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The structure of soil is to a great extent decisive of the course of phy-
sical, chemical and biological processes occurring in it, what has been
proved by the researches carried out so far [2-4, 7-10, 19, 23]. Soil aggre-
gates are the exponent of the soil structure as, according to micromorpho-
logical researches by Beckmann and Geyger [5], they are characterized
by different shapes and kind of pores or limiting edges depending on the
conditions of soil formation. According to Kaczynski [10], soil aggregates
can be formed in different ways, among others as a result of coagulation
of colloids, chemically, biologically or under the influence of surface
tension.

In the process of coagulatlon of colloids participate, among others,
cations of calcium and iron {4, 10], particularly important role in the
formation of aggregates being played by organic matter {3, 7-12, 15-19,
23]. In the latter group of structure-forming compounds some authors
include so far defined compounds of polyuronide and polysaccharide type
[8, 15-17] as well as other organic and organomineral substances which
are, first of all, real humus compounds. The participation of humus matter
in the formation of soil structure has been pointed out by the works of
Williams [22], Tiurin [20], Tiulin {19], Kononova [11], Musierowicz [15],
Gastol [9], Tokaj{21] and others. /

In one of his papers Baver [4] pointed out that humus is conductive
to form larger aggregates, while Zajcev [23] demonstrated that, beside
humus, the presence of calcium and clay is decisive of soil granulation.
Some authors point to a high ability of humic acids to stick the soil
matter[9, 10, 11, 19, 20].

According to Tiurin [20] and Flaig [8] the highest ability to produce
soil aggregates is demonstrated by humic acids as well as fulvic acids
combined with them and with iron and aluminium sesquioxides. Kono-
nova [11] came to the conclusion that in the formation of aggregates in
chernozemic soils of greater importance are humic acids, while in podzolic
soils similar action can be performed by fulvic acids.
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Several authors [9, 11, 17] point out that the fractional humus compo-
sition in soil aggregates varies with different crops, while the works of

Ambroz [2] proved differences in the qualitative composition of humus in
crumbs of different sizes.

Although the literature concerning the part of humus in the processes
of formation of soil structure is rather ample, however it has not been
stated unanimously which humus fraction is of decisive importance to
clotting of typologically differentiated soils. Moreover, it has not been
yet explained if different-size aggregates have the same composition of
humus compounds and if their micromorphology is similar.

Therefore, the objective of this work has been to trace the micromor-
phological changes of different-size aggregates coming from different soil

types and to compare the fractions of humus compounds appearing in
them.

METHOD

The investigations were carried out on samples taken from the humus
horizons of three soil types: brown leached, pseudopodzolic and podzolic,
formed out of loess and genetically connected in their evolution cycle.
Each sample was separated on sieves into six groups of mechanically
resistant aggregates size > 6 mm, 6-3 mm, 3-1 mm, 1-0.5 mm, 0.5-0.25 mm
and < 0.25 mm. In each group of aggregates thin soil sections were made
by the method of Kubiéna [14] and Altemiiller [1] modified by Kowalinski
et al. [13]. The thin sections were used for micromorphological exam-
inations. The determination of C-total by Tiurin’s method, and the analysis
of fractional composition of humus compounds by Boratynski and Wilk’s
[6] method were made in all aggregate groups.

RESULTS

-

The micromorphological traits of characteristic horizons of the soils
are shown in following Figs. 1-9. Micromorphological examinations of
different-size aggregates coming from different soil types demonstrated
that their forms differ mainly depending on the represented soil type.
Among the aggregates separated from podzolic and pseudopodzolic soil
no concentrations of iron compounds were found; though the latter were
present in aggregates coming from brown leached soil (Fig. 10).

Aggregates of these soils are of grey colour, as during the leaching pro-

cesses they get deprived of iron hydroxides. They are probably the humus

compounds which are the main binder decisive of the formation of aggre-
gates in these soils.

In the aggregates from brown soil there are observed iron compounds
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Fig. 1. Brown leached soil. General view of horizon A,, plain light. Magnif.
about 75X.

Fig. 2. Brown leached soil. Horizon (B), Vosepic — characteristic accumulation
of optically oriented clayey-ferruginous compounds in the pores, crossed po-
larizers. Magnif. about 75X.

either strongly dispersed, or appearing in form of numerous concentra-
tions or microconcretions (Fig. 11).

Unlike in aggregates of podzolic and pseudopodzolic soils, the amount
of organic matter is in them much lower and occurs mainly in the shape
of humified and strongly dispersed forms (Fig. 12).

Considering the characteristic traits of aggregates it can be stated that
their shape, kind of pores and character of edges were approximate in
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different soil types. Most often the aggregates were of polygonal shape,
with mostly unjagged edges and with frequent inner pores (Fig. 13).

Within every soil type it could be noticed that among smaller aggre-
gates, particularly below 1 mm, there appeared more and more aggre-
gates with jagged edges; besides, there could be found among them more
of dark aggregates, containing pronouncedly higher amount of dispersed
humus (Fig. 14).

This phenomenon was already pointed to by Kowalinski [12] and Tokaj

Fig. 3. Brown leached soil. Horizon C. A pore saturated with calcium carbonate,
crossed polarizers. Magnif. about 75X.

Fig. 4. Pseudopodzolic soil. Horizon A,. Characteristic forms of humus matter,
plain light. Magnif. about 75X.
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Fig. 5. Pseudopodzolic soil. Horizon Aj;. An organomineral concretion and
a pore saturated with clayey matter, plain light. Magnif. about 75X.

Fig. 6. Pseudopodzolic soil. Horizon Bjs. A characteristic pore with walls sa-
turated with optically oriented clayey-ferruginous matter, crossed polarizers.
Magnif. about 75X.

[21], who in one of his papers divided soil aggregates into light and dark
ones.

Among the separated aggregates most organic compounds were usual-
ly observed in the groups of aggregates smaller than 1 mm. In them,
beside the increasing lot of humus aggregates, there is often observed
more numerous appearing of strongly decomposed organic matter, which
still exhibits a distinct cellular structure (Fig. 19).

Organic matter in this form passes through a sieve and collects among
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smaller-sized aggregates. Because of their small sizes they are difficult
to be separated from typically organomineral aggregates; hence, they
contribute to a higher content of organic matter among the smaller aggre-
gates.

Our micromorphological observations of the examined aggregates do
not fully confirm the conclusions of Baver [4], who says that humus is
conducive to formation of larger aggregates. They rather point to a higher
lot of darker aggregates, containing more humus and strongly decomposed
organic matter among the smaller aggregates.

Fig. 7. Podzolic soil. Horizon A,. Organic matter decomposed to a different
degree beside mineral matter, plain light. Magnif. about 75X.
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Fig. 8. Podzolic soil. Horizon A,. Characteristic organomineral concretion con-
taining larger quartz grains, plain light. Magnif. about 75X.
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Fig. 9. Podzolic soil. Horizon Bn. Pores filled up amply and impregnated with
clayey-humus matter, plain light. Magnif. about 75X.

Fig. 10. Podzolic soil. Horizon A;. A fragment of aggregate 3-6 mm devoid of
iron compounds, plain light. Magnif. about 20X.

Basing on the opinion of the author mentioned above, as well as on
our micromorphological observations, it may be supposed that the for-
mation of larger or smaller aggregates in the accumulation horizon is
decided by the qualitative composition of humus compounds appearing
in them. On this assumption we carried out a fractional analysis of humus
compounds in different-size aggregates coming from different soil types.
The results are shown in Table.

48 Zeszyty Problemowe (123)
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The content of C-total in different-size aggregates of the examined
soil types was increasing pronouncedly towards the smaller aggregates,
its highest content having been found in aggregates 0.5-0.25 mm. Thus
the quantitative determinations of humus content in different-size aggre-
gates have fully confirmed our earlier micromorphological observations,
which helped us point out which forms of the organic matter contained
in the aggregates are decisive of the increase of C-total in them.

The absolute amount of C of several fractions in the aggregates chan-
ges alike the C-total content. Many researches [6, 9, 11, 20] have pointed

Fig. 11. Brown soil. Horizon A,. Aggregates 0.5-1 mm with visible accumu-
lations of iron compounds, plain light. Magnif. about 20 X.

Fig. 12. Brown soil. Horizon A;. Aggregates sized 0.5-1 mm containing strongly
dispersed humus matter, plain light. Magnif. about 20X.
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Fig. 13. Brown soil. Horizon A,. Aggregates sized 1-3 mm with unjagged edges
and inner pores, crossed polarizers. Magnif. about 15X.

Fig. 14. Podzolic soil. Horizon A;. Light and dark aggregates, plain light.
Magnif. about 40X.

out that when interpreting the fractional composition of humus one
should base oneself on the contents of several fractions expressed as
C-total per cent. Thus, the data in Table show that the composition of
humus compounds changes in several aggregates depending on the soil

type considered.
Among the aggregates of the three analysed soil types the highest

regularity in the system of several humus fractions is observed in podzol,
and the lowest in brown soil.

26
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It is characteristic for podzolic soil that along with decreasing size of
its aggregates the contents of some humus fractions change too. This
applies mainly to the mobile humus compounds extracted with 0.1n
sodium pyrophosphate of pH 7, this fraction increasing pronouncedly in
< 0.25 mm microaggregates. Similarly, the contents of humus compounds
extracted with 0.1n NaOH increase in smaller aggregates of ® 1 mm.
Changes in these fractions are accompanied by similar system of fulvic
acids extracted with 0.1ln NaOH prior to acid hydrolysis. Aggregates
larger than 6 mm are characterized by pronouncedly higher contents of
humic acids compared with microaggregates. These changes are best
reflected in the ratio of C-humic acids to C-fulvic acids, which assumes
the highest values in the largest aggregates and gradually decreases with
their decreasing sizes. This phenomenon may be confirmed by the suppo-
sition put forward by some investigators pointing to a great importance
of organic matter in the formation of various soil aggregates [2, 3, 9, 10,
21]. Our results suggest that the sizes of mechanically resistant aggre-
gates in the podzolic soil under examination are greatly decided by the
quality of humus compounds taking part in their formation. Higher
content of more mobile humus compounds and fulvic acids, and low
content of compounds permanently bound with the mineral matter of
soil in smaller aggregates points that in the examined soil the compounds
of humic acids type and those very strongly bound with the mineral part
of soil are greatly decisive of the formation of larger aggregates.

In the aggregates of pseudopodzolic soil a change in the per cent
content of several fractions of humus compounds was observed, too,
though in a considerably lower degree. This concerned mainly the mobile

Fig. 15. Podzolic soil. Horizon A,. High content of non-humified organic matter
in aggregates 0.25-0.5 mm, plain light. Magnif. about 40X.
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fraction, whose per cent lot slightly increased in the smallest aggregates
compared with the larger ones. There was also observed a change in the
per cent content of insoluble fraction which, according to many authors,
is characterized by most permanent bond with the mineral matter of soil.
In aggregates of this soil the contents of fulvic and humic acids do not
show any distinct dependences, as it was with podzolic soil.
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Fig. 16. Dendrite arrangement of crumbs of the examined soils, based on the
fractional composition of humus.

The least qualitative changes of humus depending on the size of aggre-
gates were found in brown leached soil. A distinct regularity in. the quan-
titative system was proved for the insoluble fraction representing .humus
compounds most strongly bound with the mineral matter of 3011.. The
dependence of this fraction is similar to that in aggregate§ of podzolic a.nd
pseudopodzolic soil, what points to its great importance in the formation
of larger aggregates.

Our trial of dendrite arrangement of different soil aggregates based
on the fractional composition of humus showed that podzolic. and Pseudo—
podzolic soil aggregates larger than 1 mm distinctly differ in their frac-
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tional composition from those smaller than 1 mm, what is manifested by
their mutual position in the dendrite shown in Fig. 16.

In brown soil, where aggregates show less differentiation in the
fractional composition, of greater importance in the formation of aggre-
gates are mineral colloids, mainly numerous combinations of different
type iron compounds. This has been suggested by many micromorpholo-
gical examinations, which helped to reveal greater accumulation of iron
compounds in several aggregates of brown soil than in those of other soil
types under investigation.

The question of quantitative and qualitative lot of these compounds
in different-size aggregates of brown type soils should be the subject of
further investigations aiming at explaining the importance of mineral
colloids in the formation of different-size structural aggregates.

CONCLUSIONS

The investigations have helped to draw following conclusions:

1. Micromorphological character of soil aggregates shows some dif-
ferentiation depending on their size and on the soil type.

2. The size and shape of aggregates formed in the accumulation hor-
izon of podzolic and pseudopodzolic soils are markedly influenced by the
character of humus compounds participating in their formation.

3. Micromorphological observations indicate that the formation of lar-
ger aggregates in brown soil is greatly decided by mineral colloids, and
mainly by abundant iron compounds occurring there.

SUMMARY

There were carried out some investigations to find the relation be-
tween the micromorphological properties of soils on one hand, and the
C-total content and the fractional humus composition in various mecha-
nically resistant crumbs of some soil types, on the other.

The tests were carried out with samples from horizon A, of three types
of soils formed out of loesses, namely brown leached, pseudopodzolic,
and podzolic ones, genetically bound in their evolution cycle. Each sample
was separated into six groups of mechanically resistant crumbs sized > 6,
6-3, 3-1, 1-0.5, 0.5-0.25, and << 0.25 mm.

In all the examined soils the C-total content was increasing along
with decreasing sizes of aggregates, this content being the highest in the
group of 0.5-0.25 mm crumbs. In the crumbs of podzolic soil there was
observed an apparent dependence of the crumb sizes on the fractional
humus composition, as compared to other analyzed soils. Unequal in-

fluence of mineral colloids on the formation of soil aggegates also de-
pends on the soil type.



EXAMINATIONS OF MECHANICALLY RESISTANT SOIL AGGREGATES 759

10.
11.
12.
13.
14.

15.
16.

17.

18.

19.
20.

21.

22,
23.

REFERENCES

Altemiiller H.-J., 1956. Neue Moglichkeiten zur Herstellung von Bodendiinn-
schliffen. Z. f. Pfl. Diing., Bodenkunde 72(117), 56-62.

Ambroz J., 1956. Sledowani tworby agregatu v zavislosti na biologicke aktivite
pudy, a ruznych formach humanu. Rostlinna Vyroba 29, 6, 513-524.
Antipov-Karatayev J. W., Kellermann W. W., 1960. Poczwiennyj agriegat i jego
koloidno-chimiczeskij analiz. Sb. Trudow po agronomiczeskoj fizic. 8, 120-130.
Baver L. D., 1956. Soil Physics. New York.

Beckmann W., Gejger E., 1967. Entwurf einer Ordnung der natiirlichen Hohl-
raum-Aggregat- und Strukturformen im Boden. Die mikromorfometrische Bo-
denanalyse. Stuttgart, 165-189.

Boratynski K., Wilk K., 1963. Nowa metoda analizy frakcjonowanej zwigzkéw
prochnicznych w glebach mineralnych. Zesz. probl. Post. Nauk rol. 40a, 157.
Clapp C. E., Davis R. J.,, Wangeman S. H., 1962. The affect of rhizobial po-
lisaccharides on aggregate stability. Soil Sci. Soc. Am. Proc. 26, 5, 466-469.
Flaig W., 1958. Zur Chemie der anorganischen und organischen Komponenten
der Kriimelbildung. Tagungsberichte D.A.L. 13.

Gastot J., 1964. Wplyw niektérych ro$lin oraz czynnikéw oddzialywania zewnetrz-
nego na sklad préchnicy glebowej i stan zgruzlenia czarnej ziemi $redniej. Praca
doktorska, maszynopis. Warszawa.

Kaczinski N. A., 1963. Struktura poczwy. Izd. Moskowskogo Uniwersyteta.
Kononova M. M., 1955. Zagadnienie préchnicy glebowej. Warszawa.

Kowalinski S., 1964. Gleby murszowe i ich przeobrazenie pod wplywem uprawy
pluznej. Prace WTN 124. Wroclaw.

Kowalinski S., Bogda A., 1966. Przydatno$§¢ polskich zywic syntetycznych dc
sporzgdzania mikroskopowych szlifé6w gleb. Rocz. Glebozn. XVI, 2, 327-356.
Kubiéna W. L., 1937. Herstellung von Diinnschliffen von Boden in ungestorter
Lagerung, Zeiss Nachr. 2, 3, 81-91.

Musierowicz A., 1960. Prochnica gleb. Warszawa.

Mehta W. C., Stremli A., Deuel H., Miller A., 1960. Role of polysaccharides in
soil aggregation. J. Sci. Food and Agric. 11, 1, 40-47.

Salomon A., 1962. Soil aggregation —organic matter relationships in redtop-
potato rotations. Soil Sci. Soc. Am. Proc. 26, 1, 51-54.

Swietochowski B., 1962. Prochniczne wskazZniki zyznoS$ci gleby w swietle doSwiad-
czen. Rocz. Glebozn. XII, 127-145.

Tiulin A. F., 1954. Woprosy poczwiennoj struktury w lesu. Poczw. 1, 30-40.
Tiurin J. W., 1949. Geograficzeskije zakonomiernosti gumusoobrazowanije. Tr.
Jub. Siesji posw. 100 1. so dnie rozdienija W. W. Dokuczajewa. Izd. AN SSSR.
Tokaj J., 1968. Z badan mikroskopowo-chemicznych agregatéw glebowych. Rocz.
Glebozn., XIX, Dodatek 23-31.

Williams W., 1950. Gleboznawstwo. Podstawy rolnictwa. PWRIL, Warszawa.
Zajcew B. D., 1963. O roli pieregnoja, obmiennogo kalcija i ila w obrazowanii
struktury pieriegnojno-eluwialnych gorizontow liesnych poczw. Poczw. 6, 90-96.



