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In mould soils the concentration of acid ammonium acetate extractable
sulphur (Saaac) was 33 mg/l on average and total sulphur (S,,) was 833
mg/l. Corresponding contents in peat soils were 45 and 1209 mg/l,
respectively. Average extractability of sulphur was 4.2 % in mould soils
and 3.7 % in peat soils. In both soil types the extractability was highest
when pH was lowest. Increasing humus contents decreased slightly the

extractability of sulphur.
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INTRODUCTION

The problem of excess sulphur was encountered
in Finland during the 1940s after coastal areas
of the Gulf of Bothnia were reclaimed for
agricultural use (Purokoski 1959). Iron sulphide
in the subsoils had oxidized into sulphate after
drainage and caused the soil to become too acidic
for cultivation. Heavy liming has improved these
soils, but the extractable sulphur concentration
in such gyttja-containing soils is still generally
very high, with concentrations mostly ranging
from 250 to 1200 mg/1 (Ervi6é 1991). No problems
have been observed with respect to sulphur in other
parts of the country.

The widespread use of industrial fertilizers
containing sulphur, in addition to farmyard manure,
has maintained an adequate sulphur status of
agricultural soils (Salonen et al. 1965, Korkman
1973). Thus interest in the determination of sulphur
in soil has been slight. Recently, however, the need
to determine sulphur has increased as a result of
the further intensification and specialization of
agriculture. In addition, the cultivation of sulphur

demanding plants (the family Brassicaceae) has
become more common.

Changes in the sulphur balance of soils due
to atmospheric sulphur deposition by rainfall have
emphasized the need to determine the sulphur
contents of soils. Improved methods for sulphur
determination are needed in Finland as well.

In other parts of Europe, the sulphur contents
in air, plants and soils have been studied since
the 1970s (Schnug 1991). However, very few total
sulphur determinations have been made of Finnish
soils (Salonen et al. 1965 Korkman 1973). The
determination of extractable concentration has been
more common instead. Purokoski and Lakanen
(1959) tried to find a method for the determination
of plant available sulphur. Dilute calcium chloride
and acid ammonium acetate have been studied as
extractants. Since the 1970s Viljavuuspalvelu Oy
(Soil Analysis Service Ldt) has determined sulphur
by gravimetric measurement using calcium
chloride as the extractant (Salonen et al. 1965).
Plasma emission spectrometers (ICP) became
available in Finland during the 1980s. In order
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to save costs, the possibilities were studied for
the simultaneous determination of sulphur and
other nutrient contents from a soil filtrate
extracted by acid ammonium acetate (AAAc
method, Vuorinen and Mikitie 1955). According
to the results of one comparison, the CaCl,-
method extracted two-thirds of that extracted by
AAAc method (Yli-Halla 1987).

The Institute of Soils and Environment,
Agricultural Research Centre of Finland (FARC)
has used the AAAc method for the determination
of sulphur since 1986. Viljavuuspalvelu Oy has
used this method since 1991, but no results have
been published. An other comparison between
acid ammonium acetate and acid ammonium
acetate-EDTA (Lakanen and Ervié 1971) as the
extractant in sulphur analysis has also been
carried out (Urvas 1994). AAAc-EDTA is a
stronger extractant than AAAc alone. The ratios
of results obtained by these methods for different
soils vary from 1:1.5 to 1:1.9.

In the recommendations for sulphur fertili-
zation (Viljavuustutkimuksen... 1991),
Viljavuuspalvelu Oy has used the fertility classes
based on the studies of Korkman (1973) and
Yli-Halla (1987). In addition to knowing the
extractable sulphur concentration in soils, however,
it is also necessary to quantify the total sulphur
resources in soils. The object of this study was
to determine how much of the total sulphur in
mould and peat soils is extractable.

MATERIAL AND METHODS

Soil samples were collected from the Ruukki
and Sotkamo Research Stations, the Jokioinen
Estate, the Juva district and from Lapland.
Altogether, 111 soil samples were collected from
plough layers (0-20 cm). According to soil type
classification there were 59 samples of mould
soil (humus content 20-40 %) and 52 samples
of Carex peat (humus content over 40 %).
Samples were air-dried, crushed and then passed
through a 2-mm sieve before analysis.
Extractable sulphur was determined by acid
ammonium acetate (pH 4.65) method (Vuorinen
and Mikitie 1955). Total sulphur content was
analysed after wet combustion (Huang and Schulte
1985). Sulphur concentration of the extracts was
determined by ICP-ARL. For comparison of the
results, the total sulphur contents (mg/kg soil) were
transformed into mg/l using bulk density deter-
mined in laboratory. The material was then clas-

sified according to the extractable sulphur,
humus percentages and pH(H,O) values obtained
(Table 1). Humus percentages were calculated
by multiplying the organic carbon percentages
by 1.724.

RESULTS AND DISCUSSION

The total sulphur (S,,) contents in this material
varied from 310 to 8530 mg/kg air-dried soil.
The average S, content in mould soils was 1327
mg/kg and in peat soils 3343 mg/kg. The
resulting values of the present samples were
somewhat higher than those obtained from the
arable land samples of Korkman (1973). In his
material the variation of mould and peat soils
was 530-2160 mg/kg. In cultivated, so called
acid sulphate soils from the coastal region of
the Gulf of Bothnia, the average S,, content in
organic soils has been 2570 mg/kg (Ervid and
Palko 1984).

When transformed with bulk density, the S,
contents varied from 167 to 3241 mg/l. Mould
soils contained 833 mg/1 S, and peat soils 1209
mg/l on average (Table 2). The highest S,
contents were found in samples from the Ruukki
Research Station where high S contents in
subsoils were previously encountered (Purokoski
1959).

The AAACc extractable sulphur (S 444.) contents
in mould soils averaged 33 mg/l, ranging from
11.3 to 171.0 mg/l. Peat soils had slightly higher
S contents, 45 mg/l on average and the ranges
were wider, from 10.5 to 441.0 mg/l. According

Table 1. Classes of acid ammonium acetate extractable
sulphur, humus % and pH.

Taulukko 1. Happamaan ammoniumasetaattiin uuttuvan
rikin, humusprosentin ja pH:n luokkarajat.

Classes of Classes Classes of
extractable of pH humus %
sulphur mg/1
1. 10-24.9 3.60—4.99 20.1-39.9 !
2. 25-49.9 5.00-5.49 40.0- 2
3. 50-74.9 5.50-
4. 75—

'mould, 2p(:at
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Table 2. AAAc-ex-

tractable (Saaac) and Classes n Sanac St Sarac %
total sulphur (S, of Sannc mg/1 mg/] of S
m/1 soil), and propor-

tion of extractable S Mould soils, multamaat

of the total S (%) in 1 19 204 £ 43 658.1 + 1423 32 + 07
mould and peat soils 2 34 32.1 £ 55 868.4 * 163.1 42 + 3.1
classified according to 3 5 60.1 + 7.5 1219.6 £ 570.0 5.6 £ 2.1
extractable S (mean * 4 1 171.0 1120.0 15.3

SD). Mean 59 329 £ 21.8 833.2 + 264.5 42 £ 3.0
Taulukko 2. HAA:iin Peat soils, wrvemaat

wuttuva rikki, koko- 1 19 192 + 38 847.9 + 3435 26 £ 1.0
naisrikki (mg/l) ja rikin 2 23 36.8 + 75 1451.5 + 651.7 3.1 £ I8
liukoisuusprosentti 3 7 56.2 = 6.1 1093.5 + 75.3 52 £ 07
multa- ja turvemaissa 4 3 2424 + 1825 1900.6 + 663.2 115 £ 53
wuttuvan rikin mukaan Mean 52 448 £ 62.7 1208.7 + 589.8 3.7 £ 27
luokiteltuna.

to the classifications used in Finland results are comparable with those of Korkman

(Viljavuustutkimuksen... 1991), 80 % of this
material belongs in the good fertility class (15—
50 mg S,aa/l) and only 4 % in the satisfactory
class (10-15 mg/1).The S 454, contents of the other
samples exceeded 50 mg/l.

In 1987, the Institute of Soils and Environ-
ment collected 1320 soil samples from Finnish
cultivated fields and also determined them for
sulphur concentrations. The mean value of the
whole material was 19 mg/1 S (Ervié et al. 1989).
The Ssaac concentrations of soil samples taken
from cultivated fields in organic soils were
lower than the present values, on average 24
mg/l, ranging from 4.3 to 269 mg/l.

As mentioned earlier, rather high S contents
may occur locally in acid sulphate soils of the
coastal region of the Gulf of Bothnia (Ervio
and Palko 1984). The present samples from the
Ruukki Research Station are from that area. The
average content of the extractable sulphur in
peat soil samples from Ruukki was 92 mg/1 (14
samples). The mean S,,,. content in the rest
of the samples was only 27 mg/l, which is nearly
the same as that reported by Ervio et al. (1989).

When the material was classified according
to extractable sulphur, the proportion of S .
compared to S, increased with increasing
extractable S in both mould and peat soils (Table
2). The extractability percentages on average
and in corresponding classes were slightly
higher in mould soils than in peat soils. The

(1973). In his material, when the S ,,,. mean was
16 mg/l S, the extractability was 3.3 in mould
soils, which is similar (3.2 mg/1) to Class 1, where
the extractable S was between 10-25 mg/l.

The extractability of peat soils in the earlier
material (Korkman 1973) was lower (1.3 %), but
so were the Syaa (5.1 mg/l) and the S, (395 mg/
1) contents too. These values fit well into the
lowest class in the S .4 classification of Table
2. A comparable S extractability (3.7%) in
organic soils was also found in another material
collected from experimental fields (Salonen et
al. 1965). When the S,x4. contents increased in
mould soils the S,, values also increased, but
in peat soils the S, did not change regularly.

In both soil types the extractable sulphur
content was the highest when pH was between
3.6-5.0 (Table 3). When the acidity decreased
in both soils the S,,4. and the solubility of S
decreased. too.

When classified according to humus content
the results showed, that S ... and S, contents
increased with increasing humus content (Table
2), but the extractability of S decreased.The total
percentages were quite small, averaging 4.2% in
mould soils and 3.7% in peat soils. The S
extractability was higher in samples collected
from the Ruukki Experimental station than others
(Fig. 1). The extractability was 7.6% in mould
soils of Ruukki and 6.2% in peat soils on average,
but in other samples 3.3% and 2.7%, respectively.
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Table 3. Spaac and Sy,
pH n Sanac St Sarac % (mg/1 soil), and proportion
Classes mg/l mg/l of St of extractable S of the total
i S (%) in mould and peat
Mould soils, multamaat soils classified according
1 2 56.6 + 23.4 808.8 + 124.8 68 + 18 i SHH.O) (mean +
2 27 370 £ 28.7 798.9 = 219.5 5.0 £ 4.0 SD)
3 30 28.0 + 10.2 868.7 * 302.7 33 = 0.8 '
. Taulukko 3. Uuttuva ja
Peat soils, wrvemaat kokonaisrikki (mg/l) sekd
! 16 66.6 + 109.6 1040.5 + 661.8 53 £ 40 unisuusprosentti mulia-
2 2 0+ 17. Tt . 3+ 1. : : ;
Dm R ommigg Rl i
w7 Vo : s PH(H,0):n mukana.
100 * Spppc/ S tot Fig. 1. Ratio of AAAc
25 extractable S and total S
© RUUKKI (%) as function of humus
4 OTHERS o %.
20
o Kuva 1. Rikin liukoi-
suusprosentit esitettyind
15 © humusprosentin mukaan.
10 ©
o A
o (@] (6]®) A
S A A %90 0% %O A A
®) A
ald ApC, 4 y S Adya
0
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The AAAc method has been found to extract
only a very small portion of the total sulphur.
The major portion of soil sulphur is in organic
form and is released during decomposition.
Sulphur reserves are substantial and the rate of

decomposition determines how fast it becomes
available to plants. However, its importance is
increasing when the atmospheric deposition of
sulphur is decreasing due to restrictions set for
industry.
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RIKKI VILJELLYISSA ELOPERAISISSA MAISSA

Suomessa todettiin 1940-luvulla olevan liikaa
rikkid ns. alunamailla Pohjanlahden rannikolla.
Varsinaisissa viljelymaissa rikin puutosta havait-
tiin vasta 1980-luvulla ennen muuta viljeltdessd
ristikukkaisia kasveja. Rikin analyysi-
menetelmid on kehitetty, mutta tulokset ovat
jddneet véhille huomiolle.

Kasveille kayttokelpoisen rikin maarittami-
nen hapanammoniumasetaattiuutteesta (pH
4.65) otettiin kayttoé6n MTT:n ympi-
ristontutkimuslaitoksella vuonna 1986 ja Vil-
javuuspalvelussa vuoden 1991 alussa. Lannoi-
tussuositukset tehdddn nykyddn tdlld mene-
telmilld saatujen analyysitulosten mukaan.

Liukoisen rikin osuutta turpeiden ja multa-
maiden sisdltdmastd rikistd on tutkittu aikai-

Received

semmin viahan, minki vuoksi tissd tutkimukessa
muokkauskerroksesta otetuista 59 multamaasta
ja 52 saraturpeesta analysoitiin happamaan am-
moniumasetaattiin uuttuvan rikin liséksi koko-
naisrikki mérképoltolla.

Multamaissa oli happamaan ammoniumase-
taattiin uuttuvaa rikkid keskimiérin 33 mg/l ja
kokonaisrikkid 833 mg/l. Saraturpeissa vastaavat
madrdt olivat 45 ja 1209 mg/l. Multamaissa
liukoisen rikin osuus kokonaisrikistd oli 4.2 %
ja turpeissa vield vdhdn pienempi eli 3.7 %, ts.
eloperdisen aineksen miérin eli humusprosentin
kasvaessa rikin liukoisuus happamaan ammo-
niumasetaattiin pieneni. Molemmilla maalajeilla
happamuuden lisddntyminen lisdsi rikin liu-
koisuutta.
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