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The knowledge of the process of soil aggregate formation is an impor-
tant problem in soil tillage. The soil aggregates are the chief link in the
structure of an arable soil and may decide on soil fertility. Their compo-
nents are little known as yet (in the qualitative as well as the quantita-
tive sense).

The constitution of soil aggregates in their separate fractions is best
investigated in thin microscopic slides. In such slides the natural aggre-
gate structure may be observed, the kind of skeleton determined together
with cement binding them, as well as the porosity, the kind and size of
pores.

This paper brings only some results of investigations on light and
dark-coloured soil aggregates (in the 2—3 and 3—4 mm fraction).

THE MATERIAL AND RESULTS

The investigated aggregates were taken from the humic horizon of
a mountain acid brown soil, formed on Flysch sandstone and clay shale,
under greenland. Its mechanical composition corresponds to fine sandy
medium loam. The A horizon is 28 cm thick, grey-coloured, acid. The
profile is as follows: A—A,—(B)—C.

The total content of aggregates in the sample was 4.6%0 for the
2—3 mm fraction, 3.4%¢ for the 3—4 mm one. In the former fraction
38.0% were light-coloured aggregates and 62.0% dark ones; the latter
fraction contained 29.6%0 light aggregates and 70.4% dark ones.

The mechanical composition of the sample is given in Tab. 1. The grain
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size distribution of the aggregate skeleton is shown on the diagrams 1 and
2. The course of the summation curves shows clearly that the grain size
is smaller in the light aggregates than in the dark ones. In the dark
aggregates the skeleton grain size attains 382.5 microns (fraction 2—3 mm);
for fraction 3—4 mm the largest grains measure 262.5 microns. In other
arable brown soils have such examples of a coarser grain size also been
observed in their dark aggregates (also in other fractions).

Taonle 1
uechanical composition oi arable
horizon
g;action Fercent
1a$;ter by weight

>~ 12
1.0-0.5 7
0.5-0.25 13
0.25-0.10 17
0.10-0.05 12
0.05-0.02 16
0.02-0.006 14
0.006-0.002 17

<:::0.002 4  100%

Table 2 presents the chief elements of aggregate constitution, mineral
composition and the degree of roundness of the skeleton grains. As seen
from tab. 1, the content of chief constituents changes with aggregate
size rather than colour. Also the porosity (and especially pore size) dis-
tinguishes the aggregates one from another. The dark aggregates of the
investigated fractions show smaller pores, which may cause more ana-
erobic conditions and further the formation of humus which gives the
darker colour. The mineral composition of the aggregate skeleton varies;
however, in general, the content of quartz and chalcedony (passive or bar-
ren minerals) is the largest in all aggregates, orthoclase taking the second
place, followed by muscovite and others. A considerable content of felspars
and muscovite (19—46°% of the mineral skeleton) may become a potential
source of potassium and calcium for the plants.



Microscopical and chemical investigations

25

200

150

100

50

[ 50 700 %

Fig. 1. Grain size distribution of mine-

ral skeleton in dark (D) and light-col-

oured (L) aggregates of acid brown soil.

Summation curves for aggregates frac-
tion 2-3mm diameter

Constitution and mineral composition of aggregates frou acid brown soil
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Fig. 2. Grain size distribution of miner-
al skeleton in dark (D) and light-col-
oured (L) aggregates of acid brown
soil. Summation curves for aggregate
fraction 3-4mm diameter

\as deterwined in microscopic slides)

Table

2

Aggregate colour light dark
Aggregate dismeter, un 2-3 5-4 2-3 3-4
Mineral skeleton grains % 56.0 27.3 36.7 27.0
Cement % 56.0 62.7 55.3 68.0
Porosity (free space; % 8.0 10.0 9.0 5.0
Pore size, microns 37.5-225 | 37.5-187.5 | 57.5-112.5 37.5-15
Quartz % 41.0 70.7 70.7 04.5
Chelcedony % 9.0 6.0 4.0 4.7
Orthoclase % 29.7 14.7 13.0 16.7
Plagioclase % 2.0 1.3 2.3 1.3
Muscovite % 14.6 3.3 6.0 8.0
Other minerals * % 3.7 4.0 4.0 5.C
Degree of roundness of skeleton grains
angular 15.5 74.0 83.5 80.5
subanguler % 9.0 9.0 8.0 1.0
slightly rounded % 15.5 17.0 13.5 12.5
Average degree of roundness 24.5 20.0 21.5 19.5

* Isotropic or soiled greins, difficult to determine
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In the investigated fractions of aggregates the angular grains are most
numerous. The light-coloured aggregates contain les angular grains than
the dark ones; thus, the average degree of roundness is better in the
light-coloured aggregates. It should be stressed that stronger angularity of
the mineral skeleton gives better resistance of the aggregates to mecha-
nical factors and water.

Tavle 3

Chewicsl composition of 20% HCl extrects (in moler percent, from aggregates ol acid brown soil,
content of humus ené orgenic suvstance in aggregate mass

Aggregate colour light darg
Aggregete dismeter, mm 2-3 5-4 2-3 ! 5-4
20% HCl - extract

8102 40.89 47.48 39.58 . 35.€7

1,05 37.35 37.82 27.68 I 27.09
1 Fe 03 16.86 9.96 28.22 32.86 i
cad 2.41 ; 2.55 2.7¢ 2.83 ‘
Mgo i 2.49 2,41 1.82 143
.
Mclar ratios {
810y + E0: 0.76 oo 0.71 9.0
5105 @ alyls 1.10 les | 1.44 32
8105 1 Fepds i 2.42 4.77 1.40 1.08 :
liuzus \oy oxicdimetry, i 0.8l 0.320 1.28 1.%8 :
. Organic substence (by thermogravimetry, % 6.0 1 5.8 7.5 8.3 '

There are also some differences in chemical composition as shown by
the data of Tab. 3. The light-coloured aggregates contain more HCl-solu-
ble silica, alumina, and magnesium, but less calcium than the dark ones.
The molar ratios SiO,:R,03 and SiO,:Fe,O; are smaller in dark aggregates,
but the ratio SiO,:Al,0; is larger in the dark ones than in the light ones.

MICROSCOPIC DESCRIPTIONS OF THIN SLIDES OF AGGREGATES

Light-coloured aggregates 2—3 mm diameter.
Large skeleton grains, angular, varying in shape, distributed unevenly;
fractures or cleavage planes are visible. Sometimes the smaller grains are
more densely packed and embedded in cement. The cement may be fluid,
contacting, or porousl. The contacting cement strongly adheres to the ske-

1 The cement is here said fluid or compact when it does not contain larger
mineral grains or pores; it is called contacting when filling the spaces between
densely vacked grains, porous — when it contains pores.
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leton grains, most often it is yellowish-brownish-rust-coloured, more in-
tensely so where the cement is more dense. Mostly isotropic under crossed
nicols; composed of small grains, it has a ‘“cloudy” aspect. Single frag-
ments of plant rests (somewhat decomposed), of varying form and size.
The crumb is composed of clew-like separate elements between which
there are irregular tortuous channels, sometimes widening or narrowing.
Moreover, in various parts of the aggregate, single pores, most often len-
ticular. Sometimes the tortuous channels run towards the crumb centre,
branch off laterally and taper towards the end.

Light-coloured aggregates, 3—4 mm diameter.
Single large skeleton grains (sometimes rock fragments), also medium-
-sized, irregularly distributed. The grains angular or subangular, someti-
mes slightly rounded, with sometimes visible fractures or cleavage planes.
In some parts of the aggregate the skeleton is fine-grained. The cement is
mostly fluid, sometimes (only in some crumbs) contacting, dense and
jelly-like, brown or dark-brown, mottled. The mass is often clew-like, it
contains plant rests in various stages of decomposition. These are brow-
nish-black large fragments with disappearing cell structure Large skeleton
grains on the periphery covered by a dark-brown iron-humus substance.
Pores in the shape of channels and closed spaces. Sometimes the tortuous
channels unite the pores by thin narrowing lines. The wide pores run in-
wards funnel-wise, while the closed spaces are usually of a longish or
oval shape.

Dark aggregates, 2—3mm diameter. The skeleton grains
are small or medium-sized. Large grains single, the small ones more
aggregated. Some grains cleaved, fractured, soiled by isotropic organic
substance. The grains are angular, slightly rounded, also subangular. In
some aggregates only some of the angular skeleton grains are stuck into
a clay-humus substance. The cement is light-brown, its colour uniform
in most aggregates; there occur dark brown blurs and small fragments
of plant rests in varying stages of decomposition, dark-brown or black,
quite isotropic. The cement is mostly compact or porous, in the more dense
skeleton grain concentrations also contacting. Sometimes it forms a ske-
leton-less aggregation. The contacting cement distinctly dense, strongly
adhering to the skeleton grains. The whole mass of the cement is jelly-
-like (small compact clews). The pores in some aggregates are channel-
-like, in some others — closed, varying in size and shape. The channels
short and narrow, sometimes forking or bent arc-wise.

Dark aggregates, fraction 3—4 mm. Skeleton grains me-
dium-sized or small, non-uniformly distributed. Medium grains more
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dense in some aggregates. Some grains strongly weathered, cleaved, soiled
by an isotropic clay-humus substance. In some aggregates contacting ce-
ment, in others closed (rarely porous), brown or dark-brown. Cement iso-
tropic nearly everywhere, in some places “strewn” with small plant frag-
ments (dark-brown or black); some of these fragments show distinct cell
structure and varying stages of decomposition. In a strongly decomposed
mass the cement is jelly-like, sometimes clew-like, of varying denseness.
The pores are single, narrow, and from irregular channels and closed
spaces.

GENERAL CONCLUSIONS

1. The investigated soil aggregates in the 2-3 and 3-4 mm fractions
differ from one another by their micromorphology and constitutional
elements. The dark and light-coloured aggregates differ more between
them than those of different size.

2. The mineral composition of the skeleton in dark and light ag-
gregates differs also. The skeleton also contains large fragments of
slightly decomposed plant rests with visible cell structure. There is no
relation between aggregate colour and the proportion of “barren’” mine-
rals (quartz, chalcedony).

3. The average degree of roundness of the skeleton grains is less in
the dark aggregates than in the light ones. The dark aggregates contain
more angular skeleton grains, and less subangular or slightly rounded
ones.

4. The differences in chemical composition occur between dark and
light aggregates, but not between various aggregate fractions. The dark
aggregates contain less HCl-soluble SiO, and Al,O;, but more Fe,O; and
somewhat more CaO than the light ones.

5. The dark aggregates contain more organic substance and humus,
which — together with ferric hydroxide — causes their darker colour.

J. TOKAJ

RECHERCHES MICROSCOPIQUES ET CHIMIQUES SUR LES AGGLOMERATS
TERREUX

Chaire de Pédologie de la Haute Ecole d’Agriculture de Krakow

Résumé

Les agglomérats terreux sont les principaux éléments de la structure du sol
naturel et du sol arable. Ils décident du développement des propriétés physiques
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du sol et de ses procés microbiens. La constitution d’un agglomérat terreux est
propre a étudier en lames minces au microscope polarisant, car on peut y observer
sa constitution naturelle, déterminer ’espéce du squelette et du ciment, enfin aussi
les dimensions des pores. Dans le communiqué présent l’auteur ne donne gqu’une
partie des résultats obtenus pour les fractions 2—3 et 3—4 mm de diamétre pour
les agglomérats d’une couleur claire ou foncée.

Ces agglomérats ont été séparés de l’horizon humique d’un sol brun acide de
montagne formé sur du grés avec schiste argileux (Flysch des Carpathes), sous
gazon. Le profil est A,-A4,-(B)-C.

On a déterminé les proportions quantitatives des agglomerats clairs et foncés
ainsi que la granulation du squelette minéral des agglomérats (voir dess. 1, 2). Les
dimensions des grains squelettiques sont plus petites dans les agglomérats clairs.

La description microscopique des lames minces préparées avec les dits agglo-
mérats démontre les différences de micromorphologie et de composition. Il y a des
différences de composition minérale, de porosité et du degré d’arrondissement du
squelette entre les agglomérats d’une couleur claire et foncée (voir table 2).

La composition chimique différe aussi entre les agglomérats clairs et foncés,
surtout dans la teneur en humus (dont les agglomérats foncés contiennent beaucoup
plus). Les agglomérats clairs contiennent plus de silice, alumine et magnésie solubles
dans HCI a 209, et moins de chaux et d’oxyde ferrique que les agglomérats foncés
(voir table 3).

J. TOKAJ

UBER EINIGE MIKROSKOPISCH-CHEMISCHE UNTERSUCHUNGEN
DER BODENAGGREGATE

Lehrstuhl fir Bodenkunde der Landwirtschaftlichen Hochschule in Krakéw

Zusammenfassung

1. Das Hauptelement der Acker- und Bodenstruktur sind die Bodenaggregate.
Sie sind von wesentlicher Bedeutung fiir Bildung physikalischer Bodeneigenschaf-
ten und flir mikrobiologische Vorgidnge. Die Untersuchung der Bodenaggregaten-
struktur ist es am besten auf mikroskopischen Diinnschliffen durchzufiihren. Auf
solchen Schliffen kann man am besten ihre natlirliche Struktur, d.h. die Skelettart,
die das Skelett zusammenklebender Substanz und die Hohlraumgrossen, beobach-
ten. In der vorliegenden Arbeit sind nur einige Ergebnisse betr. der Fraktionen
von 2—3 und 3—4 mm Durchmesser, mit heller und dunkler Farbung der Aggregate,
ercrtert.

2. Die Aggregate zur Untersuchung wurden vom Humushorizont der sauren,
aus Karpaten-Flyschgesteinen gebildeten Braunerden entnommen, als Wiese bzw.
Weide genutzt. Der Profilaufbau ist wie folgt: A,-A4,-(B)-C.

3. Es wurden quantitative Beziehungen zwischen den hellen und dunklen
Aggregaten sowie mechanische Zusammensetzung (absolute Kérnung) des Mineral-
skeletts der Aggregate bestimmt. Die Grosse der Skelettkérner in den hellen Aggre-
gaten war kleiner als in den dunklen.
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4. Die mikroskopische Beschreibung der Diinnschliffe zeigte, dass sie sich in
Bezug auf die Mikromorphologie und die Strukturkomponente unterscheiden.

5. Bei der mikroskopischen Untersuchung wurden manche Differenzen in der
mineralischen Zusammensetzung, der Porositdt und der Abrundung des Mineral-
skeletts der hellen und dunklen Aggregate festgestellt (Tab. 2).

6. Chemische Zusammensetzung weist auf manche Differenzen im Gehalt
einzelner chemischen Komponente zwischen den hellen und den dunklen Aggre-
gaten, insbesondere im Gehalt des organischen Stoffes. Die dunklen Aggregate
enhalten wesentlich mehr des organischen Stoffes als die hellen. Die letzteren
enthalten nédmlich mehr auflosbarer Kieselerde, Aluminium und Magnesium und
weniger Kalzium und Eisen (Tab. 3).

J. TOKAJ

Z BADAN MIKROSKOPOWO-CHEMICZNYCH AGREGATOW GLEBOWYCH

Katedra Gleboznawstwa WSR, Krakow

Streszczenie

1. Gléwnym skladnikiem struktury (budowy) roli i gleby sa agregaty glebowe.
Maja one decydujgce znaczenie w ksztaltowaniu sie fizycznych wiasciwosci gleby
i proces6w mikrobiologicznych. Badanie budowy agregatéw glebowych najlepiej jest
przeprowadza¢ na cienkich szlifach mikroskopowych. Na takich szlifach mozna
obserwowaé naturalng ich strukture, tj. ustali¢ rodzaj szkieletu, substancji skiada-
jacej ten szkielet i wielko§é wolnych przestrzeni. W opracowaniu niniejszym podane
zostaly tylko niektére wyniki dla frakcji 2—3 i 3—4 mm S$rednicy o jasnym i ciem-
nym zabarwieniu agregatéw.

2. Agregaty do badania pobrano z poziomu préchnicznego gleby brunatnej kwas-
nej, wyvtworzonej ze skat tzw. fliszu karpackiego, uzytkowanej jako tgka lub pastwi-
sko. Budowa profilu jest nastepujaca: A,-4,-(B)-C.

3. Oznaczono stosunki iloSciowe miedzy agregatami o barwie jasnej i ciemne]
oraz sktad mechaniczny (absolutne uziarnienie) szkieletu mineralnego agregatow.
Wielko§é ziarn szkieletowych w agregatach jasnych jest mniejsza niz w ciemnych
(rys. 1, 2).

4. Opis mikroskopowy cienkich szliféw z agregatéw wykazal, ze réznig sie one
miedzy sobg mikromorfologig i sktadnikami budowy.

5. W badaniu mikroskopowym stwierdzono réznice w skladzie mineralnym,
porowato$ci i stopniu obtoczenia mineralnego szkieletu agregatéw o barwie jasnej
i ciemnej (tab. 2).

6. Skiad chemiczny wykazuje takze pewne réznice w zawarto$ci poszczegélnych
skladnikéw chemicznych miedzy agregatami jasnymi a ciemnymi i szczegdlnie
w zawartosSci substancji organicznej. Agregaty ciemne zawierajg znacznie wiecej
substancji organicznej niz jasne. Agregaty jasne zawierajg wigcej rozpuszczalnej
krzemionki, glinu i magnezu a mniej wapna i zelaza (tab. 3).
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M. TOKAM

3 MMKPOCKOIIO-XVMMMYECKOI'O MCCJIEIJOBAHUSA ITOYBEHHBIX
ATPETATOB

Kadgenpa ITousoBeaeHns, Bolcwaa Cenbckoxo3AiicTBenHas Illkosa, Kpakos

Pe3wwme

1. OCHOBHBIM 9JIEMEHTOM CTPYKTYPbI (CTPOEHMA) IIALUHM WM IIOYBBI ABJIAIOTCA
IIoYyBeHHbIe arperaTtbl. VIM NPMHAAJNEKUT IOMMHUPYKIOLIAA POJib B (DOPMUPOBAHUU
(bM3nyecKux CBCIICTB IOYBBI M B XOJ€ MMKPOOMOJIOTMYECKMX IIpolieccoB. Ji3ydeHme
CTPOEHMA IIOYBEHHBIX arperaToB yjo0Hee NPOBOAMTHL Ha TOHKMX muudax. Ha Ta-
KuXx mamndgax BO3MOXKHO IIPOCIEOUTb MX €CTEeCTBEHHOE CTPOeHMe T.e. YCTAaHOBUTb
pOI CKeJieTa, BeILeCTB CKJIeMBAKILUMX 9STOT CKeJIeT M BEeJIMUYMHBI CBOOOOHBIX TIPO-~
CTPaHCTB. B [aHHOI cTaThe NpUBEAEHBbI TOJBKO HEKOTOPble pe3yJbTaTthl AJs (pparimii
avaMmeTpoM 2—3 u 3—4 MM CO CBETJION M TeMHOM OKPaCKOJ arperartosn.

2. ArperaTbl AN MccJeloBaHMA ObLIM OTCOpPaHbI 143 TYMYCOBOTO TOPM3CHTA
Oypoi1, KHMCJIOI IOYBBI, OOpa30BaHHOM M3 CKaJ T. Ha3. KapI&aTCKOro uinlla, Ha-
xXogAwerca B Jyro-nacibumiHoMm noss3oBaHmu. CTpoeHMe NPCEOUIS Ciepylonlee:
A—A,—(B)—C.

3. Ompepmenann KOJUMYECTBEHHbLIE COOTHOLUEHMA MeEXKJy arperataMm CBETJIO-
M TEMHOOKPAIIEeHHbIMM a TaKiKe MeXaHM4ecKuii cocraB (abCoNIIOTHAA 3EPHMCTOCTH)
MMHEPAJLHOTO CKeJjeTa arperaTtoB. BeamuymHa CKEMeTHBIX YacTHLl B CBETJbIX dTperarax
MeHbllle, 4yeM B TeMHbIX (puc. 1 u 2).

4. MMUKpPOCKOITHOE OIlMCaHYe TOHKMX arperaTHbIX IIJIM(OB BbIABMJIO, YTO OHM
pPa3IMYHBI TaKiKe 10 MMKPOMOPMOJOrMy M 3JeMEeHTaM CTPOeHMUd.

5. B MMKPOCKCITHOM O00CJIefoBaHuM YCTAHOBJIEHbI Pa3HMILI B MMHEPaJILHOM
cocTaBe, MOPMCTCCTM M B CTeleHM oO0TayMBaHMA MMHEPAJBLHOTO CKeJieTa arperaTrorB
CO CBETJION, M TeMHOJ OKpackoii (tabiu. 2).

6. XuMMUecKMii COCTaB IIOKA3bIBAET TaKiKe HEKOTOpbIe pa3auuusd B comep:Ka-
HUM OTHAENBbHBIX XMMMUYECKMX 9SJIEMEHTOB MEKJAY <CBETJO- M TEMHOCKPAILIEHHBIMU
arperatamMu a OCOGEHHO B COMEP:KAaHMM OPraHMYEeCKOro BelllecTBa. TeMHBbIe arperaTbl
colepxXaT OTYEeTJUBO OoJibllle OpPraHMYecKOro BelIeCTBA, 4YeM CBeTJble. ATperarsbl
CBETJIOM OKPACKM OTJIMYAITCA OOJILIIMM COAEPIKAHMEM PaCTBOPUMOTO KpeMHEe3eMa,
aJIOMMHMSA M Marums, a MEHbIUMM — KaJbIIMA M Kejie3a (Tab. 3).






