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SELECTED PHYSICAL AND CHEMICAL PROPERTIES AND THE S TRUCTURE CONDI-
TION OF PHAEOZEMS FORMED FROM DIFFERENT PARENT MATE RIALS
Part I. Physical and chemical properties

Summary

The performed investigations aimed at determinihgsgcal and chemical properties of proper Phaeozersgecially their

diversification in soils developed from differergtofpgical formations. The following parameters weetermined in the
examined soils: texture of soil, bulk density, fedensity, porosity, moisture content, hygroscaopater capacity (H) and
maximum hygroscopicity (MH), liquid and plastic itisp content of available elements, organic carlama total nitrogen,

hydrolytic acidity, reaction and others. The authaletermined, among others: high natural moistwetent and density
(especially in soils developed from clays), strgrjlersified H and MH values correlated with tlentent of the clay frac-
tion and moisture contents at the limits of liqtydand plasticity. All the analysed soils were dterised by the reaction
close to neutral, optimal C:N ratio as well as stgosorption capabilities. They were potentially alant in nutrient re-

sources and did not exhibit salinity.

WYBRANE WEA SCIWO SCI FIZYCZNE | CHEMICZNE ORAZ STAN STRUKTURY
CZARNYCH ZIEM WYTWORZONYCH Z RO ZNYCH SKAL MACIERZYSTYCH
Czesé |. Whasciwosci fizyczne i chemiczne

Streszczenie

Przeprowadzone badania miaty na celu poznaniesadasci fizycznych i chemicznych czarnych ziemsewaych, a w
szczegolngxi ich zr&nicowania w glebach wytworzonych z odmiennych uwwogeologicznych. W badanych glebach
0znaczono m.in.: uziarnieniegLasé objetosciowy oraz gstasé¢ fazy stalej, porowasd, wilgotnaé, H i MH, granice:
ptynndici i plastycznéci, zawartd¢ sktadnikow przyswajalnych ¢gla organicznego i azotu ogdlnego, kwasginmydroli-
tyczmg, odczyn i inne. Stwierdzono, guizy innymi: wysak wilgotnai¢ naturalny i gestas¢ (szczegolnie w glebach wytwo-
rzonych z itéw), silnie zeicowane, skorelowane z zawaity itu koloidalnego, wartéci H, MH oraz wilgotnéci przy
granicach: ptynnéci i plastycznéci. Wszystkie analizowane glebygddikteryzowaly si odczynem zhibnym do obegne-
go, optymalnym stosunkiem C:N oraz silnymi zdadiaoni sorpcyjnymi. Gleby te byly potencjalnie zasokw skladniki po-
karmowe. Nie wykazywaly zasolenia.

Introduction The objective of this research project was to gace
physical and chemical properties of Phaeozemsaiticp-
The importance of the Phaeozems types of soiladdr  lar, their variability in the soils developed frodifferent
culture cannot be overestimated, even though thkg tp geological formations.
barely 1.5% of the total area of arable land [I9ey are
classified among the best arable lands and gralssiawith  Materials and methods
the exception of Phaeozems underlaid with sandje®tems
which are found most frequently in the form of mety large Field experiments were carried out on the areanefof
patches neighbouring with other mineral formatiofien co-  the largest complexes of Phaeozems in Poland. tigaees
create the so called “soil mosaic” which are usuall tions were conducted on soils selected in such yaagato
(wrongly) utilised in the same way. Locally, thegncform  represent their variability with regard to parametdeter-
extensive complexes of Phaeozems, e.g.: Kujaw$,[44], mining their agricultural usefulness and, at thmedime,
Ketrzyn [24], Gniezno [12], Wroclaw [2, 9]. Pyrzy§® 6], developed from a different parent materials. Theguded:
Kalisz [11], Kutno [8], Szamotuly [20], Gniew [183] and two Kujawy Phaeozems from the region near Inownscta
other soils. The shallow location of the groundexaable in  developed from boulder clays of the Baltic glacias -
these soils is frequently associated with signifiqgaroblems ~ Wirm (profiles 1 and 2)Sroda Phaeozems from the
in their cultivation. This problem is particulariyynoying in  neighbourhood of Rogalin formed from loamy sandd an
Phaeozems with a significant proportion of the dtagtion  sandy clays also from the Baltic glaciations - Wifprofile
in the arable-humus horizons. For the same reasdmsk  6), soil from the region of Wroctaw developed frdha-
earths are extremely sensitive to the degradatimsedd by vioglacial materials of the central Polish glacat — Riss
unfavourable changes in water-air relationshipg.[Ifiese (profile 5), two Gniew Phaeozems formed from clafthe
soils exhibit a distinctly polygenetic characteriethleads Wirm pressure moraine (profiles 3 and 4). After thee
to considerable diversification of both their maofdgy  scription of their morphological structure, defodrend in-
and properties [21]. tact soil samples (V = 100 &rwere collected from the in-
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dividual genetic horizons of the examined soilse Thl-
lowing properties were determined in them: textuiy the
areometric method [15], specific density —
pycnometric method [18], natural and hygroscopidstooe
content — gravimetrically, maximum hygroscopic e
in a negative pressure chamber in the presencatwfated
K,SQ, solution, bulk density — using Nitzsch's vessels;
rosity calculated on the basis of soil density gssand
solid phase density, plastic limit (V— using the rolling

degraded Phaeozems. The authors found considespble
cies variability — from silt, through clay to loamhe mini-

by themal content of the clay fraction clay in arable-tusnhori-

zons amounted to 10% (profile 6) and maximal — 4865
(profile 4). This value in the remaining soils ftuated
within wide range (14-51%). High content of siltsail No.
5 (up to 52%) was significant (Tab. 1). Soil depsis well
as its porosity depended on the content of theictall frac-
tion and the depth from which the given sample wels

method, liquidity limit (W) — by the Casagrande method, lected. Bulk density values obtained in epi- andogredons

reaction — using a potentiometer, Electrical Cotigitg —
using a conductivity meter (soil solution 1:1), @y&on-
tent — by the Scheilbler method, hydrolytic acidity,) —

were assessed as high. In the caseydfokizons, these val-
ues ranged from 1.26 to 1.60 My, at porosities, respec-
tively 0.4583 and 0.3787 3m™. On the other hand, in the

using the Kappen method, Cation Exchange Capacityase of horizons situated deeper, they were caodibje

(CEC), Total Exchangeable Bases (TEB) — by the bfets
method, the content of the available macronutrientsing
Egner-Riehm and Schachtschabel methods, conteat-of
ganic carbon — by the Tiurin method and the contéital
nitrogen methods — by the Kiejdahl method [13]. Tbhee-
lation coefficient ¢=0.05) achieve with the use of Micro-
soft Exel. The presented results are mean valaes five
replications.

Results and discussion

Morphological properties were described and taruno
classification presented in accordance with th@meuen-
dations of the Polish Soil Science Society (PTQ@).[All
the examined soils were classified as Phaeozenas: {Hx-
ture was characteristic for the soils of the appete taxon
occurring in Poland [1, 7] and it was mostly “he&agince
Phaeozems of lighter texture usually representypeist of

Table 1. Morphology and texture of investigatedssoi

higher, e.g. 1.79 Mg, at porosity - 0.3271 fm?, (pro-
file 1, depth: 0.7 — 0.8 m), or 1.89 Mg° at porosity -
0.2868 nim?® (profile 6, depth 1,2 — 1.3 m) (Tab. 2). A
relatively low and uniform bulk density to the detf 1 m
was observed only in profile 5 with the texture retuder-
ised by a significant proportion of the silt framti(Tab. 2).
The above-mentioned values were also influencedhby
moment of sample collection (after intense preatfon) in
which the density of the examined soils was clasédld
maximum. This was also reflected in the high valokethe
determined natural water content — in the top kyrom
0.1483 kgkg™ (profile 6) to 0.37 kdg?® (profile 3). Mois-
ture contents at the plasticity and liquidity limitleter-
mined for arable-humus horizons were significarspes
cially for very heavy soils (profiles 3 and 4). Beegparame-
ters, being constant for a given soil, should Hesnainto
consideration when designing the working partsgsfcal-
tural machines and calculating demands for power.

Num- Genetic Depth Percentage content of fractions in diame-Textural Textural
ber of horizon ter [mm] group acc.| group acc.
profile [m] 2-0.05 | 0.05-0.002] <0.002 PN FAO
1 A 0.1-0.2 58 27 15 gl SL
A 0.3-0.35 56 27 17 al SL
ACc, 0.5-0.6 50 30 20 g L
Cea 0.7-0.8 45 32 23 g L
2 Ay 0.1-0.2 62 24 14 gl SL
A,C 0.35-0.4 63 16 21 gs SCL
Cea 0.8-0.9 52 27 21 g SCL
3 A 0-0.2 21 28 51 i C
A,C 0.35-0.4 17 24 59 [ C
Gy 0.5-0.6 25 20 55 i Cc
Cea 0.7-0.8 26 20 54 i C
Cea 1.2-1.3 30 14 56 i C
lIC 1.4-15 46 16 38 ip SC
4 A 0-0.35 26 20 54 i Cc
A,C 0.5-0.6 14 18 58 [ C
Ceag 1.1-12 16 18 66 ic C
5 A, 0.05-0.15 24 52 24 gpt SiL
A,C 0.3-0.35 27 48 25 gpt SiL
C 0.45-0.55 26 52 22 gpt SiL
Ic 0.8-0.9 65 18 17 gl SL
lnc 1.3-1.4 62 18 20 al SL
6 Ay 0.1-0.15 70 20 10 ap SL
A, 0.25-0.35 73 13 14 ap SL
A,C 0.4-0.5 76 10 14 ap SL
Cea 0.5-0.6 67 20 13 ap SL
Cica 0.8-0.9 65 22 13 ap SL
Cogea 1.2-1.3 72 14 14 ap SL
Caca 1.4-1.5 62 18 20 ap SCL
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Table 2. Basic physical properties of investigateils

Number Genetic Depth Moisture Specific Bulk Porosity
of profile horizon density density
[m] kgkg®] [ [m*m’ [Mg-m™] [Mg-m™] [m®m’]
1 A 0.1-0.2 0.1581 0.2523 2.57 1.60 0.378y
Ay 0.3-0.35 0.0758 0.1168 2.56 1.54 0.3984
A;Cea 0.5-0.6 0.0986 0.1716 2.65 1.74 0.3434
Cea 0.7-0.8 0.1143 0.2946 2.66 1.79 0.3271
2 A 0.1-0.2 0.1789 0.2766 2.53 1.55 0.3886
A,C 0.35-0.4 0.0720 0.1082 2.57 1.50 0.4150
Cea 0.8-0.9 0.0853 0.1203 2.62 1.41 0.4618
3 A 0-0.2 0.3710 0.4663 2.32 1.26 0.4583
AC 0.35-0.4 0.1972 0.3175 251 1.61 0.358b
Cq 0.5-0.6 0.1476 0.2568 2.68 1.74 0.350¢
Cea 0.7-0.8 0.1299 0.2260 2.70 1.74 0.3555
Cea 1.2-1.3 0.1347 0.2357 2.72 1.75 0.3566
IC 1.4-1.5 0.1134 0.1939 2.66 1.71 0.3571
4 A 0-0.35 0.2436 0.3424 2.41 1.41 0.4170
A,C 0.5-0.6 0.2054 0.3348 241 1.63 0.3236
Ceag 1.1-1.2 0.1486 0.2571 2.72 1.73 0.3640
5 A 0.05-0.15 0.1610 0.2220 2.43 1.39 0.4293
A,C 0.3-0.35 0.1116 0.1507 2.57 1.35 0.4747
C 0.45-0.55 0.0736 0.0972 2.62 1.32 0.4961
Inc 0.8-0.9 0.0858 0.1562 2.61 1.82 0.302y
Inc 1.3-1.4 0.1044 0.1869 2.65 1.79 0.3245
6 A 0.1-0.15 0.1483 0.2359 2.50 1.59 0.364P
Ay 0.25-0.35 0.1228 0.2044 2.52 1.67 0.3398
AC 0.4-0.5 0.1072 0.1718 2.61 1.66 0.3640
Cea 0.5-0.6 0.0902 0.1497 2.60 1.66 0.3615
Cica 0.8-0.9 0.1004 0.1717 2.65 1.71 0.354y
Cagea 1.2-1.3 0.1153 0.2179 2.65 1.89 0.2868
Cica 1.4-1.5 0.1262 0.2360 2.66 1.87 0.2970
Table 3. Some water properties of arable-humusbosi of the investigated soils
Number Hygroscopic water Max. hygrogco- PI.as.tic Liqu.id
of profile (H) pic capacity Limit Limit
(MH) (Wp) (W)
kgkg] [ [m*m? [ [kgkg’] [ [m*m? | [kg-kg"] | [kg-kg’]

1 0.0184 0.0294 0.0546 0.0874 0.1407 0.2110

2 0.0171 0.0265 0.0510 0.0790 0.1281 0.2350

3 0.0624 0.0786 0.1615 0.2035 0.2852 0.5201

4 0.0601 0.0847 0.1561 0.2201 0.3030 0.5312

5 0.0279 0.0388 0.0741 0.1030 0.1766 0.3080

6 0.0188 0.0299 0.0436 0.0693 - 0.215p

Values for both of these traits varied consideraiyg de-
pended clearly on the content of the clay frac{®?0.978
for Wg; R?=0.976 for W) and ranged from W= 0.1281
kgkg™ (profile 2) and W= 0.2350 kekg> (profile 1) to W,
= 0.3030 kekg® and W = 0.5312 kekg™ (profile 4). Like-
wise, texture and the content of,LCaffected H (B=0.973)

tions which, as a rule, improved the air-water doaks of
these soils but, at the same time, contributeddligat sub-
sidence of organic matter. In different soils, thpsocesses
followed and continue to follow different intensii which
depend on the quantity and quality of the claytfoscas
well as the presence of calcium carbonate becawesse t

and MH (R=0.997, ab=0.05) (Tab. 3). Detailed data about compounds form with organic colloids stable mineral

properties determining the structure conditiontaf &xam-
ined soils can be found in part Il of this study.

organic complexes which exert a strong impact dnpbys-
ico-chemical parameters. That is why the highesintties

The analysed Phaeozems belong to semi-hydrogeni¢ organic carbon and total nitrogen were foundhia soils

sails, i.e. formations whose origins were stroriguenced
by a considerable humidification of their centradafloor
horizons. This favoured accumulation of organic terain
the upper horizons covered, in the past, by fooeggrass
vegetation. Their transfer into ploughing cultieatirequired,
in the majority of cases, carrying out certain dage opera-
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of the ‘heaviest” texture of soils, i.e. in Gniewad@ozems
(Tab. 4). In the remaining examined soils, the reirged
levels of these valuable elements were slightlyelowl he
calculated C:N ratios, as a rule, fluctuating betw&.0 —
12.0, confirm variations in the biological activifysually
quite high) causing mineralisation of organic coonpas.
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Table 4. Basic chemical properties of investigaeits

Number of | Genetic Depth pH Organic Total C:N CaCQ
profile horizon H,O KCI carbon nitrogen
[m] - - [9kg] [9kg ] - [9°kg™]
1 A 0.1-0.2 7.89 7.44 16.0 1.9 8.4 9.0
A 0.3-0.35 | 7.92 7.42 171 1.6 10.7 18.8
A1Cea 0.5-0.6 8.23 7.60 17.6 1.7 10.4 64.0
Cea 0.7-0.8 8.41 7.86 0.7 - - 853
2 A 0.1-0.2 7.88 7.48 18.4 1.4 13.1 94
A,C 0.35-0.4 | 8.14 7.60 5.9 1.0 5.9 10.2
Cea 0.8-0.9 8.45 8.02 1.6 - - 209.0
3 Ap 0-02 | 772 | 7.06 23.8 1.9 125 43
A,C 0.35-0.4 | 7.55 6.82 13.9 1.2 11.6 22
Gy 0.5-0.6 8.07 7.16 1.9 - - 0.0
Cea 0.7-0.8 8.17 7.29 0.2 - B 79.0
Cea 1.2-1.3 8.11 7.27 - - - 64.0
[ @ 1.4-1.5 8.33 7.37 - - - 66.1
4 Ap 0-0.35 | 7.87 | 7.09 19.9 1.7 11.7 21.0
A,C 0.5-0.6 7.97 7.06 11.0 0.9 12.2 12.8
Ceag 1.1-1.2 8.23 7.25 0.5 - - 256
5 A 0.05-0.15| 7.98 7.48 19.0 2.2 8.6 0.0
A,C 0.3-0.35 | 8.17 7.63 6.7 0.9 74 22
C 0.45-0.55| 8.37 7.87 0.6 - - 3.4
lc 0.8-0.9 8.52 7.90 0.1 - - 3.0
ic 1314 | 844 | 786 - - - 76
6 A 0.1-0.15 | 7.66 7.30 19.8 18 11.0 23
Aq 0.25-0.35| 7.60 7.20 8.9 1.0 8.9 0.00
A,C 0.4-0.5 7.92 7.51 5.2 1.4 3.7 52
Cea 0.5-0.6 8.31 7.87 0.6 0.1 6.0 132.0
Cica 0.8-0.9 8.38 7.93 - - - 981
Cogea 1.2-1.3 8.36 7.96 - - - 64.0
Caca 1.4-1.5 8.34 7.78 - - - 396

Table 5. Electric conductivity (EC) and availablexaro-
elements content

Number of EC Macroelements

profile/ ho- P | K [ Mg
rizon [dSm™] [mg-kg]

1. A 0.83 40.46 87.01 175.87
A 0.28 27.45 63.55 158.46
AiCea 0.23 18.04 44.09 204.85
Cea 0.29 11.64 32.21 244,77

2. A, 0.31 33.72 72.11 186.33
AC 0.29 18.76 73.10 195.47
Ca 0.30 12.92 59.38 190.76

3. Ap 0.38 40.81 90.91 171.33
AC 0.30 30.38 71.52 162.15
G 0.21 27.12 86.24 196.46
Ca 0.28 12.88 77.76 194.88
Ca 0.33 16.43 56.05 185.74
Ic 0.28 18.13 51.21 102.74

4. Ap 0.31 38.95 84.67 99.40
AC 0.34 29.17 62.45 90.88
Cag 0.43 17.11 43.62 88.56

5 A, 0.33 38.37 98.69 110.22
AC 0.34 34.52 91.30 101.14
C 0.30 16.78 76.83 187.96
Ic 0.22 17.13 82.01 193.79
IHnc 0.24 16.00 70.66 202.44

6.Ap 0.30 35.59 67.71 211.83
AL 0.59 26.01 75.34 283.99
AC 0.47 19.57 42.18 312.28
Cea 0.32 16.32 47.01 265.82
Cica 0.21 16.61 33.09 176.16
Ggea 0.21 15.41 32.65 189.20
Gaca 0.22 14.48 32.21 175.13
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The basic or, less frequently, neutral reactiothefexam-
ined soils was the result of the presence in tihenpanaterial
of the examined profiles of different quantitiesnaftural cal-
cium carbonate (Tab. 4). This confirms considerbbléer ca-
pacity and, indirectly, also high “natural” resiste of these
soils to degradation processes. This is furtheroborated by
the sorption capacities of the examined soils wklabuld be
evaluated as high [10]. The highest total sorptapacity
(CEC) was determined in the Gniew Phaeozems fotlooye
Phaeozems from the area of Wroctaw, Inowroctaw$nda
(Tab. 6). A very high degree of saturation (BSkested in all
profiles, of the sorption complex with alkalineioas (TEB)
should be assessed as exceptionally favourabltbdogrowth
and development of crop plants. At the momentgtiseds do
not require liming. The determined EC values ingican-
equivocally that soils under investigations dostaiw salinity
(Tab. 5). The quantities of the available forms nadicro-
elements, albeit very diverse, allow to classifyjarity of the
upper horizons of these soils to high and very higignesium
fertility and low and very low potassium and phaspis fertil-
ity classes. This can indicate a strong retrogvassf these
elements as a result of potassium binding in tlystaliine
networks of clay minerals (potassium fixation) doxmnation
of poorly soluble calcium orthophosphates.

Summary

The above presented results of the basic physicdl
chemical properties of selected profiles of Phaswzitom
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Table 6. Basic characteristic of sorptive complex

Number of| TEB H CEC BS
profile/
horizon [cmol(+)-kg' ] [%)]
1A 15.52 0.42 15.94 97.3p
A 16.94 0.40 17.34 97.6P
ACea 18.45 0.45 18.90 97.6p
Ga 9.61 0.41 10.02 95.91
2. A, 16.56 0.45 17.01 97.3p
AC 11.92 0.40 12.32 96.7p
Ga 9.33 0.45 9.7 95.40
3. A, 34.54 0.75 35.29 97.8f
AC 31.84 0.77 32.61 97.64
G 23.14 0.53 23.67 97.7p
Ga 21.74 0.44 22.18 98.0p
Ga 21.95 0.45 22.40 97.99
Ic 14.75 0.45 15.20 97.04
4. A, 33.43 0.46 33.89 98.64
AC 29.71 0.53 30.24 98.25
Ceag 26.70 0.53 27.23 98.0b
5 A, 20.91 0.46 21.37 97.8b
AC 13.97 0.54 1451 96.28
C 9.18 0.45 9.63 95.33
Ic 6.87 0.30 7.1 95.82
e 7.58 0.42 8.00 94.7%
6.A, 15.76 0.68 16.44 95.8p
Ay 10.88 0.53 1141 95.35
A,C 8.67 0.40 9.07 95.59
Ga 5.54 0.40 5.94 93.2y
Cica 4.77 0.43 520 91.78
Cgea 5.18 0.42 5.60 92.50
Gca 7.60 0.40 8.00 95.00

different parts of Poland allow to draw a humbeigenher-
alizations. All the analyzed soil pits belong tdlsgoten-
tially rich in nutrients and are characterized by teaction
close to neutral which makes it possible to cutévan
them the most valuable crop plants. Nevertheldss,el-
amined soils differ from one another with regardtheir
fertility owing to quite changeable air-water paeters
which depend on their texture. The exceptionallgvyetex-
ture of the Gniew Phaeozems make them frequentigex
sively wet during spring which delays the initiatiof field
works (the so called “minute soils”). On the oth®nd,
during dry years, these soils undergo strong etatios
and contraction which, in turn, leads to the depaient of
numerous cracks in their upper horizons. They each 8-
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