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ALTERATIONS OF SOME CHEMICAL
AND PHYSICO-CHEMICAL PROPERTIES OF SELECTED
SOILS IN FIELD ECOSYSTEMS

S. Laskowski, W. Toloczko

Department of Soil Science and Geoecology, University of Lédz
Zrédiowa 47, 91-735 Lodz, Poland

A bstract The research was conducted in 1991-1997 on the soils from arable fields situated
near L6dz. To the detailed research there were stated four soil profiles which were different as re-
gards their grain composition (two sand and two silt soils, all shallow) and typology (two profiles of
brown leached soils, one pseudopodzolic-gley soil and one fallow glossic grey-brown podzolic soil).

Qualification of the directions of the alterations in the content of organic carbon and basic
macroelements (P, K, Mg) in soil and hesitation of reaction, hydrolytic acidity and content of the ex-
changeable basic cations in the soil sorptive complex were the main target of our research.

The result of the 7-year-long research showed that different changes took place in the features
of the examined soils. However, the exact assignment of the direction of these alteractions is ex-
tremely complex and does not warrant getting a satisfying answer. It is the result of taking various
agriculture actions which are necessary to the appropriate maintenance of the ecosystems.

K ey word s: arable soils, properties, soil chemistry.

INTRODUCTION

The uses that soils are put to, is an important factor in determining their physi-
cal and chemical properties [4,5,9,11,13]. In the case of field ecosystems, an impor-
tant role is played by crop rotation, which to a greater extent determines the inflow of
organic matter into the soil and to some extent - the inflow of nutrients, as the result of
the fertilization used and mineralisation of post-harvest residues in the soil.

The aim of the research was to determine the direction of the changes in the
content of organic carbon and basic macroelements (P, K, Mg) in the soil and to
measure the fluctuation of the reaction, hydrolytic acidity, and the content of ex-
changeable basic cations in the sorption complex of the soil. Determination of the de-
gree of soil salinity and its changes during the research period was also attempted.
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MATERIALS AND METHODS

The research was conducted in the years 1991-1997 on soils from production
fields situated near £.6dz, Poland. Four soil profiles selected for detailed investiga-
tion had different granulometric composition (two sandy soils and two silty soils,
all incomplete) and represented the following taxonomy units:

- brown leached soil derived from light loamy sand, with a bed of light loam -
Lagiewniki site;

- brown leached soil derived from weak loamy and strong silty sand (in the Ap
horizon), with a bed of light loam - Zegrzanki site;

- pseudogley soil (stagno-gleyic) derived from common silt interbedded with
weak loamy sand and light silty loam - Nowe Lagiewniki site;

- glossic grey-brown podzolic soil derived from common silt interbedded with
weak loamy sand and loose sand - Smardzew site.

The composition and important properties of the soils listed above are pre-
sented in Table 1.

In the first year of the research (1991) whole soil profiles were analysed and
during the following years, (1992-1997) only the arable-humus horizons (0-20 cm)
and sub-humus horizons (30-40 cm) were investigated on the assumption that at
that depth, changes caused by anthropopressure are the clearest and furthermore,
this is the layer of soil from which plants take most of their nutrients.

The following features were measured in the soil samples taken from the de-
scribed depths:

- granulometric composition with the Casagrande method modified by Prészynski;
- C-organic with the Tiurin’s method;

available forms of P and K with the Egner-Riehm’s method;

available Mg with the Schachtschabel’s method;

pH potentiometrically; ~

hydrolytic acidity with the Kappen’s method;

exchangeable basic cations with the Pullmann’s method;

salinity conductometrically in the water suspension in the 1:2 ratio.

RESULTS

The results of the research achieved, indicate that the measured properties
of the soil from production fields undergo smaller or greater changes in time.
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T able 2. Range of some properties of studied soils in years 1991-1997

a) reaction, organic carbon and macroelements

Locality Depth pHy0 pHkci  Corg. (%) p K Mg
(cm) ] mg/100 g soil
Sandy soils
Lagiewniki 0-20 4.9-7.1 4.1-6.7 092-1.14 2493 2.1-83 0.9-4.0
30-40 4.8-6.5 4.3-5.7 - 04-29 1.0-5.0 0.5-5.5
Zegrzanki 0-20 4.5-6.2 4.1-5.9 1.00-1.17 1.3-54 2.1-7.5 1.2-9.0
30-40 4.5-6.1 4.2-5.7 - 0.3-2.3 0.8-1.7 0.7-7.5
Silty soils
Nowe 0-20 4.6-6.6 3.9-6.4 1.40-2.28 0.8-8.3 1.4-37.4 1.7-16.0
Lagiewniki  30-40 4.8-6.6 4.2-5.5 - 0.0-0.4 0.7-7.5 1.9-5.7
0-20 4.7-53 - 4.1-4.7 0.75-1.50  3.1-4.8 2.1-17.4 2.0-6.0
Smardzew 30-40 4.4-5.1 4.2-44 - 0.5-5.1 1.7-5.0 1.0-7.2
b) hydrolytic acidity (Hh) and exchangeable basic cations
Locality Depth Hh Ca®* Mgt K* Na*
{cm) mg/100 g soil
Sandy soils
Lagiewniki 0-20 0.45-3.97 0.80-5.40 0.15-0.42 0.15-0.22 0.09-0.17
30-40 0.75-2.77 0.50-4.20 0.10-0.51 0.09-0.13 0.07-0.19
Zegrzanki 0-20 1.65-4.87 0.40-2.40 0.11-0.61 0.09-0.19 0.09-0.19
30-40 0.82-2.92 0.48-1.32 0.10-0.52 0.04-0.09 0.050.19
Silty soils
Nowe 0-20 1.20-5.47 0.66-6.10 0.12-1.15 0.12-0.96 0.10-0.17
Lagiewniki 30-40 0.67-2.25 1.40-2.70 0.16-0.53 0.05-0.20 0.09-0.18
0-20 1.42-4.05 0.72-1.30 0.14-0.38 0.14-0.43 0.09-0.16
Smardzew 30-40 1.57-2.85 0.48-0.76 0.10-0.50 0.06-0.23 0.07-0.17

¢) Sum of basic cations (S), sorptive capacity (Th), base saturation of soils (V) and electrolytic conducitivity

Locality Depth S Th \Y% Conductivity
(cm) mg/100 g soil (%) (y:8/cm)
Sandy soils
Lagiewniki 0-20 1.30-6.07 5.04-6.52 25.6-93.1 100-426
30-40 0.78-4.94 3.03-5.69 25.1-86.8 53-293
Zegrzanki 0-20 0.70-2.81 4.40-6.39 12.6-63.0 67-240
30-40 0.70-1.59 2.15-3.62 19.3-66.0 40-326
Silty soils
Nowe 0-20 1.00-5.88 6.47-9.80 15.6-83.0 93-520
Lagiewniki 30-40 1.82-3.24 3.24-4.28 47.4-82.9 120-353
0-20 1.25-2.18 2.81-5.93 27.1-49.5 60-206
Smardzew 30-40 0.78-1.50 2.50-4.14 25.7-45.4 33-300
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It is described in some of the papers concerning soil science and agricultural
chemistry [2,5,14]. The role of fertilization as an important element influencing
the content and dynamics of nutrients in soil is often emphasized. One can sup-
pose that the high content of phosphorus and potassium in the accumulation hori-
zons of soils, stated by many authors [3,6,7,9,10], is the result of fertilization.
Granulometric composition, especially the clayey fraction, according to others
[1,6,7] is a factor which determines the content of available magnesium in the soil.
Those authors did not state any dependency between the content of that element
and the reaction of the soil. It should be mentioned that the research conducted by
Siuta et al. [12] indicates that the increase in the content of colloidal clay increases
the content of available potassium in the soil.

The investigated sandy soils (Eagiewniki and Zegrzanki) and the grey-brown
podzolic soil derived from silt (Smardzew) contain about 1% of C-organic (Table
2a). Much richer in that element is the pseudogley soil derived from silt (Nowe
Lagiewniki). In the sandy soils, the fluctuations of the content of C-organic are
small, and therefore the values from the first and the seventh year of the research
stay on the same level - in Lagiewniki respectively 0.93% and 0.95%, and in
Zegrzanki - 1.05 and 1.0% of C-organic. In the silty soils the fluctuations are big-
ger, and in the pseudogley soils there was a decreasing tendency from 2.28%
down to 1.50% of C-organic. In the last year of research in the grey-brown
podzolic soil there was an increase in the content of that element from 1.23% in
1991 to 1.50% in 1997.

The content of available phosphorus and potassium in the sandy soils stayed
within the range of very low and low during the entire period of investigation.
Silty soils - as compared to sandy soils - showed somewhat greater content of
those elements but even here, it was only medium (Table 2a, Fig. 1).

50% of the content of magnesium in the sandy soils was medium and 50% was
very low and low. Definitely little magnesium was found in the grey-brown
podzolic soil derived from silt (Smardzew). The content of that element was much
better in soil from the Nowe Lagiewniki site (pseudogley soil - Table 2a, Fig.1). It
1s almost a rule that the content of available forms of P, K, and Mg in the Ap hori-
zons is higher than that in the layers 30-40 cm deep, with only a few exceptions in
soil from the Lagiewniki site.

The reaction of the described soils is usually very acid and acid regardless of their
taxonomy (Table 1). There was a tendency of the pH to increase in the last years of
the research period, but also in this case there were exceptions. For example, the
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Fig. 1. Alterations of available forms of P, K, and Mg in soil in 1991-1997.
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reaction of the grey-brown podzolic soil (Smardzew) had not change for 7 years
and was very acid (pH of about 4.3 - Table 3).

More important changes in the pH of the soil were reflected by the values of
hydrolytic acidity and the content of basic cations. In cases where an increase of
the soil pH was stated, the content of basic cations was also higher, especially that
of Ca2+, Mg2+, and K" and the hydrolytic acidity was lower. The content of Na*
in the sorption complex did not change significantly and in several cases it was
equal to the content of Mg2+ (Zegrzanki, Smardzew - Table 3). The degree of
saturation of the sorption complex with basic cations was usually low (often under

T able 3. Alterations of reaction, hydrolytic acidity (Hh), exchangeable alkaline cations and fea-
tures of sorptive soils in years 1991-1997

Loca- Years Depth pH Hh Ca** Mg2+ K Na® S + Th v
lity (em)  KCI me/100 g soil (%)
1991 4.1 397 080 027 016 0.14 137 534 256
1992 4.1 370 082 021 019 012 134 504 266
1993 4.2 375 084 015 022 0.09 130 505 257
1994  0-20 6.2 045 540 042 016 0.09 6.07 652 931
g 1995 6.2 1.05 352 030 0.5 0.13 410 515 796
§ 1996 6.5 0.67 400 024 015 0.17 456 523 872
2 1997 6.7 0.60 488 020 019 0.12 539 599 90.0
K| 1991 4.3 277 050 021 0.0 0.2 093 370 251
1992 4.3 210 072 032 009 0.07 120 330 364
1993 43 225 052 010 009 0.07 078 3.03 257
1994 30-40 S.3 097 192 051 010 0.09 262 359 73.0
1995 5.0 112292 042 0.3 0.16 3.63 475 764
1996 5.7 075 420 042 013 0.19 494 569 86.8
1997 5.3 090 376 033 013 0.13 435 525 829
1991 4.1 292 102 033 0.18 0.19 1.72 464 37.1
1992 33 440 071 022 0.14 0.14 121 561 216
1993 3.8 487 040 0.1 010 0.09 0.70 557 126
1994  0-20 49 232 156 030 009 0.13 208 440 473
— 1995 4.8 375 212 019 014 0.19 264 639 413
é 1996 4.6 367 088 061 019 0.14 182 549 332
go 1997 59 1.65 240 0.13 015 0.13 281 446 63.0
N 1991 4.4 1.87 074 019 008 0.19 120 3.07 39.1
1992 42 292 048 010 0.07 0.05 070 3.62 193
1993 43 142 052 010 004 0.07 073 215 34.0
1994 30-40 43 195 0.68 016 006 0.15 1.05 3.00 35.0
1995 52 135 132 010 004 013 1.59 294 541
1996 4.7 1.87 064 052 0.09 0.09 134 321 417

1997 5.7 082 132 011 0.06 010 159 241 66.0
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Table 3. Continuation

+

Loca- Years Depth pH Hh ca* Mg2+ K* Na S Th A%
lity (cm)  KCI me/100 g soil (%)
1991 53 255 6.10 0.81 018 017 725 980 740
1992 49 375 272 060 035 017 384 759 506
1993 4.7 412 260 021 017 011 3.09 721 429
gv 1994  0-20 39 547 066 0.12 012 0.10 1.00 647 156
§ 1995 4.7 450 1.84 031 030 0.13 258 708 364
2 1996 6.4 120 360 115 09 0.17 588 7.08 83.0
5 1997 6.2 120 380 1.14 055 0.13 562 682 824
2 1991 5.5 067 270 030 0.10 0.14 324 391 829
2 1992 4.2 195 148 053 011 0.18 230 425 541
1993 4.4 1.42 1.52  0.16 0.05 0.09 1.82 324 56.2
1994 30-40 53 090 212 042 0.10 0.11 2.75 3.65 75.3
1995 4.7 2.25 1.40 0.25 0.20 0.t8 2.03 428 474
1996 4.6 1.72 1.78 043 0.15 0.15 2.51 4.23 59.3

1997 5.2 1.65 156 029 013 013 211 376 56.1
1991 4.4 375 130 038 040 010 218 593 3638
1992 4.2 405 096 020 028 0.09 1.53 558 274

1993 4.1 3.37 0.80 0.14 020 0.1 125 462 271
1994 020 4.7 330 079 0.16 0.5 0.6 126 356 354
z 1995 44 345 092 0.18 0.17 0.13 140 485 289
8 1996 43 360 080 033 0.14 0.16 143 503 284
'g 1997 4.3 142 072 0.15 043 0.09 139 281 495
UE) 1991 4.3 2.85 050 044 0.23 0.12 1.29 4.14 31.2
1992 43 2.17 066 0.6 011 007 100 3.17 315
1993 4.2 1.57 064 011 009 009 093 250 372
1994 30-40 44 225 048 0.12 0.06 0.12 078 3.03 257
1995 4.3 232 076 015 011 0.17 119 351 339
1996 4.4 1.80 0.72 050 0.1 017 150 330 454
1997 43 255 0.68 0.10 0.13 0.07 098 353 2738

30%) and it was increased only in those years, in which the pH of the soil also

grew (Table 3). The highest content in the cation composition of the sorption com-
plex of the soils was that of the H™ and Ca" ions and their mutual proportions

were different in different years and sites (Fig. 2). It was especially clear in

Lagiewniki and Nowe Lagiewniki, where the Ca®" cation had a great advantage
over the H' cation in the last four years of the research. In Zegrzanki and
Smardzew, the content of hydrogen was the greatest in the sorption complex in al-
most every year of research (Fig. 2).
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The initial investigation of the electrolytic conductivity of the soils proved that
it underwent great fluctuations (Table 2c¢), despite the fact that it did not exceed
4000 pS/cm, which is considered the bottom threshold of salinity. In the arable-
humus horizons of the sandy soils, salinity is higher than in the deeper soil hori-
zons (30-40 cm). In the silty soils, such a rule was not stated, however, a similar
tendency was visible (Table 2).

One of the most interesting observations was the dependency between the electro-
lytic conductivity of the soils and the content of available magnesium (Table 3).

CONCLUSIONS

The results collected during seven years of research prove that there are
changes of different intensity in the properties of the soils described. Most of those
changes are due to the granulometric composition of the soils, but most are due to
agrotechnical measures, especially fertilization. Stating the changes in the soil
properties does not present a great difficulty but the detailed determination of the di-
rection of those changes is a very complex task and it does not always guarantee satis-
factory results. The reason for that is the diversity of the agrotechnical measures
necessary for the proper functioning of field ecosystems. Undoubtedly, research con-
ducted in conditions of strict, in-the-field experiment as opposed to conditions of
production fields, would greatly clarify the issues described in this paper.
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