptake and dry matter yield of rape-

seed compared to where no sulfur was added.

Unlike barley, carrier placement did not significantly

affect total fertilizer phosphorus uptake, total phosphorus up-

take or dry matter yield of rapeseed. In particular, placement

of monoammonium phosphate in a band wlth either amrnonium or

sodium thiosulfate did not significantly increase total fertili-

zer phosphorus uptake compared to treatments where monoam.monium

phosphate was banded alone, banded with urea or banded with urea

and ammonium thiosulfate.

The lack of a response by rapeseed to carrier placement may

be due in part to the ability of rapeseed to extract and utilize

phosphorus. Kalra and Soper (1968) showed that rapeseed gen-

erally absorbs more total phosphorus than crops such as oats and

flax. Rapeseed has also been shown to be highly efficj-ent in ex-

tracting banded fertilizer phosphorus and this has been related

to an extensive proliferation of roots within the fertilizer zone

(Kalra, J.97I; Strong and Soper, 19741 . In the data reported

here, the more efficient extractj-on of phosphorus by rapeseed

is reflected in the higher overall phosphorus contents of rape-

seed compared to barley. Any increase in the availability of

fertiLizer phosphorus associated with the monoammonium phosphate-
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thiosulfate double band would seem to have been masked by the

more efficient extraction and uptake of phosphorus by rapeseed.

From the results obtained in this experi-ment it is ap-

parent that total- phosphorus uptake and dry matter yÍeld of

barley may be significantly increased by supplying phosphorus

as monoammonium phosphate in a band with either ammonium or

sodium thiosulfate and that these increases may in turn be re-
rated to the effect of thiosulfate upon the availability of

fertilLzer phosphorus to barley. Rapeseed responded to the

addition of phosphorus in terms of total phosphorus uptake and

dry matter yie1d, hol,'/ever, placement of monoammonium phosphate

in a band with either sodium or ammonium thiosurfate had no

further effect upon this response. This may be due in part to
the ability of rapeseed to extract and utilize phosphorus.



Table lI: Treatments, dry matter yield and phosphorus uptake
by barley.

Band 1 Band 2 Band 3 Dry !,leight
(gms . )

Total P

(me. )

B5

Total
Fertilizer P

(mg. )

33.8 a

39.3 ab

39.2 ab

40.6 b

48.3 c

62.1 d

37.9 ab

Total
Fertilízer P
(*e. )

35.9 a

80.1 b

86.0 b

74.9 b

80.7 b

B3.B b

78.2 b

NS

NP

P

NS

NP

PS

PS (NA)

NPS

NS

NS

PS

PS (Na)

N S

P

e

4.6

LB.2

25.3

26.0

26.5

27 .9

31.0

21.6

¿*

b

cd

de

def

ef

f

bc

7.5 a

39.5 b

44.9 bc

44.0 bc

49.9 c

66.7 d

66.7 d

49.5 bc

N

N

Table l2: Treatments, dry matter yield and phosphorus uptake
by rapeseed.

Band 1 Band 2 Band 3

N

NP

P

N

N

S

P

S

Dry l,leighÈ
(gms. )

15.7 ax

19.4 b

34.6 cd

35.8 cd

33.6 cd

32.7 c

33.0 c

32.7 c

Total P

(te.)

29.2 a

43.7 a

98.5 b

112.4 b

109.8 b

110. B b

I02.4 b

100.8 b

NP

NPs

* Duncanrs mu1Èiple range: Numbers followed by the same letter are
not significantly different at P = 0.05.
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VIfI Summary and Conclusions

A field study was conducted in order to determine what

effect sulfur fertÍlizatlon had upon the yield and sulfur up-

take of barley and rapeseed grown on soils considered to be sul-
fur def icient. Also examined was the relative plant availabilit.y
of sulfur supplied as ammonium sulfate, ammonium thiosul-fate,
gypsum and Agrisul. The field experiments were located near

Sidney and Neepa\^/a, Manitoba.

It{idseason dry matter yields of barley from either site urere

not affect.ed by the addition of sulfur in any form. Plant tissue

analysis from the Sidney site indicated that by early heading

barley was utilizing significantly larger amounts of sulfur
where 40 kg S/ha as ammonium sulfate, ammonium thiosulfate or

gypsum were applied compared to treatments which received 20 or

80 kg S/ha as Agrisul, or no sulfur. Yield, sulfur concentra-

tion and total sulfur uptake by barley were, in general, not

significantly affected by the addition of sulfur in any form.

The lack of a yield response would indicate that soils contain-

ing L2.0 kg SOn-S/ha (water extractable to 60 cm. ) contain suf-

ficient sulfur for the production of barley. Midseason samples

of rapeseed from the Sidney site showed no significant dry matter

yield response to the application of sulfur in any form. While

not always significant, by ear11z flowering there was a trend to-
wards higher sulfur uptake in rapeseed supplied with sulfur as

ammonium sulfate, ammonium thiosulfate or gypsum compared to
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rapeseed which received no sulfur or had sulfur supplied as

Agrisul.

By maturity a similar, although not necessarily signifi-

cant trend was noted toward increased sulfur uptake and seed

yield of rapeseed where sulfur was supplied as ammonium sulfate,

ammonium thiosulfate or gypsum compared to where Agrisul was

added. The seed yield response obtained at the Sidney site a-

long with the values for midseason tissue concentration of sul-

fur indicate that rapeseed grown on soils containing 21.1 kg

SOn-S/ha (water extractable to 60 cm. ) will respond to the ad-

dition of sulfur.

The results from the field study 1ed to the initiation of

a growth chamber experiment in which gypsum, ammonium thiosul-

fate and Agrisul were compared for their abilities to supply

rapeseed with sulfur. Rapeseed supplied with gypsum or ammon-

ium thiosulfate had significantly higher fertilizer sulfur re-

coveries and dry matter yields compared to rapeseed which was

supplied with Agrisul. Dry matter yields and fertilizer sulfur

recovery by rapeseed were significantly increased when Agrisul

was powdered and mixed throughout the soil as opposed to being

applied as banded granules. Simil-arily there was a trend in the

gypsum treatments toward higher fertilizer sulfur recovery where

ít was mixed throughout the soil as opposed to being banded.

In treatements where ammonium thiosulfate was applied, there

was a trend toward higher fertilizer sulfur recovery in banded

treatments compared to mixed treatments.
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The results from the fiel-d and growth chamber experlments

show that over the time period studied, the oxidation of ele-
mental surfur in the form of Agrisul does not proceed quickly
enough to adequately supply rapeseed with surfur. over the

same time period, the oxldation of ammonium thiosulfate occur-

ed to such an extent that it \úas comparable to ammonium sulfate
or gypsum in its ability to provide the rapeseed with sulfur.

The oxidation of thiosulfate was studied further in an in-
cubation study carried out using two Manitoba soifs. Increasing
the phosphorus content of the soil had no effect upon the rate
at which thiosulfate was oxidized to sulfate. The results did
show that j-n soils, ammonium thiosulfate is oxidized to sulfate
in a relatively short period of time (14 days) and that the rate
and exLent of this oxidation differs among soils.

fn a second growth chamber experiment, fertillzer phosphorus

uptake, totar phosphorus uptake and dry matter yield of barley
and rapeseed were used to examine the effect of bandingi urea or
a thiosulfate source with a phosphorus souïce. For barley, to-
tal phosphorus uptake and dry matter yield were significantly
increased by banding a thiosulfate source with monoammonium

phosphate. Sodium thiosulfate was more effective in increasing
total ferLilizer phosphorus uptake than was ammonium Lhiosulfate.

Banding urea with monoammonium phosphate did not signifi-
cantly affect total fertilizer phosphorus uptake or dry matter
yield of barley. This was attributed in part to an initiar
depression in fertilizer phosphorus uptake due to the effects



of arrunonia toxicity in the area of the band,

Total phosphorus uptake and dry matter yield of
was not significantly affected by banding either urea

sulfate source with monoammonium phosphate. This was

to the ability of rapeseed to

ize phosphorus.

more efficiently extract and util-

89

rapeseed

or a thio-

attributed



IX APPENDIX

Table 1A: Tlssue analyses for ba::ley aÈ the early headlng stage
from the Sidney site.

90

Carrier

Check

(NH4 ) 2s04
( lluo ) ,soo
(NH4) 

2so4
Agrisul
Agrisul
(NH4 ) 2S20
(NH4 ) 2s20
CaS0O5Hr0

CaS0O5HrO

Nitrogen
Concentrat fon
(%)

Total Nitrogen
Uptake
kg/ha

76.5 a

86.3 a

84.9 a

79.L a

76.9 a

79.9 a

76.9 a

80.0 a

BB.2 ¿r

85.5 a

Total Nitrogen
Uptake
ke/t u

7l-.4 a

68.4 a

62.9 a

69.8 a

68.1 a

63.6 a

65.9 a

62.9 a

69.6 a

66.3 a

3

3

Rate
kg/t,a

0

10

20

40

20

80

20

40

20

40

Rate
kg/ha

0

10

20

40

20

80

20

40

20

40

2.45

2.43

2.53

2.50

2.40

2.39

2.48

2.3r
2.46

2 .40

ab*

ab

b

ab

ab

ab

ab

a

ab

ab

15.9

14 .0

13. 9

12.0

r5.8
16.8

12,6

TT.2

14.6

11.5

N/S

N/s

c

abc

abc

ab

c

c

ab

d

bc

Table 2A: Tissue ana.lyses for barley grain from the Sídney site.

Carrier

Check

(NH4 ) 2So4
(NH4) 

2so4
(NHA ) 

2 
so4

Agrisul
Agrísul
(NH4) 

ZsZoS
(NH4) 

ZSZ}Z
CaSOO5HTO

CaS0O5Hr0

Nitrogen
Concentration
(7")

2.23 a

2.27 a

2.L9 a

2.2I a

2.27 a

2.LB a

2.L9 a

2.24 a

2.26 a

2,2L a

15 .4

16.4

16. 1

15.0

15.4

13.2

L5.7

15.6

1s.4

L7.6

ab

ab

ab

ab

ab

d

ab

ab

ab

b

Duncanrs Multiple Range: Numbers follor¡ed by the same letter
are not significantly dlfferent
at P = 0.05.
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Table 3A: Analyses for barley gr:aln frorn the Neepawa site.

Carríer

Check

(NH4 ) 2S04
(NH4 ) 2so4
(NH4) 

2so4
Agrisul
Agrisul
(m¿) 

zszo3
(m¿) 

zszoz
CaSOO 5HrO

CaSOO5HTO

Carrier

Check

(NH, ) ^so,q¿¿+
(NH4 ) 2So4
(NH4 ) 2So4
Agrisul
Agrisul
(NH4) 

ZsZo3
(M¿) 

zszog
CaSoO5HrO

CaSOO5HTO

Rate
kg/ha

0

10

20

40

20

80

20

40

20

40

Rate
kg/ha

Table 4A: Analyses for rapeseed at the early flowering stage from
the Sidney síte.

Nf t-rogen
Concentrat ion
("/.)

2,28 ¿rt

2.23 a

2.26 a

2.23 a

2.33 a

2.28 a

2.26 a

2.30 a

2.L9 a

2.33 a

Nitrogen
Concentrat ion
(%)

Total Nitrogen
Uptake
ke/ha

55.5 a

56.3 a

64.5 a

63.5 a

51.0 a

57.6 a

6I.2 a

52.4 a

61.9 a

51.0 a

Total Nitrogen
Uptake
kg/ha

37.5 a

50.7 a

48.5 a

45.0 a

54.4 a

39.1 a

50.7 a

62.6 a

46.3 a

54.7 â

16 .8

l-3.2

12 .8

13. 9

15. 9

13. 5

13.1

14.0

13.8

13.4

N/S

N/S

b

ab

d

ab

ab

ab

ê

ab

ab

ab

ab

ab

a

a

b

ab

ab

ab

ab

a

0

10

20

40

20

80

20

40

20

40

1. B6

2.22

2.L9

2.TB

2.04

2,0L
') ')')

2.09

2.06

2.08

a

b

b

b

ab

ab

b

ab

ab

ab

9.9

8.1

7.4

7.4

11.4

10.4

7.7

8.2

8.6

7.2

* Duncanrs Mu1tiple Range : Numbers followed by the same letter
are not sígnificantly different
at P = 0.05.
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Tab1e 5A: Analyses for seed from the Sidney r:apeseed síte.

Carrier

Check

(NH4) 
2so4

(NH, ) ^SO,.+ L ¿.1

(NH4) 
2so4

Agrísul
Agrisul
(NH4) 

ZSZOZ
(NH4) 

ZSZoZ
CaSOO5HTO

CaSoO5Hr0

Nitrogen
Concentrat ion
(7.)

Total Nitrogen
Uptake
kgllna

Rate
kg/ha

0

10

20

40

20

BO

20

40

20

40

3.22

3.t+6

3 .48

3 .55

3.30

3.35

3.49

3.57

3.37

3.48

4t.6
52.7

s4.7

63.6

46.L

48.5

s0.0

56.1

52.8

59.6

a

abcd

bcd

d

ab

abc

abc

bcd

abcd

cd

N/S

8.0 a

6.5 a

¿*

cd

cd

d

ab

bc

cd

d

bc

cd

d

d

a

d

a

é

a

a

7

2

3

3

7

1

2

7

7

I
7

6

5

I
I
5

* Duncanrs Multiple Range: Numbers followed by the same letter
are not signifícantly different
at P = 0.05.
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Table 6a: Tissue nitrogen concentration for rapeseed gro\¡rrì
in the growth chamber.

Carrier

Control

Agrisul

Gypsum

Thiosulfate

Method of
Appl icat ion

banded

mixed

banded

mixed

banded

mixed

20

Rates
(ppr)

t0

20

40

10

40

10

20

10

20

IO

20

10

ZN

3. B0

4.73

4.89

4.33

3.28

3.s1

3.24

3.0i

2.85

3 .01

2.68

3.t4

2.58

3.01

2.63

cd

E

e

de

abc

bcd

abc

abc

ab

ab

ab

abc

a

ab

ab20
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Table 7a: Treatments, nitrogen and sulfur uptalce by barley in the
second growth chamber experiment.

Band I Band 2 Band 3

NS

NP

P

NS

NP

PS

PS (Na)

NPS

NS

NP

P

NS

NP

PS

PS (Na)

NPS

N

ToÈal N

('e. )

230 a*

738 b

995 d

1008 d

7022 de

1109 ef

1139 f

894 c

Total N

(*g. )

705 a*

Bi3 ab

1336 bc

1303 c

1209 c

1037 bc

1279 c

L226 c

Total S

(*e.)

2L0 a

r7.0 a

62.2 c

65.2 c

7I .7 cd

79.7 d

80.6 d

47.5 b

N

N

Table Ba: Treatments, nitrogen and sulfur uptake by rapeseed in
the second growth chamber experiment.

Band I Band 2 Band 3

N

Total S

(re. )

67.2b

8.4 a

85.4 b

83.0 b

73.0 b

84.0 b

86.4 b

74.6 b

N

N

* Duncanf s multiple range: Numbers fo1lo¡,¡ed by Èhe same letter
are not signi.ficantly different at P = 0.05.

S

P

S

S

P

S
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