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THE PROPERTIES OF SOILS OF ERODED MORAIN AREAS
WITH PARTICULAR ALLOWANCE FOR QUALITATIVE
COMPOSITION OF ORGANIC MATTER

Department of Soil Science, Agricultural College, Olsztyn. Head — prof. Dr. H. Uggla

Biological, physical, and chemical properties of soils on which the
yield of plants depends, reflect a complicated and causally connected
soil forming processes. The role of humus in the formation of the mentio-
ned above properties is very important and commonly known. Never-
theless this problem is much more complicated in hilly areas where ‘“soil
forming processes” and ‘‘soil processes” are affected by erosion. The
numerous data are quoted in the world and native literature which prove
that there is a great differentiation in the thickness of humus layers and
content of humus in the soils of different parts of slope. In general there
are no publications on the changes of properties and composition of hu-
mus, caused by erosion. In Polish soil science literature only two positions
indicate that these differences occur [1, 4]. In connection with this it was
decided to take this problem under investigations which are carried out
on Masurian Lakeland by the workers of the Soil Science Department
of the College of Agriculture in Olsztyn.

METHODS

Four soil cross-sections of many performed in Masurian Middle Lake-
land were chosen to detail investigations. They were: Zawidy, Wilkowo,
Jeziorany, Orlowo (districts Ketrzyn and Reszel). On each siope the
samples were taken from all genetic horizons and, in the case of deluvial
soils, from every layer. The ditches for sampling were made in each
characteristic part of slope.

The samples were analyzed on: mechanical composition, chemical
properties, exchange capacity. The qualitative analysis of organic matter
was carried out by Tiurin method [2, 3]. Besides in the humic acids of



278 Z. Mirowski

I group (extractable by In NaOH) the flocculation according to Kono-
nowa’s method [2] and the optical density with spectrophotometer were
determined.

RESULTS

The soils of investigated slopes belong to different types, developed
on morain loams. On tophills and eroded parts of slopes the brown and
brown leached soils occur. On lower parts of slopes and in basins the
deluvial soils of different types are found.

The morphological differentiation of soil layers caused by erosion
occurs on each particular part of slope. The soils differ with mechanical
and chemical composition, cation exchange capacity as with quantity of
exchangeable bases.

The washed deposits (deluvial sediments on lower parts of slopes)
contain 7—35 per cent more sand and 1—31 per cent less clay (particles
smaller than 0,02 mm.) to compare with soils of higher parts of slopes.
Instead the deluvial deposits in valley with restricted outflow and in
basins contain 6—30 per cent less sand and 12—50 per cent more clay
respectively.

In respect to the contents of Fe;O; CaO, MgO, P,O5; the deposits of
lower parts of slopes are the poorest, slightly richer are soils on slope
and the richest sediments in valleys and basins. The latter contain from
1.5 up to 3 times more of these components, to compare with soils on
the slope. The changes of chemical properties may be also deduced from
the ratio of SiO, to Ry03. This ratio in sediments of basins is 2.27—3.25,
in soils on slopes and tophills is larger 5.86—8.25 the largest is in the
washed sediments on slope 11.37—13.19.

It was confirmed that exchange capacity as well as quantity and
quality of exchangeable cations are in strict correlation with mechanical
composition, content of humus and are changed by soil erosion processes.
Sediments in basins and in valleys with restricted outflow have 2.5 times
higher exchange capacity (in upper horizon 0—25 cm. Eh = 14.69—37.11
m e/100 g. of soil), in deeper layers Eh = 16.02—70.82 m e/100 g. of soil,
than in eroded soils on slope (in horizon A; Eh = 6.18—18.62, deeper
7.14—26.82).

To compare with washed deposits the exchange capacity of sediments
in the valley was 4 times higher. The sediments in basins and in valleys
with restricted outflow always show out a very high degree of saturation
with basic cations with regardless of the acidity of the soils of the higher
parts of slopes.
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Fig. 1. Resources of organic carbon in rolling territory in tons/ha
Total C: 1 — C humic acids, 2— C fulvic acids, 3— C of humins and ulmins, 4 — other fractions.
Soils: W — soils on hilltop, Z — soils denunded by erosion, D — deluvial soils slope, I, II, III ... —
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The carried-out investigations indicate, that the content of humus
and its composition vary under influence of erosion. It may be seen in
Fig. 1 in which the total content of C (in tons/ha) into the whole humus
horizon is presented as a diagram, as well as the participation of C of
individual fraction of humus in total carbon content.

In both types of soils situated on slopes, because of erosion and
leaching of more mobile components of humus, the relative content of
bitumins (which are more stable forms) increases.

The content of humic acids of I group expressed as per cent of total C
of organic matter was: from 10.25 per cent up to 17.87 per cent in the
soils of tophills and eroded slopes and, in the deluvial deposits from 12.5
per cent up to 45.8 per cent.

The proof of different course of humus forming processes on hilly
areas is the ratio of C humic acids (Ch) to C of fulvic acids (Cf). This ratio
(Ch:Cf) in soils on tophills is from 0.62 up to 0.91, in soils on eroded
slopes from 0.41 up to 0.63 but in deluvial soils it extends very often
over 1. It shows that in eroded soils the humus is “younger” than on
tophills and in deluvial sediments.

Determinations of optical density (Fig. 2) and flocculation of the
humic acids of I group confirmed correctness of our supposition of the
possibilities of quantitative differentiation of humus in rolling areas.
Humic acids extracted from eroded soils in general showed out the lowest
optical density what indicate they have less complicated structure. Those
from deluvial soils appeard to be the “ripest” forms — the most polime-
rized. In deluvial soils the “ripeness” (degree of polimerization) of humic
acids increases with depth.

The susceptibility of humic acids to flocculation also confirmed that
above holds true. The humic acids of I group from soils on tophills
coagulated at 30—40 m e of CaCl, per liter of humic acids solution
during 2 hours since coagulator was added. (The concentration of humic
acids was 100 mg. C/l. of solution). At this quantities of CaCl, the coa-
gulation in most cases was not complete. The humic acids from eroded
soils were the most stable against coagulation. They did not coagulate
even at 40 m e of CaCl, (except one case). On the other hand the humic
acids from deluvial soils coagulated easily an very easily at 2—15 m ¢
of CaCl,. Very often the coagulation was observed just after adding of
coagulator. Only humic acids extrated from too moist deluvial soils
were more stable on coagulation than those from deluvial soils of higher
parts of slopes, but in every case they coagulated more easily than humic
acids from eroded soils.



Soil properties on eroded

moraine terrains

281

a) .
- E} . B .
£ 1 Zawidy Wilkowo 8l Jeziorany
1
0 1 O T - :
400 500 600 700 my
Et b) Et E -\
26 Profile-VIL 26 Profile-V 26 —‘7‘ Profils—IIT
241 1) 5-15¢cm 241 1) 5-15¢cm 241\ 1) 5-15¢m
\ 2) 40-50cm 2) 40-50cm oL\ 2)30-35cm
221\ 22y 3) 70+60cm 2\ 3) 55-65¢cm
20t \ ) 20 ol \  4)85-5cm
N b\ 5) 10-130cm
8\ 81 81\ 6) 210-250cm
6L \ 16\ T S
\ \ wh\ o\
14| \ ch \ “I \
2B\ 2\ \ 2\
\ \ v A
10 \ 0N\ WY\ \
Vo W\ QWY
PrEAN N R MANGR
o8 \\ \\ BN \\\\ BE NN
[ \4\\ AN 04 - 1 \\\\\\\ ael \\\\\\\\\\\\\\
. N
a2 \\\::‘ o2} RN 02} \\*‘q\\:\;\:;
ol 1 11111 TN N TR N S T P11 T
400 500 600 .T00my 400 500 600 700my 400 500 600 700my

Fig. 2. Optical density of humic acids of I group

a — from soils of different parts of slope (horizon Aj), b — from deluvial soils;
profile, — — — humic acids from deluvial soils,
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humic acids from other soils on the slope

The results of our investigations allow to make the following conclu-

1. As a result of soil erosion processes in Masurian Middle Lakeland
the differentiation of soils with regard to mechanical and chemical com-
position, exchange capacity, content and character of humus take place.

2. The poorest soils in humus are those eroded on slopes, slightly
richer — on tophills and the richest deluvial soils in basins and valleys

with restricted outflow.
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3. With an increase of the content of humus an increase of the abso-
lute content of humic acids was always observed.

4. The humic acids from eroded soils on slopes show the lowest degree
of polimerization. It may be deduced from: the ratio of Ch:Cf, the optical
density of humic acids of the I group as also {rom the resistance to
coagulation with CaCl,. Humic acids from deluvial soils showed out the
highest degree of polimerization amongst those under investigations.
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Z. MIROWSKI

DIE EIGENSCHAFTEN DER BODEN IN ERODIERTEN
MORANENGEBIETEN, MIT BESONDERER BERUCKSICHTIGUNG
DER ZUSAMENSETZUNG DES BODENHUMUS

Institut fiir Bodenkunde &n der Landwirtschaftlichen Hochschiile in Olsztyn

Zusammenfassung

Die quantitativen und qualitativen Verhiltnisse, die im Bodenhumus — unter
dem Einfluss der Wassererosion gestaltet werden — sind bis jetzt noch kaum er-
forscht worden. Dieses Problem zu kliren, wenn auch nur teilweise, war das Ziel
einer Arbeit, die im hiigeligen, mittleren Teil des Masurischen Seengebietes durch-
gefiihrt wurde. Der Verfasser priifte die chemische Zusammensetzung des Humus
und auch dessen Sorptionsvermdgen sowohl der Boéden auf den Hiigelkuppen-
und Héngen, als auch derjenigen, die sich am Fusse der Hinge als Deluvial(Col-
luvial)-Béden abgelagert haben. Er stellte fest, dass zwischen den Eigenschaften
dieser Boden bemerkenswerte Unterschiede auftreten ins besondere im Sorptions-
vermdgen und der Zusammenzetzung des Humus. Die Deluvial-Béden, die in Tilern
mit schwachem Wasserabfluss (oder sogar ohne Abfluss) abgelagert wurden, haben
sich als cie ndhrstoffsreichsten erwiesen. Es zeichnet sie, unabhingig vom Che-
mismus der Boden an den Hiéngen und auf den Kuppen, ein hoher Sittigungsgrad
aus. Dagegen die, an den unteren Hingen abgesetzten Bdden sind die d&rmsten. Auf
Grund des allgemeinen Gehaltes an Huminsiduren, ces Verhiltnisses Ch : Cf, des
Durchsichtigkeitsgrades dieser Sduren und deren Koagulationsschwelle konnte fest-
gestellt werden, dass die Huminsiduren der Deluvialbéden den hochsten, die erorierten
Boden der Hinge, den niedrigsten Polymerisationsgrad aufweisen. Die Polymerisation
der Huminsiduren wichst in cden Deluvialbéden im allgemeinen mit der Tiefe an
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LES PROPRIETES DES SOLS DANS LES TERRAINS MONTEUX DE MORAINE,
AVEC MISE EN EVIDENCE PARTICULIERE DE LA COMPOSITION D'HUMUS

Institut de Pedologie de I’Ecole Superieurs Agriculture a Olsztyn

Resumé

Les changements quantitatifs et qualitatifs de I’humus, qui ont lieu sous l'in-
fluence de I’érosion pluviale ne sont jusqu’a maintenant qu’insuffisamment étuciées.
Résoudre ce probléme, au moins partiellement, était le but d’un travail réalisé
dans la partie centrale de la Masourie en Pologne. L’auteur a déterminé la com-
position chimique de I’humus et son pouvoir absorbant dans les sols des sommets,
des pentes et des pieds des collines. Les sols colluviaux, dans de petits vallons,
avec l’écoulement faible d’eau, sont les plus riches en élements minéraux. Ils se
caractérisent par un taux de saturation élevé indépendamment des proprietés
chimiques des sols des pentes et des sommets. Les sols sedimentés aux pieds des
pentes sont au contraire les plus pauvres en éléments nutritifs. La détermination
de la teneur totale en acides humiques, de leur densité optiques et de leur seuil
de floculation ainsi que du rapport Ch: Cf a permis de conclure que le degré de po-
lymérisation ces acides humiques dans les sols colluviaux est le plus élevé, tandis
que celui des sols sur les pentes est le plus bas. La polymérisation des acides hu-
miques dans les sols colluviaux augmente avec la profondeur.

Z. MIROWSKI

WEASCIWOSCI GLEB TERENOW MORENOWYCH ERODOWANYCH
ZE SZCZEGOLNYM UWZGLEDNIENIEM SKEADU
JAKOSCIOWEGO PROCHNICY

Katedra Gleboznawstwa WSR Olsztyn

Streszczenie

Z uwagi na brak opracowan odnosnie wplywu erozji na ilosciowe i jakosciowe
zmiany préchnicy glebowej w terenach urzezbionych w Katedrze Gleboznawstwa
WSR w Olsztynie postanowiono zbadaé¢ to zagadnienie na obszarach morenowych
Pojezierza Srodkowo Mazurskiego. Badano skiad chemiczny gleb, wilasnosci sorp-
cyjne oraz skiad préchnicy glebowej. Na podstawie uzyskanych danych stwierdzo-
no, ze gleby poszczegélnych elementéw stoku réznig sie pod wzgledem wyzej wy-
mienionych wlasciwosci. Szczegélnie duze rdznice wystepuja w pojemnoéci kom-
pleksu sorpcyjnego, stopniu nasycenia zasadami i skladzie préchnicy. Najzasob-
niejsze w skladniki okazaly sie gleby deluwialne kotlin i dolin o utrudnionym od-
plywie. Wykazujg one zawsze bardzo wysoki stopien nasycenia kationami zasado-
wymi bez wzgledu na chemizm gleb wyzszych partii stoku. Najubozsze byly gleby
deluwialne polozone w dolnych partiach stoku. Na podstawie zawartosci kwasow
huminowych, stosunku Ch : Cf, gestosci optycznej i progu koagulacji stwierdzono,
ze najwyzszy stopien polimeryzacji posiadajg kwasy huminowe z gleb deluwialnych,
najnizsze — z gleb podlegajgcych erozji na zboczu. W glebach deluwialnych sto-
pien polimeryzacji kwasé6w huminowych na ogét wzrasta wraz z glebokoscig.
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3. MUPOBCKH

CBOJMICTBA IIOYB MOPEHHHBIX 3POAWPOBAHHEIX PAJVIOHOB
C OCOBEHHBIM YYKTOM KAYECTBEHHOI'O COCTABA IIEPETHOA

Kadenpa ITouBoBeneHMA ONBIITBIHCKON CeNbCROXO3AMCTBEHHON AKaaeMuu

Pe3moMe

B Buay Hepmocratka paboT 0 BIAMAHMIO 3PO3UM HA KAYECTBEHHLIE M KOJUYECTBEH-
Hble M3MEHEHMA IIOYBEHHOTI'OIIEPETHOA B paioHaX C M3pe3aHHMM peabedoM, pu-
BOAMIIM MCCJIENOBAHUA IIO 9TOMY BONPOCY Ha MOpeHHOM Teppuropmu Cpepue-Masyp-
ckoro Ilpmosepba. Ompenenany XMMHUYECKMUII cOocCTaB II0YB, COPOLIMOHHBIE CBOMCTBa
M COCTaB IIOYBEHHOro mneperHosa. Ha oCHOBaHMM IIOJYYEeHHBIX AAHHBIX YCTaHOBJIEHO,
YTO IIOYBBI OTHEJNBHBIX 3JIEMEHTOB CKJIOHA Pa3JMYalOTCA II0 BbIIE MNEePeUYMCIECHHLIM
cBoitcrBaM. OcobenHo Goablile pa3nnyuma HaAGMIOZAIOTCA B EMKOCTM COPOIIMOHHOTO KOM-
IJIEKCA, CTENEHs HACBIINIEHHOCTM OCHOBAHMAMM M B COCTaBe meperHos. Hamubosee Go-
raThl KOMIIOHEHTaMM OKa3ajMChb JAEeNIOBMAJIbHBIE IIOYBhLI KOTJIOBMH U JOJMH C 3a-
TPYAHEHBIM OTTOKOM. OTM IOYBB! 00Jlafanym BCeATa BBICOKOI CTEIIeHBIO HACBLIUIEH-
HOCTYM OCHOBaHMAMM HEZaBMUCMMO OT XMMM3Ma IIOYyB 0oJjiee BBICOKOJ YacCTM CKJIOHA.
HaubGosnee GepubiMu ObLIM AeMBUANBbHBIE IIOYBBI, JIEXKAIUME B HMIKHEN 4YacTyU CKJOHA.
Ha ocHOBaHMM CONEpPIKAHUA TYMMHOBBIX KMUCJIOT, OTHouieHusa Crym.: Cohynabe omTu-
YeCcKO IJIOTHOCTM ¥ IpeAesia KoaryJjsluy YCTAHOBJIEHO, YTO HauboJiee BBICOKOIL
CTeNeHbI0 noJuMepy3anuy o6JanaroT TYMMHOBBIE KMCJIOTHI JEJIOBUAJBHBIX I104B,
Hanubojiee HM3KOM — IMOABEPIKEHHbIE 3P0O3MM IIOYBBI HA CKJIOHE. B JAenoBMalIbHBIX
moyBax CTENeHb IIOJMMEpHM3anMUy TYMMHOBBIX KMCJIOT YBEJIMYMBAETCA COBMECTHO
B I'IyOMHOI.



