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SUMMARY

The relative displacing power of the various exchangeable cations in soils depends upon
the difference between the ijon activity in the outside solution and the inside micellar-ion
activity of the clay minerals.

Theoretical calculations on the relationships between exchange capacity and distribution
of ions with different valences, as demanded by Donnan systems, are demonstrated in
figure 1.

In accordance to the findings of other investigators, evidence for the presence of Donnan
systems is provided by the results of chemical studies of soils in the temperate zone, of
tropical soils (macro- and microcatenas) and of soils of the sub-tropics (terra rossa and
rendzina).

Summarily it may be said that the ratio of divalent and monovalent exchangeable cations
and the Ca/Mg ratio in natural soils depend chiefly on the degree of base saturation of
the soil colloid. Earlier this has been stated experimentally with clay minerals bij MaTtson
and Lansson (1946). .

Highly leached acid tropical soil types contain more monovalent cations relative to divalent
cations and more Mg relative to Ca, than illuvial, base saturated soils, indicating that both
a valence effect and an effect of activity coefficients are playing a part in the ion distribu-
tion problem of soils.

The relations between ion selectivity in soils and crop ecology will be published in a
next paper.

InTRODUCTION

Particularly MarTsoN, WikLanDER and their associates have emphasized the
Donnan equilibrium in their studies of soil colloidal behaviour.

In connection to these studies we will supply some additional aspects and
consequences of ion distributions in soils and crops, regarding the plant-soil
system as a Donnan-system consisting of two colloidal phases.

The relative distribution between the two phases of ions with different
valences will depend upon the exchange capacity of both soil and plant, as
has been pointed out by ErcasaLy and WikLaNpEr (1949).

Our present paper deals with the problems of Donnan distributions of ions
in the soil. In fact there is no Donnan-equilibrium between the soil particles
and the soil solution, because there is no membrane between both. But the
thermodynamic background of this equilibrium holds also for the soil-solution
system. Hence, in general, the rules of the Donnan-equilibrium apply to the
distribution of ions in the colloidal soil phase.

A DONNAN-EQUILIBRIA

ScaurrFELEN (1952) calculated the following mathematical evidences to support
the theoretical foundation of the concept of Donnan equilibria concerning ion
selectivity in soils.

1) " Received for publication April 9, 1953,
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1 The valence effect

Supposing a system with monovalent (M* ) and divalent (M++ ) cations,
monovalent (A7) and divalent (A=) anions (moles per litre) and the soil com-
plex, an acidoid R (equivalents per litre), the following scheme and equa-
tions can be set up. The indices i and o indicate inside and outside solution
respectively.

inside outside
R™ M? A M?
A 2Mt+ 2AT 2M
2AT
E

Electric neutrality makes it necessary that:
Mf 4 2Mji+=A" 4 2 A7 -} R for the inside solution
and M +2Mit=A +2AT
or A — M+ +2Mf*—2A7 for the outside solution.
When we assume that the activity-coefficients amount to 1, the relative

activities of the ions in the inside and outside solutions may be formulated
as follows :

M} IMPF A VAT (K=o ® (2% E)

M} T yMs+ AT ya= K

From these equations the relation between R~ and the outside ratio of ions
may be deduced.

My _ 1, eMr = KxMand o= L gea- =L ya-
Mf —K PERA; KT TR
M 1 M+ — K2 5 M+ and L — 1 A-=d x A=
M+ KO T o AEA=T K2 Of K

The first equation for the inside solution may, after several substitutions,
be converted to:

KM; + 2 K*M;:+ = 1 A] + 2 2AZ+ R or
R —=KM*42KM++ — L e — 2 Mo+ 2 a=— 2 Asor
- o o K o K o K ° KZ °

R™=(K — 1) MF +2(K* — ) M ++ 2 (& — ) AT

KZ

Partly by mathematical and partly by graphical calculations the graph in
figure 1 was computed.

It appears that the influence of the term with A" in the last equation is
slight. Only under special conditions there will be an influence of the valence
of the anions on the distribution of the cations between solution and complex.
Therefore, figure 1 is calculated for a system with monovalent anions, but quali-
tatively it holds also for systems with monovalent and divalent anions.
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R™ is a function of the exchange capacity of the soil, viz.

exchange capacity
volume of double layer '

It is clear that there is a great influence of the ratio R~ to the concentration
R

MF 28T

cations in the outside solution.

Dilution of the solution or increasing the ratio R™/(M} 4 2 M) has the
result that more monovalent cations relative to divalent cations will go into
solution.

A second important fact is that a soil with a high exchange capacity will
have a higher R~ /(M} + 2 M) ratio than a soil with a low exchange capa-
city. Figure 1 shows that by dilution in the former soils the solution will be
richer in monovalent ions than in the latter.

Therefore in a humid climate leaching may be expected to result in the
lowest content of exchangeable monovalent cations in the soil complex with
the highest exchange capacity.

of the outside solution( )on the ratio of monovalent and divalent
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2 The effect of the activity coefficients
Using activity-coefficients (f) the relation between R™ and the ion concen-
tration (c¢) in the outside solution becomes :

IR T () 11 (),

R = (K 5~ )] (oo (Kl — ) et
, 1 1 (),

+ (K m“f(fCT) (fMg)o(CMg)o‘l‘

1 1 (fy),
KZ - a (fc,, ) o * (CCa ) o
+K ey —k €, )

According to ScaurFELEN and BAReNprect (1946) the activity-coefficients of the
adsorbed ions in first approximation are for each kind independent on the ad-
sorbed quantity and approximatively constant. As a consequence, clay minerals
and humus being similar, the distribution of ions of the same valence depends
chiefly upon the activity coefficients in the outside solution.

MarTson and Larsson (1946) stated that the order of activity of the single
ions is Nat K+ and Mg++ Cat+ which is the same as the order of hydra-
tion, It is supposed that the less hydrated and the more loaded a cation the
closer it will get to the surface and therefore the greater will be its polarizing
effect on the surface ions.

ScracarscuaBEL (1952) gives a series of activity coefficients (in relation to con-
centration) of the chlorides of Na, K, Mg and Ca. In case of decreasing con-
centration, the activity coefficients of Ca and K chlorides are increasing at
higher rate than those of Mg and Na chloride respectively. As a consequence
of the Donnan equilibrium ScracuTscHABEL (1952) states that those cations, the
activity coefficient of which is changed less by dilution, must accumulate in
the diluted phase. So when an outside chloride solution is diluted, it is expected
that Ca displaces Mg and K displaces Na from the complex.

3 Theoretical summary

From a theoretical point of view there can be distinguished three rules, viz. :
A Decreasing the concentration of the soil solution increases

2M++
R™/(M+ 42 M ++) and the ratio ——— MF
Increasing the concentration of the soil solution decreases
R7/(M;F 42 MFT) and the ratio ?’IA:}—:—
B Decreasing the exchange capacity of the soil decreases .
2M++
R /M* + 2 M*+) and the ratio—M—;—v
Increasing the exchange capacity of the soil increases
M++
R7/M+ 4+ 2 Mt+) and the ratio—M;_—

C Decreasing the concentration of the soil solution increases the ratios of
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Cat+ K+ Ca++ K+
the activities of Mg+ and Noa T and increases the ratios of —— M + ra and W
Increasing the concentratic;n of the soil solution decreases the ratios lof
Cat+ K- Cat+ K+
the activities of ———— Mg+ an and N" ¥ and decreases the ratios of Mg+ v and N‘a T

B APPLICATION TO SOILS

Experiments with soils lead to the conception of a polyphase soil colloidal
system. Each microsystem establishes its own equilibrium, even though the
outside solution is common to every system.

Therefore chemical determinations only can provide average results of
heterogeneous mixtures of microsystems in the soil.

Marrson and Larsson (1946) pointed out that under natural conditions leaching
is accompanied by an increase in acidity, lowering the dissociation of the
acidoid. The undissociated acidoid doet not participate in the Donnan-equilib-
rium. A highly unsaturated soil has therefore a greatly reduced micellar-ion
concentration.

According to the above mentioned authors two opposite effects are playing
a part in ion distribution of soils. Dilution of the outside solution leads to
replacement of monovalent by divalent cations, whereas dilution of the inside
or micellar solution (brought about by lowering the base saturation) leads to
an increase of the proportion of monovalent ions in the exchange complex.

In the end in highly developed and leached soils the latter effect predomi-
nates, with the result that the ratio M+*/M++ in the exchange complex will
increase as the solution becomes more acid.

1 In the temperate zones

An example of the effect of diluting the outside solution can be found in
the data of the Zuiderzee Reclamation Works on inundated marine soils in
the Netherlands (3), some of which are shown in table 1.

Table 1. Directie Wieringermeer 1945,

Sea clay soils Exchangeable | Ratio Ratio | Ratio

of the % of total bases | Ca 4 Mg Eg X

Netherlands Ca ‘ Mg ‘ K ; Na ’ K + Na Mg Na
Immediately after }

jnundation  ............ 15 \ 36 | 10 | 39 1.0 0.4 0.3

After leaching .......... S 60 1 23 5 12 6.1 2.6 0.4

Normal sea clay ........ 87 i 8 4 1 19.0 10.9 4.0

The influence of leaching saline soils compared with the base status of
normal sea clay soils, demonstrates the valence effect (rule A) and the effect
of activity coefficients (rule C) on cation ratios as well.
Ca 4 Mg

K 4+ Na
displaced by Ca and Na by K, all as demanded by the concept of Donnan
equilibria.

Desalinization results in an increased ratio, whereas Mg is
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The effect of diluted micellar solutions may be demonstrated by comparing
soils with various base saturation.

Evidence for the influence of both base saturation and acidoid content is
provided by recent analyses of the Plant Nutrition Research Laboratory of the
Chilean Nitrate Agricultural Service in Wageningen (1952).

Some results of analyses of exchangeable bases in Dutch soils without un-
dissolved Ca-salts, are recalculated, averaged and summarized in table 2.

Table 2. Chilean Nitrate Educational Bureau 1952.

. Exchange % Base Ca + Mg
Dutch soil types pH capacity saturation K + Na
S5sandy soils ............... ... 55 4.9 69 7.0
5sandy soils .................. 6.3 7.2 78 11.5
lloam soil .................... 5.9 8.5 88 12.6
1 river clay soil ................ 6.4 13.8 87 28.3
Ca + Mg

The = -
K + Na
city and base saturation (rule B).

Evidence is found also in the results of Martson and Larsson (1946) from their
studies of hydrologic soil series in Sweden. In a podzol with very low base
saturation, as expressed by the Ca content of about 0.1 m.e./100 g soil, the
Ca/K ratio is about 1, whereas in a brown earth with a Ca-content of 5-10
m.e./100 g soil, the Ca/K ratio is about 20 (rule B).

Data collected in Nebraska U.S.A. by Fox, Orson and Mazurak (1952) sum-
marized in table 3 show the same relationship (rule B).

_ratio gradually increases simultaneously with exchange capa-

Table 3. Fox, Orson and Mazurak 1952.

. . Exchangeable Ratio
Fertilization rate in pH m.e./100 g of soil Ca + Mg

Ib f N a
/acre of N as H4 H‘Ca‘MglKlNa'WNH‘i K + Na

20 6
2

5 147, 5
80 5. 3

2.0 0 | 015| 0.04 17.1
3.5 | 11.6 9

1 1
Nt 0. 0.04 | 0.04 15.6

2 In the tropics and sub-tropics

The influence of Donnan distribution of ions is expected to be of significance
particularly under tropical conditions, where intensive weathering takes place.

In the tropics silicic acid is mobilized and iron and aluminium accumulates
in relation to it (laterization). The leached silicic acid and mobilized bases
(particularly calcium) are infiltrated into lower lying areas and give rise to
grey or black siliceous clay soils.

The result of the anionic eluviation of silica is a colloidal complex with a
lower acidoid content and thus a reduced cation-exchange capacity.

When due to climatic conditions, illuviation or eluviation predominates, the
two types of weathering occur kilometres apart, giving rise to distinct differ-
ences between kaolinitic red soils having low ion exchange capacities and
heavy bentonitic black soils with high ion adsorption capacities.
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In accidented terrain with uneven topography however, leached brown-red
higher ridges or hilltops may alternate regularly with grey-black valleys. Such
chains of soil associations were called “catenas” by the English soil scientist
Mu~Ee. They can be regarded as weathering profiles differentiating in horizontal
direction, under identical climatic conditions.

Besides loss of silica, there occurs at the same time a decrease of base
saturation, which leads also to lower exchange capacity of the complex in the
upper soil types.

Marrson and Larsson (1946) confirmed experimentally that kaolin and laterite
adsorb relatively more NH, ions than was adsorbed by bentonite from solu-
tions of NH,Cl and CaCl,.

The bentonite adsorbs relatively more of the monovalent ions, the more
unsaturated it becomes, as is demonstrated in table 4 (rule B).

Table 4. Mattson and Larsson 1946,

pH of bentonite Exchangeable 1 _Ca
suspension NH,4 Ca ‘ NH4
4.7 6.71 53.65 79
3.8 5.91 45.10 7.5
3.0 4.86 32.80 6.7

Analytical data of PriLwitz (1932) show that there exists a fairly good cor-
relation between the decrease in the ratio of divalent/monovalent cations and
the base saturation, after acidifying Java soils artificially by means of increasing
quantities of sulfur (rule B). The results of two soils are given in table 5.

Table 5. PriLwitz 1932.

Exchangeable

Soil types F_C.zcl:zriltge ?at?liz? m.e./100 g of soil Ca+Mg | Ca
of Java pH m eE}IOOy tion K+Na+NHs| Mg

e g Ca 4+ Mg |K+-Na+NH;4
Bogor .... 6.6 29.7 79 17.5 6.1 2.9 4.6
4.0 24.2 25 4.1 1.9 2.0 3.1
3.6 24.0 12 1.1 1.8 0.6 1.8
Mount Gedeh 5.9 38.7 73 18.8 9.6 2.0 84
3.8 34.8 25 3.3 5.3 0.6 3.7
3.7 34.9 18 1.7 4.7 0.4 2.4

The effect of the activity coefficients is also reflected in the shifted Ca/Mg
ratios shown in table 5 (rule C).

Another example is given by figures of BonNeT and his co-workers (1952) in
Puerto Rico. Some of their results are summarized in table 6 and figure 2.
Shifted Ca/Mg and K/Na ratios indicate, that the soil solution is less con-
centrated in the Coloso clay soils with the lowest content of exchangeable
bases (rule C).

The highest (Ca + Mg)/(K + Na) ratio is found in the soil with the highest
amount of exchangeable bases and the lowest (Ca 4- Mg)/(K +- Na) ratio occurs
in the soil with the lowest exchange capacity, as is illustrated in the graph
of figure 2 (rule B).
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Table 6. BonnNeT, Luco-L6rEzZ and ABruna 1952.

Top soils Exchangeable Total
pof m.e./100 g of soil exchangeable Ca 4+ Mg
i — K N
Puerto Rico Ca Mg K Na bases + Na
Alluvial Coloso 1808 | 320 | 028 | 074 92,98 21.3
R 12.97 1.10 0.92 0.52 15.51 9.8
9.03 0.41 1.94 0.35 11.78 4.1
9.27 0.66 0.76 0.38 11.07 8.7
6.45 0.25 1.61 0.26 8.57 3.5
Ca+Mg '
K +Na
2 Coloso clay
) Puerto Rico
19 1
17
151
13 |
1t _
-
94
LN
7.
s-
.

3 ey ey

8 0 12 14 16 18 20 22 24
Total exch.bases
m.¢./100g of soit

Fic. 2.

As for the K/Na ratio it is difficult to find more data which confirm the
influence of activity coefficients, in relation to the concentration of the soil
solution (rule C). Probably the slight alterations of the activity coefficients at
the usually low level of K and Na concentrations in soil solutions, do not
show a measurable effect.

a Macro-catenas

The sum total of catenary conditions covers a fair proportion of the land
surface in tropical and subtropical regions of the world, resulting from climatic
differences and from varying soil drainage and aeration as well.

If we regard the climatogenic soil types, with different clay minerals as
macro-catenas, the rhythmic soil patterns under identical climate brought about
by different drainage conditions and soil climate within small areas, may be
called micro-catenas, as has been suggested by Tuorp (1941).

A good example of differentiating macro-catenas is found in the studies of
AvLrecHT (1943) in the United States of America: he describes four silt loam
profiles developed from similar loessial parent materials in different locations
(from Towa to Mississippi) extending through rainfall increase from 27 to 55
inches, and a temperature increase of 8.72 to 17.66° C.
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Table 7. AvrBrEcHT 1943,

Annual _Siog Exchar_lge
U.S.A. topsoils .rai'nfall R203 o(ffagf; ?t}i’n (r::é}){ C;/tli\gg
in inches of soil m.e./100 g
Mississippi ........ 55 2.6 44 16 1
Kentucky ........ 48 3.2 50 24 1
Missouri .......... 40 4.0 66 33 2
Towa ............ 27 5.1 73 133 8

The highly developed soil in Mississippi is an anionic eluviated type with
low exchange capacity, low Ca/K ratio and low Ca/Mg ratio, whereas the
properties of the soil formed in the dry climate of Iowa suggest that these
siallitic soil may be looked upon as an illuvial type having high exchange
capacity, high Ca/K ratio and high Ca/Mg ratio. These data demonstrate the
valence effect and an effect of activity coefficients as well (rules B and C).

Results of Van pEr MERWE (1950) show the same relationships (table 8).

Table 8. Vanx per Merwe 1950.

$i02 Exchangeable ) l
Soil types of RoO3 m.e./100 g of soil Ca4+ Mg Ca Ca
South-Africa lutum "K¥Na| K | Mg

fraction Ca Mg K Na

Red soil No. 1 .... 0.5 0.09| 0.13 ‘ 0.04 | 0.04 2.8 2.2 0.6
No. 2 ... 1.0 126 107 | 0.26 | 0.14 | 58 | 50| L1
No. 3 .... 1.1 3.78| 1.01 l 0.20 | 0.30 9.6 18.9 3.7
Black soil ........ 3.3 58.80| 7.60 I 1.00 | 0.90 34.9 588 | 7.7

VENEMA (1952) averaged analytical results of 22 tropical red soils and of 15
tropical grey and black soils with the following results (table 9).

Table 9. VenEma 1952.

Tropical Exchange capacity Ca - Mg

soil types in m.e./100 g of soil H |Ca+ Mg K Na K+ Na
22 red soils .... 18.1 9.9 1.8 2.3 4.1 0.3
15 grey-black soils 53.3 1.3 50.3 0.7 1.0 29.6

The figures for hydrogen in table 9 show the great difference in base satura-
tion between red and black earths, which is partly the cause of the great
difference in exchange capacity.

The tropical soils with low exchange capacity always show a lower ratio of
divalent/monovalent ions than soils with high exchange capacities (rule B).

b Micro-catenas

For agricultural practice with a view to the assessment of nutrient require-
ment and fertilization policy, the differences between the associated members
of micro-catenas in soil formation are of special interest.
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MiopELBURG (1952) assembled some chemical data of micro-catenas from dif-
‘ferent estates in Indonesia which are summarized in table 10; they show
shifted ion selectivity in dependence on the degree of leaching.

" Table 10. MmpeLBurG 1952.

Soil types . ;
.. t
of . Origine Crop Ratio of *dl—valgl—— bases
Indonesia monovalent
Eluvial .......... Mount Malabar, cinchona 0.2
Muvial .......... Java 2.0
Eluvial .......... ) East coast ! oilpalm 1.6
Hovial .......... Sumatra 6.0
Eluvial .......... Principalities, tobacco 1.1
Hluvial .......... Java and rice 34.0

The M++/M+ is always lowest in the upper part of the catena (rule B).

Recently in our laboratory a more systematic study of catenary development
in the soils of the rubber estate Danau Salak, in the district Marta-Pura of
South-East Borneo was carried out. A plan of site of the samples from 4
different profiles is given in figure 3.

LF--mTTTTTTE

Y sample -
- river

--—- Inundation level,
atter -heavy rains -

Fic. 3.

The numbers 1, 3, 5, 7 and 8 represent eluvial red-brown lateritic soil types
and the numbers 2, 4 and 6 the illuvial grey-brown members of these micro-
catenas.

Chemical data (supplied by J. G. pE ZwaaN and A. Poxck) are presented in
the tables 11 and 12.

Silica and aluminium were determined by the Geprorz method (1929), treating
the  samples with 5% KOH solution. Assuming that kaolinite has a molecular
ratio of 2 5iO, : 1 Al,Oj, the surplus of Al,Oz or SiO, is calculated, indi-
cating the degree of eluvial or illuvial weathering of the soil.

Exchangeable bases were percolated with 0.05 n HCI and exchangeable H
by the Rieam method (1946), whereas humus was determined by the IstscHERE-
kow method. :
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Table 11.

[} ) g . N g . % Surplus
Borneo ’g S| we g *:5’; Q % % 102 % “Kaolinite” | |
catenas | & Z E : vV ;2 ; % AlOs (2 5i02.A1203) | 5j0, | AlO3
A 1 3.8 36 1.97 | 2.82 4.79 3.64 — 1.15
2 3.9 28 1.84 | 2.21 4.05 3.40 - 0.65
B 3 3.4 52 1.24 | 1.83 3.07 2.29 - 0.78
4 4.4 42 0.71 | 0.97 1.68 1.31 - 0.37
Cy 5 4.6 49 0.71 | 1.64 2.35 1.31 — 1.04
6 4.6 37 1.18 | 0.88 2,06 1.93 0.13 -
Ce 7 3.0 40 1.68 | 172 3.40 3.10 - 0.30
6 4.6 37 1.18 | 0.88 2.06 1.98 0.13 -
D 8 4.1 53 0.91 | 1.96 2.87 1.68 - 1.19
4 4.4 42 0.71 | 0.97 1.68 1.81 — 0.37

The figures in table 11 show that the humus content mostly is somewhat
lower, and the lutum content markedly higher in the laterized oxidative zones
than in the lower lying illuvial soil types of the micro-catenas.

From the surplus of Al,O3 it can be concluded that there are considerable

differences in degree of eluviation (laterization) between the upper and lower
parts of the profiles. In No. 6 even a surplus of SiO, is found.
SiO,
Al,O4
ratios are markedly lowered in the leached sites, differential thermal analyses
(carried out in our laboratory by R. ArnoLp Bik) merely show kaolinite curves
in all the samples. If the intensity of the reaction temperatures in the D.T.A.
curves is regarded as an indication for the degree of crystallization, we may
conclude that well crystallized kaolinite is found in the upper parts of the
laterized catenas only. ‘

The relations between the above mentioned properties and ion selectivity
in these tropical Borneo soils are demonstrated in table 12.

Marked differences in cation distributions are found within short distances
of 40 m.

From the data in table 12 it is obvious that leaching in noncalcareous trop-
ical red earths takes place chiefly at the expense of the divalent cations
(rule B), just as has been stated by Martson and Larsson (1946) in hydrologic
soil series of Sweden.

Besides this valence effect we find indications of an effect of the activity
coefficients in the Ca/Mg ratio which, in most cases, is highest in the low
lying members of the catenas. Thus the more acid the soil solution the stronger
Mg relative to Ca appears to be adsorbed (rule C).

Apparently in this case the base saturation and not the nature of the clay

A remarkable thing in this connexion is the fact, that though the

minerals or the ratio is the major factor, that is responsible for varia-

8102
Al,O4
tions in ion selectivity of soils.
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Further evidence to support this conception is found by comparing the acid
tropical red soils with alkaline calcareous red soils from the Mediterranean zone.
Liatsikas (1934/35) analysed red soils, called terra rossa, derived from lime-

102
Al, O
of 1.5, which is about the same as those of the Borneo soils. Some of the prop-
erties of the terra rossa from Greece are demonstrated in table 13.

As a consequence of the high pH and base saturation and probably also
of the high humus content, the exchange capacity is very high in these cal-
careous red-brown forest soils from Greece. Therefore the ratios of divalent
to monovalent cations are also high (rule B).

In addition some results of analyses of terra rossa from Israél, recently
carried out in our laboratory, are presented in table 14. These soils contain
large quantities of CaCO; and are low in humus content due to the absence
of vegetation. The lower lying grey limestone soils are called rendzina in Israél.

stone in Greece and found (determined by the Geprorz method) a ratio

Table 14.

Limoefsti);zéfoils Altitude Origine % <L g‘tl;‘m % Humus % CaCO3
Terra rossa eluvial .. 600 m Safed 44 3.9 3.1
Terra rossa illuvial .. 400 m Gardosj 56 2.9 2.9
Rendzina eluvial .... 175 m Neveh Yaar 64 5.3 0.8
Rendzina illuvial . ... 100 m Neveh Yaar 52 1.1 104

Shifted ion selectivity as related to catenary conditions in these sub-tropical
calcareous soils are illustrated by the chemical data in table 15 (supplied by
W. C. Huwssos and L. v. p. HooNaaRD).

Table 15.
i Exchangeable ’
L;I;lifss tg?e Altitude | pH m.e. per 100 g of soil Exchange | Ca+Mg | Ca
Israél capacity H+Na+K| H
H | Ca | Mg | Na | K

Terra rossa
eluvial 600 m | 80 | 655 6.38 | 5.00 | 0.04 tr. 17.97 1.7 1.0
Terra rossa
illuvial 400 m | 7.8 | 6.55 | 12.00| 6.05 | 0.07 | tr. 24.67 2.7 1.8
Rendzina
eluvial 175 m | 7.5 | 3.50 | 15.90| 3.85 ! 0.07 tr. 23.32 5.3 4.6
Rendzina
illuvial 100 m | 7.8 | 0.58 | 19.88| 5.39 | 0.25 tr. 26.10 30.4 34.3

Because of the presence of CaCOj; exchange capacity, exchangeable H, and
exchangeable bases were determined by the MesLicn method (1942), extracting
the soil with triethanolamine of pH 8.1 and BaCl,. In the extracts Ca and Na
were determined with the spectrograph. These extracts contained only traces
of K, which could not be estimated by the applied spectrographical technique.

Although the exchange capacity of the terra rossa is of the same order of
magnitude as those of the illuvial Borneo soil types, the ratio of divalent:
monovalent bases is very much higher in the former than in the latter. The
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presence of much undissolved CaCOj; keeps the terra rossa saturated with Ca
and no clear alteration in base selectivity is observed. Nevertheless, marked
Ca 4 Mg

H4 Na+K
Ca/H ratios, descending from 600 to 100 m, indicate that though Ca predo-
minates, a general trend in the Ca saturation of the clay complex is established.
We therefore believe that the rendzinas may be looked upon as catenary
associates and lower lying horizons of the terra rossa.

differences in the ratio are found and the gradually increasing
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