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Abstract

The cation exchange capacity and saturation of the sorptive complex with base cations are
very important indicators for quality assessment of soils, because they define soil fertility and
resistance to chemical degradation. The objective of the following study was to estimate the ca-
tion exchange capacity and saturation with exchangeable cations of Luvisols developed from
loess, under agricultural use. The study comprised 12 pedons under winter wheat culture, clas-
sified into various complexes of soil suitability. Exchangeable cations of alkaline character were
assayed with the Pallmann method in 1 mol NH,Cl dm?® extract with pH 8.2. The content of
cations Ca*, K* and Na* was determined with a flame photometer, while that of Mg?" was me-
asured with the AAS method. In the Ap horizons of the analyzed soils, the quantitative sequen-
ce of base cations was most frequently Ca?*>Mg*>K*>Na*. The total exchange bases (TEB) was
favourable in most of the soils (3.8-16.9 cmol(+) kg'), and the total acidity (TA) was varied (0.5-
3.7 cmol(+) kg') but generally low. The cation exchange capacity (CEC) in the Ap, Et, EB, Bt
and BC horizons of the soils was assessed as medium or high (5.2-17.9 cmol(+) kg!). Only the C
horizon, containing calcium carbonate, was characterised by very high CEC (76.2 cmol(+) kg?).
The base saturation (BS) was highly favourable in most of the soils (62.9-99.4%) and increased
deeper into the pedon. The soils were characterised by generally favourable shares of particular
cations: the percentage of Ca?" was 51.5-95.1%, most often higher than the optimum, while the
shares of Mg?* and K* were slightly below the optimum. The calculated quantitative ratios be-
tween the cations showed very strong variation of values among particular pedons. The content
of Mg?* cations and the values of TEB and CEC in the Ap horizons of soils from the very good
wheat complex were lower than in the Ap horizons of soils from the good wheat complex and the
deficient wheat complex, whereas the levels of Ca?", K*, Na* and H* as well as BS displayed only
minor differences.
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OCENA POJEMNOSCI WYMIANY KATIONOW I WYSYCENIA KATIONAMI
GLEB PLOWYCH WYTWORZONYCH Z LESSU

Abstrakt

Pojemno$é wymiany kationéw i wysycenie kompleksu sorpcyjnego kationami zasadowymi
sq bardzo waznymi wskaznikami jako$ci gleb, poniewaz decyduja o ich zyznoéci i odpornosci na
degradacje chemiczna. Celem pracy byla ocena pojemnosci wymiany kationéw 1 wysycenia katio-
nami wymiennymi intensywnie uzytkowanych rolniczo gleb ptowych wytworzonych z lessu. Ba-
daniami objeto 12 pedonéw pod uprawa pszenicy ozimej, zaliczanych do r6znych komplekséw
przydatnosci rolniczej. Kationy wymienne o charakterze zasadowym oznaczono metoda Pallman-
na w wyciagu 1 mol NH,Cl dm®o pH 8,2. Zawarto$¢ kationéw Ca®*, K* i Na* oznaczono na foto-
metrze plomieniowym, natomiast zawarto§é kationéw Mg?* — metodg AAS.
W poziomach Ap badanych gleb szereg iloéciowy kationéw zasadowych ksztaltowal sie najcze-
Sciej jako Ca?>Mg#>K*">Na*. Suma kationéw zasadowych byla w wiekszosci gleb korzystna
(3,8-16,9 cmol(+) kg'), a kwasowo$éé hydrolityczna zréznicowana (0,5-3,7 cmol(+) kg'), ale najcze-
$ciej mata. Pojemno$é wymiany kationéw w poziomach Ap, Et, EB, Bt i BC badanych gleb oce-
niono jako $rednig lub duza (5,2-17,9 cmol(+) kg'). Tylko w poziomie C zawierajacym weglan
wapnia wykazano bardzo duza pojemnoéé (76,2 cmol(+) kg'). Stopien wysycenia kationami zasa-
dowymi byl w wiekszo$ci badanych gleb bardzo korzystny (62,9-99,4%) i wzrastal wraz
z glebokoscig pedonu. W badanych glebach stwierdzono ogélnie korzystny udziat poszczegélnych
kationéw: udziat Ca*" wynosit 51,5-95,1% 1 byt najczeéciej wiekszy od optymalnego, natomiast
udzial Mg? i K* byl nieco mniejszy od optymalnego. Obliczone stosunki ilo$ciowe miedzy katio-
nami wykazywaly bardzo duze zrbéznicowanie wartoSci w poszczegélnych pedonach. Zawartosé
kationéw Mg?*, suma kationéw zasadowych i pojemno$é wymiany kationéw w poziomach Ap gleb
kompleksu pszennego bardzo dobrego byla mniejsza niz w poziomach Ap gleb kompleksu pszen-
nego dobrego 1 pszennego wadliwego, natomiast zawarto§¢ Ca?", K*, Na* 1 H* oraz wysycenie
zasadami wykazywaly tylko nieznaczne réznice.

Stowa kluczowe: gleby plowe wytworzone z lessu, pojemno§é wymiany kationéw, kationy wy-
mienne.

INTRODUCTION

Soil ability of exchangeable adsorption of cations, the measure of which
is the cation exchange capacity (CEC), is a very important indicator for the
estimation of soil quality. The value of CEC is determined by the sum of ca-
tions which neutralise negative charges on the surface of soil colloids, and by
the soil reaction (PEINEMANN et al. 2000, Kaiser 2008, RASHIDI, SEILSEPOUR
2008). An equally important indicator of soil quality is its degree of satura-
tion with base cations: Ca?", Mg?, K* and Na*. The higher the level of satu-
ration with exchangeable bases, the lower the share of cations H* and Al**
determining the total acidity of the soil. The level of saturation of the sorpti-
ve complex with base cations determines the fertility of soils and their re-
sistance to chemical degradation. Depending on the soil reaction and relative
shares and kinds of dominant mineral and organic colloids, various quantita-
tive ratios appear in the soil among the particular cations taking part in the
ionic exchange (STEVENS et al. 2005, KopiTTkE, MENZIES 2007, SZYMANSKA et al.
2007). The content of base and acidic exchangeable cations in the sorptive
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complex of soil has an effect on plant nutrition and on the status of ionic
balance in plants. Cations adsorbed in soil colloids constitute a pool of
nutrients for plants.

Particular types and kinds of soils differ in the degree to which the ca-
tion exchange capacity is utilized by base and acidic cations (Drozb et al.
2007, SzaFRANEK et al. 2007, KaLEMBASA et al. 2011, KoBIERSKI et al. 2011).
Intensive agricultural use of soils may cause both enrichment and impove-
rishment of the sorptive complex in base cations (SToJEK 2005, Ko¢MiT et al.
2008, RycHcik et al. 2008). The objective of the study was to estimate the
cation exchange capacity and the saturation with exchangeable cations of
Luvisols developed from loess, under intensive agricultural use, classified to
various complexes of agricultural suitability.

MATERIAL AND METHODS

Field studies on Luvisols developed from loess were conducted on 4 se-
lected pedons each, classified into three complexes of agricultural suitability
of arable soils: the very good wheat complex (1), the good wheat complex (2)
and the deficient wheat complex (3). In total, the study comprised 12 Luvi-
sols under winter wheat cultivation, situated in various mesoregions of the
Lublin Upland and the Volyn Upland (KonNDRrRackr 2002) — Figure 1:
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Fig. 1. Map of the location of the pedons



1088

a) Luvisols classified into the very good wheat (1) complex of agricultural
suitability and II valuation class, No.: 1 — Piotrawin, 51°19'39"N, 22°26'4"E,
2 — Jastkéw Kolonia, 51°19'40"N, 22°26'28"E, 3 — Tomaszowice, 51°17'9"N,
22°26'10"E, 4 — Lugdéw, 51°19'25"N, 22°18'33"E (Nateczéw Plateau);

b) Luvisols classified into the good wheat (2) complex of agricultural suit-
ability and IIla-IITb valuation class, No.: 5 — Gutanéw, 51°20'45"N,
22°17'42"E, 6 — Ludwindéw, 51°20'15"N, 22°16'55"E (Nateczéw Plateau),
7 — Wélka Kraéniczyriska, 50°55'19”"N, 23°22'19"E, 8 — Drewniki 50°54'26"N,
23°22'53"E (Grabowiec Plateau);

¢) Luvisols classified into the deficient wheat (3) complex of agricultural
suitability and IVa-IVb valuation class, No.: 9 — Kolonia Y.ugéw, 51°19'31"N,
22°18'37"E, 10 — Kolonia Gutanéw, 51°21'4"N, 22°18'37"E (Nateczéw Pla-
teau), 11 — Poturzyn, 50°33'56"N, 23°54'55"E (Sokal Plateau), 12 — Majdan
Skierbieszowski, 50°53'20"N, 23°23'16"E (Grabowiec Plateau).

The soils selected for the study lay in individual farms, where the
share of cereals in crop rotation was most often 75%. The soils were charac-
terised by varied, but generally fairly low, levels of organic fertilisation,
consisting only of straw plough-over, and less frequently the application of
farmyard manure. The level of mineral fertilisation of the soils was higher
than that of organic fertilisation, but it was also varied and biased towards
nitrogen fertilisers. Most of the soils studied were limed too rarely, and on
some (pedons Nos 4, 5 and 12) no calcium fertilisers had been applied for
twenty years.

Soil samples for laboratory analyses were taken in August, when wheat
was in the phase of full ripeness or shortly after its harvest, from four layers
of the pedons with depths of: 0-25 cm (from Ap horizon), 25-50 cm (from Et,
EB, Btl or Bt2horizons), 50-75 cm (from Btl, Bt2 or BC horizons) and
75-100 cm (from Bt2, BC or C horizons). In total, 48 soil samples were taken
and subjected to laboratory analyses.

The texture of the soils was determined with the Casagrande areometric
method modified by Prészynski, separating the sand sub-fraction on sieves
with mesh sizes of 1, 0.5, 0.25 and 0.1 mm. The particle-size groups were
determined in accordance with the classification of the Polish Society of Soil
Science of 2008 (5th Commission ... 2011). The content of total organic car-
bon (TOC) was assayed at the IUNG Central Laboratory of Chemical Analy-
ses in Putawy, using an analyser Vario Max CNS Elementar. Soil pH in
1 mol KCI dm™ was measured potentiometrically with a combined electrode.

Total acidity (TA) in cmol H* kg! was assayed with the Kappen method
in 1 mol CH,COONa dm™. The level of base exchangeable cations in cmol(+)
kg'! was assayed with the Pallmann method in 1 mol NH Cl dm? extract
with pH 8.2. The content of exchangeable cations Ca?", K* and Na* was de-
termined on a flame photometer, and the content of cations Mg?" — with the
method of atomic absorption spectroscopy (AAS). Based on those assays, the
following were calculated: sum of base cations (TEB) and cation exchange
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capacity (CEC) in cmol(+) kg, degree of saturation of the sorptive complex
with base cations (BS) in percentages, shares of individual cations in the
sorptive complex of soil, and their molar ratios.

The results were subjected to statistical analysis. Calculations were
made of the coefficients of simple correlation (r) between the content of par-
ticle-size fractions, content of TOC and physicochemical properties of all soil
horizons, using the program Statistica 7.

RESULTS AND DISCUSSION

The Luvisols developed from loess classified into the very good wheat
complex contained 13-14% of sand fraction (2-0.05 mm), 78-79% of silt (0.05-
0.002 mm) and 7-8% of clay (<0.002 mm) in the Ap horizon (0-25 cm) — Table
1. Similar texture was found in the Et horizons, while the EB and Bt hori-
zons had a higher content of clay (14-24%) and lower of silt (63-71%). Soils
from the good wheat complex and deficient wheat complex had a higher con-
tent of clay (8-19%) and a lower level of silt (70-75%) in their Ap horizons.
Only soil No. 7, in the 0-80 cm horizon, had a lower content of silt (52-62%)
and a higher of sand (29-30%) compared to the other soils. In terms of their
particle-size distribution, the soils were most frequently loamy silts or clayey
silts.

The content of total organic carbon (TOC) in the Ap horizons of the first
complex soils was 6.36-9.48 g kg'! and it was only slightly higher than in
soils from complexes two and three (4.68-7.50 g kg'). The subsurface hori-
zons Et, Bt, BC and C contained only 0.72-3.36 g kg! of TOC (Table 1). The
reaction of the Ap horizons of the examined soils was most often weakly
acidic (pH 5.6-6.2), less frequently acidic (pH 4.7-5.5) or strongly acidic (pH
4.1-4.5). The reaction of the Et, Bt and BC horizons was most often acidic,
less frequently weakly acidic or strongly acidic. Only the C horizon, conta-
ining calcium carbonate, was alkaline in reaction (pH 7.3). Acidification of
the soils from complex 1 was slightly greater than of those from complexes 2
and 3.

Total acidity (TA) in the Ap horizons of the soils was 0.8-3.7 cmol(+) kg,
and 0.5-3.0 cmol(+) kg'in the subsurface horizons. Differences in TA among
the soils classified into various soil suitability complexes were small (Table 2).
TA did not display any significant relation to the content of the particle-size
fractions and of TOC, but it was closely negatively correlated with the value
of pH (r=-0.73) — Table 3.

The composition of exchangeable cations of the soils was dominated by
calcium cations (Table 2). In the Ap horizons of soils from complex 1, the
content of cations Ca?" was 3.1-10.4 cmol(+) kg! and it was slightly lower
than in the Ap horizons of soils from complexes 2 (3.0-10.9 cmol(+) kg?') and
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Table 1
Texture and selected properties of the soils
5 , Particle size fraction (%)
corsrlﬁ}ex PIe\Id()?n Horizon Izsﬁlt)h adrzgt;lng mmn (;‘g;) pH KCl
(cm) 2005 | 0.05:0.002 | <0.002
Ap 0-30 5-15 14 78 8 9.48 4.7
EB 30-40 30-40 13 68 19 3.36 4.6
! Bt1 40-67 55-65 16 63 21 1.74 4.5
Bt2 67-102 80-90 14 68 18 1.44 4.6
Ap 0-30 5-15 13 79 8 7.56 5.3
9 EB 30-35 30-35 16 66 18 1.80 5.1
Bt1l 35-63 55-60 16 65 19 0.84 5.3
1 Bt2 63-100 80-90 16 70 14 1.32 5.4
Very good
wheat Ap 0-30 5-15 14 78 8 8.34 6.2
Et 30-48 30-40 13 76 11 3.30 5.8
3 Bt1 48-75 55-65 12 64 24 1.68 5.2
Bt2 75-113 80-90 12 68 20 0.90 5.2
Ap 0-30 5-15 14 79 7 6.36 4.3
Et 30-43 30-40 15 73 12 0.90 45
4 Bt1 43-65 55-65 16 66 18 1.98 4.6
Bt2 65-105 80-90 12 71 17 1.86 4.8
Ap 0-24 5-15 16 75 9 6.12 45
5 EB 24-38 30-40 15 71 14 1.92 5.2
Bt1l 38-75 55-65 14 63 23 1.08 5.4
Bt2 75-103 80-90 15 67 18 0.90 4.6
Ap 0-27 5-15 14 70 16 6.60 6.2
Bt1 27-49 30-40 15 63 22 1.92 5.4
6 Bt2 49-78 55-65 13 71 16 1.32 5.8
2 BC 78-101 80-90 14 73 13 0.72 6.1
Good
wheat Ap 0-25 5-15 30 62 8 6.90 5.5
7 EB 25-42 30-40 30 53 17 2.52 5.0
Bt1 42-80 55-65 29 52 19 0.72 5.7
Bt2 80-108 80-90 18 58 24 0.90 5.8
Ap 0-24 5-15 14 70 16 6.48 5.8
Bt1 24-60 30-40 12 61 27 1.44 5.4
8 Bt2 60-80 60-70 13 62 25 1.14 4.3
BC 80-111 80-90 29 51 20 0.72 4.2
Ap 0-25 5-15 14 71 15 7.14 6.1
Bt2 25-40 30-40 16 70 14 1.20 5.9
o BC 40-75 55-65 17 70 13 1.38 6.1
Cea >75 80-90 16 73 11 1.08 7.3
Ap 0-26 5-15 13 71 16 7.50 5.8
10 Bt1 26-45 30-40 13 71 16 2.52 5.8
Bt2 45-70 55-65 16 70 14 1.32 6.1
3. BC 70-104 80-90 15 71 14 0.84 5.9
Deficient
wheat Ap 0-25 5-15 11 70 19 4.68 5.6
Bt1 25-46 30-40 13 66 21 2.40 5.2
1 Bt2 46-65 55-65 13 70 17 2.16 5.2
BC 65-100 80-90 11 74 15 0.72 5.4
Ap 0-18 5-15 14 68 18 6.18 4.1
Bt1 18-45 30-40 13 67 20 1.80 4.3
12 Bt2 45-80 55-65 12 71 17 1.44 4.4
BC 80-115 80-90 15 69 16 2.40 4.5
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3 (6.8-13.0 cmol(+) kg'). The content of calcium cations increased slightly in
the Bt horizons (5.5-14.1 cmol(+) kg?), while the highest values were attained
in the C horizon — 72.4 cmol(+) kg'. Within the soil pedons studied, cal-
cium cations correlated closely and positively with the pH value of the soils
(r=0.53) — Table 3.

The content of Mg?* cations in the Ap horizons of soils from the very
good wheat complex was 0.5-1.0 cmol(+) kg! and it was somewhat lower than
in the Ap horizons of soils from the good wheat complex (0.5-1.3 cmol(+) kg™)
and deficient wheat complex (1.4-1.7 cmol(+) kg?). The content of magnesium
cations increased slightly with depth, and in the Bt, BC and C horizons it
equalled 1.0-2.8 cmol(+) kg (Table 2). Magnesium cations correlated closely
and positively with the content of clay (#=0.72) and weakly with the content
of cations Ca?" (r=0.29) — Table 3.

The content of K* cations in the soils was slightly varied and equalled
0.1-0.6 cmol(+) kg! (Table 2). The highest values of 0.5-0.6 cmol(+) kg in the
Ap horizons of soils assigned numbers 2, 7 and 8 were caused by the applica-
tion of potassium fertilisers. The content of exchangeable cations Na* was
most frequently at the level of 0.1-0.5 cmol(+) kg!, with the exception of the
C horizon, where it reached 1.4 cmol(+) kg'. Potassium cations correlated
closely and positively with the content of TOC (r=0.40) and with hydrolytic
acidity (r=0.43), while sodium cations correlated with the value of pH
(r=0.48), calcium cations (¥=0.97) and magnesium cations (r=0.40) — Table 3.

In the Ap horizons of the soils, the quantitative sequence of base cations
was most often Ca?*>Mg?*>K*>Na*, which is characteristic for most mineral
soils of Poland (JAWORSKA et al. 2008, KaLEMBASA et al. 2011, KOBIERSKI et al.
2011). Whereas, in the subsurface horizons of the soils, the sequence of
Ca?*>Mg?*>Na"™>K" was frequently found. Especially in loess rock, sodium
cations tend to appear in larger amounts than potassium cations (UziAK et al.
2004).

Total exchange bases (TEB) in the Ap horizons of soils from complex 1
was 3.9-11.8 cmol(+) kg! and it was only slightly lower than in soils from
complexes 2 (3.8-12.6 cmol(+) kg!) and 3 (8.8-14.9 cmol(+) kg?). In the Bt
and BC horizons, the total bases ranged from 7.2 t016.9 cmol(+) kg, and in
the C horizon it increased to 75.7 cmol(+) kg (Table 2). TEB was closely and
positively correlated with the value of pH (r=0.52), calcium cations (r=0.99)
and sodium cations (r=0.97), and weakly positively correlated with magne-
sium cations (r=0.34) — Table 3.

Cation exchange capacity (CEC) in the Ap horizons of soils from the very
good wheat complex was in the range of 6.1-12.7 cmol(+) kg, and it was only
slightly lower than in soils from the good wheat complex (5.2-13.4 cmol(+) kg™)
and deficient wheat complex (11.1-15.7 cmol(+) kg?). In the Bt and BC hori-
zons, CEC was 8.2-17.9 cmol(+) kg, and in the parent rock C it increased to
76.7 cmol(+) kg?! (Table 2). CEC displayed the same correlations as TEB,
namely it was closely and positively correlated with pH (r=0.47), content of
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Table 2
Content of exchangeable cations and sorptive capacity parameters
Soil Pedon | Hori- TA | Ca* | Mg* K+ Na* | TEB | CEC BS TA | Ca* | Mg* | K+
complex No. zon (cmol(+) kg") (%) %)
Ap 15 | 43 | 05 | 03 | 01 | 52 | 67 | 774 | 226 | 65.0 | 68 | 4.1
) EB 19 | 68 | 07 | 02 | 02 | 78 | 97 | 80.7 | 193 | 69.6 | 68 | 25
Bt1 1.8 | 70 | 13 | 03 | 02 | 88 | 106 | 829 | 171 | 66.1 | 125 | 27
Bt2 15 | 62 | 13 | 03 | 01 | 79 | 94 | 840 | 160 | 658 | 136 | 2.9
Ap 14 | 51 | 05 | 06 | 01 | 63 | 7.7 | 81.6 | 184 | 66.6 | 59 | 74
EB 13 | 74 | 08 | 03 | 02 | 87 | 100 | 87.1 | 129 | 742 | 79 | 3.1
z Btl 14 | 83 | 14 | 02 | 02 | 101 | 115 | 883 | 11.7 | 726 | 122 | 19
Verylgood Bt2 1.0 | 60 | 1.3 | 02 | 01 | 76 | 86 | 87.8 | 122 | 69.6 | 148 | 1.8
wheat Ap 09 | 104 | 1.0 | 02 | 02 [ 11.8 | 127 | 929 | 7.1 | 820 | 78 | 1.2
5 Et 10 | 60 | 05 | 01 | 02 | 68 | 78 | 8.6 | 134 | 768 | 63 | 12
Bt1 08 | 103 | 1.3 | 02 | 03 [ 121 | 129 | 936 | 64 | 799 | 99 | 1.7
Bt2 13 | 77 | 14 | 02 | 02 | 95 | 108 | 882 | 11.8 | 71.3 | 133 | 1.8
Ap 22 | 31 | 05 | 02 | 01 | 39 | 61 | 629 | 37.1 | 515 | 74 | 26
. Et 15 | 43 | 06 | 01 | 01 | 51 | 66 | 774 | 226 | 65.2 | 84 | 20
Btl 14 | 68 | 14 | 02 | 02 | 86 | 100 | 8.5 | 135 | 683 | 144 | 20
Bt2 09 | 55 | 1.4 [ 02 | 01 | 72 | 81 | 889 | 11.1 | 67.8 | 173 | 2.1
Ap 14 | 30 | 05 | 02 | 01 | 38 | 52 | 740 | 260 | 583 | 95 | 45
EB 13 | 62 | 07 | 02 | 03 | 74 | 87 | 8.1 | 149 | 723 | 7.7 | 18
> Bt1 13 | 94 | 12 | 02 | 02 | 11.0 | 123 | 89.6 | 104 | 761 | 100 | 16
Bt2 10 | 68 | 1.2 | 02 | 02 | 84 | 94 | 895 | 105 | 733 | 124 | 18
Ap 08 | 109 | 1.2 | 02 | 03 | 126 | 134 | 944 | 56 | 814 | 92 | 1.8
Bt1 11 | 102 | 14 | 02 | 03 | 121 | 132 | 915 | 85 | 77.3 | 106 | 1.7
6 Bt2 10 | 77 | 12 | 02 | 02 | 93 | 108 | 905 | 95 | 75.0 | 120 | 1.7
z BC 06 | 63 | 1.0 | 01 | 02 | 76 | 82 | 927 | 73 | 767 | 125 | 16
V?ITZ:t Ap 1.8 | 48 | 08 | 05 | 02 | 63 | 81 | 776 | 224 | 594 | 103 | 57
EB 23 | 74 | 11| 03 | 02 | 90 | 11.3 | 80.1 | 199 | 654 | 98 | 2.7
7 Bt1 11| 97 | 11| o2 | 03 | 113 | 124 | 915 | 85 | 782 | 88 | 1.9
Bt2 1.0 | 141 | 21 | 02 | 05 | 169 | 179 | 941 | 59 | 784 | 115 | 1.3
Ap 1.7 | 83 | 1.3 | 05 | 02 | 103 | 120 | 862 | 138 | 69.6 | 11.0 | 3.7
Bt1 1.7 | 114 | 27 | 04 | 03 | 148 | 165 | 90.0 | 10.0 | 69.3 | 164 | 24
8 Bt2 23 | 93 | 28 | 03 | 03 | 127 | 150 | 846 | 154 | 620 | 186 | 1.9
BC 22 | 78 | 23 | 03 | 03 [ 107 | 129 | 825 | 175 | 60.6 | 17.9 | 2.0
Ap 08 | 130 | 14 | 02 | 03 [ 149 | 157 | 948 | 52 | 824 | 89 | 1.6
0 Bt2 10 | 73 | 1.0 | 02 | 02 | 87 | 97 | 899 | 101 | 758 | 10.6 | 1.4
BC 08 | 130 | 1.6 | 02 | 03 [ 151 | 1569 | 948 | 5.2 | 81.6 | 101 | 1.0
Cea | 05 | 724 | 1.7 | 02 | 14 | 757 | 762 | 994 | 06 | 951 | 2.3 | 02
Ap 10 | 83 | 14 | 02 | 02 | 101 | 111 | 91.2 | 88 | 752 | 122 | 1.8
0 Bt1 06 | 83 | 1.0 | 02 | 02 | 97 | 103 | 942 | 58 | 809 | 96 | 1.5
Bt2 | 08 | 69 | 1.0 | 01 | 02 | 82 | 90 | 916 | 84 | 773 | 11.0 | 15
Deﬁiient BC 08 | 64 | 1.2 | 01 | 02 [ 79 | 87 | 906 | 94 | 735 | 137 | 1.7
wheat Ap 15 [ 11.0 | 1.7 | 03 | 03 | 133 | 148 | 89.9 | 10.1 | 744 | 11.1 | 23
Bt1 12 [ 115 | 1.9 | 03 | 04 | 141 | 1563 | 921 | 7.9 | 75.6 | 121 | 1.9
" Bt2 1.0 | 89 | 14 | 03 | 03 | 109 | 11.9 | 91.2 | 88 | 750 | 114 | 2.1
BC 07 | 83 | 1.3 | 03 | 03 | 102 | 109 | 937 | 63 | 770 | 11.8 | 23
Ap 37 | 68 | 15 | 03 | 02 | 88 | 125 | 706 | 294 | 543 | 11.8 | 27
15 Bt1 30 | 83 | 1.6 | 03 | 03 | 105 | 135 | 778 | 22.2 | 616 | 122 | 2.1
Bt2 22 | 72 | 15 | 03 | 02 | 92 | 114 | 809 | 191 | 632 | 133 | 2.2
BC 1.8 | 63 | 14 | 03 | 02 | 82 | 100 | 81.9 | 181 | 633 | 140 | 23
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Correlations coefficients between investigated properties of soils (n=48) fable s

Variable TA Ca* Mg?* K* Na* TEB CEC BS
2-0.05 0.17 0.00 -0.01 0.15 0.05 0.00 0.01 -0.15
0.05-0.002 -0.26 0.01 -0.53%* -0.19 -0.12 -0.02 -0.04 -0.10
<0.002 0.17 -0.02 0.72%* 0.11 0.10 0.03 0.04 0.28
TOC 0.15 -0.14 -0.38%* 0.40%* -0.20 -0.15 -0.15 -0.33%
pH KCl -0.73%* 0.53%* -0.08 -0.19 0.48%* 0.52%* 0.47*%* 0.74%*
TA 1 -0.26 0.18 0.43%* -0.21 -0.25 -0.19 -0.79%*
Ca? 1 0.29* -0.09 0.97*%* 0.99%* 0.99%* 0.42%*
Mg?* 1 0.16 0.40%* 0.34* 0.35% 0.33*
K* 1 -0.04 -0.07 -0.04 -0.26
Na* 1 0.97*%* 0.97*%* 0.45%*
TEB 1 0.99%* 0.43%*
CEC 1 0.39%*

BS 1

* gignificance level 0.05, ** significance level 0.01

cations Ca? (r=0.99), Na* (r=0.97), and weakly correlated with cations Mg?*
(r=0.35) — Table 3. CEC values in the Ap horizons of soils classified in com-
plexes 1 and 2 were most frequently assessed as medium or high, and most
often as high in the Ap horizons of soils from complex 3 and in the Bt and
BC horizons. In the soils from complex 3 (pedons 9-12), situated on loess
slopes with considerable inclination, the Ap horizons developed as a result of
erosion from the illuvial Bt horizon, and therefore had a higher content of
clay and higher CEC. It was only the C horizon, containing calcium carbona-
te, that was characterised by very high CEC.

The Luvisols developed from loess were characterised by higher CEC
compared to Luvisols developed from loamy sands and to Brunic Arenosols
and Podzols soils developed from weakly loamy sands (StosEx 2005). CEC
values similar to those of the soils under study were found for Luvisols deve-
loped from boulder loams (SzaFRaNEK et al. 2007, KoBikrski et al. 2011). Com-
pared to Chernozems developed from loess (Drozp et al. 2007), Phaeozems
developed from loams (Ko¢miT et al. 2008) and alluvial soils (BARTKOWIAK,
Drucosz 2010), the CEC values of the soils studied were lower.

The degree of saturation of the sorptive complex with base cations (BS)
in the Ap horizons of the analyzed soils was varied (62.9-94.8%). BS incre-
ased with depth and reached 77.8-94.1%, in the Bt horizons, 81.9-94.8% in
the BC horizons and 99.4%. in the C horizon (Table 2). BS did not display
any variation with relation to the soil suitability complex. The BS was clo-
sely and positively correlated with the pH value of the soils (r=0.74), cations
Ca?* (r=0.42), Na* (r=45), TEB (r=0.43) and CEC (r=0.39), and weakly corre-
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lated with cations Mg?* (r=0.33) — Table 3. BS was highly favourable in most
of the studied Luvisols, despite their acidic or strongly acidic reaction. This
indicates very good buffering properties of Luvisols developed from loess. The
lowest values of TEB, CEC and BS noted in pedons 3, 6 and 9 result from
the application of calcium fertilisers. Whereas, the lowest degree of BS in the
Ap horizons of pedons 4, 5 and 12 was due to the lack of liming and strongly
acidic reaction of those soils.

The Luvisols developed from loess were characterised by considerable
variation in contributions of particular cations to the saturation of the sorpti-
ve complex (Table 2). Saturation with cations Ca?" in the Ap horizons was
51.5-82.4%, in the Et, EB, Bt and BC horizons — 61.6-81.6%, and in the C
horizon — as much as 95.1% (Table 4). The share of cations Mg?" in the Ap
horizons varied within the range of 5.9-12.2%, while in the subsurface hori-
zons it was 2.3-18.6%. Saturation with cations K* in the Ap horizons was
1.2-7.4%, and in the subsurface horizons — 0.2-3.1%. Saturation with sodium
cations constituted 1.4-2.2% of the sorptive complex in the Ap horizons of the
soils, and 1.6-3.2% in the deeper horizons. The share of total acidity (cations
H*) in the sorptive complex of the Ap horizons had a wider range: 5.2-37.1%.
Most frequently, the share of cations H+ decreased with the depth in the
pedons to the level of 8.7-12.9% in the BC horizon and 0.6% in the C horizon.
No significant differences were noted in the saturation with particular ca-
tions between pedons classified in different soil suitability complexes.

The percentages of particular cations are important for an assessment of
the capability of soil to supply plants with nutrients and to provide optimum
conditions for their growth. The concept of optimum saturation of soils with
cations, generally accepted for a long time, presumes that their respective
shares should be ca. 65% Ca?, 15% Mg?", 5% K* and no more than 15-20%
H*. However, numerous studies indicate that the concept does not apply to
all soils and all crops (STEVENS et al. 2005, KorirTkE, MENZIES 2007). In the
Ap and Et horizons of the studied Luvisols, the share of magnesium was lo-
wer than the optimum, unlike the share of calcium cations, which was hi-
gher. Despite those differences, most of the studied Luvisols were characte-
rised by favourable shares of particular cations, irrespective of the soil
suitability complex. The notable level of cations H* in the Ap horizons of pe-
dons 4, 5 and 12 (25.0-37.1%) and their strongly acidic reaction resulted from
long-term absence of liming, and indicated very weak chemical degradation
of those soils. Nitrogen fertilisation is an additional factor contributing to the
acidification of soils and causing a reduction in the shares of cations Ca?" and
Mg? (SzyMANSKA et al. 2007).

The differences in the per cent shares of particular cations resulted in
different molar ratios between them. The ratios between the following ca-
tions: Caz+Mg?"/K*+Na*, Ca?/Mg?*, Ca?*/K* and Mg?"/K* are used as criteria
in estimation of the sorptive complex quality of soils (STEVENS et al. 2005,
SzyMaNska et al. 2007, BAarRTKOWIAK, Drucosz 2010, KaLEmBAsA et al. 2011).
The ratios calculated herein indicated very strong differentiation of values
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Table 4
Basic cation saturation ratios in the sorption complex of soils

Horizon Ca*+Mg?*/ K*+Na* Ca®/Mg* Ca?/K* Mg?/K*

A 17.2* 7.7 28.7 3.8

p

8.0-28.5%* 4.6-11.4 9.0-66.0 0.8-6.9

Et 21.5 10.0 47.9 4.7
18.8-24.1 7.8-12.2 31.8-63.9 4.1-5.3

EB 16.3 8.9 28.9 3.3
15.6-17.7 6.6-10.3 23.9-39.4 2.5-4.2

Bt1 21.6 6.5 39.1 6.1
18.1-24.5 4.2-8.9 24.6-53.0 4.6-7.4

Bt2 22.0 5.6 40.0 7.3
17.5-26.5 3.3-7.1 22.8-58.1 4.7-9.6

BC 22.5 5.7 44.3 7.8
16.9-29.3 3.4-8.1 27.8-82.2 5.0-10.2

Cca 48.5 42.0 425.3 10.1

* mean values, ** range

among the particular pedons (Table 4). The ratio of bivalent cations to mono-
valent cations in the Ap horizons was, on average, 17.2, and increased gra-
dually with depth into the soils, up to 48.5 in the C horizon. A broad ratio of
Ca?*+Mg?"/K*+Na" is a natural feature of soils developed from loess. The ra-
tio of cations Ca?/Mg?" in the Ap horizons was, on average, 7.7, and tended
to vary: it narrowed down to 5.6 in the Bt2 horizon but broadened to 42.0 in
the C horizon. For plant nutrition, the ratio of 5.0-7.5 is considered to be
favourable (SzymaNska et al. 2007). The average ratio of cations Ca*/K*" was
9-66 in the Ap horizons, 22.8-82.2 in the deeper horizons, and 425.3 in the
parent rock. The value of the ratio considered to be the most suitable is 10-
15 (KopiTTKE, MENZIES 2007, SzYMANSKA et al. 2007). The broader ratio in the
Ap horions of most of the soils indicates a certain potassium deficit, resulting
from insufficient application of potassium fertilisers. Due to the antagonistic
effect of K* towards Mg?*, the ratio of magnesium cations to potassium ca-
tions is an important indicator of quality of the sorptive complex. In the Ap
horizons, it was 3.8, on average, increasing deeper into the profile, thus atta-
ining the highest value in the parent rock (10.1) — Table 4. Since the opti-
mum value of the ratio is assumed to be 3.0 (KoriTTkE, MENzZIES 2007), that
indicator verifies the deficit of potassium in the Ap horizons of some of the
soils under study.

Summing up the discussion, it should be highlighted that the sorptive
properties of the studied Luvisols developed from loess were determined pri-
marily by their genetic traits: content and kind of clay minerals, content of
organic matter, and pH (Korirtke, MENzIES 2007, KAISER et al. 2008, RASHIDI
et al. 2008). Clay minerals in Luvisols developed from loess are the primary
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sorbents. According to Uziax et al. (2004), the composition of clay minerals in
loess soils is dominated by expanding mineral, mixed-packet smectite/illite,
and, additionally, some illite and kaolinite, sometimes also chlorite, vermi-
culite or smectite. Soil humus has the higheast sorptive capabilities owing to
carboxyl, hydroxyl and amine functional groups (PEINEMANN et al. 2000, Ka-
ISER et al. 2008, RasHip1 et al. 2008). However, Luvisols are characterised by
a low content of humus, and fresh organic matter rapidly undergoes micro-
biological mineralization (SToJEK 2005, SzymaNskA et al. 2007, RycHCIK et al.
2008). Therefore, under the conditions of intensive cultivation with an exces-
sive share of cereals (75% and more), regular organic fertilisation is highly
important to prevent further impoverishment of the soils in TOC. Luvisols,
as a result of the processes of lessivage and leaching, are often characterised
by acidic reaction and migration of clayey minerals, together with base ca-
tions, downwards into the pedon. As a result of the depletion of base compo-
nents by the crop yields, their supplementation is required through liming
and organic fertilisation in order to satisy the needs of plants (SzyMANSKA et
al. 2007, Ko¢mit et al. 2008). The results of the study presented here demon-
strated also that the classification of Luvisols developed from loess into va-
rious agricultural suitability complexes, based on the morphological features
of pedons, affected very slightly the levels of CEC and the degree of satura-
tion of soil sorbents with cations.

CONCLUSIONS

1. In the Ap horizons of the Luvisols developed from loess, the quantita-
tive sequence of base cations was most frequently Ca?*>Mg*>K*>Na*, while
in the subsurface horizons another sequence such as Ca?*>Mg*>Na*>K* was
determined The composition of base cations was dominated by calcium ca-
tions, and the content of magnesium, potassium and sodium cations was
weakly diversified. TEB was favourable in the majority of the soils, and TA
(content of H*) was varied, but most often low.

2. CEC in the Ap, Et, EB, Bt and BC horizons of the soils was assessed
to be medium or high. It was only the C horizon, containing calcium carbo-
nate, that was characterised by very high CEC.

3. Despite the acidic or strongly acidic reaction, the degree of BS of the
sorptive complex was highly favourable in most of the soils, and increased
with the depth in a pedon.

4. The soils were generally characterised by favourable shares of particu-
lar cations. The percentage of calcium cations was most frequently higher
than that accepted as the optimum, while the shares of magnesium and po-
tassium cations were somewhat lower than the optimum.

5. The calculated quantitative ratios among the cations revealed big dif-
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ferentiation of the values among the particular pedons. High values of the
ratio of Mg?" /K" in the Ap horizons of most of the soils indicated a slight de-
ficit of potassium resulting from the application of small doses of potassium
fertilisers.

6. The content of cations Mg?*, TEB and CEC in the Ap horizons of soils
from the very good wheat complex were lower than in the Ap horizons of
soils from the good wheat complex and the deficient wheat complex. Howe-
ver, the differences in the content of Ca2?", K*, Na* and H* and in the BS
among soils classified in the different soil sutability complexes were very
small.
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