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The exchangeable cations in Finnish soils have not been an object of partic-
ularly intensive study. In the papers of Kivinen (10) and Aarnio (1) attention
has been paid mainly to the T-, S-, and V-values in Finnish clay soils. Further
information has been given by e.g. Keränen (9), Heinonen (4. 5), Salonen (15)
and Puustjärvi (14).

In the present paper results obtained on a larger material of Finnish soil samples
are reported. In addition to the cation exchange capacity and the percentage base
saturation also the most common exchangeable cations in the different soil types
are determined.

Material and methods

The material of the present work consists of 100 soil samples collected from
various parts of our country. 35 samples are from the plough layer, and 32 samples
from the deeper layers of cultivated soils, 14 samples from the surface layer, and
19 samples from the deeper layers of virgin soils. The profile samples of the layer

o—2o0—20 cm are marked by a, 20 30 cm by b, and 50 60 cm by c, except in the
profiles Jo a-f and Hä a-d the layer 0 —2O cm is marked by a, 50—60 cm by b,
100—110 cm by c, 150—160 cm by d, 200—210 cm by e, and 250—260 cm by /.

On the basis of the mechanical analyses performed by the areometric procedure
of Soveri and Hilpi (18) the mineral soils are grouped to the textural classes used in
Finland:

0 < 0,002 ram 0,002 0,02 mm
sand and fine sand soils
loam and silt soils

<3O % >5O %

<3O % <5O %

clay soils >3O %

Thus the material consists of 45 samples of clay soils, 26 samples of loam and silt
soils, and 11 samples of sand and fine sand soils. In addition there are 18 samples
of organic soils containing more than 8,5 % organic carbon.

https://www.c-info.fi/en/info/?token=VG8_LbJPGXuYdaJv.PFWF_-X0jsWdbqNlsZopYA.pUIDZtllbPZrCgoEV584vGzBzw3MeHMCMgNotjzkVwttcGS4UMBIZ2SInWR1_AXOsePFtglM9DEGmtqg6Z3P9IsTmtyPPPxC0vFaYd80WEp0BSSFKjwYkpRjbDDo4DYgJEUl-VyWpcRZaA3aBVXl2kQ4veME9kKyB29f


149

The soil pH was measured in a 1 to 2,5 suspension in 0.01 M CaCl2 by a
Beckman pH meter with a glass electrode. The content of soil organic carbon was
determined by a modified method of Walkley (19) using the iodometric titration.

Exchangeable cations were leached from air-dried, ground soil samples with
neutral 1 N ammonium acetate by a modified method of Schollenberger and
Simons (17).

A 5 g sample of organic soil or a 10 g sample of mineral soil was weighed in a Metson tube. Into
these tubes the following layers were packed; 1) about scm finely torn filter paper 2) 5 g of washed
quartz sand 3) the weighed soil sample mixed with an equalamount of quartz sand 4) 5 gof quartz sand.
Ammoniumacetate was added in portions of 50 ml, the total amount was 200 ml.

The percolation was adjusted so that the period of leaching was 4 to 8 hours. Exchangeablehydro-
gen was determined by titrating the soil leachates with 0,1 N NaOH electrometrically using a glass elec-
trode to the pH 7.0 of the original ammonium acetate solution. Exchangeable calcium, potassium and
sodium were determined directly from the soil leachates using the Beckman Model DU spectrophoto-
meter with the flame attachment 9200. In the determinations the following wavelengths were used:
Ca 554 m/i, K 768 m/j, and Na 589 m/<.

Magnesium was determined from the filtrates by versene titration after calcium was first precipi-
tated as oxalate (6).

CEC values were calculated as the sum of all exchangeable cations, and the percentage base sat-
£ exchangeable bases

uration from the equation 100 X CEC

The accuracy of analyses

All the analyses were performed at least in duplicates. Usually a fairly low
degree of accuracy may be obtained in studies of cation exchange in the routine
work. Looking for the sources of errors in these determinations the variation in the
efficiency of leaching, the heterogenesity of the soil, the disturbing ions in the
leachates and the particular measuring errors may be among the most important
ones. The ratio of soil to solution was 1 to 20 in the mineral soils, which Fieldes and
his co-workers (3) claim to result in a nearly perfect exchange. It was, however,
impossible to make the rate of percolation quite equal for all the samples, and that
could cause some differences in the determinations. In order to minimize the effect
of other cations the standard solutions were compensated for the average amounts
of the most common cations.

In the magnesium determinations from the strongly coloured organic soil
leachates first organic matter and NH4> and then P, Al, Fe, Mn were removed (7).

In order to get an idea about the accuracy of the analyses ten parallel leachings
were made with two of the soil samples. The means of the results with the confidence
limits at the 95 per cent level were the following expressed as me/100 g of soil.

Ca Mg K Na H CEC
To/60
U A a

38.9 ± 0.32 6.8 ± 0.23 0.86 ± 0.04 0.74 ± 0.06 15.9 ± 0.28 63.3 ± 0.54
30.1 ± 0.42 7.7 ± 0.16 0.71 ± 0.03 0.26 ± 0.01 5.1 ± 0.14 43.8 ± 0.52

It seems that in the determinations ol calcium, magnesium and hydrogen the
accuracy ot 0.1 me per 100 g and in the determinations of potassium and sodium
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the accuracy of 0.01 me per 100 g could be attained. The results in Table 1 are,
however, reported at the customary accuracy of 0.1 me per 100 g for calcium, mag-
nesium and hydrogen and at the accuracy of 0.01 me per 100 g for potassium and
sodium.

Results

The results obtained for various soil samples are reported in Table 1. In addition
to the values of cation exchange capacity, percentage base saturation and the
amounts of exchangeable calcium, magnesium, potassium, sodium and hydrogen,
also the contents of clay and organic carbon, and the pH-values of the soil samples
are listed there.

In this material distinct differences exist in the results between and also within
the various soil types. The largest variations in the amounts of the exchangeable
cations and in the values of the percentage base saturation may be found in the
group of clay soils. This seems to be due to the fact that there are samples both
of Litorina clays (Vi la-c, Vi 3a-c, Vi 4b-c, Vi 6a-c, V4N, UL a-b, P a-c) and of typical
Glacial clays (Jo a-f, UA a-c, Hä c-d, Sac, Mo b-c). The Glacial clays have been
deposited in the sweet water during or immediately after the Glacial period and the
Litorina clays are our youngest marine sediments deposited in the salty water of
the so-called Litorina Sea.

Table 1. Exchangeable cations of the soil samples.

Exchangeable cations me/100 g

Sample Place Clay Org. C pH Ca** Mg** K* Na* H* Total. BS 0

0/ o//o /o

Clay soils, surface layers

U A a Uskela 56 3.2 6.0 29.9 7.8 0.71 0.26 5.1 43.8 88
Vi 3a Viiki 47 4.6 4.6 12.7 1.0 1.38 0.10 23.2 38.4 4047 4.6 4.6 12.7 1.0 1.38 0.10 23.2 38.4 40
ULa Uskela 65 3.4 4.7 13.7 5.3 0.77 0.18 15.5 35.5 56
1509 Pukkila 58 5.5 5.0 12.3 6.8 0.38 0.24 15.3 35.0 56
V4N Viiki 47 5.4 4.6 12.6 1.1 1.2 0.14 17.9 30.0 46
Vila Viiki 46 2.9 3.5 2.4 2.0 0.60 0.36 26.7 32.1 17
V2N Viiki 40 4.6 4 7 15.6 1.1 0.89 0.12 12.2 29.9 59
P a Porvoo 35 5.1 5.1 14.0 1.4 0.77 0.35 9.1 25.6 65
Vi 2a Viiki 45 1.0 4 7 8.3 3.4 0.53 0.20 8.8 212 59
Vi 6a Viiki 29 2.9 4.2 4.7 1.0 0.84 0.17 13.1 18.9 34

Clay soils, deeper layers

Sac Savio 83 0.2 B.Ö 21.2 15.8 0.82 0.64 3.6 42.1 91
Vi le Viiki 51 2.2 3.3 2.6 3.6 0.53 0.95 28.0 35.6 21
Jo b Jokela 80 0.2 5.8 14.4 15.2 0.96 0.77 3.9 35.2 89
UAc Uskela 70 0.6 5.7 18.0 11.7 0.83 0.46 4.0 35.0 88
U A b Uskela 66 1.6 5.8 20.2 8.5 0.38 0.30 5.2 34.6 85



Exchangeable cations mej 100 g

Sample Place Clay Org. C pH Ca** Mg** K* Na* H* Total. BS %

% %

Jod Jokela 82 0.16.2 14.215.0 0.970.45 3.434.0 90
Joe Jokela 80 0.16.1 14.015.0 0.970.43 3 5 33.9 90
Joe Jokela 82 0.1 6.0 14.2 15.1 0.95 0.42 2.9 33.6 91
1510 Pukkila 64 0.7 6.0 14.1 12.9 0.41 0.58 Vii 33.6 83
1514 Mäntsälä 57 0.5 6.2 16.2 8.3 0.60 0.54 5.6 31.1 82
Vi 3c Viiki 72 1.6 3.7 13 1.2 0.80 0.14 27.2 30.6 11
Vi Ib Viiki 42 2.9 3.6 1.6 1.8 0.51 0.37 25.7 30.0 14
ULc Uskela 57 0.5 6.7 12.2 12.3 0.62 0.31 4.6 30.0 85
Pc Porvoo 63 1.2 4.1 12.7 1.4 0.84 0.33 14.6 29.8 51
Vi 2. Viiki 89 0.4 5.7 12.2 10.5 0.92 0.67 4.9 29.1 83
Joa Jokela 82 0.5 5.6 14.5 16.2 1.07 1.20 5.6 37.6 8.5
1612 Mäntsälä 48 0.6 5.9 12.7 10.0 0.36 0.34 4.4 27.8 84
Vi 3b Viiki 64 2.1 4.0 2.0 0.96 0.76 0.08 23.2 27.0 14
Hy2c Hyvinkää 50 0.3 6.4 13.9 9.4 0.32 0.38 2.6 26.6 90
Vi 2b Viiki 74 0.6 5.2 10.4 7.8 0.69 0 42 6.6 25.9 74
H&d Hämeenlinna 68 0.3 6.3 119 11.0 0.44 0.34 2.2 25.9 92
Häc Hämeenlinna 04 0.6 6.4 11.6 10.4 0.47 0.40 2.2 25.1 91
ULb Uskela 68 0.9 4.6 8.1 5.9 0.31 0.23 9.8 24.3 60
Jo f Jokela 62 0.1 6.3 12.4 8.2 0.69 0.30 2.5 24.1 90
Vi 6b Viiki 42 2.3 3.8 4.2 1.3 0 50 0.17 17.6 23.8 26
Vi 4c Viiki 46 0.4 4.0 4.3 3.5 0.66 0.21 13 9 22.4 38
l'c Porvoo 30 5.3 5.2 12.5 1.1 0.54 0.22 8.6 22.9 63
Vi 6c Viiki 55 2.0 4.0 4.7 1.6 0.79 0.42 14.8 22.3 33
Hy2b Hyvinkää 3.". 0.5 5.9 11.0 5.9 024 0.19 4.0 21.3 81
Hae Hausjärvi 43 0.1 5.5 8.1 8.0 0.34 0.39 4.1 20.9 80
Hab Hausjärvi 42 0.2 5.3 8.3 7.7 0.29 0.37 4 3 20.9 80
Vi 4b Viiki 38 1.9 3.9 2.7 1.1 0.26 0.15 16.1 20.3 21
Mo c Mouhijärvi 48 0.5 5.8 9.9 7.3 0.35 0.33 2 4 02.3 88
Mo b Mouhijärvi 32 0.5 5.8 8.8 5.7 0.29 0.22 4.4 19.4 77
Mc Muurla 33 0.0 5.1 7.3 6.6 0.23 0.29 2.9 17.3 83

Loam and silt soils, surface layers

Hy 2a Hyvinkää 25 2.75.3 13.42.8 0.240.12 8.925.5 65
HP 2a Laukaa 16 2.25.5 15.42.0 0.240.13 6.424.2 7316 2.25.5 15.42.0 0.240.13 6.424.2 73
K 101 Laukaa 22 3.5 6.2 14.4 1.7 0.36 0.11 7.5 24.1 69
Vi 4a Viiki 24 5.0 4.3 6.0 1.5 0.26 0.11 7.5 24.1 69
lII* 1 .i Laukaa 28 2.6 5.4 14.6 1.9 0.12 0.12 5.5 22.2 75
HP/N Laukaa 25 2 7 5.6 13.4 1.9 0.11 0.26 5.6 21.3 74
Kl Laukaa 21 2.5 VI 13.9 1.9 0.13 0.12 4.5 20.6 78
K MH Laukaa 18 3.7 4.6 8.0 0.8 0.17 0.12 10.6 19.7 46
M a Muurla 24 2.4 .V.'! 8.4 1.6 0.57 0.24 7.5 18.3 59
K 5 Laukaa 18 2.2 5.3 11.6 1.3 0.17 0.10 4.0 17.2 77
Moa Mouhijärvi 22 1.5 5.5 8.0 2.6 0.19 0.13 5.6 10.9 66
Häa Hämeenlinna 26 11 513 7.3 2.8 0.32 0.17 5.0 15.6 68
Ha Hausjärvi 17 1.2 4.6 1.5 0.7 0.31 1.8 11.1 15.3 28
K 2 Laukaa 10 2.2 5.3 8.6 0.9 0.26 0.13 4.7 14.6 68
Ka a Kauhajoki 22 0.74.7 5.03.8 0.200.19 5.214.4 64
To 9a Tohmajärvi 16 1.44.7 2.81.3 0.180.10 6.010.4 42
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Exchangeable cations me/100 g

Sample Place Clay Org. C pH Ca** Mg** K* Na* H* Total BS %

Of o;/o la

Loam and silt soils, deeper layers
Sb Savio 28 0.2 6.0 8.6 6.2 0,19 0.25 3.2 18.4 83
S a Savio 24 0.6 5.8 6.8 5.1 0.15 0.21 4.2 16.5 74
Kab Kauhajoki 20 0.5 4.7 5.6 4.1 0.23 0.28 4.2 14.4 66
HP la Laukaa 28 1.1 5.3 7.2 2.4 0.10 0.16 4.3 14.2 70
Mb Muurla 28 0.4 4.7 4.2 2.9 0.19 0.14 6.6 14.0 53
Kac Kauhajoki 24 0.5 5.8 5.7 3.9 0.32 0.23 3.5 13.7 74
HP 2c Laukaa 17 0.6 5.7 5.5 2.8 0.13 0.31 2.0 10.7 81
HP le Laukaa 14 0.1 5.7 4.3 2.1 0.11 0.16 2.8 9.5 70
HP 2b Laukaa 8 0.5 5.6 4.5 1.9 0.07 0.20 2.0 8.7 77
Häb Hämeenlinna 28 0.7 5.9 6.7 4.2 0.24 0.13 2.6 13.9 81

Sand and fine sand soils, surface layers

To 7a Tohmajärvi 6 4.8 5.7 18.6 0.6 0.41 0.15 5.6 25.4 7K
To 3a Tohmajärvi 15 4.7 5.0 7.9 0.7 0.56 0.10 15.3 24.6 38
To 6a Tohmajärvi 8 4.7 6.2 15.4 0.5 0.62 0.14 4.9 21.6 77
To 2a Tohmajärvi 6 3.6 5.1 6.5 0.6 0.45 0.09 9.3 16.9 45
To 4a Tohmajärvi 22 2.4 5.3 7.1 1.0 0.36 0.10 6.2 14.8 58
Cl Laukaa 8 1.9 5.0 5.3 0.9 0.12 0.10 6.0 12.4 52
C 2 Laukaa 0 2.9 5.2 5.5 0.8 0.09 0.12 5.2 11.7 55
To 8a Tohmajärvi 4 2.0 5.4 4.8 0.2 0.34 0.07 4.7 10.1 53
Ks a Kannus 6 1.0 5.3 2.5 0.9 0.18 0.36 3.2 7.1 56

Sand and fine sand soils, deeper layers

Ks Kannus 9 0.1 5.4 2.8 1.6 0.13 0.07 2.6 7.2 64
Kl Kannus 6 0.1 5.4 2.5 1.5 0.09 0.09 2.9 7.1 68

Organic soils, surface layers

KT Hyvinkää 49.9 3.0 13.4 2.6 0.27 0.24 109.0 125.5 13
1515 Mäntsälä 41.7 3.9 20.8 5.8 0.38 0.33 96.7 124.0 22
A 44 49.5 3.6 7.1 0.8 0.12 0.10 108.2 116.3 7
LetP Leteensuo 33.5 4.0 36.5 3.1 0.35 0.50 75.9 116.4 35
A 3 Helsinki 46.8 3.5 15.9 0.9 0.19 0.43 95.2 112.6 15
A 43 46.7 3.6 12.3 0.8 0.10 0.18 96 4 109.5 12
61070 Kiikoinen 22.5 4.6 34.0 2.2 0.31 0.20 45.0 81.7 45
1539 Askola 24.6 4.5 16.1 3.0 0.31 0.17 52.9 72.5 27
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Exchangeable cations me/IOOg

Sample Place Clay Org. C pH Ca** Mg** K* Na* H* Total BS %

0/ 0//O ,o

1544 Pornainen 24.2 4.8 30.2 3.1 0.34 0.25 33.8 67.7 50

To/60 Tohmajärvi 16.8 5.2 38.5 6.6 0.82 0.70 16.1 62.7 74
1513 Mäntsälä 8.6 4.7 14.3 6.0 0.56 0.21 21.8 42.9 49
K 105 Laukaa 8.8 4.9 24.2 3.0 0.16 0.21 15.1 42.7 65
1511 Mäntsälä 11.7 4.7 11.1 5.9 0.36 0.24 25.0 42.5 41
Ri Hyvinkää 8.5 48 11.5 1.5 0.66 0.31 21.9 35.9 39

Organic soils, deeper layers
01072 Kiikoinen 47.6 4.2 62.6 9.9 0.20 0.26 83.9 156.9 36
1545 Pornainen 47.0 4.7 44.0 14.0 0.22 0.33 69.4 127.8 46
1540 Askola 30.8 4.8 46.5 16.0 0.21 0.39 61.0 124.1 51
1516 Mäntsälä 45.6 4.1 18.5 4.6 0.29 0.42 71.4 95.2 25

Exchangeable bases

In order to get a better survey of the data in Table 1 the means for the cation
contents in the different soil types were computed, expressed both as me/100 g
soil and as a percentage of the total amount of exchangeable cations.

First the exchangeable calcium is studied. In addition to the means with their
confidence limits at 95 per cent level also the minimum and maximum values are
reported. In the parenthesis the number of samples is given.

Ca me per 100 g Ca %

mean range mean range
non-I.itorina clays

surface ( 4) 16.5 ± 12.7 8.3 - 29.8 49 ± 21 35 - 68
deeper layers (24) 13.0 ± 1.5 7.3 - 21.2 45 ± 0 2 38 -58

I.itorina clays
surface ( 6) 10.0 ± 5.1 2.4 - 14.0 33 ± 16 7 -55
deeper layers (11) 5.1+ 2.8 1.3-12.7 21 ± 11 4-55

loam and silt soils
surface (16) 9.5 ± 2.4 2.3 - 15.4 49-9 10-68
deeper layers (10) 5.9 ± 1.0 4.2 - 8.6 45 ± 6 30 -52

sand and fine sand soils
surface ( 9) 8.2 ± 4.0 2.5 - 18.6 48 ± 11 32 - 73

organic soils
surface (14) 20.4 ± 5.9 7.1 - 38.5 30 ± 10 6-61
deeper layers ( 4) 42.9 ± 25.3 18.5 - 62.6 33 ± 13 19 - 40

According to these mean values the lowest calcium content seems to be found
in the deeper layers of the Litorina clays and of the loam and silt soils, the relative
amount of calcium on the other hand appears to be distinctly lower in the organic
soils and in the Litorina clays than in the other soil groups. That may be partly
attributed to the fact that also the percentage of exchangeable hydrogen is very
high in these soil types. The distinct difference between the calcium content of the
Glacial clays and the Litorina clays has also previously been observed (2).

The mean quantities of exchangeable magnesium extracted by the present
method were the following:
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Mg me per 100 g Mg %

mean range mean range
non-Litorina clays

surface (4) 4.8 ± 4.3 11- 7 8 14 ± 10 4-19
deeper layers (24) 10.6 ± 1.4 5.7 - 15.7 37 ± 3 28 -45

l.itorina clays
surface ( 6) 2.0 ± 1.7 1.0-5.3 6 - 5 3 - 15
deeper layers (11) 2.1 ± 10 1.0-5.9 S = 4 4 -24

loam and silt soils
surface (16) 1.8 ± 0.4 0.7 - 3.8 10 ± 3 4-27
deeper layers (10) 3.6 ± 1.0 1.9 - 6.2 26- 4 17-34

sand and fine sand soils
surface ( 9) 0.7 ± 0.2 0.2-1.0 5=3 2 - 13

organic soils
surface (14) 3.2 ± 1.2 0.8-6.6 5-3 1 - 14
deeperlayers ( 4) 11.1 ± 7.0 4.6 - 16.0 9 ± 5 5-13

These mean values show very clearly that the highest magnesium content seems
to be found in the clay soils except in the Litorina clays, some of which contain
really low amounts of magnesium. Loam and silt soils are also fairly rich in magne-
sium, which is perhaps partly due to the fact that to this group belong soils with
a relatively high clay content. Sand and fine sand soils contain quite a low absolute
amount of magnesium. Especially high is the magnesium content in the Glacial
clay sample of Jokela. Its magnesium content, 40,5 to 45,0 per cent of CEC, which
is higher than that of any other exchangeable cation, may be explained by the
presence in the parent material of biotite rich in magnesium.

In most groups appreciably lower mean values were found for the contents of
exchangeable potassium.

K me per 100 g K %

mean range mean range
non-Litorina clays

surface ( 4) 0.63 ± 0.31 0.38 - 0.89 2.1 ± 1.2 1.1 - 3.0
deeper layers (24) 0.59 i 0,12 0.23 - 1.07 2.0 ± 0.3 0.9 - 3.2

l.itorina soils
surface ( 6) 0.92 ± 0.30 0. 6 - 1. 0 3 1 ± 0.9 1.9 - 4.2
deeper layers (11) 0,58 ± 0,13 0.26 - 0.80 2.2 ± 0.5 1.2 - 3.5

loam and silt soils
surface (16) 0.18 ± 0.06 0.11 - 0.57 1.3 ± 0.4 0.5 - 3.1
deeper layers (10) 0.17 ± 0.05 0.07 - 0.32 1.3 ± 0.3 0.7 - 2.3

sand and fine sand soils
surface ( 9) 0.35 ± 0.13 0.09 - 0.62 2.2 ± 0.6 0.7 - 3.3

organic soils
surface (14) 0.35 ± 0.12 0.10 - 0.82 0.6 ± 0.3 0.1 - 1.8
deeper layers ( 4) 0.23 ± 0.06 0.20 - 0.29 0.2 ± 0.17 0.1 - 0.3

The loam and silt soils seem to have, on the average, the lowest potassium
content, and the relatively lowest amount of potassium appears to be found in the
organic soils. The studied Litorina clays, on the contrary, contain large amounts
of potassium as compared with the other soils.
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Absolutely and relatively high K-content of the fine sand samples of Tohmajärvi
may be mainly due to the parent material rich in illite. The mean values and the
variation limits of sodium were of the same order as those of potassium, and in all
soil types mostly far lower than the calcium and magnesium contents.

Na me per 100 g Na %

mean range mean range
non-Litorina clays

surface (4) 0.21 ± 0.09 0.12-0.26 0.7 ± 0.3 0.4-1.0
deeper layers (24) 0.44 ± 0.08 0.19 - 1.20 1.6 ± 0.3 0.4 - 1.0

I itorina clays
surface ( 6) 0.21 ± 0.13 0.10 - 0.30 0.8 ± 0.4 0.3 - 1.3
deeper layers (10) 0.30 ± 0.16 0.08 - 0.95 1.1 ± 0.5 0.3 - 2.7

loam silt soils
surface (16) 0.25 ± 0.21 0.10-1.75 1.5 ± 1.4 115-0.5
deeper layers (10) 0.21 ± 0.13 0.14 - 0.31 1.6 ± 0.4 1.0 - 2.9

sand fine sand soils
surface ( 9) 0.14 ± 0.06 0.07 - 0.30 1.2 ± 1.0 0.4 - 5.0

organic soils
surface (14) 0.29 ± 0.09 0.10-0 70 0.4 ± 0.2 0.1 1.1
deeper layers ( 4) 0.35 ± 0.10 0.26 - 0.42 0.3 ± 0.1 0.2 - 0.4

The lowest absolute amount of sodium is to be found in the sand and fine sand
soils. Relatively, the organic soils have quite a low and the loam and silt soils quite
a high content of sodium.

Cation exchange capacity, percentage base saturation and exchangeable hydrogen

It is well-known that clay particles and humus matter are those soil colloidal
constituents, which are primarily responsible for the magnitude of the exchange
capacity. Heinonen (5) has studied statistically the exchange capacity of these
colloids. According to his results as much as 94 % of the variation in the CEC-values
might be explained by the amounts of humus and clay colloids.

Also in the present paper the relation between the CEC-values and the contents
of clay and organic carbon was studied in mineral soils. The clay percentage used
in these calculations represented the amount of clay particles <2/4. The following
regression equation was obtained;
Y = 4,95*** Xt -f- o,2o*** X 2 + 6,70, in which Y means the CEC value as me per
100 g of soil, Xj the per cent of organic carbon, and X 2 the per cent of clay. The
partial regression coefficient was found to be very significant. Multiple correlation
coefficient was R = 0,84, and the contents of clay and organic carbon explained
70 per cent of the variation of the exchange capacity of these mineral soils.

The mean values and the ranges of the cation exchange capacity and the
percentage base saturation in the different soil types of this material are:
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CEC me per 100 g BS %

mean range mean range
non-I.itorina clays

surface (4) 32.5 ± 14.2 21.2 43 9 66 -36 56 -88
deeper layers (14) 28.6 =2 8 17.3 42 1 86 = 2 77-92

Litorina clays
surface ( 6) 30.7 ± 6. 8 19.8 - 38 3 43 =l7 17 - 65
deeper layers (11) 26.3 ± 3. 1 20.3 - 35.6 32 =l3 11 - 63

loam and silt soils
surface (16) 19.0 = 2. 3 10.4 - 25.4 62 - 8 28-77
deeper layers (10) 13.4 ± 2. 1 8.6 - 18 4 73 - 6 53-83

sand and fine sand soils
surface (9) 16.1 i 4. 9 7.1 25.4 57 =lO 38 - 78

organic soils
surface (14) 82.4 ± 19.4 35.9 - 125.5 35 - 12 7-74
deeper layers ( 4) 126.0 ± 35.0 95.2 156.8 42 =l6 25 - 51

The highest CEC values per weight are, of course, obtained in the organic soils
and clay soils, because these soil types have the greatest amount of colloids. In the
proper peat soils CEC values vary from 67.9—156.8 me/100 g. The averagely rather
low content of exchangeable bases is partly due to the fact that among the studied
soils there were several unfertilized virgin peats (samples RT, A3, A43, A44).

In the different clay soils CEC and BS % vary characteristically. The average
BS-value of the typical Glacial clays is 85 % ranging from 77 to 92 %, and in the
Litorina clays BS % is, on the average, 36 % ranging from 11 to 65 %. Appreciably
lower CEC values may be found in the loam and silt soils and in the sand and fine
sand soils. Generally, these soils seem to be somewhat richer in exchangeable bases
than in exchangeable hydrogen, so that the BS values are in several cases over 50 %,

reaching even to 83 %, and on an average they are 64 %.

In this connection no attempt is made to specify various factors resulting in
consumption of alkali in the determination of the so-called exchangeable hydrogen.
Thus the following mean values also contain other factors behaving like hydrogen.

H me per 111(1 g H %

mean range mean range
non-Litorina clays

surface (4) 10.3 ± 6.1 .5.1 -17 3 34 21 12-44
deeper layers (24) 4.0 ± 0.5 2.2 - 6.6 15 ±2 8- 26

Litorina clays
surface ( 6) 17.6 ± 6.4 9.1 - 26.7 57 ± 17 36 - 83
deeper layers (11) 18.1 ± 4.6 9.8 - 27.9 68 ± 14 37 -89

loam and silt soils
surface (16) 7.1 ± 1.0 4.0 - 16.1 39 ± 10 22 -72
deeper layers (10) 3.6 ± 1.0 2.0- 6.6 27=19 Is 17

sand and fine sand soils
surface ( 9) 6.7 ± 2.7 3.2 16.3 43 10 22 - 62

organic soils
surface (14) 58.1 ± 21.1 15.1 109.0 65 = 12 26 - 93
deeper layers ( 4) 71.4 ± 13.1 61.0 - 83.9 58 -16 49 - 75
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According to these means the highest amounts of exchangeable hydrogen, both
absolutely and relatively, are to be found in the groups of the Litorina clays and the
organic soils. The loam and silt soils and the sand and fine sand soils also contain
relatively high amounts of exchangeable hydrogen, especially in the surface layers.
The lowest percentage of hydrogen is obtained in the group of the non-Litorinaclays.

Exchangeable cations in various layers of the soil.

The distribution of exchangeable cations in various layers of soil profiles pri-
marily depends on the intensity with which the cations are adsorbed or fixed by the
soil, on the leaching conditions, on the amounts of cations carried from the neigh-
bourhood, and also on the utilization of nutrient cations by the surface vegetation.
It is noticed when examining the different depths of the soil profiles within this
material that the cation exchange capacity tends to decrease in the deeper layers,
where the influence of humus no more exists. Because of the leaching of nutrient
cations from the upper layers the percentage base saturation is often higher in the
deeper layers than in the surface of the profile samples. In the Litorina clays the
variation between the different depths seems to be less regular. On the other hand,
when some separate soil profiles are examined (Table 2), it is noticed that certain

Table 2. Data from various layers of different soil types

Exchangeable cations me per 100 g
Sample Clay Org. C pH C'a Mg K Na H Total HS %

o o/

Glacial clay
Jo a 82 0.5 5.6 14.5 15.2 1.07 1.20 5.6 37.6 85

b 80 0.2 5.8 14.4 15.2 0.97 0.77 3.9 35.2 89
c 80 0.1 6.1 14.0 15.0 0.97 0.43 3.5 33.9 90
d 82 0.1 6.2 14.2 15.0 0.97 0.45 3.4 34.0 90
e 82 0.1 6.0 14.2 15.1 0.95 0.42 2.9 33.6 92
I 62 0.1 6.3 12.4 8.2 0.69 0 30 2.5 24.1 90

Litorina clay
Yi la 46 2.9 3.5 2.4 2.0 0.60 0.36 26.7 32.1 17

b 42 2.9 3.6 1.6 1.8 0.51 0.37 25.7 30.0 16
c 51 2.2 3.3 2.6 3.6 0.53 0.95 28.0 35.9 21

Loam and silt soil
Hy 2a 25 2.7 5.3 13.4 2.8 0.24 0.12 8.9 25.5 66

b 35 0.5 5.9 11.0 5.9 0.24 0.19 4.0 21.3 81
c 50 0.3 6.4 13.9 9.4 0.32 0.38 2.6 26.6 90

Sand and fine sand soil
Ks a 6 1.0 5.3 2.5 0.9 0.18 0.36 3.2 7.1 56

b 9 0.1 5.4 2.8 1.6 0.13 0.07 2.6 7.2 64
c 6 0.1 5.4 2.5 1.5 0.09 0.09 2.9 7.1 68

Peat soil
61070 22.5 4.6 34.0 2.2 0.31 0.20 45.0 81.7 45
61072 47.6 42 62.6 9.9 0.20 0.26 83 9 156.9 46
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variation often appears in the deeper layers. In many cases finer fractions increase
there, and while the soil type is changed, the exchange capacity and the percentage
base saturation naturally vary, too.

As regards to individual cations, the exchangeable calcium and potassium
appear to be highest in the surface layers of cultivated soils. The contents of these
nutriens first decrease in the subsoil layers, but increase again in the ground layers.
In the virgin soils the quantities of calcium and potassium generally tend to increase
with the depth. Less magnesium appears to be found in the surface than in the
deeper layers in all soil types. The amount of exchangeable sodium seems, on an
average, slightly increase with the depth.

In this study the cultivated soils and virgin soils have not been grouped sepa-
rately, but because their absolute amounts of exchangeable cations obviously differ
from each other, the mean cation contents of the mineral soils were calculated for
the both groups. The means with their confidence limits at 95 per cent level were
the following:

Cultivated soils Virgin soils All mineral soils
surface layer

me/100 g me/100 g me/100 g
Ca 12.2 ± 2.1 4.6 ± 1.8 10.1 ± 2.0
Mg 1.0 ± 0.7 1.8 ± 0.8 1.9 ± 0.6
K 0.49 ± 0.14 0.28 ± 0.12 0.43 ± 0.10
Na 0.15 ± 0.08 0.35 ± 0.34 0.21 ± 0.09
H 9.1 ± 2.18 9.3 ± 2.38 9.2 ± 1.9

deeper layers
Ca 9.0 ± 2.0 9.4 ± 2.6 9.2 ± 1.5
Mg 5.5 ± 1.5 8.5 ± 2.6 6.7 ± 1.4
K 0.44 ± 0.10 0.54 ± 0.16 0.48 ± 0.10
Na 0.29 ± 0.05 0.42 ± 0.14 0.34 ± 0.06
H 8.0 ± 2.58 5.9 ± 3.55 7.1 ± 2.2

In comparing the means of the nutrient contents in the surface layers, where
the effect of cultivation is mainly to be found, it is noticed that the amount of
exchangeable calcium is appreciably higher in the cultivated than in the virgin
soils. In this connection, however, attention must be paid to the fact that the group
of virgin soils contained relatively less soils of finer texture than the group of cul-
tivated soils. This fact, of course, has also an effect upon the difference between
the cation contents of both the groups.

Potassium also occurs in a higher amount in the cultivated soils, the mean
content of sodium, on the contrary, seems to be somewhat lower in the cultivated
than in the virgin soils.

Discussion

The cation exchange capacity may range to a large degree, the variation being
influenced by several factors. Among these are of importance e.g. the mineral com-
position of the soil, the climatic conditions, the adsorption properties of the soil
colloids, the surface vegetation, and in the cultivated soils fertilization, liming,
and the uptake of nutrients by the crops.
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Values of the characteristic exchange capacity for different soil types and their
contents of exchangeable cations are given in many textbooks of soil science, e.g.
for the American soils by Lyon et al. (11) and for the German soils by Scheffer
and Schachtschabel (16). The means of the cation contents of some Swedish soils
reported by Wiklander (20) may best represent the soils of our northern humid
climate.

The CEC and BS values of the different soil types are of the same order as in
the previous studies carried out in Finland. In the proper peat soils the range of
exchange capacity is in good accordance with CEC values from 47 to 167 me per
100 g of soil reported by Puustjärvi (14) for samples of our peat soils. The CEC
and BS values of the various clay soils also agree with results by Kivinen (10),
according to which BS % ranged from 70 to 90 in 23 heavy clay soils, and in 18
Litorina clays the average BS % was 21. In the present work the highest CEC values
are also obtained in the Glacial clay soils and the percentage base saturation ranges
in them from 77 to 92. The Litorina clays within this material have a little lower
CEC values than the other clay samples but much lower percentages base saturation,
36 % on the average.

When examining the individual cations the high content of magnesium is
observable in all other clay soils except in the Litorina clays, a fact previously men-
tioned by Aarnio (2) and Heinonen (4). For the exchangeable cations of a so-called
»ideal» soil Schachtschabel (16) has proposed the following composition:

H: 0 to 25 %, Ca: 60 to 85 %, Mg: 10 to 15 %, K; 3 to 5 %, Na: 3 %. The
cation exchange capacity of this »ideal» soil varies from 10 to 25 me per 100 g of
soil and its pH from 5.5 to 7.5. The optimum contents of this kind, however, cannot
always be considered as generally accepted, as they greatly depend on the existing
conditions e.g. on the composition of the soil (13) and on the plant concerned (12).
The percentages of the exchangeable bases obtained within this material are, on the
average, below the »ideal» contents, hydrogen, on the contrary, appears to be
present in a higher degree. The reason for this may be partly that this material
contains besides samples of cultivated soils also samples of virgin soils, in which
the base content often appears to be fairly low. On the other hand, in many individual
samples the cation contents agree well with those of the optimum level.

Generally, the surface layer of the cultivated soils seems to contain the highest
amounts of calcium and potassium as a result of fertilization and liming. The mag-
nesium content seems to be highest in the deeper layers of the profiles in all soil
types. A high magnesium content in the deeper layers of the soils has previously
been found in the clay soils by Aarnio (2) and in the peat soils by Kaila and Ki-
vekäs (8). The distribution of this kind is to be expected, because it is known that
magnesium is sorbed weakly by humic matter and very effectively by clay, and in
many of the profiles the clay content tends to increase with depth.

Summary

An attempt was made to study the cation exchange capacity, the percentage
base saturation and the amounts of the most common cations in the different types
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and depths of the Finnish soils on the basis of a material of 100 soil samples from
various parts of the country.

The exchangeable cations were leached from the soil with neutral IN ammonium
acetate. Calcium, magnesium, potassium, sodium and hydrogen were determined
and the exchange capacity was calculated as the sum of all these cations.

In the different soil types the mean values of the CEC were the following:

organic soils 92.1 me per 100 g of soil
non-Litorina clays 28.9 »

Litorina clays 27.9 »

loam and silt soils 16.9 *

sand and fine sand soils 14.5 »

The highest values of the percentage base saturation, on an average 85 % were
obtained in the Glacial clay soils and the lowest ones in the organic soils, 34%, and
in the Litorina clay soils, 36 %. BS % was generally greater in the deeper than in
the surface layers.

The contents of clay (<.2/i) and organic carbon explained 70 per cent of the
variation in the exchange capacity of the mineral soils.

Among the exchangeable cations the magnesium content seemed to be relatively
high especially in the clay soils, except in the Litorina clays. The contents of potas-
sium and sodium seemed to be relatively rather low in the organic soils.

In the deeper layers exchangeable magnesium appeared to be higher than in
the surface layers in all soil types. The amount of exchangeable sodium seemed also,
on an average, slightly increase with the depth.

Generally, the results agreed well with the previous studies carried out in
Finland.
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SELOSTUS

VAIHTUVISTA KATIONEISTA SUOMEN MAALAJEISSA

Ulla Marttila

Maanviljelyskemian laitos, Helsingin yliopisto.
Pihlajamäki

Tutkimuksessa on määritetty 1-n ammoniumasetaatilla vaihtuvat kalsiumin, magnesiumin,
kaliumin, natriumin ja vedyn pitoisuudet sekä laskettu näiden kationien summana vaihtokapasiteet-
tiarvot.

Tutkimusaineistona oli 100 maanäytettä maamme eri osista
Eri maalajien kationinvaihtokapasiteetin keskiarvoiksi saatiin

eloperäiset maat 92.1 me/100 g
ei-Litorinasavet 28.9 »

Litorinasavet 27.9 »

hiue- ja hiesumaat 16.9 *

hiekka- ja hietamaat 14.5 »

Emäskyllästysaste oli suurin glasiaalisavilla, keskimäärin 85 %, ja pienin eloperäisillä mailla,
34 %, ja Litorinasavilla 36 %. Emäskyllästysaste yleensä kasvoi syvempiin kerroksiin mentäessä.

Saveksen (<2/r) ja orgaanisen hiilen pitoisuuden havaittiin selvittävän 70 % vaihtokapasiteetin
vaihteluista kivennäismailla.

Tarkasteltaessa erikseen yksityisten kationien määriä magnesiumin pitoisuus näytti olevan suh-
teellisen korkea erityisesti savimaissa paitsi Litorinasavissa. Kaliumia ja natriumia näytti esiintyvän
suhteellisen vähän eloperäisissä maissa.

Vaihtuvan magnesiumin pitoisuus lisääntyi selvästi kaikkien maalajien syvemmissä kerroksissa.
Vaihtuvan natriumin määrät näyttivät myös keskimäärin hiukan lisääntyvän syvyyden kasvaessa.


