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SELECTED PHYSICAL AND CHEMICAL PROPERTIES AND THE S TRUCTURE
CONDITION OF PHAEOZEMS FORMED FROM DIFFERENT PARENT ROCKS
Part Il. The state of arable phaeozems horizons’ gicture

Summary

The paper analyses characteristic structure-formprgperties such as: the dynamic and static watsistance of soil
aggregates, the secondary aggregation following digpamic and static water action, capillary wateapacity, volume
changes caused by swelling and shrinkage of sajfegnates and their mechanical strength for six tdpkorizons of
phaeozems. Experiments were carried out in caseftdintrolled moisture and compaction conditionsnaidelled soil
aggregates of V=1 cinThe aggregates were characterised by a considenariability of texture, especially of the cotloi
fraction content (from 10 to 54%) as well as a #figant variation in the content of organic mattgrom 27.6 to 41.0 g-kg
Y. Basically, the above two factors determined sheicture-forming potentials of the examined soilee secondary
aggregation, following the dynamic and static wadetion, measured by the amount of secondary aggesg> 0, 25 mm,
ranged from 26 to 89%. High retention potentialgtef examined aggregates led to considerable vohlieeations in the
course of drying and moistening processes: shriekagched the value of 54%, while swelling attaittezlvalue of even
80% of the initial aggregate volume. Consequemtigsening or compaction of the aggregate solidestatcurred, leading
to their varying suscaptability to the action oftemxal factors, including their resistance to thetian of water and
mechanical strains.

WYBRANE WLA SCIWO SCI FIZYCZNE | CHEMICZNE ORAZ STAN STRUKTURY
CZARNYCH ZIEM WYTWORZONYCH Z RO ZNYCH SKAL MACIERZYSTYCH
Czesé 11, Stan struktury poziomow uprawnych czarnych ziem

Streszczenie

W pracy analizowano charakterystyczne cechy strokidrcze, takie jak: dynamiczni statycze wodoodporngd
agregatow glebowych, stan agregacji wtornej po dyicanym i statycznym dziataniu wody, kapitapojemnd¢ wodny,
zmiany objtosciowe wywolane gcznieniem i skurczem agregatéw glebowych oraz iebhanicza wytrzymaltéé dla
szgciu poziomOw orno-prochnicznych czarnych ziem. Bedaprowadzono wscisle kontrolowanych warunkach
wilgotnaici i zagszczenia modelowanych agregatéw glebowych o VZiidkgregaty charakteryzowaly esiduzgq
zmienndciq skladu granulometrycznego, szczegdlnie zaweirtirakcji koloidalnej (od 10 do 54%), a t&k istotnym
zrénicowaniem zawarkei materii organicznej (od 27,6 do 41,0 g'kg Te dwa czynniki w zasadniczy spos6b
determinowaly zdolnwi strukturotwércze badanych gleb. Agregacja wtépoadynamicznym i statycznym dziataniu wody,
mierzona ildgciq agregatéw wtérnych > 0,25 mm, wahatee s przedziale 26-89%. Wysokie zddglrioretencyjne
agregatow prowadzity w procesach przesuszania iildgamia do ddych zmian olgtosciowych; skurczliwé’ osiggata
wartas¢ 54%, a gcznienie nawet 80% pierwotnych glojci agregatéw. W konsekwencji ngstwato rozldnianie lub
zageszczanie fazy statej w agregacie, a to powodovat@r&nicowarny podatngé na dziatanie czynnikéw zevtrenych,

w tym odporngci na dziatanie wody i napteri mechanicznych.

Introduction is also known that, in specific climatic and phys#phic
conditions, soils subjected to the typical, trami#l tillage

The structure, as one of the major characteristicsystem exhibit a constant, stable humus horizori44, In

determining soil physical properties, is an exaemlly  Polish conditions, soils which are characterisedhlgher

important issue for the appropriate description anrganic matter content include phaeozems whichetteey

interpretation of changes which occur in the soifile, with humic rendzinas, alluvial soils and chernozem®

especially in the arable horizon [2, 3, 12]. A ddesable considered soils with the most favourable structofe

structural variability of the topsoil layers combd with  arable horizon, in particular — with a very goodyegate

diverse physiographic conditions exerts a substhnti structure [8].

influence on the applied agrotechnical treatmentshie

conditions of optimal moisture and the compactiérthe = Research object and methodology

arable horizon [5, 10]. The physical properties tbis

surface horizon, including the parameters whicteheine Investigations were carried out on soil aggregafte$

the condition of its structure, are influencedstfimnd cn?® volume which were cut out from the central zon@- (1

foremost, by the climatic, site and agrotechniealtdrs. It 15 cm) of topsoil horizons of six selected phaeazehheir

is widely believed that properties of the topsod atrongly location and origins as well as major physical ahdmical

affected by: texture, content of organic matter aaltium properties of the soil material of these horizonsrev

carbonate as well as by the structure-forming @lapts. It presented in Part | of this study.
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Soil aggregates of the clearly defined shaperidgii: h
= 10.0 mm, d = 11.28 mm, V = 1 &mnwere collected
during the end of the vegetative season (end olLst)gi.e.
at the time when the arable horizon attains itshésg
natural compaction. The collected aggregates wisided
into two parts in the laboratory: the first groupnprised
aggregates which were collected at natural moisttime
second — aggregates brought to their air dry state.

Investigations of soil structures were conductadtiee
basis of the original methodological solutions |sHhed in
the years 1983-1993 [5, 7, 9] in which the autlpresented
the concept, principles and detailed analyticalcpdures.
In this study, only some, albeit most importangneénts of
that comprehensive research program were utiligdad
structural condition and variability of the aralberizon of
the examined soils was assessed by the determiraitibe

The compression strength of aggregates — deternined
the LRuTSs type test apparatus.

The evaluation of water resistance and secondary
aggregation was carried out on the basis of theefdee
scale proposed by Rza and Owczarzak [9] presented in
Table 1.

Results and discussion

Table 2 presents a number of the most important
physical and chemical properties selected for itigatons
of six phaeozems and some parameters charactetising
resistance of the aggregate structure. In thisqueat table,
soils were listed according to the content of thesitoid
fraction <0.002 mm. The amount of this fraction was
following  physico-mechanical  parameters  of  soilcontained within a very wide interval of 10 to 54%
aggregates: accompanied by a considerable variation in the riega
+ Dynamic water resistance (DW) of soil aggregat@sgus matter content ranging from 26.6 to 41 g:kghe water
a dynamic water resistance analyser; the deteripinat content at the time of aggregate collection wadasoed in
consists in the measurement of the energy needed #i§e interval ranging from 0.087 to 0.265-m?®, whereas
break up a soil aggregate of V = 1%wwlume by the after leading to the air dry state — from 0.028 008 ni-mi
impact of water drops of 0.05 g weight falling fraghe 3 Aggregate compaction for the discussed two mméstu
height of 1 m at 1 second long intervals (kinetiergy states also varied widely; aggregate bulk densitgatural
of one drop - E=4.905 - T0J) or, alternatively, moisture content state was contained in the intefrean
expressed by means of the number of drops needed 1667 — 1.91 g-cify which corresponded to the porosity
break up the aggregate, ranging from 0.340 — 0.222%m°, whereas in the air dry
+ Static water resistance (SW) of soil aggregates state, the above parameters were, respectivelg: 1.2.65
determined in a plastic container with nylon thiead g.cm3, which corresponded to the porosity ranging from
spread every 0.6 cm on which aggregates are placeg,500 — 0.346 fhm®.
and next the container is filled with water. The The determined water resistance of soil aggregates
determination of this trait consists in the ass&s#nof varied greatly. In the case of the dynamic watéipactheir
the breakup time (“soaking time”) of the aggregatesvater resistance fluctuated in a very wide intermalmely
submerged in the water, 37 to 11 500 drops were required to destroy azsmregate
» The secondary aggregation following the dynamic andompletely. Generally speaking, dry aggregates were
static water action — determined using the sievthate clearly less resistant (37 to 533 drops) in congoariwith
in the wet state on a set of sieves with mesh diemsie wet aggregates (56 — 11452 drops). Similarly wide
7,5,3,1,0.5and 0.25 mm. The sieves were suleder differences in the obtained results referred to $hetic
in the water where, as a result of horizontal aedisal  water resistance measured by the time needed for th
movements, aggregates were segregated into fraction aggregates to disintegrate; here the differenaegec from
» The speed of water transfer within aggregates henl t 140 seconds to 86 400 seconds. And also in this, chy
minimum and maximum capillary water capacity; aggregates showed a considerably lower water aesist
determined on a filtration set placed on the Pdish than wet aggregates which failed to break down eviéitin
and flooded up with water to the level of the filpaper, the period of 24 hours (86 400 seconds).

Table 1. Classification of water-resistance of smjgregates and secondary aggregation after dynd@i and static
(SW) water action

Degree of Name of water Dynamic water-resistance
water . . Index
resistance and resistance anc number kinetic Statl_c water- of secondary
degree of degree of f standard resistance aggregation
9 secondary of standar engzrgy (s, min or h) g9greg
secondary : drops (107 J) (%)
. aggregation
aggregation
1 extremely low <40 <2 <40 <5
2 very low 40-100 2-5 40"-1'30” 5-10
3 medium low 101-200 6-10 1'31"-3 11-20
4 Low 201-500 11-25 31"-8 21-35
5 Medium 501-1 000 26-50 8'1"-15’ 36-50
6 medium high 1 001-2 000 51-100 15'1"-30’ 51-65
7 High 2 001-5 000 101-250 30'1"-1 h 30 66-80
8 very high 5 001-10 000 251-500 1h301" -6h  81-90
9 extremely high| 10 001-20 000] 501-1 0DO 6 h 1h24 91-99
10 Full > 20 000 > 1000 > 24 h 100
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Table 2. Basic physico-chemical properties, dynafbid/) and static (SW) water-resistance, time ofiliay rise (Timin)
and compressive strength (Rc) of soil natural agpapes

Fraction Organig of rigjilgt!ure Bulk DW SW Tkmi
No. of| <0,002|°"Y 3 o3 ) Porosity time of kmin | Rc
) matter | (m>m™) density 3 3 number - . (s)
profile| mm pt ir d 3 (m>m) fd desintegration by (MPa)
(%) (g-kg?) | a-—airdry | (Mg-m™) of drops (s)
b - wet
a 0.026 1.67 0.340 37 28800 0.82
6 10 34.0 b 0.087 1.46 0.416 56 28800 68 -
a 0.030 1.70 0.320 92 3760 1.49
2 14 318 b 0.106 1.64 0.336 355 28800 285 -
a 0.028 1.76 0.304 238 2700 2.25
1 15 21.6 b 0.112 1.65 0.346 483 28800 422 -
a 0.039 1.91 0.222 42 140 1.24
5 24 328 b 0.142 1.29 0.480 71 520 9 -
a 0.098 1.90 0.228 667 28800 5.70
3 51 41.0 b 0.265 1.23 0.500 11452 28800 1180 -
a 0.093 1.86 0.247 533 28800 7.86
4 54 34.3 b 0.251 1.25 0.490 10264 28800 762 -

*/ The time of maximum capillary rise for all aggeges was assumed at 24 h (86 400s)

The ability to create secondary aggregates uniger tresistance and between 5 (medium) and 8 (very high)

influence of dynamic and static action of waterstintes a
very important property of soil aggregates. In tase of
this assessment, it is not only the degree but #iso
character of this degradation (i.e. percentage ettnbf
individual fractions of secondary aggregates) thsit
important. In order to better illustrate the consmtres of
the dynamic and static water action, this time ribsearch
results were presented not in a table but grapbion f

(Fig. 1). Owing to a very large number of measuneime

combinations and considerable fraction variabilithe
analysis of the graphic content was limited to thest
important generalisations. The capacity of the dérath
soils for aggregate formation depended on: theutext

humus content as well as the moisture and dendity o
traits

primary aggregates. The above-mentioned
precondition, complement or substitute one anotedl
form specific, characteristic only for one soil,anu- and

degrees in the case of the static action water.

In order to obtain a comprehensive characterisatid
the effect of the aggregate structure on the devedémt of
the soil climate, in particular, on the soil wapeoperties, it
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macrostructural complexes [1, 3, 5]. Thereforeqdently 2, ‘: )= S
soils which are very similar with respect to theioperties o N AN
0.0fsol 7 & \‘(\

behave quite differently under the influence of tdyaamic
or static water action. The most important role tlis
respect is played by soil graining on which themsity of
action of the remaining structure-forming factoepends.
In general, the examined soils were characterisedigh
aggregation as it was contained within the interfvain

approximately 40% to over 90% of secondary agge=gat €
larger than 0.25 mm accompanied by a simultaneous

considerable fraction diversification.
A 10-degree classification was employed to astess
water resistance of the examined soil aggregatab. (T).

(a- air-dry, b - wet) a z bg%‘

80

70

0,5025
0 Sum > 025 mm

fraction co

According to the applied classification, the expemtal ”!!il= >
soils exhibited different degrees of water resistawhich ’1_—‘;’#~E§= =!°

. e A" ; !.~!,~
ranged from extremely low {1degree) to extremely high ’....4 4 :‘;-Lé'é; 302
(9" degree) when the action of water was dynamic and & 5, 2 &
from very small (2 degree) to full (16 degree) - at the a £
static action of water. A much more favourable lssu oo 2 g &

emerged of the secondary aggregation index, algmessed

(& air-dry, b- wet)

in a 10-degree scale. The capacity for the secgndaFig. 1. Secondary aggregation after dynamic (DWQl an

aggregation of the examined soils ranged from Zal(3rto
9 (extremely high) degrees in the case of the dynaater
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static (SW) water action for air-dry (a) and we) @wil
aggregates
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is essential to have sufficient information abouichs The observed strong compaction of soil aggregates
parameters as the speed of the water movemeneisdih  during their shrinkage resulted in their increased
aggregate as well as its capillary water capacityl3]. compression strength [1, 10]. In the analysed phames
Table 2 and Figure 2 present the research resulishw aggregates, their resistance to external straimgexhfrom
reveal specific, complex and very diverse behagamirthe 0.82 to 7.86 MPa and depended, primarily, on saiingng.
examined soil aggregates during the process ofr thei From among the six analysed phaeozems, the soil
moistening. The speed of the capillary rise deteechin  designated as No. 5 deserves special attentiorpiteeits
the air dry aggregates varied quite significanthnf 68 sto considerable coloid fraction content (24%), it was
1180 s. This was, undoubtedly, influenced by thgregate characterised by very low structure-forming pararst
structural setup determined by density or porosity, This can be attributed to the fact that this soihtained
properties which depend on the soil texture buthatsame over 50% of silt fraction (0.05 to 0.002 mm), i.e.
time, strongly modified by the humus content (TaBle approximately two times more than in the remairsogs.
This variability in the speed of water movementtie  Therefore, it can be said that an earlier obseregdlarity
aggregates, both in the case of the minimum andma®  [1, 5, 12] that soils containing high levels of ik fraction
capillary rise (4 hours), resulted in significaiffatences in are characterised by low water resistance, poasrgkey
the amount of water which the aggregates were #@ble aggregation and small resistance to compressionalsas
absorb. The minimum capillary water capacity ranged confirmed by this study. This fact, however, doest n
the interval 0.281 — 0.664°m?, but it was distinctly lower disqualify these soils agriculturally because higels of

in wet aggregates than in the air dry ones (Fig.E2en the silt fraction exert a favourable influence ba air-water
greater differences occurred in the maximum capilla properties of such soils, due to the fact that tirantain
water capacity where the quantity of the absorbediew high porosity for a long time and are characterisgdigh
ranged from 0.332 — 1.035°m>, water retention potentials [1, 11, 13].
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Fig. 2. Minimum (Vk min) and maximum (Vk max) o

capillary water capacity of soil natural aggregates

It is easy to notice that the amount of water disd by
the aggregates during capillary rise, both the makiand Fig. 3. Swelling (p) and shrinkage (s) of soil szgates in
minimal, exceeded their initial porosity in the ity of relation to content of colloid fraction (< 0,002 mmand
cases. This means that the aggregate had to iecimas organic matter (O.M.)
initial volume (1 cm). This increase of the aggregate
primary volume leads to what is often called uniedi Recapitulation
swelling (Fig. 2). This unlimited, triaxial aggrdga
swelling occurred at a very wide value interval giag The soil aggregate structure, and this also referthe
from several to several dozen percent achievinthéncase aggregate structure of phaeozems, constitutes anly
of maximum swelling, the aggregate volume increasfes certain, on the whole, transitory phase and charigfes
up to 80% in air dry aggregates of the soil No. 4. permanent coherent structures. In practice, it tgpe of
Aggregate shrinkage taking place as a result eir th structure characteristic to the soil surface horiza.e. the
drying is a process antagonistic in relation tolbmg [1, topsoil. It is exactly this horizon that, followingarious
6]. This phaeozems property also exhibited a cenalile tillage operations, unique granular, crumbly stuues
value diversification and ranged from 0.0 to 50%g($). develop which possess properties essential for tplan
Aggregate shrinkage caused bulk density after khga to  development. One of the more important propertiethe
increase very rapidly, as evidenced by the valn€gab. 2. aggregate structure is the resistance of aggregatéise
In this situation, total porosity was found to deelcausing action of water, the so called water resistances ftot the
considerable changes in the pore structure. energy or the period of time necessary to breakndihwse
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aggregates completely that is essential in thigiquéar
property, but it is rather the effect of their actithat
matters, in other words, the quantity and qualifytie
developed aggregate fractions, the so called sacgnd
aggregation.

The action of water in the process of destructibthe
soil aggregate structure may take either a dynamatatic
form; in the case of a rainfall, both these proesssccur
side by side. The resistance of the aggregatetstauto the
dynamic and static action of water is undoubtediy
important characteristic, nevertheless, it can id@wnly a
fragment of the soil structure assessment fromptiiat of
view of the agrotechnical properties of arable ssoithis
can be attributed mainly to the temporary characfethe
complete aggregation in the arable-humus horizah tan
the possibility of macro-aggregate structures pgsanto
micro-aggregates structures which remain highlyopsr
Both water resistance itself as well as the decged
character of the macro-aggregate degradation imtaller
fractions depend on soil properties, in particulam, its
texture and on the strongly modifying impact of anig
matter.

Among the most important properties of soil aggtegas
their capability for swelling and shrinkage unddre t
influence of soil moisture changes which take pldagng
wetting or moistening processes.

a

processes capable of self-regulating their
proportions in the three-phase soil system whicheha
beneficial influence on the exchange of the gasehase
and on the increase of water capacity. All in tigy affect
the development of optimal air-water propertieshtiatsoil
aggregate and in the entire horizon topsoil.
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