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THE RELA TION OF pH TO DEGREE OF BASE SA TIJRA TION OF SOILS 
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A b s t r a c t. The relationships between base satura
tion (BS) and pH were eva)uated basing on three different 
dcfinitions of degree of base saturation : expressing BS in 
tenns of the total (pH 8.2), 'effective' and 'actual' cation 
exchange capacities. The first two approaches lead to dif
ferentiation of BS/pH curves for different cationic as well 
as solid phase compositions (presence of organie matter) 
of exchange complex. The third approach differentiated 
soils only in respect to cationic composition. 
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JNTRODUCTION 

In his early work from 1925, Hissink [9] 
introduced to soil science literature the tenn 
'degree of saturation with bases' which ex
pressed the relative content of basie cations in 
soi! exchange capacity. The degree of base 
saturation (BS) is concemed up to date as one 
of most important parameters for soil taxo
nomy purposes as well as for evaJuation of 
liming and nutrition criteria. 

According to Bradfield and Allison [3] the 
criterion of 100 % base saturation is pH 8.2, 
because at this pH the soil is in equilibrium 
with an excess of calcium carbonate at a par
tia] pressure of carbon dioxide equal to atmos
pheric. So the degree of base saturation has 
been expressed as the relative content of basie 
cations in total exchange capacity of soils 
[17,18]. Further the other (lower) pH's were 
proposed as criteria for 100 % BS taking into 
account that at higher salt concentrations (as 
have been used for laboratory measurements) 

the soil pH is about one unit lower then in a 
field, as well as that for natura!, biologically 
active soils the higher partia] pressures of CO2 
occur, however they found no common ac
ceptance in the literature. In 1959 Coleman and 
Thomas [4] proposed that BS should be ex
pressed not by the totaJ but by 'effective' CEC -
measured by the neutral salt extraction. 

By the intuition there is expected the evi
dent relationship between pH and base satura
tion because the neutralization of protons by 
bases aJways leads to the increase of BS, how
ever, just in 1926 Joffe and Me Lean [10] 
stated as a result of their experiments that BS 
and pH have not much to do with each other. 
In 1941 Peech found for sandy soils ofFlorida 
the BS/pH relationship similar to the titration 
curve of weak monobasic acid, what was fur
ther certified for New York soils [15]. Blosser 
and Jenny [2], however, found the straightli
near dependence. Mehlich [17,18] stated that 
at pH 7 montmorillonitic soils are 80 % and 
kaolinitic soils are 30-50 % base saturated. For 
soils containing intergrade minerals or iron ox
ides coatings the BS is about 35 % at pH 6 and 
50 % at pH 7 [4]. The similar values were ob
served for organie soils [8.16]. Turner and Ni
choi [20), stated that BS better correlates with 
lime potentia] then with pH of soils. 

Using different criteria, definitions and 
measuring methods and collecting the huge 
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amount of empirical data, the generał BS-pH 
dependence has, however, been not found and 
the present understanding of the problem is not 
far from the first authors proposals [1,7,16). 
In generał it is accepted that the differences in 
BS for different soils at that same pH are due 
to: nature and content of soluble acids, nature 
and content of soil humus, mineralogical com
position, siliea and sesquioxides content, total 
CEC, degree of Fe and Al oxides coatings of 
minerals [19). 

In the authors opinion, however, at least 
some of the above mentioned discrepancies 
may be related to the fact that in the ex
perimental methods applied for BS evaluation 
not only exchangeable ions are measured. As 
'pure' exchangeable ions one has to consider 
only these being electrostatieally bound in a 
diffuse double layer surrounding negatively 
charged solid particles. From this point of 
view the protons present in unassociated sur
face groups of variable charge soil consti
tuents (organie matter, sesquioxides, etc.) are 
not exchangeable but they become dissociated 
due to pH rise and/or neutral salt addition as 
well, and so they are taken as exchange acidity 
in present experimental procedures what leads 
to the decrease of BS measured. It is also seen 
that any arbitrary taken pH value for 100 % 
BS has no direct physicochemical sense. It 
seems then that a more correct definition of 
BS should be based upon actual values of 
soil exchange acidity and exchange capacity. 
Among the most correct measuring methods 
for evaluating the above values, e.g., Gillman 
[6] method can be considered. 

The purpose of the present work was to 
compare the relationships between base satu
ration and pH for some clay fractions of acidic 
Polish soils applying different BS measuring 
methods being in consistency with different 
definitions of BS. 

MA TERIALS AND METHODS 

For calculations of BS at different pH' s the 
experimental data of the CEC at pH 8.2, the 
actual CEC values, the values of the sum of 
exchangeable bases, and the values of acidities 

of 1 N KCI salt extracts were taken from ear
lier papers [ 11-14]. The data were obtained for 
sodium and aluminum forms of clay fractions 
separated from six soils: degraded black earth 
formed from loess (Jabłoń locality), brown 
soil formed from loess (Tarnawatka), acidic 
brown soil formed from flysh (Bukowina), de
graded chemozem formed from loess, (Mach
nów), leached brown loamy soil (Baligród) and 
light loamy podzol (Dubica). The clay fractions 
were investigated in their natural forms and 
after a successive depletion of organie matter, 
iron oxides, and aluminum oxides and amor
phous silica. The detailed characteristic of the 
investigated samples and measuring methods 
can be found elsewhere [11]. 

The values of base saturation at different 
pH's were calculated as following: 
1) for classical definition of BS, the sum of 

exchangeable bases at a given pH was 
divided by CEC at pH 8.2; 

2) for Coleman's definition of BS, the sum of 
exchangeable bases at a given pH was 
divided by the sum of exchangeable bases 
plus the acidity of the salt extract at that 
same pH; 

3) for expressing BS in terms of actual CEC, the 
sum of exchangeable bases was divided by 
the value of the negative surface charge at a 
given pH. 

RESULTS AND DISCUSSJON 

Evaluated in the above manners BS vs. pH 
curves are presented in Figs 1, 2, and 3, respec
tively. 

From Fig. 1 it is seen, that the degree of . 
base saturation calculated in classical way in
creases almost linearly with pH for sodium 
forms of clays. The above dependence is ap
parentl y due to the increase of negative charge 
(CEC) with pH, as far as for sodium samples 
the input of exchange acidity (in this case it is 
only exchangeable hydrogen) is small and it is 
limited to low pH range [14]. At pH 3 the 
sorption complex is base saturated in about 
30 % for natural clays and about 80 % for or
ganie matter depleted clays. For aluminium 
forms one can observe a rapid increase of BS 
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Fig. I. Dependence between base saturation percentage 
(%8S) and pH as calculated on the base of the total CEC. 
Abbreviations in the figure : ORG - natura! clays, MIN -
clays with depleted organie materiał, Na-sodium forms of 
clays, Al - aluminium forms of clays. 
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Fig. 2. Dependence bet ween base saturation percentage 
(%8S) and pH as calculated on the base of the neutral salt 
CEC. Abbreviations as in Fig. 1. 
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Hg. 3. Dependence between base saturation percentage 
(% BS) and pH as calculated on the base of the actual 
CEC. Abbreviations as in the Fig. I. 

up to pH 6 and a further slower increase above 
pH 6. The low BS values at low pH are con
nected with a high amounts of exchangeable 
aluminium, which is responsible for almost total 
amount of exchangeable acidity. 

It is important to note that the evident dif
ferences in BS vs. pH curves race occur for 
natural samples (having organie matter) and 
samples containing minerał components only 
what is pronounced for both sodium and 
aluminium forms. This is due to the markedly 
higher increase of CEC with pH for organie 
that for minerał constituents. It is also seen 
that above pH 8.2 the BS exceeds 100 %, what 
is caused by the increase of CEC in the whole 
pH range. 

From Fig. 2, illustrating the dependence of 
BS and pH as calculated basing on the Cole
man 's definition, it is seen that the exchange 
complex is fully base saturated at any pH 
value. It can be due to the fact, that within the 
whole pH range the concentrated salt addition 
always leads to the dissociation of variable 
charge surface protons and they give the input 
to the acidity of the salt extract and are herein 
regarded as exchangeable acidity. The BS 
values calculated according to Coleman are, 
however, significantly higher that these basing 
on the total CEC. The differences between the 
curves for natural and organie matter depleted 
samples occur here also, however they are less 
pronounced as in the previous case. 

The dependence of BS vs. pH calculated 
basing on actual CEC, presented in Fig. 3, 
gives only two curves: one curve for sodium 
forms and the second for aluminium forms of 
clays. There is the surprising lack of the dif
ferences between minerał samples and samples 
containing organie matter. Exchangeable adsorp
tion of ions at the charged surface should de
pend primarily on the ionic composition of the 
equilibrium solution as well as on the values 
of surface potentials of solid particles. The soil 
solution composition has the evident influence 
on exchange equilibria of basie and acidic ions 
what is clearly seen for Al and Na forms of 
clays. The lack of the differentiation be
tween organie and inorganic solids and so on 
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the nature and quality of the charged surfaces 
provokes the statement that the surface poten
tials of the organie and minerał soil consti
tuents are more or less similar, at least at low 
pH's where their effect on acidic ions adsorp
tion influences the value of BS. 

In the whole pH range the BS of sodium 
forms is very high, what is connected to very 
low quantities of exchange hydrogen ions. At 
pH above 4.5 the exchange complex is fully 
saturated with bases. As it was proved [5] the 
protons are exchangeably adsorbed that same 
like any other monovalent cation so at pH 4.5, 
where their concentration in the solution is 
less then 0.0001 N, protons cannot occur as ex
changeable ions in soils in measurable amounts. 
Frequently observed high affinity of hydrogen 
ions to soils is not a question of exchange ad
sorption. 

For aluminium forms the BS is very low at 
pH's lower then 4 and above this pH it rapidly 
increases up to pH 6, where it reaches 100 %. 
Above pH 6 the exchangeable aluminium does 
not occur. 

CONCLUSIONS 

On the basis of the results obtained it can 
be stated that the degree of base saturation is 
due mainly to the composition of soil equili
brium solution. It seems possible to reach 
about O% of base saturation at high pH (ex
tremely low salt concentrations) as well as al
most 100 % BS at low pH (at extremely high 
salt concentrations). It may be a reason that 
BS of different soils differs at that same pH 
value and that the generał dependence of BS 
and pH is difficult to be found. However, it 
seems that the expression of BS by the value 
of the actual exchange capacity in dependence 
not directly to pH but to any value related to 
the total ionic composition of soil solution 
(similar to the lime potential) may give the 
comprehensive picture for different soils. 
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RELACJA pH DO STOPNIA 
NASYCENIA GLEB ZASADAMI 

Dane doświadczalne składu jonowego kompleksu 
sorpcyjnego dla frakcji ilastych gleb kwaśnych przy róż
nych wartościach pH wykorzystano do obliczeń zależno
ści stopnia wysycenia glebowego kompleksu sorpcyjnego 
jonami zasadowymi (BS) od pH przy zastosowaniu trzech 
różnych sposobów definiowania BS: 

a) wyrażając BS jako stosunek ilości zasad wymien-

nych (EB) do pojemności wymiennej całkowitej przy pH 8.2, 
b) jako stosunek EB do efektywnej pojemności wy

mieMej, 
c) jako stosunek EB do aktualnej pojemności wy

mieMej. 
Pierwsze dwa podejścia dawały w efekcie zróżnico

wanie wielkości BS przy tym samym pH dla próbek o róż
nym składzie glebowej fazy stałej oraz dla różnych . 
składów glebowego roztworu równowagowego. Ostatnie 
podejście dawało obraz bardzjej jednorodny: wartość BS 
dla różnych próbek przy danym pH zależała jedynie od 
składu jonowego roztworu jednowagowego. 

S I o w a k l u c z o w e: wysycenie gleb zasadami, 
zakwaszenie, pH. 


