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ABSTRACT

The paper presents the results of research on soil buffer capacity in Poludniowopodlaska Lowland ecosystems.
The buffer curves were sketched and soil buffer areas measured with planimeter. The data obtained were
compared with some soil physical and chemical properties using statistical methods. The greatest acid buffer
capacity was observed in highly base-saturated meadow ecosystem soils (Vcgg = 82.8 - 98.7%), while the
greatest alkali buffer capacity — low base-saturated soils of forest ecosystems (Vcgg = 10.8 - 49.5%). Upper
horizons of arable land soils showed a greater alkali rather than acid buffer capacity, while soil buffer capacity of
deeper mineral horizons changed with soil physical and chemical properties.
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INTRODUCTION

Soil excessive acidification is most responsible for chemical deterioration of soil environment
in Poland, affecting physical, chemical and biological soil properties [4,15]. The acidification
results in increased base cations leaching deep into the soil profile, toxic aluminium and
manganese emergence, increased heavy metal phytotoxicity and decreased fertilisation effect,
which deteriorates the yield quantity and, especially, quality [4].

Soil acid deterioration in Poland is greater with years due to air pollution, increased mineral
and decreased organic fertilisation, storage of acid waste on soil surface, rainfall effect and
insufficient arable land liming and scarce forest soil liming [4,15]. The analysis of acid and
alkali soil buffer capacity helps to define the rate and extent of soil chemical deterioration
[1,5,6,9,10,12,13,14].

The Poludniowopodlaska Lowland, a part of the so-called Green Lungs of Poland, is a macro-
region whose environment has been well preserved; a typical agricultural land where emission
of SO, and NOy remains low [2,3]. Acid and highly acid soils account for 80% of the
Potudniowopodlaska Lowland [15], much affected by the parent rock origin as well as the
climate, forest species composition and agricultural practices. Today the soil acidity in the
region is intensified by mineral fertilisers and acid rains, which can be due to pollution mainly
from south-western Poland.

Assuming that soil shows some resistance to destructive environmental factors, e.g. inflicting
soil pH, the research was launched to define the buffer capacity of soil in Poludniowo-
podlaska Lowland different ecosystems as well as the physical and chemical properties
affecting the buffer capacity.

MATERIAL AND METHODS

The research covered ten soil profiles to represent varied soil types and subtypes: typical
lessive soils (profile 1 and 7), pseudogley lessive soils (2,8), leached brown soil (3), proper
black earth (4,5), mineral-and-muck soils (6), podzolic-and-rusty soils (9), deluvial humic
soils (10) in the ecosystems of farmland, meadows and forests of the Poludniowopodlaska
Lowland. Soil was sampled in September 1997 and 1998. According to the Central Statistical
Office (GUS) data [2,3] (Table 1), the rainfall pH was always less than 5.0 — below the
minimum value of natural rainfall acidity [7]. Annual mean rainfall pH over 1995 - 1998 at
Jaczewo control station (Potudniowopodlaska Lowland) ranged from 4.30 - 4.62, while the
annual rainfall from 557.6 to 718.0 mm [2].

Soil samples (1 kg) were taken from selected horizons and subhorizons of the soil profiles
researched and dried under laboratory conditions. Samples from raw humus subhorizons were
ground while samples from the mineral horizon were crushed in a mortar and sieved through
Imm sieve.
Table 1. Weather conditions over 1997-1998 in the region researched
‘ Months | Years

b v v v v v x| x| x| xin [ 1997 | 1998

Rainfall, mm

4.4 \22,7/36.1355|33.4| 59.1 |248.7| 19.1 |38.9(49.9 |43.4 |25.2 |616.4

27.1|42.139.3 |66.5|59.5(133.0 | 71.5 |111.3|32.6 |69.4 (43.4 |22.3 718.0
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Number of days with daily rainfall > 0.1mm

16 | 19 | 12 | 15 | 14 13 20 6 11 | 23 | 20 | 23 | 192

17 | 15 | 17 | 14 | 7 17 20 18 8 |20 | 20 | 20 193

pH

3.78 |4.24 |4.49 |4.67 |4.70 | 4.53 | 4.97 | 4.53 |4.72|4.37 |4.58 |4.28 | 4.62

4.35|4.55|4.43 |4.67 |4.74| 4.72 | 463 | 4.62 |4.93 |4.73 |4.33 |4.22 4.59

S0,%-S, mgdm™

4.06/1.061.31/1.43|1.02| 0.85 | 0.44 | 1.47 |1.17|1.08 |1.28 |0.83 | 0.87

1.01/0.93/0.94|1.19|0.65| 0.86 | 1.08 | 0.92 |0.35|0.45|0.89 |0.84 0.87

NO; — N, mgdm™

2.51/0.89|0.81|0.74 |0.52 | 0.31 | 0.17 | 0.56 |0.44 |0.62 |0.50 (0.59 | 0.42

0.61/0.76 |0.78 |0.56 |0.33 | 0.31 | 0.43 | 0.38 |0.190.32 |0.66 |0.72 0.45

Buffer curves were drawn according to Arrhenius with Brenner and Kappen modification [11]
adding increasing amounts of 0.1mol HCl'dm™ and 0.1mol NaOH:dm"™ to the soil, which after
24h was followed by solution pH measurement. Areas between standard curve and buffer
curves drawn for particular genetic horizons were measured with the planimeter. Similarly
there were defined the grain size composition according to Bouyoucos method with
Casagrande and Prdészynski modifications, percentage of carbon in organic compounds - the
Tiurin method, hydrolytic acidity (Hh) - with the Kappen method, exchangeable bases (CEB)
-in 1 mol CH3COONH4'dm'3, pH =7, and in carbonate horizons in 1 mol NH,Cl'dm™ [11].

Cation exchange capacity (CEC) was calculated using the following equation: CEC = CEB +
Hh, the degree of base saturation of soil sorption complex with %Vcgg= CEB100/CEC
and the degree of hydrogen saturation of soil sorption complex was defined with %Vy, =
Hh'100/CEC.

Soil buffer area linear correlation coefficients and physical and chemical soil properties were
calculated using the following equation [16]:

20 =Wy - F)
P = i= - Cov X,y :
no_an AJvar w-var y
¢§ﬁﬁ K)EHH ¥

where:

n — number of pairs of observations (X;, i),
x; — value of independent variable,

x — arithmetic variable x mean

yi — value of dependent variable,

y — arithmetic variable y mean.

The correlation coefficient value significance was determined for p =0.01 and p <0.05 and
degrees of freedom for v = n-2.
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RESULTS

The soils researched varied in their physical and chemical properties. The soils originated
from Riss sands, dust and clay contained from 4 to 49% of < 0.02 mm particles and from 2 to
24% of colloidal clay fractions (< 0.002 mm) (Table 2).

Table 2. Soil grain size composition

‘ Share of fraction, %
ere | Geete Do | 101 (01002 | <02 | <ome
dlarir?eter diameter | diameter | diameter
A | 032 e | 24 | 14 | 3
AEet | 3240 | 62 | 23 | 15 | 4
1 Eet | 4065 | 70 | 18 | 12 |
Mokobody feegt | 6585 | 55 | 20 | 25 | 10
Bt 85110 | 46 | 19 | 35 | 21
Is ' >110 | 39 | 24 | 37 | 24
A | 025 | 55 | 31 | 14 | 4
AEet | 2540 | 53 | 34 | 13 | 3
Lip2iny Eet | 4057 | 38 | 47 | 15 | 3
Bty | 57100 | 40 | 31 | 29 | 16
ncg | >100 | 38 | 28 | 33 | 20
Ap 030 | 60 | 25 | 14 | 6
GO,‘:SZyn Bor | 3048 | 5 | 28 | 16 | 7
‘C | >48 ‘ 48 | 38 | 14 ‘ 6
Aa 08 | 3 | 3 | 29 | 1
A Aa | 842 | 34 | 35 | 31 | 9
Cierpigérz | Ccagg | 4208 | 41 | 33 | 26 | 7
I >98 ‘ 78 ‘ 12 ‘ 10 ‘ 2
Ccagg
Aa | o010 69 | 16 | 15 | 7
Aa 1039 | 17 | 15 | 14 | 6
Sedce |ACcagg | 3964 | 74 | 14 | 12 | 5
Ccagg | 64100 | 8 | 6 | 11 | 4
Gea | >100 | 57 | 17 | 26 | 10
AOM | 025 | 47 | 20 | 24 | 12
saose |DIG | 2560 | 26 | 47 | 21 | 13
D26 | >60 | 81 | 12 | 7 | 2




o 02 | 0o | 0 | 0 | O

A | 29 | 52 | 32 | 16 | 6

7 AEet | 920 | 57 | 25 | 18 | 5
Stok Lacki ‘Eet | 29-50 ‘ 54 | 25 | 21 ‘ 5
Bt 5092 | 47 | 22 | 31 | 18

c 92 | 39 | 26 | 35 | 24

o 03 | 0o | o | 0o | o0

A | 315 | 43 | 41 | 16 | 6

8 AEet | 1531 | 42 | 42 | 16 | 5
Niemoki  eet | 3166 | 30 | 44 | 17 | 5
Bty | 56101 | 38 | 39 | 23 | 14

meg | »t01 | 38 | s | 3 | 20

o o2 | o | o | o | o0

oh | 26 | 0 | 0o | 0 | 0

AEes | 618 | 79 | 138 | 8 | 2

Gostsc):horz ‘Bfer | 18-48 ‘ 82 | 10 | 8 ‘ 2
BvC | 4856 | 91 | 5 | 4 | 2

I 5686 | 93 | 3 | 4 | 2

c2 | >8 | 9% | 6 | 4 | 2

o | o1 | o | o o

Aa | 19 | 5 | 46 | 49 | 14

0 |Aa | 939 | 9 | 46 | 45 | 12
Konstantynow ‘ AC | 39-118 ‘ 19 | 52 | 29 ‘ 10
I 118139 31 | 51 | 18 | 7

c2 | >139 | 38 | 41 | 21 | 14

The soil pH ranged from highly acidic to alkaline (pHgc = 3.19 -

Table 3. Soil physical and chemical properties

7.45); meadow soil
pH - from 6.04 to 7.45, arable land soil pH - from 4.25 to 6.43, while the lowest reaction
(pH from 3.19 to 5.20) was recorded for forest soils (Table 3).

Ap . 542 | 472 | 071 | 00
AEet | 493 | 425 | 020 | 00
1 Eet . 524 | 455 | 009 | 00
|EetBt . 623 | 510 | 011 | 00
Bt . 661 | 544 | 018 | 00
c . 644 | 510 | 014 | 00




Ap | 583 | 485 | 097 | 00
| AEet | 534 | 446 | 031 | 00
Eet . 562 | 466 | 011 | 00
1IBtg . 603 | 489 | 015 | 00
licg 621 | 495 | 012 | 00
Ap . 670 | 551 | 079 | 00
Bbr . 675 | 562 | 028 | 00
c . 702 | 643 | 012 | 00
Aa . 68 | 610 | 368 | 00
Aa . 692 | 604 | 292 | 00
Ccagg . 784 | 723 | 033 | 26
lCcagg | 800 | 734 | 023 | 37
Aa 712 | 673 | 347 | 00
Aa 721 | 690 | 251 | 00
ACcagg | 743 | 702 | 09 | 21
Ccagg . 724 | 724 | 026 | 25
Gea . 782 | 745 | 0418 | 42
AOM 725 | 694 | 592 | 00
D1G . 736 | 710 | 020 | 00
D2G . 742 | 665 | 006 | 00
ol | 444 | 348 | 337 | 00
Ah 423 | 340 | 239 | 00
| AEet | 402 | 380 | 060 | 00
Eet | 433 | 380 | 024 | 00
Bt | 442 | 390 | 014 | 00
c . 451 | 390 | 014 | 00
ol . 452 | 398 | 353 | 00
Ah . 412 | 363 | 09 | 00
| AEet | 424 | 405 | 055 | 00
Eet . 431 | 416 | 024 | 00
1IBtg . 452 | 360 | 041 | 00
licg 471 | 370 | 010 | 00
ol 391 | 352 | 482 | 00
Ofh 362 | 319 | 391 | 00
AEes . 383 | 327 | 114 | 00
| BfeBv 424 | 409 | 030 | 00
BvC . 441 | 416 | 005 | 00




C1 . 454 | 410 | 003 | 00
c2 | 634 | 520 | 008 | 00
ol 482 | 441 | 3112 | 00
Aa | 453 | 412 | 546 | 00
o |ha 481 | 413 | 408 | 00
AC 472 | 421 | 145 | 00
c1 . 453 | 411 | 054 | 00
c2 | 435 | 394 | 033 | 00

The organic C content in mineral-and-organic horizons of the soils researched ranged from
0.71% to 5.29%. The highest percentage of compound organic C, from 31.1% to 48.2%, was
noted in forest soil organic horizons (profiles 7, 8, 9, 10). The cation exchange capacity of the
soil researched (Table 4)

Table 4. Sorption properties and buffer area of investigated soils

No. Genetic Depth,‘ mmol(+)-kg” % % ‘ m’
horizons | cm ‘ CEB | Hh ‘ CEC Vces Vhn mm
Ap 0-32| 310 | 287 | 59.7 | 51.9 | 48.1 | 116 56
AEet 32— | 253 | 242 | 495 | 511 | 489 | 98 |37
40
Eet 40— | 210 | 98 | 308 | 628 | 318 | 638 |32
65
1 EetBt | 65— | 960 | 116 | 107.6 | 89.2 | 108 | 6.3 |7.2
85
Bt 85— | 127.2 | 124 | 1396 | 911 | 89 | 7.4 |103
110
Is | >110 | 1480 | 148 | 162.8 909 | 91 | 86 |10.7
Ap 10-25| 340 | 251 | 591 | 57.5 | 425 |13.9 6.8
AEet 25— | 211 | 191 | 401 | 524 | 476 | 97 | 48
40
5 Eet 40— | 180 | 105 | 285 | 632 | 368 | 7.7 | 3.9
57
lIBtg 57— | 84.0 | 18.4 | 1024 | 820 | 120 | 87 | 7.2
100
ICg | >100 | 1240 | 19.1 | 143.1 | 867 | 133 | 95 | 8.4
Ap 10-30| 205 | 19.0 | 485 | 60.8 | 392 |10.2 | 7.2
3 ‘Bbr ‘ 30 - ‘ 236 | 9.2 ‘ 32.8 ‘ 71.9 ‘ 28.1 ‘ 8.2 ‘7.9
Is | >48 | 271 | 42 | 313 | 865 | 135 | 56 | 88
4 Aa ' 0-8 | 893 | 185 | 107.8 828 | 172 | 9.7 215
Aa |8-42 826 | 145 | 971 | 851 | 149 | 93 210




Ccagg

‘42— ‘ 64.5 ‘ 6.0 ‘ 70.5 ‘ 915 ‘ 8.5 ‘ 6.0 ‘19.4

08

liCcagg | >98 | 286 | 10 | 296 | 966 | 34 | 15 |15.1

Aa 010 | 742 | 88 | 830 | 894 | 106 | 7.9 |224

Aa 10- | 651 | 66 | 717 | 908 | 92 | 74 |215
39

ACcagg | 39— | 388 | 33 | 421 | 922 | 78 | 45 |164
64

Ccagg | 64— | 313 | 20 | 333 | 940 | 60 | 25 |14.8
100

Gca  [>100 | 89.0 | 12 | 902 | 987 | 13 | 22 (236

AOM  |0-25| 2450 | 27.0 | 2720 | 904 | 9.9 | 84 |23.4

‘D1G ‘25— ‘ 62.5 ‘ 77 ‘ 70.2 ‘ 89.0 ‘ 11.0 ‘ 73 ‘19.4
60

D2G | >60 | 268 | 42 | 310 | 864 | 136 | 21 |62

ol 0-2| nd* 4421 | nd | nd | nd | 235 66

Ah ' 2-9 | 275 | 90.0 | 117.5 | 234 | 766 | 254 53

(AEet [9-20| 184 | 443 | 627 | 203 | 70.7 | 18.7 |42

Eet 29— | 165 | 350 | 515 | 320 | 680 | 166 | 3.3
50

Bt 50— | 470 | 51.0 | 980 | 479 | 521 | 186 | 6.1
92

Is | >92 | 51.0 | 540 | 1050 486 | 51.4 | 18.9 | 7.1

ol ' 0-3| nd 3982 | nd | nd | nd |183 55

Ah 3-15| 144 | 540 | 684 | 211 | 789 |19.7 | 5.1

AEet 15— | 125 | 337 | 462 | 271 | 729 | 136 | 4.0
31

Eet 31— | 94 | 230 | 324 | 289 | 709 | 108 3.0
56

lBtg 56— | 187 | 393 | 682 | 423 | 577 | 125 |57
101

ICg | >101 | 239 | 475 | 847 | 439 | 561 |14.3 | 69

ol ' 0-2| nd 5410 | nd | nd | nd |275 37

oh | 26 | nd 6231 nd | nd | nd |305 28

AEes |6-18| 74 | 617 | 69.1 | 108 | 892 | 245 |25

BfeBv | 18— | 59 | 319 | 368 | 16.0 | 840 | 16.6 | 6.0
48

BvC 48— | 30 | 159 | 189 | 159 | 841 | 51 | 4.1
56

c1 56— | 35 | 150 | 185 | 189 | 811 | 37 |28
86

c2 >86 | 121 | 81 | 202 | 599 | 401 | 32 |44




10

ol ' 0-1| nd 3390 | nd | nd | nd |205 69

Aa | 1-9 | 100.0 | 107.6 | 207.6 | 482 | 51.8 |22.9 |66

Aa 19-39| 934 | 952 | 188.6 | 495 | 505 |21.6 6.0

AC 3125 454 | 490 | 944 | 481 | 519 |162 | 54

C1 118- | 340 | 320 | 720 | 472 | 528 | 135 | 47
139

c2 | >139 | 310 | 388 | 69.8 | 444 | 556 | 127 | 4.2

nd*- non determined
ranged from 18.5 mmol(+)’kg™ in loose sand horizon of forest soil to 272.0 mmol(+)kg™
in muck horizon of meadow soil.

The buffer curves drawn for arable land soils were similar in shape but differed in their
deviation from the standard curve; the greatest deviation for alkaline pH was shown by humic
horizons whose alkaline buffer capacity was 1.4 - 2 times greater than the acid buffer
capacity. The greater the depths of arable land soil genetic horizon, the greater the differences
in the buffer capacity. Out of all the lessive soil mineral horizons, the lowest alkaline and acid
buffer capacities were recorded for Eet horizons whose respective buffer area measurements
were: Pnaog = 3.2 - 3.9 cmz, Puci = 6.8 -7.7 cm? (Fig. 1, Table 4). Acid and alkaline buffer
capacities in illuvial horizon Bt and parent rock C of lessive soils were greater and less
diversified than buffer capacities of Eet horizons. As for brown soil, there was recorded a
slight increase in the resistance of Bbr and C genetic horizons to acidification (Pyc; 7.9 - 8.8
sz) and a considerable decrease in their resistance to alkalisation (Pn,on = 8.2 - 5.6 cmz),
which was due to an increase in base saturation of soil sorption complex (Vcgg = 60.8 -

86.5%).

Fig. 1. Buffer curves drawn for lessive soil horizons
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Fig. 2. Buffer curves drawn for brown soil horizons
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For all the arable land soils analysed, the greatest increase in pH value as well as the greatest
decrease in most genetic horizons were recorded when 2-4 cm® of 0.1mol NaOH'dm™ or 0.1
mol HClI'dm™ were added. Any further acidifying or alkalisation caused less considerable pH
changes. The highest pH increase up to 10.9 was noted in Eet horizons of lessive soils and
parent rock C of brown soil after 10 cm® of NaOH was added, while the lowest pH decrease to
1.9 - 2.0 was also noted in Eet horizons (Fig. 1, 2).

The buffer curves drawn for genetic horizons of meadow soils (profiles 4, 5, 6) indicated very
high deviation from standard curve for acid pH and much smaller for alkaline pH. The ratio of
the above areas ranged from 2.2 in humic horizon A in profile 4 to 15.7 in Gca mineral
horizon of marly clay in profile 5 (Table 4). In the meadow soil profiles analysed, generally,
the greater the depth of genetic horizon, the smaller the buffer area, ranging from 21.5 - 23.4
cm” in humic horizons to 19.4 - 6.2 cm” in mineral horizon. Only the buffer area defined for
Gea carbonate clay horizon in profile 5 was very large and amounted to 23.6 cm®. Similar
changes were observed for the genetic horizon buffer area for alkaline pH which was much
smaller (Pnaon =1.5-9.7 cmz).

Whenever acid was added, the buffer curves drawn for meadow soil humic horizons showed a

high soil resistance to acid activity, hence slight pH changes, while deeper mineral horizons
showed a considerable pH value decrease (Fig. 3, 4).
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Fig. 3. Buffer curves drawn for black earth horizons
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Fig. 4. Buffer curves drawn for mucky soil horizons
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The forest soil profiles analysed (profiles 7, 8, 9, 10) were observed to show the greatest
resistance to alkalisation in organic as well as mineral-and-organic horizons whose buffer
curve slope against the horizontal of the graph was much smaller than the buffer curve slope
drawn for deeper mineral horizons (Fig. 5, 6, 7).
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Fig. 5. Buffer curves drawn for forest lessive soil horizons
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Fig. 6. Buffer curves drawn for rusty
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Fig. 7. Buffer curves drawn for deluvial soil
horizons soil horizons
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In organic and mineral-and-organic forest soil horizons, adding 10 cm® of NaOH increased
the value of pH up to 5.4 - 8.5, while in mineral horizons it increased up to as much as 11.1.
Out of all the forest soils analysed, the greatest alkaline buffer capacity was noted in rusty soil
whose buffer areas ranged from 24.5 to 30.5 cm’. The C content in organic compounds there
ranged form 1.14 to 48.23% (Table 3). Mineral horizons C1 and C2 of that profile showed the
smallest - 3.2 - 3.7 cm” alkaline buffer area. Both horizons represented loose sand grain size
composition of a low sorption capacity (CEC=18.5-20.2 mmol(+)kg") (Table 4). In forest
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lessive soils the lowest alkaline buffer capacity was detected in eluvial horizons Eet whose
Pnaon buffer areas ranged from 10.8 to 16.6 cm?. Tlluvial horizons Bt and parent rock C
showed a greater alkaline buffer capacity, while the Pn,oy buffer areas ranged from 12.5 to
18.9 cm?.

In deluvial humic soils (profile 10) originated from hydro-glacial dust, the genetic horizon
resistance to alkaline activity decreased with the depth of soil profile, which was seen from
their buffer areas decreasing from 22.9 cm? in accumulation horizon Aa to 12.7cm? in horizon
C2 (Table 4). The greater the depth, the lower cation exchange capacity of genetic horizons
(207.6 - 69.8 mmol(+)kg™), C content in organic compounds (31.12 - 0.33%) and the content
of particles <0.02 mm (49 - 18%) (Tables 2,3,4).

Forest soil alkaline buffer capacity was much lower than acid buffer capacity. The smallest
acid buffer areas (Pyc; 2.5 - 3.3 sz) were observed in lessive soil horizons Eet and in rusty
soil horizons AhEes. The greatest HCI buffer areas were observed for organic horizons
O (Puc 3.7-7.1 cmz), for mineral-and-organic horizons Ah, illuvial horizons Bt as well as
parent rock C in lessive soils (Table 4).

DISCUSSION

The soil types and their genetic horizons analysed varied in their buffer capacity due to their
physical and chemical properties. The statistical analysis showed that the HCI buffer area size
was highly significantly and positively correlated with the pH value in H,O (r = 0.80**), with
the pH value in KCI (r = 0.84**), with the exchangeable base sum (r = 0.57**) as well as with
the cation exchange capacity (r = 0.32*) and negatively correlated with hydrolytic acidity
(r = - 0.40**) (Table 5). The NaOH buffer area was highly significantly and positively
correlated with the hydrolytic acidity (r = 0.63**), the C content of organic compounds
(r = 0.50*%), the cation exchange capacity (r = 0.33*) and with the <0.02 mm particle content
(r = 0.36*), and negatively with the pH value in H,O (r = - 0.76**) as well as with the pH
value in KCI (r = - 0.75%%).

Table 5. Correlation coefficients between alkaline/acid buffer area and physical and
chemical soil properties

. Corre_la_tion Significance level
Correlation Number coefficient ®)
(r)
Punon-pHinHO | 51 | -0.76 | 0.01
Puwon-pHinkcl | 51 | 0.75 | 0.01
‘ Pnaon - % organic C ‘ 51 ‘ 0.51 ‘ 0.01
Puaori - Hh s 0.63 | 0.01
Pyaor - CEC a6 0.33 | 0.02
Praor - % < 0.02 mm | 46 | 0.36 | 0.02
Pu-pHinH0 | 51 | 0.80 | 0.01
Prai- pH in KCl 51 0.84 | 0.01
Proi- CEB . 46 0.61 | 0.01
Prcr Hh | 51 | -0.43 | 0.01
Puci - CEC . 46 0.32 | 0.03
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The highest buffer capacity was noted in organic and mineral-and-organic horizons of the
soils examined; meadow soils - acid buffer capacity especially, while in upper horizons
of arable land and forest soils - alkaline buffer capacity. Humic horizons of meadow soils
(black earth and muck soil) showed a very high sorption capacity (CEC = 71.7 - 272.0
mmol(+)kg"), base saturation (Vcps= 82.8 -90.8%) and high content of carbon in organic
compounds (2.51 - 5.92%). In meadow soil horizons rich in CaCOj the value of Pyx,on was
low and of Py - high. Similar relations were recorded by Miechdéwka et al. [8] for Podhale
soil buffer capacity.

In arable land and forest lessive soil profiles, the lowest alkaline as well as acid buffer
capacity was observed in horizon Eet due to lower sorption capacity of these horizons (CEC =
324 - 515 mmol(+)'kg'1) saturated mostly with hydrogen cations (Vy,= 31.8 - 70.9%) and
could have been due to decreased richness in some buffer systems.

Out of all the soils analysed, the greatest alkaline buffer capacity was noted for forest soils,
yet they showed less resistant to acidification. Buffer curves drawn for the impact of acid on
forest soils were rather flat. A considerable change in the curve slope was recorded after
adding 2 - 4 cm® of 0.1 mol HClI'dm™. A greater amount of acid (up to 10 cm®) caused slight
pH changes up to 2.5 - 2.0 (in some horizons even up to pH 1.7). Similar relations were also
recorded by other authors who analysed the course of two buffer curve sections — the so-
called pH jump and slow change [5,13,17], which also applies for arable land soils. All that
could have been related to the so-called buffer ‘threshold’ below which the soil reaction is
affected by acid aluminium ion extraction from weathering horizons or by acid organic matter
extraction from organic and mineral-and-organic horizons where pH value decreased to 2 and
below.

Alkaline buffer curves drawn for organic and mineral-and-organic forest soil horizons showed
a very high deviation from standard curve, which pointed to a high humus resistance to pH
growth and was due to highly unsaturated forest humus where acid cations prevailed (Vg =
51.8 - 89.2 %). In forest soils hydrogen-and-acidic group bonds as well as exchangeable
aluminium could neutralise a considerable number of alkalis, while acid neutralising potential
was due to a limited amount of alkaline cations (Vcgg = 10.8 - 49.5%). Similar observations
were recorded by other authors who researched buffer of soils used differently [9,10,12,13].

Buffer capacity of different soils of varied ecosystems investigated results from soil formation
processes, while a varied buffer area in different genetic horizons — from uneven distribution
of buffer systems (carbonate, silicate, aluminous, ferric) [17], which was clearly visible in the
profiles of the soils examined, especially in lessive arable land and forest soils as well as in
rusty forest soil.

CONCLUSIONS

1. Out of all the soils of different Poludniowopodlaska Lowland ecosystems examined,
the greatest resistance to acid activity was recorded for meadow soils and their
alkaline buffer capacity was 2 - 10 times lower.

2. The greatest resistance to alkaline activity was noted for forest soils, yet they showed
little resistance to acid activity.

3. Upper horizons of arable land soils showed a greater alkali rather than acid buffer
capacity, while soil buffer capacity of deeper mineral horizons changed with soil
physical and chemical properties.
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4. Buffer capacity of different genetic horizons resulted from soil formation processes.

In lessive arable land and forest soil profiles, the lowest alkaline and acid buffer

capacities were observed in horizons Eet showing lower exchange cation capacity than

in illuvial horizons Bt whose buffer capacity was much higher.

6. The statistical analysis showed that the soil resistance to acid activity defined with
correlation coefficient was highly significantly correlated with pH value in KCI and in
H,0O, sum of exchangeable bases (SEB), hydrolytic acidity (Hh) and with cation
exchange capacity (CEC).

7. The resistance of the soils to alkaline activity was highly significantly correlated with
pH in H>O and in KCI, hydrolytic acidity (Hh), C content of organic compounds, <
0.02 mm particle content and with cation exchange capacity (CEC).

9]
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