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Increasing the drying temperature from 20 to 105°C decreased extractable
iron and lowered pH but increased the extractable phosphorus. Changes in
the extractability of other nutrients were negligible. The effect of drying
temperature on different peat types was similar.
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INTRODUCTION

Large-scale laboratory soil testing often
necessitates the storage of soil samples un-
til assay and for this purpose drying is the
most common and practical means. The
effect of the drying temperature on the
extractability of plant nutrients and on the
pH of different soils has been studied to
some extent, but more work is required
for a thorough understanding of the
changes occurring in soil properties dur-
ing drying. Such changes are not drastic,
but due to recent sophistications and inno-
vations in laboratory instrumentation and
techniques they are easily and reliably de-
tected.

Drying has generally been found to in-
crease the extractability of nutrients and to
lower pH; the higher the drying tempera-
ture the greater the changes. In some wet-
incubated mineral soils subsequent oven-
drying increased the levels of the DTPA-
extractable micronutrients by 2 to 6 fold
as compared with air-drying (Khan &
Soltanpour 1978). In neutral and calca-
reous soils raising the drying temperature
increased the levels of extractable iron and
manganese, but the effect was slight on
copper and zinc (Leggett & Argyle 1983).
Even air-drying increased the levels of
extractable cations in neutral mineral soils
compared with measurements made from
moist samples (Shuman 1980).
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It is well known that a rise in drying
temperature lowers the pH of soil samples.
Drying soil samples results in changes of
surface chemical properties by increasing
the polarizing forces of the cations in the
remaining water and then increasing their
ability to donate protons (Mortland & Ra-
man 1968). Raveh and Avnimelech (1978)
attributed the increased acidity to the ex-
posure of fresh organic matter. The pH of
slightly humified Sphagnum peat was
found to lower linearly with increased
drying temperature (Saarinen & Tuittila
1983) and the pH of sedge peat was low-
ered by long-term air-dried storage (Sil-
lanpdd 1977).

The aim of this study was to detect a
safe drying temperature region to avoid
changes in pH and in the solubility of nu-
trients in some Finnish peat types.

MATERIAL AND METHODS
This study consists of two experiments.

Experiment 1. Peat samples were
taken from two virgin bogs under the wa-
ter table. The peat types were slightly hu-
mified Sphagnum peat (H,, von Post) and
moderately humified sedge peat (H,) witha
small amount of Equisetum. The samples
were dried at four different temperatures:
20 (air drying), 40, 70 and 105°C and the
dry peat pulverized. For both peat types
there were four replicates of each tem-
perature.

pH was determined from a peat-water
suspension (1:2, 5 v/v, overnight). K, Ca, P
and Mg were extracted with acid am-
monium acetate, pH 4.65; extraction time
was one hour and extraction ratio 1:10
v/v. Fe, Mn, Cu, Zn and Mo were ex-
tracted with AAAc-EDTA using the same
extraction conditions described above.
Boron was extracted with hot water. Mea-
surements of nutrient concentrations were
made using an atomic absorption spectro-

photometer, P was measured colorimetri-
cally and B by the azomethine-H method.
Experiment 2. Peat samples were
collected from three sites, the third “peat
type” being cultivated sedge peat taken
from above the water table. Drying tem-
peratures were 20, 30, 40, 50, 60, 70 and
80°C, with 5 replicate samples at each.
Determination of pH and nutrient extrac-
tions were carried out as in Exp. 1. Boron
was not extracted but Al was being ex-
tracted with AAAc-EDTA. Element con-
tents were measured using an inductively
coupled plasma emission spectrometer.

RESULTS AND DISCUSSION
pH

pH values as the function of drying tem-
perature are presented in Figs. 1 and 2.
There is little difference between the dif-
ferent peat types. pH values of the two
lowest drying temperature did not differ
significantly, but raising the drying tem-
perature from 40 to 105°C linearly low-
ered pH from 3.3 to 3.0 (r = -0.84***) in
Sphagnum peat and from 4.6to 4.1 (r =
—0.99***) in sedge peat (Fig. 1). The de-
cline of pH in the cultivated sedge peat oc-
curred at 70°C (Fig. 2). These results are
similar to those reported by van Lierup
and MacKenzie (1977) in which the aver-
age drop in pH among samples of ten
Canadian organic soils was 0.5 units mea-
sured at field capacity and from air-dried
samples.

Because water molecules are part of the
structure of humic matter, the dewatering
of the system breaks down the structure
and causes rearrangement of the bonds
(Raveh and Avnimelech 1978, Volarovich
et al. 1972). The higher the drying tem-
perature, the more rapid the dewatering,
thus allowing less time for the formation
of new bonds. This breaks down new mi-
celles revealing more active and acid
groups. Another possible mechanism for
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Fig. 1. Drying temperature and pH in Sphagnum
(a) and sedge (b) peat.

Kuva 1. Kuivatusldmpdétilan vaikutus rahka- (a) ja
saraturpeen (b) pH-lukuun.

increasing acidity is the oxidation of
Fe(Il) to Fe(Ill) at a higher drying tem-
perature. The stability of Fe(III) chelates
is greater than that of Fe(II), resulting in the
release of hydrogen ions.

Macronutrients

The effect of drying temperature on the
extractability of K, Ca and Mg was slight
or none. In contrast the amounts of ex-
tractable P increased from 0.8 mg/l soil at
40°C to 2.2 mg at 105°C in Sphagnum peat
and from 0.1 mg at40°C to 1.4 mg at
105°C in sedge peat (Fig. 3). The corre-
lation was strongly linear with correlation
coefficients of r = 0.80** and r = 0.93***,
respectively. There appears to be little
effect at temperatures lower than 40°C
(Fig. 4). The effect of the drying tem-
perature on extractable P is most probably
secondary because below pH 5.5 the pro-
tons promote dissolution of P in acetate-
based solvents.

Micronutrients

Drying temperature did not have a sig-
nificant effect on the extractability of B,

SUO 40(4), 1989 151

°c

Fig. 2. Drying temperature and pH in Sphagnum
(a), sedge (b) and cultivated sedge (c) peat (the
mean of five replicates).

Kuva 2. Kuivatusldmpdétilan vaikutus rahka- (a),
sara- (b) japeltosaraturpeen (c) pH-lukuun (viiden
rinnakkaisndytteen keskiarvoina).

Cu, Zn and Mo but the amount of ex-
tractable Fe decreased from 152 mg/l soil
at 40°C to 107 mg at 105°C in Sphagnum
peat and from 949 mg at 40°C to 590 mg
at 105°C in sedge peat (Fig. 5). The de-
crease was strongly linear and the corre-
lation coefficients were r=-0.63** and
r=-0.96*** respectively. As seen even
in Fig. 6, the lowest temperatures did not
affect extractability, the overall decline
being apparent at temperatures over 40°C.

The diminishing iron extractability
with rising drying temperature is contrary
to published results, which is probably due
to the different kind of soil used in this
study. Most research work has dealt with
neutral or alkaline, aerobic mineral soils.
The difference between peat and mineral
soil is possibly due to differences in the
changes of the oxidation state of ion.
Increasing drying temperature oxidizes
Fe(II) to Fe(III) which is less soluble. At
the same time, Fe(III) forms very stable
complexes with humic matter replacing
some of the H-bonds and releasing protons.
In neutral aerobic soils the increased
solubility of iron derives from the change in
the hydrous state.
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Fig. 3. Drying temperature and extractable phos-

phorus in Sphagnum (a) and sedge (b) peat.

Kuva 3. Kuivatusldmpatilan vaikutus rahka- (a) ja

saraturpeen (b) uuttuvaan fosforiin.
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Fig. 5. Drying temperature and extractable iron in
Sphagnum (a) and sedge (b) peat.

Kuva 5. Kuivatusldmpotilan vaikutus rahka- (a) ja
saraturpeen (b) uuttuvaan rautaan.
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Fig. 4. Drying temperature and extractable phos-
phorus in Sphagnum (a), sedge (b) and cultivated
sedge (c) peat (the means of five replicates).

Kuva 4. Kuivatusidmpétilan vaikutus rahka- (a),
sara(b) ja peltosaraturpeen(c) uuttuvaanfosforiin
(viiden rinnakkaisndytteen keskiarvoina).

In sedge peat, there was a slight de-
crease in the extractability of manganese
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Fig. 6. Drying temperature and extractable iron in
Sphagnum (a), sedge (b) and cultivated sedge (¢)
peat (the means of five replicates, Sphagnum on
right hand scale).

Kuva 6. Kuivatusldmpdétilan vaikutus rahka- (a),
sara- (b) ja peltosaraturpeen (c) uuttuvaan
rautaan (viiden rinnakkaisndytteen keskiarvoina,
rahkaturve oikeanpuoleisella asteikkolla).

but the statistical significance was only
fair.

CONCLUSIONS

Drying temperature affects both pH and
the extractability of some nutrients simi-
larly in all three peat types.

The effect on the extractability of nu-
trients can depend on the oxidation state

(Fe) or related to pH changes (P).
Drying temperatures between 20 and
40°C, where changes in pH and nutrient

extractability are slight, are recommend-
ed.
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KUIVATUSLAMPOTILAN VAIKUTUS ERI TURVELAJIEN UUTTUVIIN PAA-
JA HIVENRAVINTEISIIN SEKA pH-LUKUUN

Kuivatuslimpétilan vaikutusta eri turve-
lajien uuttuviin ravinteisiin sekd pH-lu-
kuun tutkittiin kahdessa kokeessa. Ko-
keessa 1 rahka- ja saraturvendytteet kui-
vattiin neljdssd lampdétilassa: 20 (ilmakui-
vatus), 40, 70 ja 105°C. Kuivista niytteistd
maddritettiin K, Ca, Mg ja P (hapan ammo-
niumasetaattiuutto, pH 4,65), Fe, Mn, Cu,
Zn ja Mo (AmAc-EDTA-uutto), B (kuu-
mavesiuutto) ja pH (vesi).

Kahdessa alimmassa kuivatuslampéti-
lassa tulokset pysyttelivit samalla tasolla,
mutta ldmpoétilan nosto 40°:sta 105°:en
alensi pH-lukua 3,3:sta 3,0can (r=
—0,84**) rahkaturpeella ja 4,6:sta 4,1:en
(r = -0,99***) saraturpeella. Fosforin
uuttuminen lisddntyi 0,8 mg:sta/l maata
2,2 mg:an rahkaturpeella ja 0,1 mg:sta
1,4 mg:an saraturpeella. Uuttuvan raudan
midré taas viahentyi 152 mg:sta/l maata
107 mg:an rahkaturpeella ja 949 mg:sta

590 mg:an saraturpeella. Muutokset olivat
lineaarisia korrelaatiokertoimien ollessa
fosforilla r = 0,80*%* ja r = 0,93*** ja
raudalla r = -0.63** ja r = —0,96%**,
pH-luku erosivat eri turvelajeilla, muu-
tosten suunnat ja luonne olivat hyvin sa-
mankaltaisia. Kuivatuslampétilan vaikutus
muihin kuin yllimainittuihin ravinteisiin
oli vihiinen.

Kokeessa 2 oli kolme turvelajia, rahka-,
sara- ja viljelty saraturve ja kuivatus-
lampdotilat olivat 20°:sta (ilmakuivatus)
80°C:en kymmenen asteen vilein. Boorin
sijasta analysoitiin alumiini. Mitdin jyrk-
kid muutoksia uuttuvuudessa tai pH-lu-
vussa lampétilan kohotessa ei esiintynyt,
vaan tulokset noudattelivat kaikilla turve-
lajeilla kokeen 1 suuntaviivoja. Turvalli-
sin kuivatusldmpotila ndyttdisi ravinne-
analyysien suhteen olevan 20—40°C.
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