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Abstract

The main components of the cation exchange capacity (CEC) are assessed in order to study
the physicochemical properties in Phaeozems. These soils in Bulgaria usually have high hu-
mus accumulation, soil texture differentiation, high base saturation and soil reaction suitable for
crops. They are spread in plains, valleys, forests and low hills with temperate continental climate.
Soil-forming materials are Pliocene and Quaternary sediments, loess and loess-like clays. The
soil reaction (pH) varies from slightly acidic to alkaline. Soil alkalinity increases in depth because
of high carbonate mineral compounds that mainly contain Ca and Mg. Total acidity and exchange
acidity are in very low values. Exchangeable Ca consists about 78 % of CEC. It is established
that soil colloids are occupied by Ca and Mg ions, which determined the stability of clay minerals.
Phaeozems have favorable physicochemical properties with high cation exchange capacity and

base saturation. These soils are highly valued for their fertility potential.
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Introductions

According to WRB (IUSS Working Group
WRB 2015), Phaeozems cover an esti-
mated 190 million hectares world-wide.
Some 70 million hectares of Phaeozems
are found in the USA, in the sub-humid
central lowlands and parts of the Great
Plains. Fifty million hectares of Phae-
ozems are in the subtropical areas of
South America and the third largest dis-
tribution area of Phaeozems (18 mil-
lion hectares) is in Northeastern China.
Smaller, mostly discontinuous areas are
in Central Europe, notably in Danube re-
gion of Hungary, Serbia, Romania and
Bulgaria.

Phaeozems are widespread between
Chernozems and ordinary loess soils
in areas with temperate continental cli-
mate in Northern Bulgaria. The relief on
which they are located is flat and slightly
hilly. Soil-forming materials are loess and
loess-like clays. In Southern Bulgaria they
are usually spread over different Quater-
nary materials. In the past most of these
soils were under forest but now they are
fertile and arable lands (Ninov 2002, Teo-
harov 2019)

In Bulgaria Phaeozems are character-
ized by thick surface horizon (A) of 30—
40 cm and up to 80-120 cm Bt horizon,
respectively, with fine granular (irregu-
lar) to small prismatic and large granular
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structure. These soils have a dark gray
surface and a dark gray or dark brown
luvic-metamorphic (cambic) horizon, with
low textural differentiation. The base sat-
uration throughout the profile is 70—-90 %,
the soil reaction is slightly acidic to medi-
um acidic in the surface. The cation ex-
change capacity in A horizon ranges from
17-27 to 36 meq/100 g soil, and in Bt hori-
zon from 14 to 31 meq/100 g soil. The soil
texture could be loamy-clay, sandy-clayey
and rarely clayey with a distinct process
of in situ clay formation and a gradual
decrease in humus (Ganev and Arsova
1980, Malinova 2010, Shishkov and Kolev
2014, Nikova et al. 2017).

According to Habel et al. (2007), Phae-
ozems have neutral reaction because of
the presence in the parent material with
different quantities of natural calcium car-
bonate. This confirms considerable buff-
er capacity and high ‘natural ‘resistance
of these soils to degradation processes.
A very high degree of base saturation
should be assessed as exceptionally fa-
vourable for the growth and development
of crop plants.

Phaeozems usually have neutral soil
reaction at the surface. The optimum range
for most agricultural crops is between 5.5
and 7.5, pH,,,, and the most of nutrients
are available. Soil alkalinity increases with
weathering of silicate, aluminosilicate and
carbonate mineral compounds that con-
tain Na, Ca, Mg, NH, and K. The fore-list-
ed minerals are usually added to the soil
by the deposition of eroded sediments by
water or wind (Oshunsanya 2018).

Similar research of effective cation-ex-
change capacity by low values is found in
Romania (from 14.57 to 19.82 meq/100 g
soil), and the degree of base saturation
in surface horizon is (67.8 %), decreases
abruptly (42.1 %) in deeper layers (Stanila
et al. 2017, Stanila 2019). Researches

about Phaeozems are made also in East-
ern Qinghai-Tibet (Ma et al. 2020). The
soils are similar with thick, dark-coloured
surface horizon with high base saturation
and a moderate to high content of organic
matter.

The aim of this study is to determine
main physicochemical indices of Phae-
ozems such as ability of soil to adsorb
cations in exchangeable forms and to
establish buffer capacity of soil. Some
relationship would therefore be expected
between soil pH, CEC and of base satu-
ration.

Material and Methods

The main diagnostic soil characteris-
tics were obtained using the following
methods: soil pH was measured in wa-
ter suspension 1:2.5. The exchangeable
Al was determined titrimetrically after
displacement of Al ions by 1 N CaCl,.
The total exchangeable hydrogen exch.
H, , (total acidity) and exchangeable bas-
es (Ca and Mg) were determined titrimetri-
cally and complexometrically, respective-
ly, after saturation of the soil sample with
buffer solution (Na-acetate and K-maleate,
PH o) = 8.2). CEC was calculated by
the sum of H,, and exchangeable bas-
es in meq/100 g — method of Ganev and
Arsova (1980). Base saturation is the
percentage of CEC that is saturated with
base exchangeable cations (Ca and
Mg). It is calculated according to this for-
mula (1).

> sum
V% =100x , (1

CEC
where: V% is base saturation, Zsum is
the sum of exchangeable cations, CEC
is the cation exchange capacity of the
soil in meqg/100 g. CEC is conventionally
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expressed in meq/100 g (Rengasamy and
Churchman 1999) which is numerically
equal to centimoles of charge per kilo-
gram of exchanger (cmol(+)/kg).

For statistical analyses and graphics
was used Microsoft Excel 2010 software.
Six soil profiles are presented, one of
them is from South Bulgaria — profile one
(P1) close to Novi Han village, Sofia dis-
trict. The rest of the soil profiles are from
northern part of Bulgaria — profile 2 (P2)
Volovo village, Rousse district; profile 3
(P3) Bezhanovo village, Lovech district;
profile 4 (P4) Voidiza village, Turgovishte
district; profile 5 (P5) Vladimirovtzi village,
Razgrad district; profile 6 (P6) town of
Isperih, Razgrad district. For soil profiles

3, 4, 5 and 6 the values are taken from
Ganev et al. (1990).

Results

The obtained results show that Phae-
ozems are rich in bases in deep of the
soil profile (Table 1). They have dark co-
loured surface horizon (figs 1 and 2) with
favourable soil reaction. These soils are
from neutral to moderately acidic pH(HZO)
in surface horizon A (5.3-6.7) to medium
alkaline reaction only in Ck (7.7-8.2). The
mean value of soil pH is 6.55, which is fa-
vourable soil reaction for main crops (ta-
bles 1 and 2).

Table 1. Soil profiles with physicochemical properties.

ex.

ex. ex. ex.

sl e T Mo A G w
meq/100 g soil
P1. Endocalcic Luvic Phaeozem
Ap 0-24 5.5 37.5 11.0 0.9 23.0 3.2 70.67
Bt1 2—49 6.0 43.5 7.1 0.0 33.0 3.4 83.68
Bt2 49-67 6.5 43.4 5.2 0.0 34.8 3.4 88.02
Ck1 67-95 7.5 34.9 0.0 0.0 31.6 3.3 100
Ck2 95-150 7.7 38.0 0.0 0.0 34.5 3.5 100
P2. Bhatycalcaric Luvic Phaeozem
Ah 0-18 6.7 30.6 3.8 0.0 24.0 3.0 87.58
A2 18-40 6.8 30.0 3.5 0.0 23.2 3.0 87.33
AB 40-75 6.8 27.7 25 0.0 23.0 25 90.67
Bt1 75-108 6.8 31.0 1.6 0.0 27.0 24 94.84
Bt2 108-139 7.0 25.8 1.6 0.0 21.2 2.8 93.80
Ck1 139-160 8.1 25.0 0.0 0.0 22.0 3.0 100.00
P3. Endocalcic Luvic Phaeozem
Ap 0-29 6.3 33.6 4.5 0.0 27.2 21 86.6
Bt1 29-44 6.5 37.2 4.0 0.0 30.0 3.0 89.2
Bt2 44-71 6.6 37.0 4.1 0.0 30.1 3.0 89.0
Ck171-136 8.1 35.0 0.0 0.0 31.0 3.9 100
P4. Bhatycalcaric Luvic Phaeozem
Ap 0-32 6.1 26.6 4.9 0.0 18.4 4.0 81.6
AB 32-60 6.8 30.8 3.8 0.0 234 5.0 87.7
Bt1 60-89 6.8 30.9 3.8 0.0 24.3 3.9 87.7
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Horizon/ CEC ex. ex. ex. ex. v
Depth, cm pH(HZO) H;, Al Ca Mg %

meq/100 g soil

Bt2 89-128 6.8 30.6 3.9 0.0 231 4.3 87.3

Bt3 128-150 6.7 31.0 3.3 0.0 25.3 3.3 89.4

Ck1 150-180 8.2 37.2 0.0 0.0 34.8 24 100
P5. Bhatycalcaric Luvic Phaeozem

Ap 0-28 6.1 251 55 0.0 18.0 23 78.1

A2 28-43 5.6 27.2 7.6 0.0 16.8 25 721

ABt 43-66 5.5 31.5 6.8 0.0 20.5 2.8 78.4

Bt1 66-98 5.8 255 5.4 0.0 20.3 3.4 81.7

BCk 98-130 7.2 30.6 4.4 0.0 24.9 1.9 85.6

Ck1 130-153 8.2 30.8 0.0 0.0 29.6 1.2 100
P6. Bhatycalcaric Luvic Phaeozem

Ap 0-28 5.3 26.7 8.3 1.1 16.0 22 68.9

A2 28-40 5.4 26.7 8.2 1.2 16.8 1.5 69.3

Bt1 40-63 5.7 30.9 7.1 0.8 21.6 2.1 77.0

Bt2 63-100 5.7 30.5 5.7 0.4 23.0 1.3 81.3

Ck1 100-150 8.1 28.2 0.0 0.0 27.0 1.3 100

Note: CEC is cation exchange capacity; ex. H, , is total acidity; ex. Al is exchange acidity; ex.

Ca is exchangeable Ca; ex. Mg is exchangeable Mg; V is base saturation.

Fig. 1. Phaeozem from North Bulgaria —
Dark grey forest soil (photo by Koinov
et al. 1998).

Fig. 2. Phaeozem from South Bulgaria —

Meadow cinnamonic soil
(photo by B. Hristov).
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High values of soil pH are due to soil
profiles, are developing over calcareous
sediments with alkaline reactions such
as loess and similar soft Quaternary sedi-
ments (Hristov 2016).

Figures 1 and 2 show two deep, well-
formed soil profiles of Phaeozems from
Northern and Southern Bulgaria. The sub-
surface Bt horizon is commonly referred
as clay rich layer significantly altered by
pedogenesis, mostly with the formation
of iron oxides and clay minerals. Typically
clay formation in Phaeozems is in situ, but
also clay illuviation from surface horizons
could be found. This soil layer is usually
brownish or reddish due to the iron oxides,
which increases the chroma of the subsoil
to a degree that it can be distinguished
from the other horizons. Therefore, this is
an argic horizon, in the middle of the pro-
files, with high clay content and high CEC.

In deep C horizon there are car-
bonates with white colour, respectively
with high base saturation. The difference
between them is reddish colour in the mid-
dle because of Mediterranean influence in
Southern Bulgaria, and the Phaeozems
from the north are deeper.

The cation exchange capacity of sail

50

determines the total capacity of a soil to
hold exchangeable cations. This can have
a significant effect on its fertility manage-
ment (Mengel 1993). According to Ganev
et al. (1990) classification studied soils are
moderately colloidal with average value of
CEC about 31.59 meqg/100 g soil (Fig. 3
and Table 2). In almost all soil profiles the
highest values of CEC are in Bt horizon,
because of high clay accumulation from
leaching and lessivation in the argic hori-
zon. P1 has the highest content of CEC
up to 43.50 meqg/100 g soil. The reason for
that is parent rock of thick clay Pliocene
and Quaternary sediments. All other soil
profiles from North Bulgaria spread over
clay loess.

Total acidity (H,,) and exchange acidity
(Al are in low quantities. The main reason
for that is alkaline reaction and low amount
exchangeable cations with acidic functions
adsorbed on strongly acid and weakly acid
ion exchangers of the soil colloids and
lack of adsorbed exchangeable acid ions.
The exchangeable acidity (ex. Al) is about
zero in most horizons exceptin P1 and P6.
The main presence of total acidity and ex-
changeable acidity is in surface horizons.
This is because rainwater is slightly acidic

45

40

35

30

25

20
15

Content of exchangable cations,
meq/100 g soil

10
SH
0

P1P1P1P1P1P2P2P2P2P2P2P3P3P3P3P4P4P4P4P4P4P5P5P5P5P5P5P6P6 P6 P6 P6

mCEC Hex. Hsa

Soil profiles

ex. Al mex. Ca mex. Mg

Fig. 3. Soil profiles with graphical values.
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Table 2. Descriptive statistic of soil physicochemical properties.

Descriptive statistic ~ pH CEC ex.H,, ex.Al ex.Ca ex. Mg V%

Mean 6.65 31.59 3.99 0.14 24.98 2.84 87.11
Standard Error 0.16 0.88 0.51 0.06 0.96 0.16 1.68
Median 6.70  30.80 3.95 0.00 23.70 3.00 87.64
Mode 6.80  30.60 0.00 0.00 23.00 3.00 100.00
Standard Deviation 0.89 4.95 2.90 0.34 5.45 0.90 9.51
Range 2.90 18.50 11.00 1.20 18.80 3.80 31.10
Minimum 5.30 25.00 0.00 0.00 16.00 1.20 68.90
Maximum 8.20 43.50 11.00 1.20 34.80 5.00 100.00

Note: CEC is cation exchange capacity; ex. H,, is total acidity; ex. Al is exchange acidity; ex.
Ca is exchangeable Ca; ex. Mg is exchangeable Mg; V is base saturation.

(about 5.7) due to a reaction with CO, in
the atmosphere that forms carbonic acid.

The number of H and Al ions decreas-
es and the quantity of Ca and Mg ions
increases. Cations which are alkaline
(non-acid) and therefore raise the soil pH
and base saturation in studied soils are
mainly Ca and Mg.

High amount of Ca cations in the soil
is because it is part of many primary and
secondary minerals content. It is usually
the dominant basic cation in soil cation
exchange reactions, typically accounting
for more than 70 % of base saturation
(Pagani et al. 2013). Exchangeable Ca
reach maximum at 35 meq/100 g, with
average content about 24 meq/100 g and
averagely 78 % of CEC. It is adsorbed

strongly as compared with other ex-
changeable cations. More clay minerals
adsorbed more Ca (Ganev 1989, Sposito
1989, Pavlova et al. 2005b). There is posi-
tive correlation between Ca and CEC, pH,
and base saturation (0.83, 0.6 and 0.69).
The relationship is confirmed for the ef-
fective cation exchange capacity, which is
due to its stability in different methods of
analysis and evaluation (Arsova and Mali-
nova 1995, Malinova 1996, Pavlova et al.
2005a).

Soil pH has good positive statistical
correlation with exchangeable Ca (0.6)
and base saturation (0.94) (Table 3).
There is also negative correlation with to-
tal acidity H,, (~0.93) and exhalable acid-
ity Al (=0.55).

Table 3. Correlation matrix of variables.

Soil indices pH(Hzo) CEC ex.H,, ex. Al ex. Ca ex. Mg V, %
pH(HZO) 1
CEC 0.12 1
ex. H,, -0.93 0.00 1
ex. Al -0.55 -0.13 0.62 1
ex. Ca 0.60 0.83 -0.53 -0.43 1
ex. Mg 0.05 0.25 -0.05 -0.33 0.14 1
V, % 0.94 0.21 -0.97 -0.66 0.69 0.11 1

Note: In bold, variables are positively correlated (>0.5) or negatively correlated (<-0.5).



526

B. Hristov

The high levels of competing elements,
such as Ca, reduce the availability of Mg.
Although Ca and Mg share the same ex-
change processes, Mg sorbs less strongly
than Ca to soil colloids and therefore it is
more prone to leaching. The average con-
tentis about 2.8 meq/100 g with maximum
value of 5 meq/100 g. The interesting fact
is that Mg does not correlate with all other
indices (Table 3).

As it was mentioned above base satu-
ration (%) has high values. It is calculated
as the percentage of CEC occupied by
base cations Ca, Mg and K. All soil pro-
files are with Calcaric or Endocalcic qual-
ifiers according WRB classification (IUSS
Working Group 2015) with values of base
saturation from 70 to 100 %. It is increas-
ing in deepest horizons due to high car-
bonate content. Consequently, base sat-
uration has positive correlation with soil
pH and Ca and negative with total acidity
(Table 3).

Conclusion

Phaeozems in Bulgaria are fertile soils
with high CEC, high base saturation and
favourable soil reaction for crops. These
soils are neutral to moderately acidic in
surface horizon and slightly leached with
pH from 5.3 to 6.7 and alkaline reaction in
depth up to 8.2.

CEC varies from 25 to 43 meq/100
g, that is high and similar to most fertile
soils such as Chernozems and Kastano-
zems. The highest values of CEC are in
argic — Bt horizon because of high clay
content. Studied soils are moderately col-
loidal with average value of CEC about
31.59 meqg/100 g. The content of total
acidity and exchange acidity is low. The
main reason for that is alkaline reaction
of parent rock, because of high content

of carbonates. Therefore, exchangeable
Ca has high values, up to 35 meq/100 g,
which is about 78 % of CEC. All other base
cations are in low quantities, Mg varies
from 1.2 to 5 meqg/100 g. It is determined
that variable charges on soil colloids are
usually occupied by mainly by Ca and Mg
ions. High base cations content means
high base saturation. Studied soils have
good base saturation from 70 to 100 %.

New statistical analyses were made
that show good correlations between soil
pH, ex. Ca, and base saturation. There is
negative correlation between soil pH, ex.
Al and ex. Hg,, and also similar negative
correlation between base saturation, ex.
Al'and ex. Hg ,.

Obtained results show that Phaeo-
zems have good buffer capacity in whole
soil profile, with favourable physicochemi-
cal properties and high agricultural poten-
tial.
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