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The knowledge of the process of soil aggregate form ation is an im por­
tan t problem  in soil tillage. The soil aggregates are the chief link in the 
s tructu re  of an arable soil and m ay decide on soil fertility . Their compo­
nents are little  known as yet (in the qualitative as well as the q u an tita ­
tive sense).

The constitution of soil aggregates in their separate fractions is best 
investigated in th in  microscopic slides. In such slides the na tu ra l aggre­
gate struc tu re  m ay be observed, the kind of skeleton determ ined together 
w ith cem ent 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 M ATERIAL AND RESULTS

The investigated aggregates were taken from  the hum ic horizon of 
a m ountain acid brow n soil, form ed on Flysch sandstone and clay shale, 
under greenland. Its m echanical composition corresponds to fine sandy 
m edium  loam. The A horizon is 28 cm thick, grey-coloured, acid. The 
profile is as follows: A 0— A x— (B)—C.

The to ta l content of aggregates in the sample was 4.6% for the 
2—3 m m  fraction, 3.4% for the 3—4 mm one. In the form er fraction 
38.0% were light-coloured aggregates and 62.0% dark  ones; the la tte r 
fraction contained 29.6*%' light aggregates and 70.4% dark  ones.

The m echanical composition of the sample is given in Tab. 1. The grain
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size d istribution of the aggregate skeleton is shown on the diagram s 1 and
2. The course of the sum m ation curves shows clearly  th a t the grain size 
is sm aller in the light aggregates than  in the dark ones. In the dark 
aggregates the skeleton grain size a tta ins 382.5 microns (fraction 2—3 mm); 
for fraction 3—4 mm the largest grains m easure 262.5 microns. In other 
arable brow n soils have such exam ples of a coarser grain size also been 
observed in their dark aggregates (also in other fractions).

T a D 1 e 1

Mechanical composition oi arable 
horizon

Fraction
diameter

mm
Percent 

by weight

1 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 elem ents of aggregate constitution, m ineral 
composition and the degree of roundness of the skeleton grains. As seen 
from  tab. 1, the content of chief constituents changes w ith aggregate 
size ra th e r than  colour. Also the porosity (and especially pore size) dis­
tinguishes the aggregates one from  another. The dark  aggregates of the 
investigated fractions show sm aller pores, which m ay cause more ana­
erobic conditions and fu rth e r the form ation of hum us which gives the 
darker colour. The m ineral composition of the aggregate skeleton varies; 
however, in general, the content of quartz  and chalcedony (passive or bar­
ren  m inerals) is the largest in all aggregates, orthoclase taking the second 
place, followed by m uscovite and others. A considerable content of felspars 
and muscovite (19—46% of the m ineral skeleton) m ay become a potential 
source of potassium  and calcium  for the plants.



M icroscopical and chem ical investigations 25

Fig. 1. Grain size distribution of m in e­
ral skeleton  in dark (D) and lig h t-co l­
oured (L) aggregates of acid brow n soil. 
Sum m ation curves for aggregates frac­

tion 2-3 mm diam eter

Fig. 2. Grain size distribution of m iner­
al skeleton  in  dark (D) and lig h t-co l­
oured (L) aggregates of acid brown  
soil. Sum m ation curves for aggregate 

fraction 3-4 mm diam eter

T a b l e  2
Const itu t ion  ana mineral composit ion o f  aggregates  from acid  brown s o i l  

^as determined in microscopic  s l i d e s ;

A ggregate c o lo u r l i g h t dark

A ggregate d ia m ete r , шш 2-3 3-4 2-3 3-4

M in era l s k e le to n  g r a in s % 36 .0 27.3 36.7 27.0
Cement % 56 .0 62.7 55.3 68.0
P o r o s i ty  ^ free  sp a c e ) % 8 .0 10.0 9 .0 5 .0

Pore s i z e ,  m icrons 37.5-225 37 .5 -187 .5 3 7 .5 -112 .5 37 .5 -75

Quartz % 4 1.0 70.7 70.7 64.3
C halcedony % 9 .0 6 .0 4 .0 4 .7
O r th o c la se % 29.7 14.7 13.0 16.7
P la g io c la s e % 2 .0 1.3 2.3 1.3
M u scovite % 14.6 3.3 b.O 8 .0
Other m in e r a ls  * % 3 .7 4 .0 4 .0 5 .0

D egree o f  rou ndness o f  s k e le t o n  g r a in s  
a n g u la r  % 75.5 74.0 88.5 80.5
su b an gu lar % 9 .0 9 .0 8 .0 7.0
s l i g h t l y  rounded % 15.5 17.0 13.5 12.5

Average d egree  o f  rou ndness 24.5 2o. 0 21.5 19.5

* I so tr o p ic  or s o i le d  gra ins ,  d i f f i c u l t  to determine
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In the investigated fractions of aggregates the angular grains are most 
num erous. The light-coloured aggregates contain les angular grains than  
the dark  ones; thus, the average degree of roundness is be tter in the 
light-coloured aggregates. It should be stressed th a t stronger angularity  of 
the m ineral skeleton gives better resistance of the aggregates to m echa­
nical factors and w ater.

T a b l e  3

Chemical composition of 20% HCl e x tr a c t s  ^in molar percent; from aggregates  о: acid brown s o i l ,  
content of humus and orgenic  suostanuè in aggregate mass

Aggregate colour l ig h t dar*

Aggregate diameter, mm 2-3 3-4 2-3 ! 3-4

20% HCl -  extract

Si02 40.89 47.48 39.30 35.67

a i 203 37.3b 37.82 27.68 ! 27.09

; Pe2°3 16.86 9.96 28.22 32.86

CaO 2.41 j 2.33 2.70 2 . ô;?

MgO 2.45 2.41 1.82 1.49

Molar r a t io s j
SiO- : I'.'Cr с £ ^ 0 .76 1.00 0.71 0. oC

3i0-> : AIqÔ 1.10 1. 2d 1 1.44 1.32

SiO- : 2.42 4 .77 1.40 1.08

humus oxidimetry; ^ 0.81 0 .30 1.38 1.33

Organic sucstance (Dy thermogravimetry; % 6 .0 b . 8 7.5 a.i
1_______  ________ _ ..................  . __ i

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, alum ina, and m agnesium, but less calcium than  the dark  ones. 
The m olar ratios S i0 2:R203 and S i0 2:Fe20 3 are sm aller in dark  aggregates, 
but the ratio  S i0 2:Al20 3 is larger in the dark  ones than in the light ones.

MICROSCOPIC DESCRIPTIONS OF THIN SLIDES OF AGGREGATES

L i g h t - c o l o u r e d  a g g r e g a t e s  2— 3 mm d i a m e t e r .
Large skeleton grains, angular, varying in shape, d istribu ted  unevenly; 
fractures or cleavage planes are visible. Sometimes the sm aller grains are 
more densely packed and em bedded in cement. The cem ent m ay be fluid, 
contacting, or porous1. The contacting cem ent strongly adheres to the ske­

1 The cem ent is here said flu id  or com pact w hen  it does not contain larger 
m ineral grains or pores; it is called contacting w hen  fillin g  the spaces betw een  
densely  racked  grains, porous — w hen  it contains pores.
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leton grains, most often it is yellow ish-brow nish-rust-coloured, more in ­
tensely so w here the cem ent is more dense. M ostly isotropic under crossed 
nicols; composed of sm all grains, it has a “cloudy’' aspect. Single frag ­
m ents of p lan t rests (somewhat decomposed), of varying form  and size. 
The crum b is composed of clew-like separate elem ents betw een w hich 
there  are irregu lar tortuous channels, sometim es w idening or narrow ing. 
M oreover, in various parts of the aggregate, single pores, most often len­
ticular. Som etimes the tortuous channels run  tow ards the crum b centre, 
branch off la tera lly  and taper tow ards the end.

L i g h t - c o l o u r e d  a g g r e g a t e s ,  3—4 m m  d i a m e t e r .  
Single large skeleton grains (sometimes rock fragm ents), also m edium - 
-sized, irregu larly  d istributed. The grains angular or subangular, som eti­
mes slightly  rounded, w ith sometim es visible fractures or cleavage planes. 
In some parts of the aggregate the skeleton is fine-grained. The cem ent is 
m ostly fluid, sometim es (only in some crumbs) contacting, dense and 
jelly-like, brow n or dark-brow n, m ottled. The mass is often clew-like, it 
contains p lan t rests in various stages of decomposition. These are brow­
nish-black large fragm ents w ith disappearing cell s truc tu re  Large skeleton 
grains on the periphery  covered by a dark-brow n iron-hum us substance. 
Pores in the shape of channels and closed spaces. Som etimes the tortuous 
channels unite the pores by th in  narrow ing lines. The wide pores run  in ­
w ards funnel-w ise, while the closed spaces are usually of a longish or 
oval shape.

D a r k  a g g r e g a t e s ,  2—3 mm d i a m e t e r .  The skeleton grains 
are sm all or m edium-sized. Large grains single, the sm all 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-hum us substance. The cem ent is light-brow n, its colour uniform  
in most aggregates; there occur dark  brown blurs and small fragm ents 
of p lan t rests in varying stages of decomposition, dark-brow n or black, 
quite isotropic. The cem ent is m ostly compact or porous, in the more dense 
skeleton grain concentrations also contacting. Som etimes it form s a ske­
leton-less aggregation. The contacting cem ent d istinctly  dense, strongly 
adhering to the skeleton grains. The whole mass of the cem ent 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 , sometim es forking or bent arc-wise.

D a r k  a g g r e g a t e s ,  f r a c t i o n  3—4 mm. Skeleton grains m e­
dium -sized or small, non-uniform ly distributed. M edium  grains more
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dense in some aggregates. Some grains strongly w eathered, cleaved, soiled 
by an isotropic clay-hum us substance. In some aggregates contacting ce­
m ent, in o thers closed (rarely porous), brown or dark-brow n. Cem ent iso­
tropic nearly  everyw here, in some places “s trew n” w ith sm all p lan t frag ­
m ents (dark-brow n or black); some of these fragm ents show distinct cell 
struc tu re  and varying stages of decomposition. In a strongly decomposed 
mass the cem ent is jelly-like, sometim es clew -like, of varying denseness. 
The pores are single, narrow , and from  irregu lar 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 m icrom orphology and constitutional 
elem ents. The dark  and light-coloured aggregates differ more betw een 
them  than  those of d ifferen t size.

2. The m ineral composition of the skeleton in dark  and light ag­
gregates differs also. The skeleton also contains large fragm ents of 
slightly  decomposed p lan t rests w ith  visible cell structu re . There is no 
relation betw een aggregate colour and the proportion of “b arren” m ine­
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 betw een dark  and 
light aggregates, bu t not betw een various aggregate fractions. The dark 
aggregates contain less HCl-soluble S i0 2 and A120 3, bu t more Fe20 3 and 
som ew hat more CaO than  the light ones.

5. The dark  aggregates contain more organic substance and hum us, 
which — together w ith  ferric  hydroxide — causes th e ir darker colour.

j .  T O K A J

RECHERCHES MICROSCOPIQUES ET CHIMIQUES SUR LES AGGLOMÉRATS
TERREUX

C h a i r e  d e  P é d o l o g i e  d e  l a  H a u t e  É c o l e  d ’A g r i c u l t u r e  d e  K r a k ó w

R é s u m é

Les agglom érats terreux sont les principaux élém ents de la  structure du sol 
naturel et du sol arable. Ils décident du développem ent des propriétés physiques
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du sol et de ses procès m icrobiens. La constitution  d’un agglom érat terreux est 
propre à étudier en lam es m inces au m icroscope polarisant, car on peut y observer 
sa constitution naturelle, déterm iner T espèce du squelette et du cim ent, enfin  aussi 
les d im ensions des pores. Dans le  com m uniqué présent l ’auteur ne donne qu’une 
partie des résultats obtenus pour les fractions 2—3 et 3—4 mm de diam ètre pour 
les agglom érats d’une couleur claire ou foncée.

Ces agglom érats ont été séparés de l ’horizon hum ique d’un sol brun acide de 
m ontagne form é sur du grès avec sch iste argileux (F lysch des Carpathes), sous 
gazon. Le profil est Л 0- ^ 1-(В)-С .

On a déterm iné les proportions q uantitatives des agglom érats clairs et foncés
ainsi que la  granulation du sq u elette  m inéral des agglom érats (voir dess. 1, 2). Les
dim ensions des grains squelettiques sont plus petites dans les agglom érats clairs.

La description m icroscopique des lam es m inces préparées avec les dits agglo­
m érats dém ontre les d ifférences de m icrom orphologie et de com position. Il y a des 
différences de com position m inérale, de porosité et du degré d’arrondissem ent du 
sq u elette  entre les agglom érats d’une couleur claire et foncée (voir table 2).

La com position chim ique d iffère aussi entre les agglom érats clairs et foncés,
surtout dans la teneur en hum us (dont les agglom érats foncés contiennent beaucoup  
plus). Les agglom érats clairs contiennent plus de silice, alum ine et m agnésie solubles 
dans HC1 à 20°/o, et m oins de chaux et d’oxyde ferrique que les agglom érats foncés 
(voir table 3).

j .  T O K A J

ÜBER EINIGE M IKROSKOPISCH-CHEM ISCHE UNTERSUCHUNGEN  
DER BODENAGGREGATE

L e h r s t u h l  f ü r  B o d e n k u n d e  d e r  L a n d w i r t s c h a f t l i c h e n  H o c h s c h u l e  i n  K r a k o w

Z u s a m m e n f a s s u n g

1. Das H auptelem ent der A cker- und Bodenstruktur sind die B odenaggregate. 
Sie sind von w esen tlicher B edeutung für B ildung physikalischer B odeneigenschaf­
ten und für m ikrobiologische Vorgänge. D ie U ntersuchung der B odenaggregaten- 
struktur ist es am besten  auf m ikroskopischen D ünnsch liffen  durchzuführen. A uf 
solchen Sch liffen  kann m an am besten  ihre natürliche Struktur, d.h. die Skelettart, 
die das Skelett zusam m enklebender Substanz und die H ohlraum grössen, beobach­
ten. In der vorliegenden  A rbeit sind nur ein ige E rgebnisse betr. der Fraktionen  
von 2—3 und 3—4 mm D urchm esser, m it heller und dunkler Färbung der A ggregate, 
erörtert.

2. D ie A ggregate zur U ntersuchung w urden vom  H um ushorizont der sauren, 
aus K arpaten-F lyschgesteinen  geb ildeten  B raunerden entnom m en, als W iese bzw. 
W eide genutzt. Der P rofilaufbau ist w ie  folgt: A q- A ^ ^ - C .

3. Es w urden quantitative B eziehungen zw ischen den hellen  und dunklen  
A ggregaten sow ie m echanische Zusam m ensetzung1 (absolute Körnung) des M ineral­
skeletts der A ggregate bestim m t. D ie G rösse der Skelettkörner in den hellen  A ggre­
gaten w ar k leiner als in den dunklen.
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4. D ie m ikroskopische B eschreibung der D ünnsch liffe zeigte, dass sie  sich in 
Bezug auf die M ikrom orphologie und die Strukturkom ponente unterscheiden.

5. Bei der m ikroskopischen U ntersuchung w urden m anche D ifferenzen  in der 
m ineralischen Z usam m ensetzung, der Porosität und der A brundung des M ineral­
skeletts der hellen  und dunklen A ggregate festgeste llt (Tab. 2).

6. Chem ische Z usam m ensetzung w eist auf m anche D ifferenzen im Gehalt 
einzelner chem ischen K om ponente zw ischen den hellen  und den dunklen A ggre­
gaten, insbesondere im G ehalt des organischen Stoffes. D ie dunklen A ggregate  
enhalten w esen tlich  m ehr des organischen Stoffes als die hellen . D ie letzteren  
enthalten  näm lich m ehr auflösbarer K ieselerde, A lum inium  und M agnesium  und 
w eniger Kalzium  und Eisen (Tab. 3).

J .  T O K A J

Z BADAŃ M IKROSKOPOW O-CHEMICZNYCH AGREGATÓW  GLEBOWYCH  

K a t e d r a  G l e b o z n a w s t w a  W S R ,  K r a k ó w

S t r e s z c z e n i e

1. G łów nym  składnikiem  struktury (budowy) roli i g leby są agregaty glebow e. 
Mają one decydujące znaczenie w  kształtow aniu  się fizycznych w łaściw ości gleby  
i procesów  m ikrobiologicznych. Badanie budow y agregatów  glebow ych najlepiej jest 
przeprowadzać na cienkich szlifach  m ikroskopow ych. Na takich szlifach  można 
obserw ow ać naturalną ich strukturę, tj. ustalić rodzaj szkieletu , substancji sk łada­
jącej ten szkielet i w ielkość w olnych przestrzeni. W opracow aniu n in iejszym  podane 
zostały tylko niektóre w yn ik i dla frakcji 2—3 i 3—4 mm średnicy o jasnym  i ciem ­
nym  zabarw ieniu agregatów .

2. A gregaty do badania pobrano z poziom u próchnicznego gleby brunatnej k w aś­
nej, w ytw orzonej ze skał tzw. fliszu  karpackiego, użytkow anej jako łąka lub p astw i­
sko. Budowa profilu jest następująca: A q- A ^ ^ - C .

3. Oznaczono stosunki ilościow e m iędzy agregatam i o barw ie jasnej i ciem nej 
oraz skład m echaniczny (absolutne uziarnienie) szk ieletu  m ineralnego agregatów . 
W ielkość ziarn szk ieletow ych  w  agregatach jasnych jest m niejsza niż w  ciem nych  
(rys. 1, 2).

4. Opis m ikroskopow y cienkich szlifów  z agregatów  w ykazał, że różnią się one 
m iędzy sobą m ikrom orfologią i sk ładnikam i budow y.

5. W badaniu m ikroskopow ym  stw ierdzono różnice w  składzie m ineralnym , 
porow atości i stopniu obtoczenia m ineralnego szk ieletu  agregatów  o barw ie jasnej 
i ciem nej (tab. 2).

6. Skład chem iczny w ykazuje także pew ne różnice w  zaw artości poszczególnych  
sk ładników  chem icznych m iędzy agregatam i jasnym i a ciem nym i i szczególnie  
w  zaw artości substancji organicznej. Agreg'aty ciem ne zaw ierają znacznie w ięcej 
substancji organicznej niż jasne. A gregaty jasne zaw ierają w ięcej rozpuszczalnej 
krzem ionki, glinu i m agnezu a m niej w apna i żelaza (tab. 3).
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И. Т О К А Й

И З МИКРОСКОПО-ХИМИЧЕСКОГО ИССЛЕДОВАНИЯ ПОЧВЕННЫ Х
АГРЕГАТОВ

К а ф е д р а  П о ч в о в е д е н и я ,  В ы с ш а я  С е л ь с к о х о з я й с т в е н н а я  Ш к о л а ,  К р а к о в

Р е з ю м е

1. Основным элементом структуры (строения) пашни и почвы являются  
почвенные агрегаты. Им принадлеж ит доминирующ ая роль в формировании  
ф изических свойств почвы и в ходе микробиологических процессов. И зучение  
строения почвенных агрегатов удобнее проводить на тонких ш лиф ах. На та­
ких ш лиф ах возможно проследить их естественное строение т.е. установить  
род скелета, вещ еств склеивающ их этот скелет и величины свободных про­
странств. В данной статье приведены только некоторые результаты для фракций  
диаметром 2—3 и 3—4 мм со светлой и темной окраской агрегатов.

2. Агрегаты для исследования были отобраны из гумусового горизонта 
бурой, кислой почвы, образованной из скал т. наз. карпатского флиш а, на­
ходящ ейся в луго-пастбищ ном пользовании. Строение профиля следующ ее: 
A q A i (В) С.

3. Определяли количественные соотношения м еж ду агрегатами светло- 
и темноокрашенными а такж е механический состав (абсолютная зернистость) 
минерального скелета агрегатов. Величина скелетных частиц в светлых агрегатах 
меньше, чем в темных (рис. 1 и 2).

4. М икроскопное описание тонких агрегатных ш лифов выявило, что они 
различны такж е по микроморфологии и элементам строения.

5. В микроскопном обследовании установлены разницы в минеральном  
составе, пористости и в степени обтачивания минерального скелета агрегатов 
со светлой, и темной окраской (табл. 2).

6. Химический со,став показывает такж е некоторые различия в содерж а­
нии отдельны х химических элементов м еж ду светло- и темноокрашенными 
агрегатами а особенно в содерж ании органического вещества. Темные агрегаты  
содерж ат отчетливо больше органического вещества, чем светлые. Агрегаты  
светлой окраски отличаются большим содерж анием растворимого кремнезема, 
алюминия и магния, а меньшим — кальция и ж ел еза  (таб. 3).




