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FORSCHUNGSARBEITEN AUF DEM GEBIETE
DER BODENENTWICKLUNG, DER BODENPROFILFORMUNG
UND DER DARGESTELLUNG DER PEDOSPHARE IN DER CSSR

Im allernichtem Zeitraum ist ein groBer Wert zu legen auf eine ein-
wandfreie Auswertung und Synthese der angesammelten Angaben {iber die
Bodendecke und Bodeneigenschaften, die zu einer vollkommenen Verein-
heitlichung des umfangreichen Materials iiber die Bodendecke der CSSR
fiihren wiirde, Man fate bereits zusammen die gegenwirtige pedogenetischen
Erkenntnisse, Ansichten auf die diagnostischen Horizonte (einschlieBlich ihrer
Signatur) und den gegenwirtigen Stand der Klassifikations-Weltsysteme (N &-
me ¢ek), damit dieser Stand bei simtlichen Regelungen respektiert werden
kann. Es wurde ein System der Bodenklassen vorgeschlagen mit der Be-
tonung, dafl in diesem die Kriterien der hydrothermischen Régimes und
der Merkmale, die mit diesem in Korrelation stehen, mehr ausgeprigt geltend
gemacht werden.

Unumgénglich ist die numerische Bearbeitung des Analysenmaterials
und seine Riickprojizierung in die Karten, mit der Vornahme von Korrek-
tionen aufgrund der Korrelationen mit den Faktor der Bodenbildung und die
Ergidnzung der auf diese Weise {liberpriiften Liicken in unserer Erkenntnis.

Man mufl feststellen, daB die Ergebnisse der auf diese Weise orien-
tierten Etappe der Pedosphireforschung fiir eine lidngere Zeit eine wertvolle
Unterlage der weiteren wissenschaftlichen Arbeiten und der pratischen Appli-
kationen bilden werden. Sie reprisentieren jedoch die Periode der Kon-
zentrierung der maximalen Aufmerksamkeit auf die statischen Parameter
der Pedosphire; diese muB8 erzetzt werden durch konkretes Studium der dy-
namischen Zyklen in den Bdden und Modellierung ihrer Kulturumwandlung,
durch konsequente Transformation gegenwirtiger Ergebnisse auf die Stan-
dortsunterlagen, durch das Studium der Reaktionen und Verhalten der
Standorte in der landwirtschafflichen Produktion mit Beziicksichtigung des
Landschaftschutzes.

Dr. Jan Némeéek, CSc.

Rukopisy odevzdany k tisku 6. 2, 1974, podepsdno k tisku 24. 7. 1974.




D esaty kongres MPS v Moskvé v roce 1974 se kond u prileZitosti padesd-
tého vyroéi zaloieni této spoleé¢nosti. V tomto roce je tomu také 100 let od zrodu
céeskoslovenského wvédeckého vyzkumu pudoznaleckého. Viysledky tohoto vyzkumu
ukdzala 3. konference ¢s. pidoznalci s mezindrodni ucasti v roce 1973 v Nitie. Na
rozvoji MPS se podileli ¢sl. piudoznalci — reprezentovani zejména prof. Kopeckym,
prof. Novdkem, prof. Smolikem a Dr. Spirhanzlem — velmi aktivné, jak svédcéi
svlasté fakt, Ze k obnoveni mezindrodnich stykid po proni svétové vdlce doslo na
piidoznalecké konferenci v Praze v roce 1922. Dalsi rozvoj ¢sl. pudoznalstvi ukdzaly
pak dvé konference v Praze (1959 a 1965) a ucast na kongresech MPS v PatiZi 1956
a v Bukuredti 1964. ) )

Referdty pro X. kongres MPS v Moskvé predklddané v tomto Cisle Rostiinné
vyroby jsou skuteéné jen skrovnou — publikaénimi mozZnostmi danou — ukdzkou
z bohaté ¢innosii ¢és. pidoznalet z vyzkumnych ustavi CAZ a z vysokych §kol,
poddvané pro informaci svétové verejnosti pedologické.

P¥i vybéru prispévku se piihlizelo piedevsim k tématum, ohldiSenym v progra-
mu X. kongresu a k jejich origindlnimu, zejména experimentdilnimu zpracovdni
¢sl. pedology.

K tématu transformace a syntézy minerdlu wvznikajicich v pudé se vztahuje
referdt o tvorbé a preméndch jilovych minerdld v mékterych hnédych puddch CSR.
— Principum a metoddm klasifikace a diagnostiky pid skupiny Cambisols je vé-
novan referat, ktery wvyhodnocuje vysledky wvyzkumu ti¥i set profilii téchto pud

v CSR. — Absolutni a relativni stdifi pid je tématem referdtu, ktery objasiuje
vznik fosilnich a reliktnich pid typu ferreto a jejich paleograficky vyznam, jakoZ
i zarazeni do Sir§iho klasifika¢niho systému. — Pomérné mensi pozornost je v pe-

dologickém vyzkumu dosud vénovdna technologickym vlastnostem pidy, které pod-
minuji jeji zpracovatelnost, jejiz zlepSovani predstavuje technicky pokrok v racio-
ndlnim vyuZivani pudniho fondu. Proto je cennym . piinosem k tomuto tématu refe-
rdt o wvztazich mezi technologickymi vlastnostmi pud a jejich pﬂ.dotvornz}mi‘sub-
straty ma zdkladé modernich analytickych metod. — K tématu o principech a me-
toddach k teSeni ucinnosti melioraénich opatieni lze Tadit referdt poddvajici expe-
rimentdlni hydropedologickou studii o infiltraci jako dvoufdzovém mnemisitelném
proudéni v bobtnavé pudé, kterd poskytuje teoretické podklady pro praktické Fe-
Seni otdzek odvodiiovdani pud. — Piispévkem k tématu o geochemickych cyklech
uréitych prvku je referdit o obéhu uhliku v ekosystému luzZnich lesi, jehoZ vyzkum
je soucddsti mezindrodniho biologického programu. — Problematice pudnich bionti
a jejich tloze v dynamice ekosystému jsou vénoviny dva referdty: Jeden o vlivu
pudni vlhkosti na stuperi nitrifikace, produkci COz a ma rozklad celulézy. Druhy
o vlivu dusiku na mineralizaci slimy v piudé. — Do rdmce tématu o uloze pidy
jako regulaéniho a regulovaného ¢lanku v biogeocenozdch lze tadit referdt o vzta-
zich mezi obsahem Zivin v pudé a vegetaci v ekosystému cEdsteéné Kkultivovanych
piud pod trdvnimi porosty. — Ukdzkami moderni metodiky laboratorniho stanovent
vlastnosti a sloZeni pudy jsou 'refer‘iity o zjistovdni chemického sloZeni Zelezito-
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~manganovych konkreci v pudnich vybrusech laserovou a spektrografickou meto-
dou a o stanoveni molekuldrni vihy huminovych kyselin v pidnim humusu pomoci
zji¥tovdni jejich difusivity v agarovém gelu.

Z velkého poétu vyzkumnych praci provedenych ptidoznalci v Ceskoslovensku
v poslednich létech byly vybrdny pro tento soubor podle témat X. kongresu MPS
takové, které ukazuji, Ze soulasnd generace pudoznalcit, navazujici na dobré tra-
dice deskoslovenské pedologie, rozviji védu o pidé v pokrokovém duchu a snaZi se
0 jeji povzneseni ma svétovou uroven. Usili o rozvoj védecky je merozluéné spjato
se snahou, aby jeho vysledky poskytly podklady pro dalsi rozvijeni socialistické
zemédélské velkovyroby mejdokonalejsim vyuZitim pudniho fondu a jeho ochranou.

Prof. ing. dr. V. Kosil, DrSc.

The tenth congress of the International Pedological Society (IPS) in Moscow
in the year 1974 is being held at the occasion of the fiftieth anniversary of the
foundation of this society. In this year it is also 100 years that the Czechoslovak
scientific investigation of soils was established. The results obtained in this re-
search were shown at the 3rd conference of the Czechoslovak soil scientists with
international participation held in Nitra in 1973. At the development of the IPS
varticipated also Czechoslovak soil scientists — represented particularly by prof.
Kopecky, prof. Novdk, prof. Smolik, and by Dr. Spirhanzl — and that very actively,
as has been shown by the fact that the resumption of international contacts after
World War I occurred at the Conference on Soil Science held in Prague 1922. The
further development of Czechoslovak soil science was documented at two further
conferences held in Prague (1959 and 1965) and by the participation at the IPS
Congresses in Paris in 1956 and in Bucharest in 1964,

The papers for the Xth Congress in Moscow submitted in this issue, of ,Crop
Production” are only a moderate — because of the possibilities of publication —
example of the wide activity of Czechoslovak soil scientists of the research insti-
tutes of the Czechoslovak Academy of Agricultural Sciences and of the agricultural
colleges, submitted for the information of the pedological public of the world.

At the selection of contributions special attention was paid above all to the
themes contained in the programme of the Xth Congress and to their original and
especially experimental elaboration by the Czechoslovak pedologists.

The theme of the transformation and synthesis of minerals arising in the soil
is the subject of the paper on the forming and transformations of clay minerals
in some of the brown forest soils of the Czech Socialist Republic. With the prin-
ciples and methods of the classification and diagnosis of soils of the Cambisol
group deals the paper evaluating the results obtained in an investigation of three
hundred profiles of these soils in the Czech Socialist Republic. The absolute and
reiative age of soils is the subject of a paper illuminating the origin of fossil and
relict soils of the ferreto type and their paleographic significance, as well as their
ranking in the wider classification system. In the pedological research compara-
tively less attention has been paid hitherto to the technological properties of soils
affecting their workability, and the improvement of which constitutes a technical
progress in the rational utilization of the soil fund. Therefore, a valuable contri-
bution to this theme is a paper on the relations between the technological proper-
ties of soils and their soil forming substrates on the basis of modern analytical
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methods. With the theme on the principles and methods applied for the investig-
ation of the effectiveness of amelioration measures may be ranked the paper sub-
mitting an experimental hydropedological study of infiltration as a two-stage im-
miscible flow in swelling soil, which provides theoretical bases for a practical
solving of problems of soil drainage. A contribution towards the theme of geo-
chemical cycles of certain elements is the paper on the circulation of carbon in the
ccosystem of low lying river forests, the investigation of which is @ component
of the international biological program. The problems of soil bions and their task
in the dymnamics of the ecosystem are the subjects of two papers: One of these
deals with the effect of soil moisture on the degree of nitrification, on the pro-
duction of CO2, and on the decomposition of cellulose. The second deals with the
effect of mitrogen on the mineralization of straw in the soil. Within the scope of
the theme of the part played by the soil as regulatory and regulated link in bio-
geocoenoses may be ranked the paper on the relations between the nutrient con-
tent in the soil and the vegetation in the ecosystem of partially cultivated soils
under grass stands. Examples of the up-to-date methods of laboratory determination
of the properties and of the composition of soil are the papers on the determination
of the chemical composition of ferric-manganese concretions in thin soil sections
by means of the laser and spectrographic methods, and on the determination of
the molecular weight of humic acids in the soil humus by means of the determin-
ation of their diffusivity in agar gel.

Of the large number of research works carried out by soil scientists in Cze-
choslovakia in recent years such papers have been selected for this collection ac-
cording to the themes of the Xth Congress of the IPS that show that the present
generation of soil scientists, continuing the excellent tradition of the Czechoslovak
pedology, are developing soil science in a progressive spirit and are endeavouring
to raise it up to the world standard. The attempt at a scientific development is
inseparably linked with the endeavour that its results should provide bases for
a further development of socialist agricultural mass production by means of a most

perfect utilization of the soil fund and its protection.
V. Kosil

Hecmm‘«i xourpecc MIIC B Mockse B 1974 romy cocrourca no cnyvaio 50-0# TomoBUIIMHBL
CO IHS OCHOBaHUA 3TOro coobmecrsa. B arom e rony raxke Gyner 100 ser or ocHoBaHHA 4Yexo-
CIOBALKOrO Hay4yHOrO HOYBOBENYECKOTO HCCHenOoBaHAs. PesynpTaThl 3TOr0 HCCIeXOBAHHA 6buid
OpONEMOHCTPHPOBAaHE! HA 3 KOHQEPEHIMM YEeXOCNOBAaIKMX TOYBOBENOB C MEXIYHapONHHIM yda-
ciuem B Hurpe B 1973 romy. B passurum MIIC BecbMa aKTHBHO NPHMHAJM y4acTHE 4YeX0C/0-
BallKie NO4YBOBeNbl, a HUMeHHO, mpod. Komeurui, npod. Hosak, nmpod. Cmomux u n-p Hloup-
TaH3JM, O 9YeM CBHIETENBCTBYET B OCOGEHHOCTH ¢aKT, uYTO K BO3OOHOBJIEHMIO MEXIyHaPOUHHIX
CBA3eHd TOCJEe TEpBOH MMPOBOM BOHHHEI MOMUJIO Ha TIOYBOBENYecKoH KoHdepeHuum B IIpare
B 1922 romy. HanbHeifimee pasBUTHe 4YeXOCJOBAIIKOrO NOYBOBENEHHMA NONTBEPNMNHM HIBe KOHpe-
peanun B IIpare (1959 u 1965) u yuacrue B konrpeccax MIIC B Ilapmxe (1956) u B Byxa-
pecre (1964).

Hoxnanet nas 10 xourpecca MIIC B Mockse, npencrasieHHble B HaHHOM HoMmepe «Pacte-
HUEBOJICTBOY, SABJMIOTCA NEHCTBUTENBHO JMINb CKPOMHWIM — BHI3BaHHEIE BO3MOMKHOCTAMHM myban-
Kaguu — o06pasnoM 60raToil IeATeJbHOCTH YEXOCIOBALKHX IOYBOBENOB HaydHO-HCCJIENOBATENb-
CKMX HHCTHTYTOB UeIICKOH CeJbCKOXO3AMCTBEHHOH aKaleMHM M BHICIIMX y4eOHBIX asBeleHHH,
TMONaHHOK 117 MHPOPMAIMM MHPOBOM OGIIECTBEHHOCTH NOYBOBENOB.
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1Ipu BeIGOpe craTeif Tpe)kIe BCEr0 NPHHUMANKUCh, BO BHUMAaHUE TeMbl, COOTBETCTBYIOLIME
nporpaMMe X KOHrpecca, M MX OpHUIMHA/JbHAas#, B YaCTHOCTH OKCIIepUMeHTajbHad paspaborka
4eXOCJOBAlKHMU IIOYBOBENaMH,

K Teme tpaHchopMamus M CHHTe3sI MHHEpPanoOB, 0OOpasyKIIMXCA B IIOYBe, OTHOCATCA IO-
Knamel O 06pasoBaHMM M TIpeo6pasOBaHMM MJIMCTEIX MHHEpAaJOB B HEKOTOPBIX OypeIX mouBax
YCP. — IlpunuunaM u MeTOogaM Kiaccudukauuu 4 nuarHocTuku nousst rpynmst Cambisols
nOCBAIleH IOKJAald, KOTOpLIi oleHuBaeT peaysbraTel uccaenosaxus 300 npoduieir sTHX mous
B YCP. — AGCOMOTHEIH M OTHOCHTEeJNBHBIH BO3PAcT IOUB ABJACTCA TEMOH NOKJIada, B KOTOPOM
COmEP)KUTCA OOBACHEHME 06pa3oBaHMA (GOCUIBHBIX M DPENHKTHBIX TOYB THNAa ¢eppero M uxX ma-
sneorpaguueckoe 3HaueHHe, a TaKKe BKIOUeHHe B (oiee WIMPOKY KIaCCHPHKAIHOHHYIO CHC-
reMy. — CpaBHHTeNBPHO Majl0O BHYMAaHHA B [IOYBOBENYECKOM HCCJIENOBAHHM IO CHX IIOp yIejs-
eTCA TeXHOJOTMYEeCKMM CBOHCTBAM IIOYBBI, O0yCIaBIMBAOMIUM ee OOpafaThIBaeMOCTDb, yJydIleHHe
ROTOpO# TPEACTaBJAET TEXHMYECKUiIl IIPOTPecc B PpAIfHOHAJBHOM MCIOJB30BAHMM  3€MEJBHOTO
donna. ITosToMy BechMa IleHEH IO STOW TeMe NOKJAd O CBA3AX MeMXKIY TEXHOJOTHYECKMMH CBOMi-
CTBAaMM IIOYB M UX MOYBOOGPAsylOMUMM Cy6CTpaTaMH Ha OCHOBE COBPEMEHHBIX aHAJIMTHYECKHX
MeronoB. — K Teme o mpuHuMNax m Meromax pemeHHs 3PPeKTUBHOCTH MeTHOPATHUBHEIX Mepo-
NPUATHH MOMKHO OTHECTH JOKJIal, M3Jaraioljuif of BKCIEePHMEeHTANTbHOM THAPOTIOYBOBENYECKOM
H3yYeHHH HHPUIBTPAMM, KaK O IBYXPasHOM HeCMelUIMBAIOLIMMCA TeYeHHH B Habyxiied mOuBe,
KOTOpas NaeT TeOpeTHYeCKHe NaHHple IJIA IIPAKTHYECKOrO pelleHHs BONPOCOB OCYUIEHMS IIOYB.
— Ilo TeMe 0 reoXMMHYECKMX IIMKJIAX ONpeNeNeHHBIX 9/1eMEHTOB SBJAETCA IOKJAL O KPyroBOpOTE
yrjepona B 9KOCHCTEMe IIOHMEHHBIX JecoB, 3HA4YeHHe KOTOPOTO SBJAETCA COCTABHOM YacThio
MEXKIyHapOAHOH GHOJOTMYECKONH NporpaMmel. — I[Ipo6reMaTuke NOYBEeHHEIX OMOHTOB M HX 3Ha-
4eHUI0 B NMHAMUKE BKOCUCTEMbl IIOCBAILeHb Ba NOKJala: 1) O BAMAHMM IOYBEHHOW BJIAXKHOCTIL
Ha cTemeHb Hurpudukauuu, nponykuuu CO2 M Ha pasiOKeHHe LeJJI0J03bl; 2) O BIMAHUM asoTa
Ha MHHepaJu3alHio COJOMBI B mouse. — K TeMe O pOJIM IOYBBI B KaueCTBe DEryJHPyeMOro M pe-
ryJaupylomero 3seHa B 0HOreomeHosax MOKHO OTHECTH IOKJal O CBASAX MeXIy CONepKaHHeM
LUTATeNbHBIX BEIJeCTB B IIOYBE I BereTalMeil B BKOCHCTeMe 4YaCTUYHO KyJbTHBHDYEMBIX IIOYB
non TpasocroaMu. — OfpasuaMu- COBpeMEHHOH MeTONMKH Js1afOpaTOPHOIO OmpelNe]eHUs CBOI-
CTBA M COCTaBa IIOYBBI ABJAIOTCA NOKJAansl O0 ONpeleseHMHM XMMHYECKOLO. COCTaBa JKEJIEe3HCTO-
MapraHioBOM KOHKpDEUMH B TIOUBEHHBIX HIIMPax Ja3epoOBBHIM U CHEKTpOrpaduuecKHM MeTOLOM
u 06 ompemeNeHMM MOJEKYJNAPHOTO BeCa TYMMHOBHIX KHUCJIOT B I[IOYBEHHOM TyMyCe IIPHM IOMOL{H
yCTaHOBJIEHUA HX IH(GPy3HMBHOCTH B arapoBOM Tele.

Ws Gonpmoro uymcia HCCAENOBAaTeNbCKUX pabOT, NpOBeNeHHHIX IO4BOBenaMu B UexocJo-
BAaKUHM 3a MOCTeNHMWe TONbl, ObuIM BhIGpaHbl 1o TeMe KoHrpecca MIIC Takue, KoTophie cBuue-
TEABCTBYIOT O TOM, YTO COBpeMeHHas TeHepalua IIOYBOBENOB, KOTOpas IPONO;KaeT XOPOILIYIO
TPAaIMIMI0O YEXOCJOBAILIKOrO IIOYBOBENEHHS, DPA3BHBAeT HAyKy O IIOYBe B IIPOIPECCHBHOM IyXe
M CTPEMMTCA €€ NONHATh Ha "MUPOBOH ypoBeHb. CrpeMieHHe O pasBUTHM Ha HAayyHOU OCHOBE
HEpaslesNbHO CBA3AHO C I[eNbl0, YTOOLI €ro pe3ysapTaTsl IPENOCTABHJIM MaTepHaibl AJNs NajbHel-
LIEero paciBeTa COLMATMCTUYECKOTO CeNbCKOXO3AHCTBEHHOIO KDYNHOrO IIPOM3BOACTBA IIyTeM HaM-
6osee palMOHANBPHOTO MCHONB30BAHUA 3eMEJBHOr0 GOHIA M €ro OxpaHsbl. .
V. Kosil

D er Zehnte Kongref .der Internationalen Gesellschaft fiir Bodenkunde in
Moskau im Jahre 1974 wird gelegentlich des finfzigsten Jahrestages der Griindung
dieser Gesellschaft veranstaltet. In diesem Jahre sind auch 100 Jahre seit dem
“Entstehen der tschechoslowakischen bodenkundlichen Forschung verflossen. Die Er-
gebnisse dieser Forschung zeigte die 3. Konferenz tschechoslowakischer Bodenfor-
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scher bei internationaler Teilnahme im Jahre 1973 in Nitra. An der Entfaltung der
Internationalen Gesellschaft fiir Bodenkunde beteiligten sich die tschechoslowa-
xischen Bodenforscher, reprisentiert vor allem durch Prof. Kopecky, Prof. Novdk,
Prof. Smolik und Dr. Spirhanzl, u. zw. sehr aktiv; dariiber zeugt besonders die
Tatsache, daff es zur Erneuerung der internationalen Fiihlungsnahme mnach dem
ersten Weltkrieg gelegentlich der Konferenz fiir Bodenkunde in Prag im Jahre
1922 kam. Die weitere Entwicklung der tschechoslowakischen Bodenkunde zeigten
sodann zwei Konferenzen in Prag (1959 und 1965) sowie die Anteilnahme an den
Kongressen der Internationalen Gesellschaft fiir Bodenkunde in Paris 1956 und in
Bukarest 1964.

Die Referate fiir den X. Kongreff der IGB in Moskau, die in dieser Nummer
der Zeitschrift ,Rostlinnd vyroba® vorgelegt werden, bringen ein mur bescheidenes
— durch Publikationsmdglichkeiten gegebenes — Beispiel der reichen Tdtigkeit
tschechoslowakischer Bodenforscher von den Forschungsinstituten der Tschecho-
slowakischen landwirtschaftlichen Akademie und wvon den Hochschulen, darge-
boten zwecks Information der bodenkundlichen Weltoffentlichkeit.

Bei der Auswahl der Beitrige wurden vor allem Themen, die im Programm
des X. Kongresses angekiindigt worden waren und ihre Original-, vor allem jedoch
Laxperimentalbearbeitungen von den tschechoslowakischen Bodenforschern ins Auge
gefafit.

Zu dem Thema der Transformation und Synthese von den im Boden entste-
henden Mineralien bezieht sich das Referat iiber die Bildung und Verdnderungen
von Tonmineralen in einigen braunen Béden der CSR. — Den Prinzipien und
Methoden der Klassifikation und Diagnostik der Bdden der Gruppe Cambisols ist
das Referat, das die Forschungsresultate von drei Hundert Profilen dieser Bdden
in der CSR auswertet, gewidmet. — Das absolute und relative Bodenalter ist ein
Thema des Referates, das das Entstehen der fossilen und relikten Boden des Types
Ferreto und ihre paldographische Bedeutung sowie Einreihung in ein breiteres
Klassifikationssystem klarlegt. — Eine verhdlinismidfiig geringere Aufmerksamkeit
wird bisher in der bodenkundlichen Forschung den technologischen Bodeneigen-
schaften, die ihre Bearbeitungsfahigkeit bedingen, gewidmet; die Verbesserung dieser
Eigenschaft bedeutet einen technischen Fortschritt bei der rationellen Ausnutzung
des Bodenfondes. Aus diesem Grunde bildet einen wertvollen Beitrag zu diesem
Thema das Referat iiber die Beziehungen zwischen den technologischen Boden-
eigenschaften und den bodenbildenden Substraten aufgrund der modernen analy-
tischen Methoden. — Zum Thema tiber Prinzipien und Methoden der Ldésung der
Wirksamkeit von Meliorationsmafnahmen kann das Referat angeschlossen werden,
das eine experimentelle hydropedologische Studie iiber die Infiltration als einer
unmischbaren Zweiphasenstromung im Schwellboden betrifft und theoretische Un-
terlagen fiir eine praktische Losung der Bodenentwdsserungsfragen bietet. —"FEin
Beitrag zum Thema tiber geochemische Zyklen bestimmter Elemente ist das Re-
ferat iiber den Kohlenstoffkreislauf im Okosystem der Auenwilder, dessen For-
schung einen Bestandteil des internationalen biologischen Programmes bildet. —
Zwei Referate sind der Problematik der Bodenbionten und ihrer Aufgabe in der
Dynamik des Okosystems gewidmet, u. zw. eines dem Einfluff der Bodenfeuchtig-
Leit auf den Nitrifikationsgrad, die CO:-Produktion und auf die Zellulosezersetzung;
das zweite behandelt den Einfluffi des Stickstoffes auf die Mineralisierung von
Stroh im Boden. — In den Rahmen des Themas iiber die Aufgabe des Bodens als
eines Regelungs- und geregelten Gliedes in den Biozénosen kann das Referat
liber die Beziehungen zwischen dem Ndhrstoffgehalt im Boden und der Vegetation
im Okosystem teilweise kultivierter Bdden unter den Grasbestinden eingereiht
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werden. — Als Beispiele der modernen Methodik der labormifigen Bestimmung
der Bodeneigenschaften und -zusammensetzung dienen Referate iiber die Bestim-
mung der chemischen Zusammensetzung von Eisen-Mangan-Konkretionen in den
Bodenschliffen mittels der Laser- und spektrographischen Methode und iiber die
Lestimmung des Molekulargewichtes der Huminsduren im Bodenhumus durch die
Ermittlung ihrer Diffusivitdit im Agargel.

Aus einer groffen Anzahl der von den Bodenforschern in der Tschechoslowakei
rorgenommenen Forschungsarbeiten wurden fiir diese Gesamtheit laut den Themen
des X. Kongresses der Internationalen Gesellschaft fiir Bodenkunde solche aus-
gewdhlt, die es aufzeigen, daff die gegenwdirtige Generation der Bodenforscher
— in Ankniipfung an gute Traditionen der tschechoslowakischen Bodenkunde —
die Wissenschaft iiber den Boden in fortschrittlichem Geiste entfaltet und bemiiht
ist, diese auf das Weltniveau zu heben. Die Bestrebung um wissenschaftliche
Entwicklung ist untrennbar mit dem Willen verbunden, daf die Ergebnisse Unter-
lugen fiur eine weitere Entfaltung der sozialistischen landwirtschaftlichen Grof-
produktion durch die vollkommenste Ausnutzung des Bodenfondes und dessen
Schutzes bieten.

V. Kosil
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CLAY MINERAL FORMATION AND ALTERATION IN SOME BROWN
FOREST SOILS

V. SIROVY

SIROVY V. (Institute of Soil Science, Praha - Ruzyné). Clay Mineral Formation
and Alteration in Some Brown Forest Soils. Rostlinna vyroba (Praha) 20 (5):
451-459, 1974.

Conclusions concerning the formation and alteration of clay minerals in de-
pendence on the parent rock and the reaction of the medium are derived
from the comparison of the mineralogical composition of the clay fraction
and its changes in the profile of brown forest soil on gabbrodiorite and in
the profile of acid brown soil on granite. The development of montmorillo-
nite from the products of primary mineral weathering is a characteristic
process of the clay mineral formation in the profile of soil on gabbrodiorite
during weathering. Micaceous minerals, mixed-layer minerals and kaolinite
occur at the same time. The formation of micas and 10 + 18 A interstra-
tifications, accompanied by the partial chloritization of the new-produced
minerals, becomes prevalent with advancing weathering. In acid brown soil
on granite, the initial stage of weathering is characterized, in the clay fraction,
only by a light transformation of mica into vermiculite and the mica-
-vermiculite interstratifications, vermiculite is only slightly chloritized. The
content of micas decreases and the proportion of chloritized vermicu-
lite increases in the direction to soil surface, with advancing weathering.
The maximum degree of chloritization is obtained in the metamorphic horizon
where, at the same time, the content of the mica — chloritized vermiculite
interstratifications also reaches the highest level. Together with the upper
part of the C-horizon, the B-horizon contains also the greatest amount of
kaolinite. The increased content of kaolinite may be due to the soil forming
processes responsible for the accumulation of aluminium in these horizons.
Apparently, the dechloritization effect of a high content of organic substances
plays some role in the humus horizon.

brown forest soils; clay minerals; montmorillonite; vermiculite; micas; inter-
stratification; chloritization; weathering

Brown forest soils are a very good object for the study of the formation
and alteration of clay minerals in soils. The reason is that they develop under
different site conditions and on various parent rocks. This makes it possible to
study what factors influence the composition of the soil clay fraction and o
determine the degree of their effect.

It can be assumed that in soils on sedimentary rocks the clay minerals which
are already contained in these rocks play the most important role in the com-
position of the soil clay fraction. On the other hand, in soils on metamorphic,
and particularly igneous, rocks clay minerals are formed as products of the
weathering of the primary minerals. This weathering (hence also creation)
becomes an integral part of the soil-forming process.

The origin of clay minerals is treated in detail by Keller (1964) who
draws attention to the effect of the reaction of the medium and the presence of
various ions in the solution; this, in turn, depends on the mineralogical compo-
sition of the substratum, on the climate, relief and related hydrothermic con-
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ditions. It follows from this that brown forest soils are the soil types where
various clay minerals are encountered. In view of the highly dynamic character
of soil conditions, there frequently occur mixed-layer minerals, or intermediate
types of clay minerals. These minerals are mentioned already by Rich and
Obenshain (1955); like Klages and White (1957), they designated
them as intergradient chlorite-vermiculite. Dixon and Jackson (1962),
and Jackson (1963) describe intergradient montmorillonie-vermiculite-chlo-
rite. Jackson (1964) explains the origin of these intergrades on the basis
of hydroxy-aluminium ions fixation in the interlayer space of minerals occurring
as a result of mica weathering (montmorillonite, vermiculite) in which it partially
produces an interlayer hydroxide sheet. Jackson considers this process as a cha-
racteristic function of chemical weathering in soils. The 18 A intergrades appear
mainly in alkaline soils in which montmorillonite is more stable. In acid soils,
the 14 A intergrades occur as a result of the following reaction:

mica < vermiculite < 14 A intergrade.

With further accumulation of aluminium as interlayers in 2:1 minerals,
weathering proceeds by the reactions:

14 A integrade < Al chloride < kaolinite;

this: means that the occurrence of kaolinite in acid soils may be due also to
pedogenesis, and that kaolinite is not only of inherited origin. This view is
corroborated also by Wilson (1973). As he believes, this complete degradation
of trioctahedral minerals takes place mainly in the B-horizon and in the upper
part of the C-horizon; the vermiculitization of mica, together with aluminium
interlayering take place in the A-horizons. At the same time, Wilson arrives at
the conclusion that these effects are most marked in well-drained soils of low
pH ( <5). On the other hand, Brown and Newman (1973) assert the
possibility of the occurrence of montmorillonite with interlayer aluminium in
soils with neutral reaction.

It is the purpose of the trials described in this paper to find, using two
selected brown forest soil profiles, to what extent the processes of the formation
and alteration of clay minerals are influenced by the parent material and, pos-
sibly, by other factors and conditions of the soil-forming process.

MATERIAL AND METHODS

The following two profiles were chosen from a large set of brown forest
soils (more than 50 profiles) for the purposes of this study, with respect to the
parent rock and other conditions of the soil-forming process.

1. Brown forest soil on gabbrodiorite (site Luhy, district Ptibram), altitude
332 m above sea level, average annual precipitation 550—600 mm.

2. Acid brown forest soil on granite (site Cista, district Sokolov), altitude
783 m above sea level, average annual precipitation 800 mm.

The basic characteristics of these two profiles are presented in Table I.

Besides these two profiles, a sample of the clay fraction from the meta-
morphic horizon of an acid brown soil on gneiss (Vranov, district Sokolov), was
used to complete some conclusions. The characteristics of this fraction can be
considered as approximately the same as the characteristics of the mentioned
acid brown soil on granite.

The clay fraction (particles less than 0,001 mm) was separated from soil by
repeated decantation without any chemical pretreatment. Soil was dispersed only
mechanically, by trituration in paste form. Although all the clay fraction was
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I. Basic characteristics of soil profiles. — Zakladni charakteristika ptdnich profilu

Clay Base
Depth | Horizon | < 0.001 mm| C3P°" | pH/H,0 | pH/KCI | C.E.C. | saturation
0/ /0 0
/0 /0
Brown forest soil on gabbrodiorite
0— 23 Ap 10.2 1.03 5.5 5.1 14.9 63
23— 42 Bv 8.7 0.73 5.9 5.2 13.5 65
42— 67 BC 12.6 0.65 6.5 55 16.5 78
67 - 95 I1IBC 13.8 0.29 6.8 5.8 14.3 84
95—-110 11C 9.7 0.11 6.9 5.7 22.2 90
Acid brown forest soil on granite
0— 20 Ap 7.0 3.07 4.5 4.3 23.9 13
20— 44 Bv 7.6 0.87 5.1 4.3 11.5 12
44— 175 BC 6.3 0.47 5.3 4.5 8.2 15
75—100 C 1.4 0.41 55 4.6 5.9 18
100—120 C 1.7 0.25 5.7 4.6 4.1 25

not separated excellently in this way, the possibility of influencing some minerals
by chemical preparation was avoided. The influence of various chemical pre-
treatments on the soil clay fraction properties was demonstrated by a number
of authors (Beutelspacher, Fiedler 1963, Harward et al. 1962,
Perez-Rodriguez, Wilson 1969), and by the own experiments of the
nresent author (Sirovy 1967). Oriented clay specimens saturated with Mg,
Mg + glycerol, K were used for X-ray diffraction analysis. The K-saturated spe-
cimens were X-rayed also after heating to 300 and 5009C. Besides this, the clay
sarnples from the Vranov profile were also extracted with hot 0,5 NaOH according
to Hashimoto and Jackson (1960). Electron microscopy was employed in
order to reveal the changes in clay morphology in the profile.

RESULTS

The X-ray diffractograms of the clay fractions from the brown forest soil
profile on gabbrodiorite are presented in Fig. 1. Reflections in the range of 12
and 14 A occur in the part of the profile over the parent material, besides the
reflections of kaolinite (7,12 A) and mica (10,02 A) the intensity of which
shows no large changes within the whole profile. The intensity of the former
reflections, particularly 14 A, decreases with the depth of the profile, and their
contraction increases after K-saturation. Contraction stops at values about 12 A
after heating to 300 and 500 °C; this, together with the 4,75 A reflection in
the uppermost parts of the profile, testifies to the presence of chloritized layers
in the clay mineral structure. After glycerol solvation, intensive 14,21 A peaks
occur; this demonstrates that swelling 18 A layers are also present in the clay
fraction. The increasing content of interstratified minerals in the direction to
soil surface can be observed also from the course of X-ray diffractograms within
7—10 A. In the surface horizon, the 7,12 A peak is broadened towards the
8,17 A reflection (stable after K-saturation and after heating to 300 °C) which
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apparently belongs to an interstratification of a higher order. The intensity of this
reflection decreases with depth, and the 7,12 A peak is more sharp at the same
time.

The clay fraction from the depth 95—110 cm, showing much simpler X-ray
diffractograms, considerably differs from the clay fraction in the upper part of
the profile. There is an intensive reflection at 14 A and the reflections 14,21 and
18,5 A after glycerol solvation. K-saturation results in a high contraction (there
remain only poor peaks at 12,3 and 11,7 A); after heating to 300 °C the con-
traction is complete (10,02 A). Hence the minerals present, with the exception
of kaolinite and mica, can be referred to as montmorillonite and vermiculite
(reflections 14,2 and 3,60 A). In view of the form of the transition between
the 10 and 14 A reflections, and to the shift of the reflection up to 18,5 A after
glycerol solvation, even the interstratifications 10 + 18 A cannot be excluded

A somewhat different picture is provided by X-ray patterns from acid brown
soil on granite, as shown in Fig. 2. The kaolinite reflection reaches the maximum
relative intensity in the metamorphic horizon; on the other hand, the mica
reflection shows an apparent increase in the desintegrated parent rock and reaches
the maximum intensity in the last sample where it becomes particularly sharp.
This is connected also with the differences in the morphology of the clay
fraction, as indicated in Fig. 3. In addition, clear reflections in the 12, 14 A,
or even 24 A range were observed. Due to the fact that they mostly show no
apparent changes after glycerol solvation and after K-saturation, and that the
contraction after heating to 300 °C is not complete, they can be denoted as
reflections of chloritized vermiculite and mica-vermiculite interstratifications.
It can be stated, in view of the changes in the intensities of reflections within
the profile, that chloritization reaches the highest level in the metamorphic ho-
rizon and gradually decreases with depth; the content of vermiculite as such
increases in the last sample. The greatest quantity of interstratified minerals
is also observed in the metamorphic horizon. The increase of the content of
feldspars in the clay fraction in the last sample also deserves mentioning ( pealk
at 3,17 A).

DISCUSSION

When explaining the differences in the clay fraction composition of the two
profiles and examining the processes which contributed to them, it is necessary
first of all to evaluate the effect of the parent material and the different site
conditions.

The brown soil at Luhy developed on gabbrodiorite, i. e. a basic rock at a
lower altitude above sea level (hence under less humid conditions). Due to this
fact, a greater acidification took place only in the upper parts of the profile;
in deeper parts the reaction remains only slightly acid. The base saturation
changes in keeping with reaction: base saturation increases in the direction to
subsoil. The differences in particle size distribution could be also of some im-
portance, to some degree (clearly higher content of fine particles in comparison
with acid brown soil). Micas occur in the clay fraction as a dominant component.
Micas might be partially present already in the parent rock and partially
developed at an advanced stage of primary mineral weathering. In the parent
material, more intensive weathering affects mainly some readily weathering
components (dark parts such as pyroxenes, amphiboles, or biotite); montmorillo-
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1. X-ray diffractograms of the clay fractions from brown forest soil profile on gabbrodiorite. Depth cm: 1. 0—23; 2. 23—42;
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2. X-ray diffractograms of the clay fractions from acid brown forest soil profile on granite. Depth cm: 1. 0—20; 2. 20—44;
3. 44—75; 4. 75—100; 5. 100—120. — Rentgenogramy jilovych frakei z profilu hnédé pidy kyselé na Zule. Hloubka vzorkl
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3. Electron photomicrograph of clay fraction from acid brown forest soil on
granite. A. Depth 75—100 em; B. 100—120 cm. (Photo O. Kralik). — Elektronové
mikrofotografie jilové frakce z hnédé pudy kyselé na Zule. A. Hloubka 75—100 cm;
B. 100—120 cm. (Foto O. Kralik)
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4. Electron photomicrograph of clay fraction from C-horizon of brown forest soil
on gabbrodiorite. (Photo O. Kralik). — Elektronova mikrofotografie jilové frakce
z horizontu C hnédé pudy na gabbrodioritu. (Foto O. Kralik)

nite and 10 + 18 A interstratifications are produced during this process. Vermi-
culite may also develop from biotite. The non-mica origin of montmorillonite in
the substratum is proved also by its morphology, as shown by Fig. 4. Some role
in the origin of montmorillonite may be played also by the presence of Ca ions
which released at the first stages of the basic plagioclases weathering. The degree
of substratum weathering increases in the direction to the surface of soil; this
is connected with a decrease in pH and in the base saturation. The formation of
mica clay minerals and their mixed layers with montmorillonite becomes
prevalent at the same time. It is particularly vermiculite, and probably also the
mixed layers 10 + 18 A, that are partially chloritized here, as suggested by
incomplete contraction after heating to 500 °C. It can be assumed that the 18 A
component of interstratified minerals is the product of the alteration of mica clay
minerals of a secondary origin, as distinct from montmorillonite in the parent
material which probably developed by the synthesis from the products of primary
mineral weathering.

The explanation of the changes in the composition of the clay fraction in the
acid brown soil profile is much simpler. This soil developed on an acid rock
under much more humid conditions than in the profile treated above. Due to
this, there is a highly acid reaction in the upper part of the profile; the pH
somewhat increases in the desintegrated parent rock where the degree of base
saturation also shows some increase. As demonstrated by the sharp reflection of
mica minerals and by the presence of feldspars, chemical weathering plays a role
of the lowest importance in the deepest part of the profile. Besides kaolinization,
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5. X-ray diffractograms of the clay frac-
tion from metamorphic horizon of acid
brown forest soil on gneiss. 1. Without
any pretreatment; 2. After hot NaOH
pretreatment. — Rentgenogramy jilové
frakce z metamorfického horizontu hné-
dé pudy kyszlé na rule. 1. Puvodni
vzorek; 2. Vzorek po extrakci horkym
NaOH
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there is only a slight alteration of micas connected with the production of vermi-
culite and mica-vermiculite interstratifications. Vermiculite is partially chloritized.
The closest upper layer of the substratum considerably differs with its relative
decrease of mica content and with a larger proportion of chloritized layers, both
in vermiculite as such and in its interstratifications. Chloritized vermiculite
reaches its maximum in the humus horizon where the mica content is also at
the relatively lowest level. As indicated by the X-ray patterns of heated samples,
chloritization reaches the highest degree in the metamorphic horizon and in the
upper part of the disintegrated parent rock where a pronounced 14 A reflection
remains even after heating to 500 °C. Here the relative content of the 10 + 14 A
mixed layers also reaches its maximum. A lower content of chloritized layers
in the surface horizon may be due to a high content of organic matters. The
influence of organic substances on vermiculite dechloritization is mentioned for
instance by Lietzke and Mortland (1973). A high degree of the
vermiculite chloritization in the B-horizon and in the upper part of the C-horizon
may be combined with an increased content of kaolinite: this can be assumed
on the basis of the relative intensity of the 7,12 A reflection. According to
Wilson (1973), complete degradation of minerals leading to the occurrence
of kaolinite may take place in these horizons due to a great supply of free
aluminium.

The importance of aluminium in the formation of the 14 A intergrade is
demonstrated also by the X-ray diffractogram changes after hot NaOH extract-
ion, removing a larger part of interlayer aluminium. The X-ray patterns in
Fig. 5 show that after this extraction there is a great increase in contraction on
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K-saturation; after heating to 300 °C, contraction is practically complete, i. e.
the 14 and 12 A reflections correspond after this extraction to the reflections of
vermiculite and interstratified mica-vermiculite.

The described two examples demonstrate that in the formation and alteration
of clay minerals in soils, a major role is played by the reaction of the medium,
conditioned both by the properties of the parent rock and by other site conditions.
The formation and alteration as such represent a complex of various processes
taking place at the same time; it is considerably difficult to present clear and
explicit characteristics of these processes as well as some of their products.
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SIROVY V. (Pudoznalecky ustav, Praha - Ruzyng). Tvorba a piemény jilovjch mi-
nerdali v mékterych hnédych piddch. Rostlinnd vyroba (Praha) 20 (5):45-459, 1974.
Na zékladé srovnani mineralogického sloZeni jilové frakce a jeho zmén v profilu
hnédé pudy na gabbrodioritu a hnédé pudy kyselé na Zule jsou vyvozovany zavéry
o tvorbé a preménach jilovych mineralli v zavislosti na matetné horniné a reakci
prostfedi. Charakteristickym procesem tvorby jilovych mineradltt piri zvétravani
v profilu pudy na gabbrodioritu je vznik montmorillonitu z produkti rozpadu
primarnich mineral. Soucasné vSak vznikaji i slidnaté mineraly, jejich interstra-
tifikace s montmorillonitem, vermikulit a kaolinit. S postupujicim zvétrdvanim
nabyva prevahy tvorba slid a interstratifikaci 10 + 18 A, kterd je doprovazena
¢asteénou chloritizaci vznikajicich mineralt. V hnédé ptdé kyselé na Zule je po-
caleni stadium zvétravani charakterizovano v jilové frakei jen slabou preménou
slid na vermikulit a interstratifikace slida—vermikulit. Vermikulit je pouze slabé
chloritizovan. S postupujicim zvétravanim smeérem k povrchu plidy Kklesd obsah
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slid a zvySuje se mnoZstvi chloritizovaného vermikulitu. Maxima chloritizace je -
dosazeno v podpovrchovém horizontu ‘Bv, kde je také nejvy$si obsah interstratifi-
kaci slida—chloritizovany vermikulit a spolu s vrchni ¢asti C horizontu i kaoli-
nitu. ZvySeny obsah kaolinitu mutzZe byt podminén pedogennimi procesy zpusobuji-
cimi akumulaci volného hliniku v téchto horizontech. V humusovém horizontu
se zfejmé ¢asteéné uplatinuje dechloritiza¢ni efekt vysokého obsahu organickych
latek.

hnédé pudy; jilové mineraly; montmorillonit; vermikulit; slidy; interstratifikace;
chloritizace; zvétravani

CHUPOBHI B. (ITousennwiit mucTHTYT, [Ipara-Pyssime). O6pasosanuwe m npeoGpasoBan¥e ITHHUC-
THIX MHHEpaNoOB B HeXOTOPhIX Oypeix mousax. Rostlinnd vyroba (Praha) 20 (5) : 451-459,
1974.

Ha ocnHoBe CpasHeHHA MUHEPAaJOrMYECKOTO COCTABAa TAMHHCTON (GPaKUUM ¥ ero M3MEHeHHU B IIpo-
dune Gypoit mousbl Ha rab6pommopure H 6ypoil IOYBHI KHUCJIOH Ha TpAHUTE CHEJAHbl 3aKiode-
HuAg 06 06pasoBaHMM U TIPeO6PAa3OBAHMM TAMHUCTHIX MHHEPalOB B 3aBMCHMOCTH OT MAaTOYHOH IIO-
pOIbI M peaKkiMM cpenbl. XapaKTepHHIM IIpolleccOM O6pasOBaHMA T[JIMHHCTHIX MUHEpAJOB IPH BbI-
BeTPUBAHUM B Ipoduie NOYBH Ha rabbponmmopure ABAAeTCA O6pa3oBaHHME MOHTMODHJJIOHHTA U3
[IPONYKTOB pas/IOKeHUA INEePBUYHBIX MuHepanoB. OmHako, mapannensHO 06pasyloTCA M CIIOLUCTHIE
MHHepaJbl, MX HHTePCTPATHPHKAMA C MOHTMODHJIJIOHHTOM, BEPMHKYJIUT M Kaoauuur. C Bo3-
pacTaiOIIMM BEIBETPMBaHMeM npeobiamaer ofpas3oBaHue calOObl ¥ uHTepcrpatupmxammit 10 +
+ 18 A, conpoBoxknaeMble wacTHUHOH XNOpUTH3aluel ofpasylolmjuxca MuHepanos. B 6ypoit
MoyBe KMCJOH Ha IpaHMTe HayaJbHas CTaluA BHIBETPHUBAHH;A XapaKTePH3yeTCsa B TJIMHHCTOX ppak-
Uu¥ JUmE caabeiM mpeofpasOBaHMeM CHIONBI B BEPMUKYJIMT M MHTEPCTPATHMKALMIO CIIOAB —
BepMHUKyJHT. BepMukyaur snume ciaabo xsopurusuposaH. C pacTymuM BelBeTpUBAaHMEM IO Ha-
NpaBJIeHNI0 K TIOBEPXHOCTHM IIOYBBI TIOHMIKAETCHA CONEp)KaHHe CJIONbI M TIOBBIIIAETCA KOJHYECTBO
XJIODUTH3HPOBAHHOTO BEPMHUKYJIMTAa. MaKCHMyM XJIODHTH3allHH IOCTHraeTci B IIOAINOBEPXHOCT-
HOM TOpu3oHTe BV, rme Taxke HMeeTcs MaKCHMaJbHOE CONEp/KaHHe HMHTEPCTPATHPUKALMM CIIIO-
Ta — XJODUTHSMPOBAHHEIM BEDMMKYJHT M BMecTe C BepxHeil wacteio C ropusoHTa M KaOIMHHTA.
[ToBbiIeHHOE comep)KaHHEe KAaOJMHHMTA MOKeT ObITh 00yCJOBJIEHO NOYBOOOPA3HLIMM IIPOLIECCAMH,
BBI3BIBAIOI[MMHU AKKYMYJALHUIO CBOGONHOTO aNOMUHHUS B STHX TOPHM30HTaXx. B ryMycHoM ropu-
30HTe, OYeBMIHO, YACTMYHO HAXOAUT TNpPHUMeHeHUe MNeXJOPUTHIAUMOHHBIH 3PPeKT BHICOKOYO cO-
JepKaHUA OPraHMYECKMX BELEeCTB.

fypble TIOYBBI; TJIMHHCTHIE MHHEpPAJbl; MOHTMODMJIJIOHHT; BEPMHKYJIUT; CJIOAd; HHTepcTpaTHdHKa-
8859: 84 XJ!OPHTPIB&L[HH; BbIBETpHBaHHe
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FORSCHUNGSARBEITEN AUF DEM GEBIETE
DER BODENENTWICKLUNG, DER BODENPROFILFORMUNG
UND DER DARSTELLUNG DER PEDOSPHARE IN DER CSSR

Diesem Bereich der Probleme widmete man im vergangenen Zeitraum
in der CSSR bedeutende Aufmerksamkeit im Zusammenhang mit der intensiv
vorgenommenen Bodenkartierungen. Man beendete die groB8maBstibliche
(1 :10 000) Kartierung von landwirtschaftlich ausgenutzten Boden sowie von
Waldboéden im Rahmen der waldtypologischen Untersuchung. Die Bodenkar-
tierung allein gab den AnlaB fiir die Lésung einer Gesamtheit von metho-
dischen Problemen, von gesamtstaatlicher Giiltigkeit. Die sich anh&dufenden
konkreten Ergebnisse iiber die Boden des Staates und die entstehenden Pro-
bleme wurden Gegenstand der Forschungsarbeiten, deren Resultate eine Rei-
he von urspriinglichen Vorstellungen korrigierten. Das hohe Tempo der vor-
genommenen Kartierung lief eine Reihe von Fragen offen. Einen wert-
vollen Beitrag des gesamten Zeitraumes bildet jedoch schon die Anh&ufung
einer groflen Menge des faktischen Materials der Gelidndebeobachtungen, der
Laborkontrolle und der Forschungserkenntnisse, an deren Synthese gearbeitet
wird.

Die Bodenkartierung war eng verbunden mit der Entfaltung der Boden-
klassifikation und — systematik. Wéhrend der anfidnglichen Entwicklungs-
etappen der Jahre 1955—1960 klangen noch einige vereinfachten pedoge-
netischen Gesichtspunkte ab; man {iiberschidtzte die Homogenitdt der Aus-
gangssubstrate der Bodenbildung und nahm nur wenig den polygenetischen
Charakter der Profile und die Interferenz der Pedogenese mit der Litho-
genese, mit geologischen und geomorphologischen Vorgingen in Riicksicht.

Diese Gesichtspunkte wurden nach und nach geklidrt in den Arbeiten,
die die Ansichten auf den bodenbildenden Prozel und seine Teil — und
elementare Vorgédnge, die zur Differenzierung des Bodenprofils fiihren, zu-
sammenfassen (Jurc¢a, PeliSek, Hrasko, Bedrna, Némecek).

Dr. Jan Némecek, CSc.




CAMBISOLS

J. NEMECEK

‘ NEMECEK J. (Institute of Soil Science, Praha - Ruzyné). Cambisols. Rostlinna
vyroba (Praha) 20 (5) : 463-474, 1974.

The paper deals with soil units of Cambisols (brown forest soil, pelosols)
and soil associations dominated by Cambisols in 59.49/, of the entire area of
the Czech Socialist Republic. Research in diagnostic characteristics was carried
out in 301 soil profiles. They serve to describe the main characteristics of
soil profile features within a sequence of Cambisols and their transformations
to podzols reflecting the vertical zonality of Czech soils in areas of granitic
rocks and crystalline schists and in areas of sedimentary consolidated rocks
with respect to profile lithologic discontinuities (Haupt-, Basisfolge). These
are humus and its quality, free Fe-Al oxides, amorphous substances, cha-
racteristics of soil acidity and exchange complex, chloritization of expansible
minerals in acid medium, substrata trophism, parameters of the hydrothermic
régime of the soils. Clearly lithologically conditioned units within soil units
are described in short.

classification, diagnosis of soils; Cambisols; brown soils; pelosols; podzols;
humus; free Fe-Al oxides; amorphous soil components; soil acidity; exchange-
able complex — acid medium; alumination (chloritization) of clay minerals

The limitation of this class of soils with relations to podzols, pseudogleys
and luvisols and its internal classification is solved on the basis of a study of
significant diagnostic soil profile features, and knowledge achieved on their
geographic distribution. Results of our studies (ie. 301 profiles) were compared
with the widest-spread classification systems, with legends of FAO soil maps,-
and suggestions of the authors quoted in the previous paper (Némecek
1972).

SOIL UNITS AND THEIR OCCURRENCE IN PEDOASSOCIATIONS OF THE CSR

Cambisols in themselves include the following great soil groups and sub-
groups (abbreviations of soil and substrata names are used in the rest of the
work).

1. Brown soils, Braunerden, Ochrepts, sols bruns, Brunisols:

1.1. oligobasic, Bo (Dystric Cambisol, D. Brunisol, Dystrochrept, Cryo-
chrept) from oligotrophic transported weathering products of hard and consoli-
dated parent rocks: 1. granites and crystalline schists, 2. consolidated sedimentary
rocks; — 1.2. mesobasic, Bm (Dystric C., D. B., Dystrochrept) from oligo- up
1o mesotrophic transported weathering products of the same rocks as before; —
1.3. eubasic Be (Eutric C., E. B., Eutrochrept) from mesotrophic weathering
products, as at 1.2; — 1.4. residual calcareous, Bc (Calcaro-eutric C.) from
displaced calcareous rocks; 1.5. eutrophic, Bt (Eutric C., E. B., Erubasbraun-
erde) from eutrophic weathering products; 1.6. arenic, Ba (Cambic Areno-
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sols — Cambisols, Psamments — Ochrepts) from oligotrophic sands, gravelly
sands (pleistocene, tertiary); — 1.7. pelic and vertic, Bp (vertic C.) from heavy
weathered sedimentary rocks; — stagnogleyic, Bg (Stagno-gleyic C., gleyed B.,
aquic Ochrepts), which interfere with the other mentioned soil units.

2. Pelosols (P1):

2.1. modal; — 2.2. calcaric; — 2.3. stagnogleyic

The study was carried out to check the limits between Bo and rusty-brown
(Rb) soils (brown podzolic soils) and to support the grouping of Rb with pod-
zols.

Soil associations dominated by Cambisols cover a great area of C.S.R. —
59.4 % (46.2 % of agricultural land). Associations of the mountain Bo cover
21.5 % of the C.S.R. neighbouring on associations of Rb + Bo with podzols
(Pz), representing 6.3 %. Associations determined by Bm and Be are widest-
spread, covering 29.0 % of the area. Data on expansion of the mentioned pedo-
associations are further corrected by an improved conception of their dominants.
Other Cambisols determine the nature of pedoassociations, located in dependence
on substrata distribution and limitations of soil drainage. Bt are found on ultra-
basic and basic rocks in north-western and northern Bohemia — 1.7 %. Ba are
dominant on gravels and sandy-gravels along the Ohfe, Elbe, Orlice, in parts
of the Lower-Moravian Dale and the Doubrava Plane — 2.2 %. Bp together
with Pelosols are spread over on clays and marls in north-western Bohemia and
particularly eastern Bohemia (cretaceous marls), and in south-east Moravia
(flysh marls) — 2.5 %. Soil associations dominated by Bg cover 1.9 %.

STRATIFICATION OF SOIL-LITHOLOGIC PROFILE OF CAMBISOLS
AND ITS PROPERTIES AS A WEATHERING CRUST

Profiles of Cambisols have developed in lithologic stratified materials, with
layers of different age (mainly Haupt — and Basisfolge of German authors)
with varying textural and mineralogical composition. In a layer in which the
solum of these soils (Ap + Bv) originated, the lateral displacement of the ma-
terial in matural landscapes or an admixture of the eolian component resulted
in some balance in its composition, as compared with the basal layer the com-
position of which rather reminded of the weathering products of the original rock.
This stratification shows itself in the total chemical and textural composition: —
by a decrease in the content of fine particles, Fed and “T" values in deep parts
of the profile on substrata no. 1 under the conditions of an increasing content
of CaO, MgO and primary materials; — it manifests itself in a more balanced
or even increased content of fine particles, Fed and T in the basal layer in sub-
strata no. 2. The following cases can be encountered in the mineralogical com-
position of the clay fraction: — in substrata no. 1 a less apparent mica trans-
formations (Fig. 1) or relics of kaolinitic weathering (Fig. 2) in the basal layer;
— in substrata no. 2 a more balanced profile composition or a greater proportion
of the minerals inherited from the original rocks (montmorillonite — vermiculite,
sometimes kaolinite, see for instance Fig. 4 Ondfejov) in the basal layer. The
micromorphological manifestation of stratification: — cutans occurring in gravel
and red cutans in the kaolinized weathered material of the basal layer in ‘some
cases, — the occurrence of cutanic material around weathering slates in the
basal layer.
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1. X-ray diffractograms of the clay KVILDA
fraction in the rusty-brown soil profiie

(gneiss). — Roentgenové difraktogramy
jilové frakce v profilu rezivé pudy
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2. X-ray diffractograms of the clay
fraction in oligobasic brown forest soil
profile (gneiss). — Roentgenové difrak-
togramy jilové frakce v profilu hnédé
pudy oligobazické (rula)
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The reason for the simplification of the grouping of substrata (forming two
groups) is the fact that the properties of “substrata”, conventionally attached
to some rock, are modified by the historical geochemical migration on the acid
weathering crusts, and by the mentioned effect of “Hauptfolge” genesis. This is
demonstrated also by the total chemical soil analyses and the analyses of the
20 % HCI extract. For instance CaO shows the lowest values in substrata
no. 1 in the soils of the podzol class (up to 0.2 % ); these values are low also
in the Bo solum (about 0.4 %), with an increasing tendency in the lower part
of the profile. In Bm the CaO values increase significantly throughout the profile
(0.6—0.8 %). As to the substrate under no. 2, the CaO values increase only
in Be.

THE IMPORTANT CHARACTERISTICS OF BROWN FORES SOILS
AND THEIR TRANSITION TO PODZOLS

The indices of the quantity and quality of organic substances, the release
and migration of amorphous components, of the exchange complex and trans-
formations of soil mica in acid medium are treated as important criteria for the
differentiation of Rb-Bo-Bm-Be, reflecting the vertical zonation of the natural
conditions of the Czech Socialist Republic. The results of the study of 175 comp-
letely analyzed profiles were processed by simple statistical methods (arithmetical
mean, standard deviations; the differences were evaluated according to the con-
fidence intervals).

Humus generally grows in the Be — Pz sequence. Significant differences
are observed in the epipedons and in metamorphic (illuvial) horizons between
Pz and Rb, between Rb and Bo, and in epipedons also between Bo and Be (Tab.
I). Hence these values indirectly indicate the changes of the hydrothermic régime
of the regions with high climate change gradients. In this sequence, the proportion
of Ha decreases in the fractional composition (72 profiles), and loosely bonded
Ha play a role of increased importance. The proportion of Fa increases, especially
the highest-mobility fraction, and an increase is observed also in the degree of
the migration of low-molecular organic substances in the soil profile. This
takes place in an apparent form already in Rb which are close to Pz, as to
these characteristics (Tab. II).

The determination of amorphous components by the method according to
Franzmeir et al. (1965) in 250 samples demonstrated the specificity of this test
for the indication of the spodic horizon. It is present, according to the results
of analyses, not only in Pz but also in all Rb which must be included in the
class of podzols. The limit values in Ap ( = 0.20) exceed some Bo (Table III).
In all the other soils, particularly luvisols, pseudogleys and gleys (including

1. Humus contents in the main soil horizons (Cox, dichromate oxidation — Pospi-
chromanem — Pospi§il 1967)
Soils horizons Pz Rb Bol Bo2
Ap-Ah (0) =5 3.8 + 0.38% | 2.0 4- 0.50* | 2.0 ~ 0.33
Bvs-Bhs 3.1 + 1.71* | 1.8 + 0.79* — —
Bv-Bm 2.5+ 1.80 1.0 = 0.58 0.7 + 0.33* | 0.7 + 0.41
N 14 30 30 13
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II. Humus fractions (average data) (modification of Tjurin's method). — Humu-
sové frakce (priumeérné udaje) (modifikace Tjuriuovy metody)
4 ; Ha 1Ha 2Ha laFa la+1Fk
Soil | Horizon (———| Ha : Fa | 2 == . 100
o e - 100 | g - 100 | ——-100 e
Be Ap 23 1.0 43 32 14 66
Bm Ap 20 0.7 63 22 14 7
Bo | Ap 21 0.8 68 16 21 84
Rb Ap 18 0.6 83 9 26 86
Be Bv 21 0.8 27 53 24 65
Bm Bv 14 0.6 43 39 28 70
Bo Bv 14 0.4 68 | 23 29 ‘ 80
Rb | Bus 12 0.4 7 | 12 56 85
|
Be IIBC 6 0.6 10 - 26 35
Bm IIBC 9 0.2 16 50 25 60
Bo IIBC 8 0.2 43 23 37 79
Rb IIBC 7 0.1 89 6 57 7
Ha ... humic acids, Fa ... fulvic acids, 1a ... free, movable, 1 ... slightly bound, 2 ...

. strongly bound

acid soils of the humid regions), the indication quotient does not exceed the
value of 0.10 below the epipedons.

Free Feo (Tamm) and Fed (Coffin) oxides as well as their values in
relation to the total Fe content (Fet), and the index of Fe “activity” (Feo/Fed)
indicate the degree of the brownification of all the soils under study (in Pz-par-
tially Bb — also migration). The data on the proportion of amorphous Feo ge-
nerally indicate (in all soils) the pedogenetic release throughout the solum, with
a decrease in the basal layer (to 0.3—0.5 % in Feo, and 5—10 % in Feo/Fet).
The data on the profile distribution of Fed indicate a significant increase in the
solum in comparison with the basal part only in Rb and Bo on substrata no. 1,
or generally in the Fed/Fet values. In other cases it increases in substrata no. 2
(Fed) in the deeper parts of the profile. In the metamorphic horizons (Tab. IV),
significant differences are observed in all indices of free Fe oxides between Rz
and Rb and other soils — in Fed/Fet also between Rz and Rb, in Feo/Fet
between Bo and Bm. The content of free Al (Alo Tamm) reaches high values

§il 1967). — Obsah humusu v hlavnich ptdnich horizontech (Cox oxidace dvoj-
Bm1 Bm 2 Bel Be 2 Pl Bt
1.7 4 0.55 1.6 + 0.36 1.5 + 0.37 1.5 + 0.40 1.7 4+ 0.54 1.8 - 0.54
0.6 + 0.35 0.6 + 0.31 0.6 + 0.29 0.6 - 0.34 0.6 —~ 0.22 0.5 +0.23
32 17 14 23 18 18
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III. Content of amorphous substances (Franzmeier and al. 1967). — Obsah amorfnich
latek (Franzmeier et al. 1967)

Soil Mk (S'_) I:‘e ﬁ\/l XC- }n}"c +All  C+Fe+Al
0 /0 /0 /0 < 2pm

Be Ap 0.2—-0.4 0.6—0.8 0.10 1.1-14 0.06 -0.10
Bm Ap 0.2—-0.7 0.3-0.8 0.10—-0.3 1.0-1.5 0.10-0.17
Bo Ap 0.3-1.0 0.3—15 0.05—-0.4 0.8—25 0.05—0.26
Rb Ap 0.8—1.4 1.0—-1.6 0.30—0.6 2.1-3.6 0.28--0.64
Pz O-Ah 0.7—1.0 0.6—0.9 0.15—-2.0 1.6—1.9 0.14—0.24
Be Bv 0.1-0.3 0.5—-0.9 0.10—-0.2 0.8—1.2 0.04—0.07
Bm Bv 0.1-0.4 0.2—-0.7 0.05—-0.2 0.3—-1.0 0.05-0.12
Bo Bv 0.1-0.4 0.3-1.6 0.05—-0.4 0.5—-1.9 0.05—-0.14
Rb Bvs 0.4—1.5 1.1=2.3 0.40—1.0 1.9—4.6 0.23—0.70
Pz Bhs 1.0—-1.8 1.0—-1.9 0.70—0.9 3.5—-4.2 0.62—1.01

throughout the profile of Pz and Rb, and its profile distribution also indicates
migration. The low values below the sola are found already in Bo. Significant
differences in metamorphic horizons exist between Rb and Bo, on substrata no. 1
also between Bo and Bm (Tab. no. IV).

The pH or the base saturation are generally used as important diagnostic
characteristics of Cambisols in all classifications. In pH (Tab. V) significant
differences in the cambic horizons can be demonstrated only between Bm and
Be. According to the value of Vy, a majority of Rb and Bo is under the margin
of 30—40 %; Be is over 60—75 %. The value of Ty in itself represents mostly
a potential value depending on the pH conditions of determination. This is proved
by the Tg/Ty ratio (Ulrich 1967) or by the Ty— Tr differences (Coleman
et al. 1965) from Tab. V (Pz 28.5, Rb 17.1, Bo 4.8—5.9, Bm 3.7—4.3). More
realistic expression of the conditions in acid soils is provided by the Ty values
which are lower in the genetic profile (< 10 mval/100 g); in the substratum they
range about 5 mval/100 g. The significant differences in Ty between Bo and
Bm, Bm and Be, and in the Ty/Ty ration also between Bo and Rb, correspond
to the decrease of the content of low-molecular organic substances (in the main),
and to the decreasing importance of Al. The Al saturation value of the exchange
complex (related to Tg) with an addition of the Ty/Tr ration provides wider
possibilities for the differentiation of the “acidity” scale of acid soils. Significant
differences in Al saturation in cambic horizons are observed between Bo and
Bm and Be (0). The advantages of the use of the Al saturation are demonstrated
by the analysis of the relations between pH/N KCl—Al/Tk. 100 (y = 0.69*"*);
it is shown that exchangeable Al occurs at pH 4.8. If the Al saturation is in-
creased up to ca. 15 %, pH quickly drops to 3.9—4.0 and remains unchanged
up to the level of the 70 % Al saturation. For current series analyses in 0.2 N
KCI this pH value is 41—4.3 in Rb, Pz, and 3.8—4.0 for the rest of soils.

The mentioned indices of soil acidity and Al activity can be empirically
correlated with the manifestations of different degrees of expansible clay minerals
alumination (chloritized vermiculites and their mica interstratifications). The
X-ray diffractograms in Figs. 3 and 4 show that these changes, manifesting
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1V. Free iron and aluminium contents (Feo, Alo Tamm; Fed Coffin) in the Bv — Bvs (Bhs) horizons (average data, standard

deviation) and their difference significance (I) in the soil units sequence. — Obsah volného Zeleza a hliniku (Feo, Alo Tamm;
Fed Coffin) v horizontech Bv - Bvs (Bhs) (prumerné udaje: standardni odchylka) a prakaznost jejich rozdili (I) ve sledech
pudnich jednotek
Soil properties Pz Rb Bol Bo 2 [ Bm 1 Bm 2 Bel Be 2 Be Pl Bt
Feo 2.1 1.2 [1.6 | 0.7% [0.7 i 0.2* 0.6 -- 0.2 0.5 1+ 0.4 (0.5 +0.2/05 1 0.1 |04 +0.2 [0.54 0.1 (0.7 4 0.3*% |1.5 & 0.6*
Fed 29 + 1.5 [2.740.9* 1.8 +0.7* |1.6 1 0.5 1.5 4+ 0.7 [1.9 + 0.7 |2.1 4+ 0.6 (1.5 { 0.5* (3.6 | 0.06*|4.1 4 1.7* (3.7 | 1.09
Alo 1.6 1-0.80 (1.3 | 0.49*%(0.4 1 0.13*(0.4 -+ 0.13%0.2 | 0.16*/0.3 | 0.13/0.3 -~ 0.07/0.2 + 0.04 |0.1 -+ 0.01 [0.3 4 0.08 |0.5 + 0.22
Feo/Fed. 100 |69 | 17 56 -+ 12* |37 + 11* [40 | 8 34 15 29+ 8 29 +10 |29 + 16 15 6 21 4 11 41 13
Feo/Fet. 100 44 | 19 32 + 11* |15 4+ 6* 17 + 5% 11 7% 12 |- 4 93 13+ 6 9+3 11 +£5 14 4 7
Fed/Fet. 100 |71 4 15*% |56 + 11* |40  11* |43 4 10 32+ 11 43 + 10 (35 + 12 |41 + 20* |65 | 9* 55 4 11* |31 4 9%
N 14 31 19 11 21 15 10 13 6 15 8

V. Cation sorption capacity, saturation, acidity, exchangeable cations data (average data, standard deviation) in the Bv — Bvs
(podzol Bhs) horizons and their difference significance (I) in the soil units sequence (Tm, VM, Mehlich’s method, TR = exchange-
able cations Ca -+ Mg + K -+ Al + H, Al Yuan’s method, exchangeable cations in NH4+ acetate and in N KCl). — Kapacita
sorpce Kkationtli, nasycenost, kyselost, udaje o vyménnych kationtech (prumérné udaje, standardni odchylka) v horizontech Bv-
-Bvs (podzolové Bhs) a prukaznost jejich rozdila (I) ve sledu pudnich jednotek (Tm Vwm, Mehlichova metoda, TR = vyménné
kationty Ca + Mg + K + Al + H, metoda stanoveni Al podle Yuana, vyménné kationty v NH4*+ acetatu a v N KCIl)

Soil properties —l Pz Rb Bo 1l Bo2 Bm 1 Bm 2 Be l Be 2
< 1lpm 6+ 3 742 843 8+3 6+ 2 10 4 10 -5 13 +5
< 10 um 18 +-6 22 L6 21 +6 32 4+ 8 18 4 7 30+ 7 23 18 32 4+ 8
pH/KCI 4.1 4 0.6* 4.6 + 0.3* 4.6 + 0.3 4.6 + 0.3 4.6 + 0.3 4.7 - 0.5*% 5.6 | 0.6* 6.0 + 0.7
Vu % < 30 < 30 < 30 < 30 50 |- 15 50 4+ 14 74 + 14 76 + 14
V& % 374 21 57 + 27 66 4 13 64 |- 22* 92 + 4* 91 4 8* 100* 100
Ty mval/100 g 34.0 4 14.3*| 21.9 4 7.9* | 10.3 + 3.2* 9.8 + 2.9 11.6 + 4.6 13.2 | 4.7 13.7 4 5.9 13.6 + 4.2
Tr mval/100 g 5.5+ 2.0 4.8 + 1.3 444 1.2 50+ 1.5% | 79 +3.9* | 89 +5.0 =Tx = Tn
Tr/Twm 0.27 + 0.22 | 0.23 - 0.07*%| 0.45 + 0.16*| 0.49 -+ 0.12 | 0.65 -+ 0.15 | 0.65 4 0.15 =1 =1
Al/Tyg . 100 52 418 39 + 25 28 + 12 30 + 20* 5 4 3% 647 0 0
exch. Ca + Mg + K
mval/100 g 1.6 4- 1.34 2.6 + 1.7 3.1 +1.24 3.3 4 1.33*%| 7.3 4 3.5% 8.1 +4.9 11.7 +- 59 11.7 + 5.1
Ca/x . 100 75 + 10 99 49 64 4 8 8248 80 45 83 + 4 85 + 4 85 + 4.5
Mg/% . 100 11 4 10.1 + 6.5 10.9 + 5.7 88 + 3.9 12.2 + 4.4 11.0 4- 3.8 12.3 4- 5.1 12.3 4 5.8
K/X . 100 7.7 + 4.9 8.1 +5.6 11.6 + 7.9 6.7 4 4.7 4.5 + 3.8 3.8 424 3+ 1.8 1.8 £ 0.8
N 12 30 29 11 32 17 14 21
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3. X-ray diffractograms of the clay
fraction in the podzol profile (Horni
Lipka — gneiss) and rusty-brown soil
profile (Kvilda — gneiss, Novy Svét
— gneiss). — Roentgenové difraktogra-
my jilové frakce v profilu podzolu (Hor-
ni Lipka — rula) a rezivych puad (Kvil-
da — rula, Novy Svét — rula)



ONORE JOv

SVETLIK
)
| Mg
| +
‘ Gl

s

T

7 1w umz '%‘m_us 7 Dumx 7 D BN 7 W kBN
KOCELOVICE
8v n
PREDSLAVICE
A B nec
3 v o
| VU +
‘ Gl
| | g
4)\J i
|
K f
i \) J’/\} |
l U
i
M / J00°C )
il
\/ !
| -
i
!. 560°C
| | ‘
| ’J/ =
|
LMo ool Lo o
7 W %BX 7 0 %8 7 ﬂ 16”8 10 %18% 7 0 %182

4, X-ray diffractograms of the clays fraction in the brown forest soil profile
(Svétlik — gneiss, Ondfejov — permocarbon: oligobasic; Predslavice — gneiss:
mesobasic; Kocelovice — granite: eubasic). — Roentgenové difraktogramy jflové
frakce v profilu hnédé pudy oligobazické (Svétlik — rula, Ondfejov — permo-
_karbon), mesobazické (Predslavice — rula) a eubazické (Kocelovice — Zula)



themselves as the reduction of the contractibility degree of the 14 A and 12 A
peaks to 10 A after K* saturation, and heating to 300 °C and 500 °C, are arran-
ged in the following order: — the greatest changes generally occur in the meta-
morphic (in Rb also epipedons) horizons of Rb, Bo and under Bhs in Pz; —
they decrease in the substratum; — they reach a low degree in the eluvial part
of podzols and are poor in Bhs; — in Bm they occur only slightly. After pre-
ceding exposure to 0.1 N NaOH under cold conditions and in boiling, a full K*
contraction can be evoked (Scheffer et al. 1961).

The set of the properties of the organic and mineral components of soil
and the conditions of leaching influence the proportions of the exchangeable
Ca**, Mg** and K* cations in the colloidal complex. There is a significant
difference in their sum between Rz 4+ Bo and Bm in which a more balanced
profile distribution is observed (in acid weathering crust accumulation in hori-
zons enriched with organic substances). The Be show a maximum in the sub-
stratum. The percentual proportion of Ca®™* in the sum of the mentioned cations
ranges between 70 and 85 %, in Mg normally between 8—12 %. In deeper
parts of the strong acid soils, the proportion of Mg increases up to 25 %. The
quantity and proportion of exchangeables K™ reach their maximum values in Bo,
especially in substrata no. 1. Its proportion decreases in Be on substrata no. 2.

The results of measurements performed by Glet (1973) at three Rb,
Bo and Bm sites in the Bohemian Forest (gneiss) indicate significant differences
in the hydrothermic régime of the soils under study. The rate of the filling of
soil pores with water ranges between 60 and 90 %, 50 and 60 %, 40 and
60 % in the Bv—Bvs horizons in a prevailing part of the year. In the simple
balance, the proportion of water, percolating the mentioned profiles is 73—79 %
in Rb, 12—47 % in Bo, and up to 3 % in Be. This expression of percolativity
of the water régime with a significantly increasing gradient in the mountain
conditions corroborates the preceding conclusions. The following mean annual
temperatures were found in the depth of 45— 50 cm: Rb 6,4, Bo 6,7, Bm 8,8 °C,
proving the Cryochrepts features of Bo.

CHARACTERISTICS OF THE REPRESENTATIVES OF CAMBISOLS WITH
SIGNIFICANT LITHOLOGIC FEATURES

Brown forest soils on sandstones and permocarbon siltstones are character-
ized by increased Fed values at a low value of Fe “activity” (even in Bol!).
Characteristic features of Bt on basalts and diabases are a high sorption capacity,
a high total content of P and Mg, and a high Mg™~ saturation of the colloidal
complex. Pelosols and Bp, like some soils on tuifs, are saturated soils with
a high sorption capacity in all cases (Fig. 3 and 4).

Ba have developed from substrata with apparent oligotrophic characters
{(CaO + MgO in 20 % HCI 0.2—0.3 %). It is difficult to differentiate Rb and
Pz in these substrata. The soils from weathered sandstones have properties
reminding of the described soil sequence in substrata no. 2.
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NEMECEK J. (Ustav pudoznalecky, Praha - Ruzyné). Cambisols. Rostlinna vyroba
(Praha) 20 (5) : 463-474, 1974.

V praci je podan vycet plidnich jednotek cambisol, zahrnujicich hnédé pudy
a pedosole a pudnich asociaci, ve kterych maji na 59,49, plochy CSR dominantni
zastoupeni. Na 301 pudnich profilech byl provadén vyzkum diagnostickych znak.
Popisuji se hlavni charakteristické znaky sekvence hnédych puad a jejich prechodt
k podzollim, odrazejici vertikdlni pasmitost piid CSR na skupiné granitoidnich
hornin a krystalickych bridlic a na skupiné sedimentarnich zpevnélych hornin
s respektovanim stratifikace profilt (Haupt-, Basisfolge). Jsou to: humus a jeho
kvalita, volné Kkysli¢niky Fe; Al, aplikace Franzmeierova testu na amorfni latky,
charakteristiky ptdni acidity a koloidniho komplexu, premény slidnatych mineralu
v kyselém prostiedi, trofismus substrati, parametry hydrotermického reZimu pld.
Stru¢né jsou charakterizoviany vyrazné litogenné podminéné jednotky v rameci
Cambisolu.

klasifikace, diagnostika pud; cambisols; hnédé pady; pelosols; podzols; humus:
volné kysliéniky Fe-Al; amorfni pudni slozky; pudni kyselost; koloidni komplex —
kyselé prostredi; aluminace jilovych mineralu

HEMEYEK M. (Ilousemmprit uscturyt, Ilpara-Pyssime). Kambmcon. Rostlinna vyroba (Pra-
ha) 20 (5) : 463-474, 1974.

B craThe nepeuucisiOTCS NOYBEHHBIE eNUHHLEI KaMOUCOI0B, BKIo4aoliue 6ypsle NOYBHL U IIEJO-
CONBI, a TaKKe IIOYBEHHBIE acCOMMalHy, B KoTopeix ouu Ha 59,49, mmomamu UYCP momu-
wauTHel. Ha 301 nouBenHOM mnpoduie mpOBOAMIOCE MCCTENOBAHME NKHATHOCTHYECKUX TIPU3HAKOB.
OnuchiBalOTCA IJIaBHEIM 06pasoM xapaKTepHble IPH3HAKH IIOC/IeNOBATENBHOCTH OypbIX IOYB M HX
fepexoN0B K TOA30JaM, OTpakalljue BepPTHKAIbHYK 30HanpHOocTh moys UYCP Ha rpynme rpa-
HUTOMUIOHBIX I'OPHBIX l'XOpOlI h 54 KPHCT&J’IJXH‘{CCKHX CJIAaHUEB M Ha Tpylne CeAlHMMEHTapHBIX yHJlOTHEH’
HBIX TOPHBIX NOPOX C yueroM crparudurauuu npoduieir (Taynr-, Bacucdosre); a mmeHHo: Ty-
MyCc M ero Kadecrso, csofonHsie okucu Fe u Al, npumenenne @PpanumaiipoBa Tecra Ha amopg-
Hple BelJecTBa, XapaKTEePHCTUKH MOUYBEHHON KHCIOTHOCTH ¥ KOJIJIOMIHOTO KOMILTeKca, Ipeobpa-
30BaHMA CJIONMCTHIX MHHEpPAJOB B KUCJIOU cpele, TpoduaM CyBCTpaToOB, mMapaMeTphl THAPOTEPMU-
4ecKOro pexuMa M T. 1. KOopoTKo XapaKTepuaylTCA SBHO JUTOT€HHO OOYCIOBIEHHBIE eXHHMUIIB!
B paMKax KaMOHCOJOB. '

kraccuUKalus; NMAarHOCTHKA 1IO4B; KaMbBucos; Oypble IOYBBI; II€J0COJ; ION30J; TyMyC; CBO-
6onurie okucu Fe m Al; amopdubie nOYBeHHbIE KOMIOHEHTHI; IMOYBEHHAs KHCJIOTHOCT; KOJJIOMI-
Hbli"[ KOMILJIEKC-KHUCJIbIe Cpeﬂbl; AJIOMUHAOHA TIMHUCTHIX MHHEPE.’!OB
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NEMECEK J. (Institut fiir Bodenkunde, Forschungsinstitute der Pflanzenproduktion,
Praha - Ruzyné). Cambisols. Rostlinna vyroba (Praha) 20 (5) :463-474, 1974.

In dem Aufsatz wird eine Aufzihlung der Bodeneinheiten von Cambisols, die die
Braunerden und Pelosols einbeziehen, und die Bodenassoziationen dargestellt, in
denen sie auf 59,49, des CSR-Territoriums einen dominanten Anteil haben. Auf
301 Bodenprofilen wurde die Untersuchung von diagnostischen Merkmalen vor-
genommen. Es werden die wesentlichen charakteristischen Merkmale der Sequenz
von Braunerden und deren Ubergangsformen zu Podsolen beschrieben, die die
vertikale Zonalitit der Boden der CSR auf der Gruppe von granitoider Gestein
und Kristallschiefern und auf der Gruppe von festen Sedimentgesteinen unter
der Beriicksichtigung der Profilstratifikation (Haupt-, Basisfolge) widerspiegeln. Es
handelt sich um: Humus und dessen Qualitédt, freie Fe-, Al-Oxide, Applikation des
Franzmeier-Testes fiir amorphe Substanzen, Charakteristik der Bodenaziditit und
Kolloidkomplexes, Umwandlungen von Glimmermineralien in sauerem Milieu,
Substratentrophismus, Parameter des hydrothermischen Bodenregimes. Kurz werden
die stark lithogenbedingten Einheiten im Rahmen der Cambisols charakterisiert.

Klassifizierung, Bodendiagnostik; Cambisols; Braunerden; Pelosols; Podsols; Humus;
freie Fe-, Al-Oxide; amorphe Bodenkomponenten; Bodenaziditidt; Kolloidkomplex
— saueres Milieu; Alumination von Tonmineralien

Adresa autora:
RNDr. Jan Némecek, CSc, Pudoznalecky ustav, 161 06 Praha - Ruzyné
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ON THE GENESIS, OCCURRENCE AND AGE OF THE SOILS
OF FERRETO TYPE IN CZECHOSLOVAKIA

L. SMOLIKOVA -

SMOLIKOVA L. (Charles University, Faculty of Science, Praha). On the Ge-
nesis, Occurrence and Age of the Soils of Ferreto Type in Czechoslovakw
Rostlinnad vyroba (Praha) 20 (5) : 475-487, 1974.

In Czechoslovakia the soils of ferreto type occur on a larger scale as fossil
and as relict soils in the Dyje —Svratka Graben. Their occurrence is bound there
to the surface of the Vth gravel-sand level (the so-called Tufany terrace)
which corresponds to the ,younger gravel covers® of the circumalpine area
and stratigraphically it belongs to the Giinz. Hence the formation of these
soils falls most probably in the Cromer interglacial (G/M, Early Pleistocene)
showing a characteristic warm and damp weather, dry summers and warm
rainy winters in its climatic optimum. During this warm period of the first
order the soil of terra rossa type was formed on the carbonate substrata and
the soils of braunlehm (brown-earth soil) and rotlehm type on loesses and
volcanites for the last time. There do not exist any analogies of the soils
mentioned in younger warm periods which makes it clear that the last
weathering giving rise to ,red soils“ took place at the junction of the Early
and Middle Pleistocene. According to Kubiéna (1964) these strongly weathered
and intensively coloured soils correspond to the sub-Mediterranean up to
subtropical paleopedological province.

stratigraphic importance of soils; paleogeographic importance of soils; soil
micromorphology; ferreto; braunlehm; terra rossa

The soils of ferreto type belong to the group of soils formed under the
conditions of transient siallitic-allitic weathering. The process of ferretization
weathering stands near to the process which gives rise to the soils of terra rossa
type, yet in contradistinction to terra rossa, terreto always originates on silicate
substrata. In weathering rocks of this type an increased amount of Fe2Os
(+ Al203) accumulates, SiO; disappears in part and the basic components dis-
appear completely. The reaction (pH) of the course of weathering is alkaline,
the reaction of weathering products is acid. Hydrated aluminosilicates and iron
silicates and, further, Fe oxides or Fe hydrates with lower content of water
or water-free are the final products of ferretization weathering. Lower parts of
soil profile often bear signs of kaolinization (Stejskal — Pelisek 1956,
Stejskal 1958, Franzle 1965).

The term “ferreto” comes from popular language and was introduced into
literature for the first time by Taramelli (1876) who mentioned its abun-
dant occurrence on the southern slope of the Alps (in Piemont, Lombardia etc.).
As soon as in 1896 Baltzer spoke against the idea that these soils represent
old fluvioglacial deposits and was the first to refer to them as to the products
of old interglacials (comp. also Meyer 1917). Likewise, Penck and
Brickner (1909; comp. also Purkyné 1912, 1914) took all the red-
coloured interglacial gravel-sandy weathering rocks for ferreto stating that “all
lime was leached out, all feldspars were kaolinized and all hydratizable compo-
nents were hydratized” in these rocks. — Judging from the intensity of fer-
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retization of moraines Penck and Brickner calculated the duration of
each interglacial (comp. Woldstedt 1954). According to Fischer (1917)
the depth of this weathering is very variable attaining several tens of metres.
Dietrich (1920) compared ferreto with bauxites, laterites and rotlehms (red
loams) calling attention to the fact that some ferretos can be of Young Tertiary
age. According to Gagel (1926) the most intensive ferretization weathering
of moraines took place in M/R interglacial; likewise, Fink (1961) mentioned
that ferretizatijon in Northern Italy took place in pre-Riss sediments only.
Blanck (1930) studied the pedochemical properties of these soils assigning
them stratigraphically into Pleistocene interglacials.

Sporadic occurrences of these soils have so far been recorded from the terri-
tory of Czechoslovakia, namely from Moravia and Slovakia. The terrace gravels
in the region of the Moravian Karst and in the environs of Brno (Moravia)
underwent ferretization weathering according to Mohr (1941, 1943). In the
territory of Slovakia the so far undescribed layer of kaolinized gravel is thought
to correspond to ferreto; it is situated near the road Sloboda running across the
Velky Rinéovy potok and the Vysné Héagy. Further, a red-weathered layer over-
lying the kaolinized gravel near Stary Smokovec (Rehmann 1893,
Partsch 1923, Lukni§ 1959) and a layer located between Vychodna
and Vazec in Vysoké Tatry (Vitdsek 1924) belong to the destructed ferreto
that has as yet not been described from the point of view of pedology. A pedo-
- logical revision of these occurrences will have to be made.

The investigation proper dealt with the determination of the extent and
stratigraphic position of these soils in the Dyje-Svratka Graben. This classical
Quaternary region offers not only a varied scale of early fluvial accumulations
but also their correlation with eolian sediments, archeological, paleontological
findings etc. The soils of ferreto type occur on extensive areas, namely on the
surface of the Vth gravel-sand level (the so-called
Tufany terrace) covering large areas of the Dyje-Svratka Graben (Z -
man 1972). This cover corresponding to “younger gravel covers’ irom the
region of the Alps and belonging stratigraphically to the Giinz consists of three,
accumulations while the soils studied are bound to their middle part. The surtface
of this level was modelled by deflation which repeated many times and by at
least two intensive soil-forming process; the soils of ferreto type
correspond to the earlier cycle, the soils of braunlehm type corres-
pond to the younger type separated from the preceding cycle by eolian sedimen-
tation. Of the soils of braunlehm type only trick carbonate horizons were pre-
served (ferretized gravels underlying rotlehms have been described from the
circumalpine region also by Fink in Fink, Grill, Kolmann, Kip-
per 1958).

The profiles in Hodonice, BoZice, Drnholec, Bratice, Zabcice and Brnén-
ské Ivanovice*) were subjected to preliminary examination.

In the Hodonice (Fig. 1), Drnholec and Bratéice sand pits (Fig. 2) the
soils of ferreto type occur as fossil soils; they are overlain by stony pave-
ment arisen by deflation of fine-grained material, then comes loess (Pl. I/1) or
also a torso of braunlehm and its carbonate horizon (Pl. I/2) which is covered

*¥) The author acknowledges with thanks the kind demonstration of these
profiles by Dr. A. Zeman from Geological Survey, Praha.
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1. Fossil soil of ferreto type covered by loess with Holocene soil of chernozem ty-

pe. — Hodonice. Photographs were made by L. Smolikovd. — Fosilni puda typu
ferreto, prekryta spra$i s holocenni pudou typu &ernozemé. — Hodonice. Foto L.
Smolikova

2. Ferreto developed in great thickness on the Tufany terrace; it is covered by
loess which is pedogenetically terminated by a typical chernozem. — Brat&ice. —
Mohutné vyvinuté ferreto na tufanské terase; je kryto sprasi, kterd je pedogene-
licky uzaviena typickou ¢ernozemi. — Bratéice



3. Relict soil of ferreto type. Recent parachernozem is developed on a shallow san-
dy accumulation. — BoZice. — Reliktni prida typu ferreto. Na mélké pisc¢ité akumu-
laci je vyvinuta recentni paradernozem. — Bozice

4. Characteric stony pavement produced by deflation of fine-grained material on
the surface of the relict soil of ferreto type. — Tufany. — Vyraznid kamenna dlazba,
vznikla deflaci jemnozrnného materidlu, na povrchu reliktni pudy typu ferreto. —
Turany



by Holocene chernozem soil (Pl. II/1). In Hodonice ferreto passes laterally into
braunlehm (the depression in gravels is filled with eolian substratum), and in
its roof we found another soil of braunlehm type with thick carbonate horizon. —
In Zabéice, Bozice (Fig. 3) and Brnénské Ivanovice the soils studied are
relict in character (comp. Kubiéna 1956); the stony pavement overlying
the soils mentioned displays only a thin layer of Holocene parachernozem (Pl
11/2). '

The edges of this Vth gravel-sand level show that pronounced periglacia!
effects were also found on the relics of carbonate horizons, intermingled with
variegated relics of underlying soils of ferreto type. Some profiles of these soils
bear periglacially kneaded red-violet and rosy lenticles corresponding probably
the material of destructed tropical pseudogleys.

The soils of ferreto type were not found on the surface of Mindel neither
Riss and younger terraces. Speaking pedogenetically, these levels are covered
by the soils of completely different typology with substantially different and
lower degree of weathering. During the Holocene the soils occupying different
position (in particular with regard to the relief) in the catena of podzol and
ranker soils develop on lithologically equivalent substrata.

A sandy layer 70 to 250 cm in thickness derived from original soil profiles
of ferreto type is preserved in the majority of the localities studied. It is humus-
-free (along rcots the humus penetrations from the overlying Holocene soils
of chernozem series can be followed in relict occurrences only), red-brown to
brown-red in colour (5 YR). The pebbles of less resistant rocks are completely
disintegrated.  The sandy component is cemented by clayey coats (their origin
can be related in some cases to the clay freed during younger braunlehm soil-
-forming process taking place on the eolian substratum). The intensity of this
deep-reaching weathering (exceeding even several m) with a high amount of
freed clay and an intensity of colour decreases downwards. This important layer
is overlain by a characteristic stony pavement (Fig. 4) in all the profiles
available.

BRIEF MICROMORPHOLOGICAL CHARACTERISTIC

The soil microskeleton consists of the components of the size of sand grains.
It is composed of the grains of quartz, quartzites, quartz gneisses and silicified
sandstones (Pl. III/1). Other fragments of rocks (different types of granites etc.)
and minerals show perfect disintegration due to a high degree of weathering pro-
vided they can still be identified (e. g. of dark minerals sphenes).

All these grains are rimmed by braunlehm plasma (Pl. III/2); the outline of
the grains of quartz and quartzite is not interrupted (rarely it shows slight cor-
rosion and sporadic lenticles of amorphous clay) by this plasma which, on the
other hand, is responsible for the breakdown or complete penetration of other com-
ponents (penetration along cleavage planes in dark minerals, alteration of frag-
raents of granites in dependence on their mineralogical composition — e. g. repla-
cement of feldspars by plasma etc.). However, nonflocculated braunlehm plasma
does not fill all the free spaces between the soil microskeleton but all the spaces
between the plasma-accompanied primary soil microskeleton are completely empty
which gives rise to an aerated to loose structure of these soils which are rich in
empty interspaces (Pl. IV/1). The orange-brown braunlehm microplasma sticks only
to grains; in an outward direction it shows a disiinct granulation and flocculation
and is strongly cracked along the interjoints of accretion zones. Its shows preserved
striking flow structures and birefringence when observed under crossed nicols. Soil
material contains numerous braunlehm concretions of large dimension. (Pl. 1V, 2).
Intensive pseudogleying is visible in thin sections of some profiles (Pl. V).
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Pl. I/1. Loose structure of loess slightly affected by chernozem soil-
-forming process from the overlying beds. — Drnholec. — Tab. I/1. Syp-
ka skladba spraSe, slabé postizené cernozemnim pudotvornym pocho-
dem z nadlozi. — Drnholec

X 22.5. Microphotographs by D. Hejdova. — ZvétSeno 22.5X. Mikro-
snimky D. Hejdova

Pl. 1/2. Fossil relict of carbonate horizon. — Drnholec. — Tb. I/2. Fo-
silni relikt karbonatového horizontu. — Drnholec
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Fl. 1I/1. Typical spongy structure of A horizon of recent chernozem. —
Drnholec. — Tab. II/1. Typicka houbovita skladba horizontu A recent-
ni ¢ernozemé. — Drnholec

Pl. 1I/2. A horizon of Holocene parachernozem developed from shallow

sandy superficial accumulation. — BozZice. — Tab. 1I/2. Horizont A holo-
cenni paraCernozemeé, vyvinuté z meélké pisCité povrchové akumulace.
— Bozice
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Pl. III/1. Soil sandy microskeleton consists dominantly of the grains
of quartz, quartzites, quartz gneisses and silicified sandstones. Lower
part of the relict soil of ferreto type. — BozZice. — Tab. III/1. Padni
pisCity mikroskelet sestava prevazné ze zrn kremene, kiemencu, kie-
mennych rul a prokremenélych piskovet. Spodni usek reliktni pady ty-
pu ferreto. — Bozice

Pl. III/2. Soil microskeleton is expressively bordered by the braunlehm
plasma, showing in places a conspicuous granulation and flocculation
(,Vererdung®) (upper right quadrant). Basal part of the relict soil of
ferreto type. — BoZice. — Tab. III/2. Padni mikroskelet je bohat& lemo-
van braunlehmovym plasmatem, jevicim misty vyraznou granulaci a
ozemnéni (pravy horni kvadrant). Bazalni usek reliktniho ferreta. —
BozZice



PL. IV/1. Microskeleton is rimmed by braunlehm plasma yet the inter-
spaces between the plasma-accompanied primary components are emp-
ty. Basal part of fossil ferreto. — Drnholec. — Tab. IV/1. Mikroskelet
je lemovan braunlehmovym plasmatem, avSak prostory mezi plasma-
tem doprovazenou primarni komponentou jsou zcela prazdné. Bazalni
¢ast fosilniho ferreta. — Drnholec

Pl. IV/2. Large braunlehm concretions in the superficial part of relict
ferreto. — Bozice. — Tab. IV/2. Velké braunlehmové konkrece v po-
vrchové c¢asti reliktniho ferreta, — BozZice



Pl. V. Traces of pronounced pseudogleying in the superficial part of
fossil ferreto. — Drnholec. — Tab. V. Stopy vyrazného pseudooglejeni
v povrchové partii fosilniho ferreta. — Drnholec

DISCUSSION ON THE STRATIGRAPHIC ASSIGNEMENT
AND PALEOGEOGRAPHIC IMPORTANCE OF THE SOILS OF FERRETO TYPE

Issuing from the fact that the soils of ferreto type of the area under study
are bound exclusively to the surface of the Tufany terrace which is stratigraphi-
cally assigned to the Giinz, then the formation of these soils falls into the nearest
warm period i. e. the Cromer interglacial (G/M, Early Pleistocene).
This warm period of the first order with an absolute age 500 000— 600 000 years
was marked in its climatic optimum by a striking warmth and dampness, dry
summers and warm, rainy winters (compared to the present-day state the tem-
peratures were on the average higher by = 4 °C). Of the molluscs of that period
still the Banatica-fauna of old type (Lozek 1973) is represented, of verte-
brates the fauna of Biharium type. Similarly, flora is highly thermophilic. Under
these conditions the soil-forming processes were substantially more intensive
than in later warm periods. The soil of terra rossa type (its youngest
siallitic variety; in younger interglacials only the soils of terra fusca type have
been known from the group of terrae calcis in Central Europe — comp. Smo -
likova - Lozek 1962) originated for the last time in the Cromer inter-
glacial on carbonate substrata (limestones, dolomites, travertines etc.).

The loess of this very warm climate which was marked by a sub-Mediter-
ranean character in its culmination phase produced still intensively weathered
soils of braunlehm and rotlehm type (basal members of ore
complexes VII—XI, in older conception PK VI—VIII — comp. Smoliko -
va 1967); these soils do not have any analogy in younger interglacials. The
soils of braunlehm type of Early Pleistocene age were also established on the

484 ROSTLINNA VYROBA — 1974



substrata of volcanic origin in the Ceské stfedohofi Mountains (Smoli-
kova 1972a). In volcanic areas these soils have not been known so far to
derive from younger warm periods.

All these strongly weathered and intensively coloured (red, red-brown or
deep-brown) soils mentioned (i. e. of ferreto type, braunlehm type developed
on loess and volcanites and of terra rossa type) do mot have any analogy in
Middle and Late Pleistocene which indicates that the last weathering
leading to the origin of “red soils” (“varied weathered rocks”)
took place at the junction of Early and Middle Pleisto-
cene. The hitherto investigation has revealed that the degree of weathering
and the thickness of these soils increase towards the Earliest Pleistocene and
Tertiary whereas in reverse direction these processes abruptly terminate (not
speaking about some exceptions conditioned by a special substratum — e. g.
the occurrence of earthy braunlehm in M 2/PR complex — comp. Smoli-
kova 1972 etc.). With regard to its large areal distribution these soils are of
primordial paleogeographic importance because they permit us to use time as
well as other criteria also in the places. where no further sedimentation took
place (i. e. if they appear as relict soils in the areas of a certain age (Smo -
likova 1974).

According to Kubiéna (1964) all these soils correspond to the sub -
Mediterranean to subtropical paleopedological pro-
vince.

References

BALTZER A., 1896, Beitrage zur Kenninis des interglazialen Ablagerungen. Neues
Jb. Mineral. Geol. Pal. 1 :159-185.

BLANCK E., 1930, Die Mediterran-Roterde (Terra rossa). Handbuch der Boden-
lehre 3 :194-257.

DIETRICH W. O., 1920, Uber einen ferrethisierten Neogenschotter bei Ulm a. D.
Zbl. Mineral. Geol, Pal. : 324-329.

FINK J., 1961, Der ostliche Teil des nérdlichen Alpenvorlandes. Mitt. d. Osterr.
Bodenk. Ges. 6 :25-51.

FINK J., GRILL R., KOLLMANN K., KUPPER H., 1958, Beitrige zur Kenntnis der
Wiener Beckens zwischen Grinzing und NuBldorf (Wien XIX). Jahrb. d. Geol.
Bundesanst. 101, 1:117-138.

TFISCHER H., 1917, Bodenkundliche Probleme und ihre Bedeutung fir die Geolo-
gie. Geol. Rdsch. 7 : 345-362.

FRANZLE O., 1965, Die pleistozine Klima- und Landschaftsentwicklung der nérd-
lichen Po-Ebene im Lichte bodengeographischer Untersuchungen. Abh. Akad.
Wiss. Lit. Mainz, Math. Naturwiss. K1. 1965, 8 :144. Wiesbaden.

GAGEL C., 1926, Die Bedeutung der Verwitterungszonen fiir die Gliederung des
Diluviums. Zbl. Mineral. Geol. Pal. : 385-389.

KUBIENA W. L., 1956, Zur Methodik der Paldopedologie. Actes du IV. Congres
International du Quaternaire (Rome - Pise, Aolt - Septembre 1953) : 297-305.
— Roma.

—-, 1964, Zur Mikromorphologie und Mikromorphogenese der LoBboden Neusee-
lands. Soil Micromorphology : 219-235. — Amsterdam.

LOZEK V., 1973, Priroda ve étvrtohorach. CSAV, Praha.

LUKNIS M., 1959, Reliéf a roztriedenie kvartérnych utvarov vo Vysokych Tatrach
i na ich predpoli. Geol. Sbor. 10 : 233-268.

MEYER H. L. F., 1917, Klimazonen der Verwitterung und ihre Bedeutung fiir die
jingste geologische Geschichte Deutschlands. Geol. Rdsch. 7 :193-248.

MOHR H., 1941, Neuere Ergebnisse mihrischer Quartiarforschung. Z. dtsch. geol.
Ges. 93 :523.

—, 1943, Zur Kenntnis des Quartidrs in M&ahren. Abh. dtsch. Akad. Wiss. Prag,
No. 11.

ROSTLINNA VYROBA — 1974 485



PARTSCH J., 1923, Die Hohe Tatra zur Eiszeit. Leipzig.

PENCK A., BRUCKNER E, 1909, Die Alpen im Eiszeitalter. Leipzig.

PURKYNE C., 1912, Terasy Mze (Berounky) a Vltavy mezi Touskovem nad Plzni
a Prahou. Sbor. ¢es. Spol. zemévéd. 18 : 73-89, 147-161.

-—, 1914, Cechy ve véku ledovém. Cas. Mus. Kral. ¢es. 85 : 170-181.

REHMANN A., 1893, Eine Morinenlandschaft in der Hohen Tatra und andere Glet-
scherspuren dieses Gebietes. Mitt. d. k. K. geogr. Ges. Wien 36 : 473-527.

SMOLIKOVA L., 1967, Mikromorphologie der altpleistozinen Fossilboden von Cer-
veny kopec bei Brno (Briinn). Vést. ustf. Ust. geol. 42, 5 : 369-373.

--, 1972a, Zur Genese der Reliktbraunlehme im Bdhmischen Mittelgebirge. Cas.
Mineral. Geol. 17, 4 : 383-394.

—, 1972b, Mikromorphologische Charakteristik des mittelpleistozinen Bodenkom-
plexes in der Ziegelei von Dolni Kounice bei Brno. Vést. ustf. Ust. geol. 47,
4 :199-206.

—, 1974, K paleogeografickému a paleoklimatickému vyznamu ptd v kvartéru.
Acta Univ. Carol.,, Geographica (In press).

SMOLIKOVA L., LOZEK V., 1962, Zur Altersfrage der mitteleuropiischen Terrae
calcis. Eiszeitalter u. Gegenw., 13 :157-177.

STEJSKAL J., 1958, Zemé&délska geologie. CSAZV, Praha.

STEJSKAL J., PELISEK J., 1956, Lesnicka geologie. SZN, Praha.

TARAMELLI E. T. 1876, Alcune osservazione sul Ferreto della Brianza. Atti Soc.
ital. Sc. nat. 19 : 334.

VITASEK F., 1924, Nase hory ve véku ledovém. Sbor. &sl. Spol. zemépis. 30 : 13-31,
85-105, 147-161, 268-282.

WOLDSTEDT P., 1954, Das Eiszeitalter. Grundlinien einer Geologie des Quartirs.
Stuttgart.

ZEMAN A., 1972, Soucasny stav vyzkumu pleistocennich fluvidlnich sedimentu
v Dyjskosvrateckém uvalu a jejich problematika. Studia geographica 1-23, Brno.

9. 1. 1974

SMOLIKOVA L. (Katedra geologie piirodovédecké fakulty UK, Praha). Ke genezi,
viskytu a stdafi pad typu ferreto v Ceskoslovensku. Rostlinna vyroba (Praha) 20
(5) : 475-487, 1974.

Pudy typu ferreto se v Ceskoslovensku vyskytuji ve vét§im méiitku v Dyjskosvra-
teckému uvalu, a to jednak jako pudy fosilni, jednak jako reliktni. Jejich vyskyt je
zde vazan na povrch V. Stérkopiskové urovné (tzv. turanské terasy), ktera odpo-
vidd ,mladsim S§térkovym pokryvim® cirkumalpské oblasti a stratigraficky spada
do giinzu. Tvorba téchto ptid spadid tedy s nejvétsi pravdépodobnosti do cromerské-
ho interglacialu (G/M, stary pleistocén), vyznacujiciho se ve svém klimaoptimu vy-
raznym teplem a vlhkem, suchymi léty a teplymi, de$tivymi zimami. V tomto tep-
lém obdobi I. fadu se také jeSté naposledy tvorila na karbonatovych substratech
puda typu terra rossy a na spraSich a vulkanitech pidy typu braunlehmu a rot-
lechmu. Uvedené pudy nemaji analogie v mladSich teplych obdobich, z éehoz vy-
plyva, Ze posledni zvétravani, vedouci ke vzniku ,Cervenych ptd“ probihalo na roz-
hrani starého a stfedniho pleistocénu. — Ve smyslu Kubiény (1964) pak tyto
silné zvétralé a intenzivné zbarvené plidy odpovidaji submediteranni az subtropické
paleopedologické provincii.

stratigraficky vyznam pud; paleogeograficky vyznam pud; pudni mikromorfologie;
ferreto; braunlehm; terra rossa

CMOJIMKOBA JI. (Kadenpa reonoruu ecrectBeHHoro ¢akyiubrera K¥Y, Ilpara). K Bompocy re-
Hesnca, NMOABIEHHA M Boapacra moue tuma deppero B Uexocmoeakmu. Rostlinnd vyroba (Pra-
ha) 20 (5) : 475-487, 1974.

[Toussr THma Qeppero B UexocsoBakuu BCTpedaoTcs B 60iblIOM KoaudecTBe B JlbiiicKo-cBpaTel-
KOM IONWHe, a MMEHHO KaK OKaMeHeJble, TaK M peJHKTHble (OCTaBIIMECH C NApPEBHUX BpeMeH).
Hx mnosBneHue B NaHHOM MeCTe CBA3aHO C TOBEPXHOCThI0 V mjebHemecyaHOro ypoBHs (Tak Has.
TYpP)KaHCKOHM Teppachkl), KOTOpas OTBe4aeT «MOJONLIM IjefHeBHIM MOKPOBAM; LIMPKYMaJbICKOH 06-
nacTH crparurpaduuecku OTHOcATCa K rioHady. CienosarenbHo, ofpasoBaHue 3THX NOYB C BOJib-
WO BEpOATHOCTHIO OTHOCHTCA K KpoMepckoMy wunrepraauuany (G/M crapeiit mueiicrouen),
OTHH‘{ZJOH.!PU;‘ICH no caoeMy l(.TlHMaO'l'[THMyMy ABHBIM TEeMJOM H BJAXHOCTBIO, aacymnusmmu ro-
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naMi1 M TeNNsMM AOXKANHBLIMH 3uMaMu. B 3tor Temasiit mepwon | mopazka Takke emje mociei-
e:1i pa3 obfpasosbiBajsiach Ha KapOGOHaTHHIX cyfCcTpaTax mOYBa THMa Teppa pocca M Ha Jeccax
M BYJKaHHTax TOuBel Tuna 6paynneM u poriaeM. IlpuBeneHEHbie [IOYBHI HE HMEIOT AaHAJOTHIO
< 0osee MOJONBIX TeNJbIX NEPHONAX, OTKyda BBEITEKAeT, 4TO [OCHedHee BhIBETPHBAHMHe, Belyliee
& 06pas30BaHMIO (KPACHbIX MOYBY», NPOTEKAJO Ha TCpaHHIle CTapero u cpenHero mieicrouexa. Co-
rnacio Ky6ueny (1964) sTm cuipHO BRIBETpeHHBle W HHTEHCHBHO OKpAlIeHHBIE MOYBHI OTBEYAT
cybMenuTepaHHOH M Hake CyOTPONMYECKOH [IaJeONnOYBOBeNYEeCKO [POBHHIIMIM.

cipaturpaduyeckoe 3HaYeHHe IOYB; majeorpaduyeckoe 3Ha4eHUe [O4YB; MNOYBEHHAH MHUKPOMODPHO-
norus; $eppero; GpayHieM; Teppa pocca

Adresa autorky:

Doc. RNDr. Libuse Smolikova, CSc., Katedra geologie Prirodovédecké fakulty
Karlovy university, 128 43 Praha 2, Albertov 6
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FORSCHUNGSARBEITEN AUF DEM GEBIETE
DER BODENENTWICKLUNG, DER BODENPROFILFORMUNG
UND DER DARGESTELLUNG DER PEDOSPHARE IN DER CSSR

Die Bodenklassifikation und ihre Applikation entwickelte sich in nach-
stehenden Richtungen:

1. Die Systematik der Waldbdden wurde von Peli§ek ausgearbeitet;
dieser geht heraus aus der Klassifikation von einfachen und kombinierten
bodenbildenden Prozessen, von denen der wichtigste den Bodentyp und die
Bodenklasse, die Nebenprozesse, die Subtypen und Bodenformen bestimmen.
Dabei wird aus der Vorstellung tiber die verhdltnisméfig schnellen Ver-
inderungen der Bodentypen wahrend der Zeit herausgegangen.

2. Im Verlaufe der waldtypologischen Kartierung wurde von Houba
fiir unsere Bedingungen eine Bodenklassifikation adaptiert und eingefiihrt:
diese geht aus den Arbeiten von Kubiena und Miickenhausen heraus. Die
Klassifikationsysteme von Kubiena und Miickenhausen wurden von Geologen
und Geobotaniken verwendet.

3. Die bei der Kartierung von landwirtschaftlichen Bdden verwendete
Klassifikation begann mit den Arbeiten von Jurc¢a, man konfrontierte sie
mit den Erkenntnissen der Rekognoszierung der CSSR, mit Analysen aus-
Jandischer Erkenntnisse (Némecek, Jurc¢a) und man faBte sie zusammen
in drei Ausgaben der Kartierungsmethodik — die letzte vom Jahre 1967 von
Némecek und Mitarbeitern. Man geht heraus aus einer Gesamtheit dia-
gnostischer Horizonte und Merkmale, bei Berticksichtigung des polygenetischen
Charakters der Bodenprofile. Die Signatur der Horizonté ging heraus aus
der Arbeit von Jurca mit einer weiteren Ergidnzung und Vertiefung. Die
Klassifikation lost die Auffassung und Diagnostik der grundlegenden Stiitz-
einheiten -— Bodentypen und der niedrigeren Subtypen-Einheiten (im Grunde
Zwischentypen), Varietdten, Erosionsformen und lithogenen Varianten, die
die Klassifikation von Waldboden der Slowakei.

Saly 16st im engen Kontakt mit der angefiihrten Richtung der For-
schungsarbeiten iber die landwirtschaftlichen Boden die Klassifikation von
Waldbdden der Slowakei. *

Zur Vertiefung der Problematik der Bodenklassifikation und Bildung von
Voraussetzungen ihrer gesamtstaatlichen Vereinheitlichung trugen konkrete
Studien der Bodeneigenschaften, der Bodenareale und der bodengeographischen
Beziechungen sowie Analysen der auslidndischen Konzeptionen bei. Diese Ar-
beiten und die anwachsenden Anforderungen auf die Verbreitung der Klassi-
fikationsproblematik auf die Bodenareale, bodendkologische und agronomi-
sierte Standortseinheiten richteten die Aufmerksamkeit auf die Problematik
der Bodensystematikgrenzen.

Die Forschungsarbeiten wurde in nachstehenden Richtungen eingestellt:
1. Diagnose der Homogenitdt des Ausgangssubstrates der Bodenbildung und
aer Ergebnisse von langfristigen Teilvorgdngen der Umwandlung und Migration
von Stoffen im Bodenprofil, 2. Charakteristik der einzelnen Bodengruppen,
Substrate und der Bodendecke einzelner Gebiete, 3. Gewinnung von Grund-
erkenntnissen iiber die Feuchtedynamik der Béden und weitere dynamische
Parameter, 4. Bewertung von Strukturen der Bodendecke und Zusammen-
stellung von Bodenkarten 1 :200000. 1:500000 und 1:1 Mill., 5. Zusammen-
fassung der gewonnenen pedogenetischen Erkenntnisse, ihre Konfrontation,
Arbeiten an der einheitlichen Klassifikation und Bodenkarte der CSR.

Dr. Jan Némecek, CSc.




TECHNOLOGISCHE EIGENSCHAFTEN DER BODEN
DER WICHTIGSTEN SUBSTRATGRUPPEN

Z. FACEK

FACEK Z. (Institute of Soil Science, Praha-Ruzyné). Technological Characte-
ristics of the Soils of the Main Substratum Groups. Rostlinnd vyroba (Praha)
20 (5) :489-498, 1974.

More than 600 special probes from Bohemian and Moravian districts were
evaluated with respect to the technological properties of the soil horizons I
and II, as expressed by boundaries according to Atterberg. The following
factors were evaluated: the effect of the granularity spectre, especially the
content of the clay particles, the effect of the organic component, specificity
of the substratum, and soil development. Correlation coefficients were sought
and some anomalies were pointed out. In soils of a majority of substrata, the
content of humus increases with the content of clay particles. Humus content
is in a positive correlation with the values of the sticky limit. The clay
particles are in a negative correlation with the sticky limit up to the content
level of 3094, and with a higher humus content up to the clay content of
239%,. From this limit, the negative correlation becomes positive with an
increase in the clay content. Some results were also tested and compared with
more exact methods using rotatory viscosimeter and osmometer.

technological properties; limits of consistency; soil; soil-forming substrata;
humus; shearing stress; osmometry

Durch technologische Eigenschaften — Bodenkonsistenz — wird die Er-
scheinung der physikalischen Krifte, d. h. Kohédsion und Adhision, die im Boden
bei verschiedenem Feuchtigkeitsgehalt gemeinsam mit der Wirkung der unmit-
telbaren Gravitation und Tendenz der Bodenmasse an fremde Substanzen an-
zuhaften wirken, ausgedriickt. Die einzelnen Konsistenzgrenzen werden im
Wesen durch den Wassergehalt im Boden (in der Erdart) charakterisiert; nach
diesem verdndern sich die physikalisch-mechanischen Eigenschaften des Bodens.
Diese Verdanderungen sind bei schweren und mittleren Boden spezifisch, wogegen
sie bei leichten Boden nur beschriankt zum Vorschein kommen.

Eine sehr eingehende Einteilung der Methoden und Uberpriifung ihrer An-
wendbarkeit wurde von Bodman (1949) vorgenommen, wobei er im Grunde
aus Atterberg’s Konsistenzgrenzen, die weiter von einer Reihe der Autoren ver-
vollkommnet wurden, herausging. Durch die Entwicklung der Rheologie, die
einen Bestandteil der Physik bildet und sich mit Deformationen und mit dem
FluB der Masse befaBt, bietet sich die Applikation einiger Erkenntnisse und
Methoden in der Bodenphysik, denn die Bodenkonsistenz kann fiir einen Be-
standteil des breiten Bereiches der allgemeinen Rheologie gehalten werden.

MATERIAL UND METHODEN

Zu Analysen verwendete man Proben spezieller Sonden der Kreise Bohmens
und Méihrens (600), u. zw. den I. und II. Horizont und zwecks Illustration auch
das Bodensubstrat allein. Von den Proben beseitigte man den Teil des Mittelsan-
des (iiber 0,5 mm) und bestimmte die Grenze der Bindefdhigkeit, Klebefdhigkeit,
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die obere und untere Verflussigungsgrenze. die Geschmeidigkeitsgrenze und die
Plastizitiatszahl (Facek 1966).

Bei ausgewéhlten Proben bestimmte man die Schubspannung mit dem Gerat
,Rheotest II* bei der Konzentration der Wassersuspension von 10, 40, 50, 70 und
80", und vier Geschwindigkeiten von 1, 9, 81 und 243 Umdrehungen (Min-1), aus-
gedriickt in Dyn cm?. Gleichzeitig mall man den osmotischen Druck mittels des
Gerdtes ,Semimikroosmometer”, u. zw. aus 40, der Wassersuspension. Nach 24
Stunden Ruhepause wurde mit der Laborzentrifuge der Extrakt abgesondert, von
dem man 0,2 ml abpipettierte, fugte 1,5 ml 0O,N NaCl bei, schiittelte durch und
zwecks Messung pipettierte 0,15 ml in eine Kkryoskopische Kiivette ab. Die Ergeb-
nisse werden in m osm mol-? ausgedrickt. Die osmotisch aktiven Stoffe setzen
den Taupunkt proportionell zur Konzentration herab. Aus dieser Herabsetzung kann
demnnach der osmotische Wert berechnet werden. der ansonsten in Atmosphiren
engefiithrt wurde. Die Herabsetzung um 0.01 °C = Erhohung des osmotischen Druk-
kes um 0,021 Atu,

Bei der ersten mehr zusammenfassenden Bearbeitung der technologischen Bo-
deneigenschaften (Facek 1966) bewerteten wir das Material, neben der Spezilitit
der Substrate. hauptsdchlich mit Riicksicht auf den Bodenentwicklung. Wenn auch
die Ergebnisse sehr interessant waren, kKonnte man wegen der relativ geringen
Anzahl der Bodenreprisentanten in den ermittelten Werten keine gegenseitigen
Zusammenhidnge und Begriundung ihrer Frequenzen ausfindig machen. Die gegen-
wirtigen, verhadltnismiafBlig reichen Materialien gestatteten uns die Sortierung nach
der Zusammensetzung des Spektrums je nach der mechanischen Zusammensetzung,
vor allemm nach den Tonpartikeln und ferner nach dem Gehalt der organischen
Bodenmasse innerhalb der einzelnen Substratgruppen. Die Einreihung geschah nach
dem ansteigenden Gehalt an Tonpartikeln (unter 0,001 mm) und an feinem und
mittelmédBigem Schluff (0.001—0,01 mm) prozentisch geregelt nach der Zihlung der
abgesonderten Korner von 0,5—2,0 mm. Im Diagram (1) werden Durchschnittswerte
von zwei Frequenzen — niedrigerer und hoherer Gehalt der Tonkomponente —
angefiihrt. Bei der Teilung dieser zwei Bereiche erwogen wir nicht nur die Anzahl
der Fille, aber auch hauptsiachlich Veranderungen des Spektrums je nach der me-
chanischen Zusammensetzung, des Humusgehaltes und der Werte technologischer
Grenzen auf die Weise, damit die Ergebnisse reprasentativ im Rahmen der einzel-
nen bodenbildenden Substrate sind. Weitere grobere Komponenten des Kornungs-
spekirums zeigten sich durch ihren Gehalt — ihr gegenseitiges Verhiltnis — als
weniger entscheidend bis vernachlissigbar. Die Verteilung wurde vorgenommen
nach den im Ackerkrumenhorizont gewonnenen Werten und nach diesen wird auch
der sinkende Trend des Humusgehaltes und mit diesem Kkorrespondierende Folge
im II. Horizont eingereiht.

Gleichzeitig wurde die Auswertung einiger Beziehungen mit Hilfe von Korre-
iationskoeffizienten (Rod, Vagnerova 1958) durchgefiihrt.

ERGEBNISSE UND DEREN DISKUSSION

Bei der Bearbeitung der Teildiagramme der technologischen Eigenschaften
und entsprechenden Werten des Gehaltes an Tonpartikeln und weiteren Kom-
ponenten des Spektrums nach der mechanischen Zusammensetzung fanden wir
oft UngleichmaBigkeiten und von diesem Gesichtspunkt unbegriindete Verin-
derungen innerhalb der einzelnen Substratgruppen. Auch gelang es nicht, Zu-
sammenhénge mit der Bodengenese zu finden. Diese progressiven Veranderungen
wiesen jedoch auf einen sehr engen Zusammenhang mit dem Gehalt der orga-
nischen Bodenkomponente, u. zw. nicht nur im I, sondern auch im II. Horizon,
bei einem relativ niedrigen Humusgehalt hin.

Von diesem Standpunkt gesehen zeigte sich auch — siehe Diagramm 1 —
die Beziehung des Gehaltes an Ton oder der Tonpartikeln zum Humusgehalt.
Bei der Mehrheit der Boden steigt der Humusgehalt mit dem Tongehalt an. Ein
entgegengesetzter Trend erscheint bei Boden auf Glimmerschiefern und Phyllitten
(42), Schieferschichten des alteren Paldozoikums und Kulm (44), auf sauren
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Gesteinen von der Granitgruppe (37), algonkischen Schiefern und Grauwacken
(43), kalkfreien bis schwach kalkhaltigen Auen-Sedimenten (62) und auf Kar-
bonat-Hiangen (63). Wir sind der Meinung, daB3 die Begriindung nicht immer
nur in verschiedenen klimatischen Bedingungen und in der Hohe iiber dem
Meeresspiegel zu suchen ist (leichtere Boden des gegebenen Substrates in hohe-
ren Hohen, niedrigere Temperatur, hohere Feuchtigkeit, weniger intensive
Verdnderungen der organischen Masse), sondern in der Spezifitit des hydro-
thermischen Haushaltes.

Es ist interessant, daB z. B. bei Boden auf Paragneis (41) und Hangen aus
sauerem Material (63c) ein bedeutender Humusgehalt bei einem sehr niedrigen
Tongehalt besteht; es folgt eine Herabsetzung des Humusgehaltes bis zu 35 bis
37 % der Tonpartikel und von hier an nimmt der Humusgehalt zu. Ahnlich
verhalt es sich bei Boden auf Glaziofluvialem Schotter (60) wund kalkireien
Auen-Sedimenten (62). Bei Boden auf algonkischen Schiefern und Grauwacken
(43) ist zu Beginn mit zunehmendem Tongehalt eine Herabsetzung zu ver-
zeichnen und mit weiterem Anwachsen des Tons wird der Humusgehalt praktisch
nicht verandert. Der Verlauf des Humusgehaltes entspricht auch dem Verlauf
des Feuchtigkeitsgehaltes aller Konsistenzgrenzen.

Eine umgekehrte Kurve, d. h. zu Beginn ein niedriger, zur Mitte ansteigen-
der und wiederum sich senkender Humusgehalt besteht bei Boden auf Orthognei-
sen (39) und beeinfluBt ebenfalls in demselben Masse die Konsistenzgrenzen.
Dasselbe Bild ergeben auch Boden auf Perm (47), jedoch kommt es bei den
ersten drei Grenzen fast zu keinen Verdnderungen und im Gegenteil bei den
Verflussigungsgrenzen werden diese nach und nach mit ansteigendem Tongehalt
erhoht. Eine weitere Unregelmafigkeit des Humus und der Grenzen besteht bei
Boden auf dem Paldozoikum und Kulm (44), wo mit dem sich senkenden Hu-
musgehalt und ansteigendem Tongehalt die Werte der Konsistenzgrenzen anstei-
gen, ausgenommen die Klebefahigkeitsgrenze, die im Gegenteil herabgesetzt wird.
Ahnlich verhilt es sich bei Karbonat- und basischen Hangboden (63). Auch beim
limnischen Tertiar (51) und Kreidematerialien (16) und stark kalkhaltigen
Gesteinen (1) wachsen die Werte der Konsistenzgrenzen in einem hoheren
Mafle mit dem Tongehalt an und allein die Klebefahigkeitsgrenze wachst sehr
langsam.

Die Beziehung des Humus zu Werten der Klebefdhigkeit wird im Diagramm
2 (H) veranschaulicht. Im Ackerkrumenhorizont (O) bei einem niedrigeren Ton-
gehalt (1) ist die Abhéngigkeit hoher; dies bedeutet, dafl der Tongehalt die
Klebefahigkeitsgrenze herabsetzt. Dasselbe, allerdings weniger ausgepragt, be-
statigt auch das Bild im II. Horizont bei einem insgesamt niedrigeren Humus-
gehalt und hoheren Tongehalt (2—P). Demnach kann eine fast lineare Ab-
hangigkeit gefunden werden.

Das Diagram 2 (]J) weist auf die Abhingigkeit des Tongehaltes von der
Klebefahigkeitsgrenze hin. In beiden Fallen senken sich im I. Horizont (O)
und im II. Horizont (P) mit zunehmendem Tongehalt die Werte der Klebefhig-
keit. Bei einem niedrigeren Tongehalt (1) geschieht dies viel frither (allgemein
niedrigere Humuswerte — mehr Fille — der Ton mehr entbloft), aber bei
rd. 23 % Ton wendet sich die Kurve in positiver Korrelation, wogegen im II.
Horizont (P) erst dann, wen der Tongehalt die Grenze von 30 % iibersteigt.

Es besteht eine sehr signifikante Abhiangigkeit der Klebefahigkeitsgrenze
vom Humusgehalt bei Boden auf LéBlehm (57) (jedoch nicht auf LoB), auf dem
Kristallinikum, Hangbdden, Perm und basischen Eruptionen. Auch die iibrigen
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1. Durchschnittswerte des Humusgehaltes, der Partikel unter 0,001 mm, 0,001—0,01
mm und der Konsistenzgrenzen nach Atterberg.

O = I. Bodenhorizont,

P = II. Bodenhorizont,
J = Ton,

H = Humus,

T = Konsistenzgrenzen.

Obere Kolonnen:

Die erste Kolonne vom Paar bedeutet den niedrigeren Durchschnittsgehalt an Ton-
partikeln;

schwarz ausgefiillte Kolonne = Humusgehalt in %;

erster Teil der leeren Kolonne + Gehalt an Tonpartikeln (< 0,001 mm in 9);
zweiter (oberer) Teil der Kolonne = Gehalt an Partikeln des feinen und mittleren
Schluffes (0,001 — 0,01 mm) in 9.

Untere Kolonnen:

erster Teil der leeren Kolonne = Bindefidhigkeitsgrenze in 9, der Feuchtigkeit;
zweiter Teil (unterbrochene Linie) = Klebefihigkeitsgrenze in 9, der Feuchtigkeit;
schwarz ausgefiillte Kolonne = Geschmeidigkeitsgrenze + untere Verfliissigungs-
grenze = Umfang der Plastizititszahl in 9, der Feuchtigkeit;

unterer Teil der leeren Kolonne = obere Verfliissigungsgrenze in %, der Feuchtig-
keit;

Deckungszahlen der Substrate:

27 — Terrassen aus liberwiegend Karbonat - Material,

38 — neutrale Gesteine der Granitgruppe,

50 — neogene Terrassen — Schottersande,

53 — Karpaten - Flysch,

72 — &#olische Sande;

die iibrigen Substratzahlen werden im Text-Teil erlautert.

Primérné hodnoty obsahu humusu. ¢astic mens$ich nez 0,001 mm, 0,001—0,01 mm
a konzistenénich mezi podle Atterberga.
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I. ptdni horizont,
II. padni horizont,
i,

humus,
konzisten¢ni meze.

Hm="O0
| T (A 1

Horni sloupce:

prvy sloupce z dvojice znaéd¢i niz$i priumérny obsah jilnatych ¢&astic;

¢erné vyplnény sloupeéek = obsah humusu v %;

prvy dil prazdného sloupce = obsah éastic jilu (< 0,001 mm) v %;

druhy (vrchni) dil sloupce = obsah ¢éastic jemného a stfedniho prachu (0,001—
0,01 mm) v %,

Dolni sloupce:

prvy dil prazdného sloupce = mez spojivosti v 9/, vlhkosti;
druhy dil (preru$ovana ¢ara) = mez lepivosti v 9, vlhkosti;

¢erné vyplnény sloupecek = mez vlaénosti + dolni mez ztekuceni = rozsah ¢isla
plasti¢nosti v ¢, vlhkosti;
posledni dil prazdného sloupce = horni mez ztekuceni v 9 vlhkosti.

Kryci ¢isla substratua:

27 = terasy z prevazné karbonatového materialu,
33 = neutralni horniny skupiny Zzul,

50 = neogenni terasové Stérkopisky,

53 = Karpatsky flys,

72 = vaté pisky;

ostatni c¢isla substratt jsou vysvétlena v textové casti

Grenzen stehen in enger Beziehung zum Humusgehalt, vor allem die Geschmei-
digkeitsgrenze, weniger die Plastizitdatszahl, wo dhnlich wie bei der Bindefdhig-
keitsgrenze und oberen Verfliissigungsgrenze sich auch der hohere Tongehalt
durchsetzt. Auch Tschapowskij (1958) fihrt an, daBl die Verfliissigungs-
grenzen und die Plastizitdtszahl die mineralische Zusammensetzung, den Disper-
sionsfahigkeitsgrad u. dhnl. aufzeigen. Die Bestimmung der Plastizitdt paralell
mit der Bestimmung des Tongehaltes gestattet, bestimmte Kennwerte zu ge-
winnen, die die Hydrophilitdt der Tonfraktion und ihre kolloidale und physika-
lisch-chemische Eigenschaften charakterisieren. Keen und Coutts (Baver
1956) fithren im Gegenteil eine positive Korrelation zwischen der Klebefdhigkeit
und dem Tongehalt an. Bei Boden mit einem Gehalt an organischer Masse ge-
langten sie zum Korrelationskoeffizienten 0,317 (dies ist eine niedrige Kor-
relation) und nach ihrer Beseitigung (durch Oxydation) erhohte sich der Koeffi-
zient bis auf 0,675. Wir sind der Meinung, daB diese Abhingigkeit- wie wir
feststellen konnten- siehe Diagramm 2, bei einem Gehalt an Tonpartikeln iiber
30 % giiltig ist.

Zwecks Illustration fithren wir Korrelationskoeffizienten bei Boden von drei
charakteristischen Substratgruppen an; siehe Tafel I. Boden auf Kreidemergel
(16) und Paragneisen (41) haben einen annihernd denselben Humusgehalt,
jedoch das Substrat 16 besitzt einen fast dreifachen durchschnittlichen Tongehalt.
In beiden Fillen steht der Humusgehalt zur Hohe der einzelnen Grenzen in einer
hoch signifikanten positiven Korrelation, ausgenommen, wie hoher angefiihrt,
die Bindefdhigkeitsgrenze und Plastizitdtszahl, die bei der Gruppe 16 im II.
Horizont sogar eine unsignifikante negative Korrelation aufweisen. Die Be-
ziehung des Tongehaltes zu den Konsistenzgrenzen ist beim Substrat 41 signifi-
kant nur bei sehr niedrigen Tonwerten (I. Horizont), u. zw. nur bei der
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2. Die Abhingigkeit der Werte der Klebefidhigkeit vom Gehalt an Ton (J) und
Humus (H).

O = 1. Horizont,

P = II. Horizont,

1 = niedrigerer Durchschnittsgehalt an Tonpartikeln,
2. = hohere Durchschnittsgehalt an Tonpartikeln,

ML = Klebefihigkeitsgrenze in 9 der Feuchtigkeit.
Zavislost hodnot meze lepivosti na obsahu jilu (J) a humusu (H).

O = I. horizont,

P = II. horizont,

1 = nizsi pramérny obsah c¢astic jilu,
2 = vy$si prumérny obsah ¢astic jilu,
ML = mez lepivosti v %, vlhkosti

unteren Verfliissigungsgrenze, Klebefahigkeitsgrenze und Plastizitdtszahl, woge-
gen die iibrigen Grenzen sogar in negativer Korrelation stehen. Bei der Gruppe
16 — relativ hohem Tongehalt — besteht eine hoch signifikante Uberein-
stimmung, wie erwartet werden konnte, bei der oberen Verfliissigungsgrenze, Bin-
defdhigkeitsgrenze und bei einem hoheren Tongehalt als 30 % auch bei der
unteren Verfliissigungsgrenze und signifikante Ubereinstimmung bei der Klebe-
tahigkeitsgrenze. Bei der Plastizitatszahl wird die Korrelation nicht bestatigt.
Dies hiangt mit dem Umstand zusammen, daf} die beiden Verfliissigungsgrenzen
sich mit dem Gehalt an Ton im groflen und ganzen gleichmiBig erhohen.

Bei Boden auf LoB (24) besteht infolge des insgesamt relativ geringen
Humusgehaltes und hauptsdchlich des Unterschiedes zwischen den einzelnen
Repriasentanten eine Abhangigkeit von den Konsistenzgrenzen nur im I. Ho-
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1. Korrelationsbeziehungen des Humus, Tons und der Konsistenzgrenzen. — Kore-
la¢ni vztahy humusu, jilu a konzisten¢nich mezi
Boden auf Kreidemergel im Bohmischen Massiv (16)
Korrelationskoeffizient » 0,42 hoch signifikant = v
r 0,33 signifikant = p
. |
Horizont Humus in 9 ;
Durchschnittsgehalt HMZ | DMZ | ML MV MS cp
Umfang
I 3,22 5,5—1,2 0,54v | 0,55v | 0,45v | 0,96v | 0,24 l 0,05
11 1,44 2,9-04 0,48v | 0,500 | 0,40p | 0,35p | 0,36p | 0,18
Ton-Durchschnittsgehalt in ¢ ’
I 27,5 0,54v | 0,29 0,29 0,21 0,81z | 0,30
|
I 344 0,920 | 0,732 | 0,36p | 0,27 | 0,450 | 0,22
Boden auf Paragneis (einschlieSlich Glimmerschiefer-Gneis) (41)
Korrelationskoeffizient » 0,36 hoch signifikant = v
r 0,28 signifikant = p
Horizont Humus in 7,
Durchschnittsgehalt HMZ | DMZ | ML MV | MS Cp
Umfang
I 3,78 7,6—1,9 0,360| 0,71v| 0,71»| 0,71v| 0,34p| 0,16
11 1,48 3,7—0,6 0,75v| 0,500 0,70v| 0,68v| 0,23 0,38
Ton-Durchschnittsgehalt in 9,
I 10,8 —0,18 0,29p| 0,32p| —0,28p| —0,33p| 0,38v
II 12,6 ~0,15| 0,13 | 0,08 | 009 | 0,12 |—0,10
Boden auf L68 (24) — Korrelationskoeffizient r 0,54 hoch sign. = v
r 0,42 sign. = p
Horizont Humus in 9,
Durchschnittsgehalt | HMZ | DMZ ML MV MS cr
Umfang i i
1 231 34—1,3 0,27 0,49p| 0,36 0,52p| 0,700 0,44p
IT 1,48 2,4—0,4 —0,16 | —0,07 0,22 0,12 | —0,16 0,08
Ton-Durchschnittsgehalt in 9,
I 20,1 0,48p! 0,77v| 0,30 0,25 0,62v| 0,77v
1I 26,7 0,61v| 0,79v| —0,08 | —0,14 0,42p| 0,800
HMZ = obere Verfliissigungsgrenze; DMZ = untere Verflissigungsgrenze; ML =

= Klebefihigkeitsgrenze; MV = Geschmeidigkeitsgrenze; MS = Bindefdhigkeitsgrenze;

CP

Plastizitdtszahl.
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3. Schubspannung und osmotischer Druck.

Oberer Teil der Kolonne:

schwarz ausgefiillte Kolonne + Gehalt an Humus in %;

erster Teil der leeren Kolonne + Gehalt an Tonpartikeln (0,001 mm) in %;
zweiter (oberer) Teil der Kolonne = Gehalt an Partikeln des feinen und mittleren
Schluffes (0,001—0,01 mm) in 9;

breite, schwarz ausgefiillte Kolonne = osmotischer Druck.

Unierer Teil der Kolonne:

erster Teil der leeren Kolonne = Bindefidhigkeitsgrenze in 9, der Feuchtigkeit;
zweiter Teil (unterbrochene Linie) = Klebefihigkeitsgrenze in %, der Feuchtigkeit;
schwarz ausgefiillte Kolonne = Geschmeidigkeitsgrenze + untere Verflissigungs-
grenze = Umfang der Plastizititszahl in 9, der Feuchtigkeit;

unterer Teil der leeren Kolonne = obere Verfliissigungsgrenze in 9, der Feuchtig-
keit.

CMd = degradierte Schwarzerde,

IIMi = illimerisierte Parabraunerde (Fahlerde),

LP¢ = Schwarzerde — Auenboden,

RAg = Rendzine — Pseudoglei,

CMi = illimerisierte Schwarzerde (Fahlerde),

[IP(g) = brauner Boden, schwacher Pseudoglei,

16 = Kreidemergel im Bohmischen Massiv,

41 = Paragneis,

24 = Lo8.

Smykové napéti a osmoticky tlak.
Horni ¢ast sloupce:
éerné vyplnény sloupeéek = obsah humusu v 9;
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prvy dil prazdného sloupce = obsah ¢astic jilu (< 0,001 mm) v 9;

druhy (vrchni) dil sloupce = obsah éastic jemného a stfedniho prachu (0,001 aZ
0,61 mm) v %,

Siroky, ¢erné vyplnény sloupec = osmoticky tlak.

Dolni ¢éast sloupce:

prvy dil prazdného sloupce = mez spojitosti v 9, vlhkosti;

druhy dil (pferuSovana ¢ara) = mez lepivosti v ¢, vlhkosti;

c¢erné vyplnény sloupeéek = mez vla¢nosti + dolni mez ztekuceni = rozsah cisla
plasti¢nosti v %, vlhkosti;

posledni dil prazdného sloupce = horni mez ztekuceni v 9, vlhkosti.
CMd = d¢ernozem degradovang,

HMi = hnédozem illimerizovana

LP¢ = luzni puda ¢ernozemni,

RAg = rendzina oglejena,

CMi = ¢ernozem illimerizovana,

HP(g) = hnéda puda slab& oglejeni,

16 = kridové sliny v Ceském masivu,

41 = pararuly,

24 = spraSe.

rizont, u. zw. groBtenteils eine nur signifikante. Viel ausgepragter ist die Ab-
hdngigkeit vom Tongehalt, besonders zur Plastizitdtszahl und zur unteren Ver-
fliissigungsgrenze. Die Beziehung zur Klebefdhigkeitsgrenze, wie erwartet werden
konnte, zeigt sich auch zum Humusgehalt nicht.

Die Tatsache, daBl den technologischen Eingenschaften der Boden in den
letzten Jahrzehnten eine stets geringere Aufmerksamkeit gewidmet wird, ergibt
sich daraus, daB3 durch die Konsistenzgrenzen nicht immer ihr objektiver Wert
nachgewiesen werden kann. Aus diesem Grunde verwendeten wir orientierungs-
mifBig eine exaktere Methode, u. zw. die Bestimmung der Schubspannung, die
wir, um Werte bei hoheren Konzentrationen besser beurteilen zu konnen, durch
die Ermittlung des osmotischen Druckes erganzt haben. Im Diagramm 3 fiihren
wir, um Werte bei hoheren Konzentrationen besser beurteilen zu kénnen, durch
sich senkenden Humusgehalt (16, 24). Bei niedrigeren Konzentrationen der
Suspension (90, 60, 50 % Wasser) zeigt sich eine sehr dhnliche Tendenz der
Werte mit Konsistenzgrenzen (obere und untere Verfliissigungsgrenze). Durch
hohere Konzentrationen differenzieren sich die einzelnen Substrate ziemlich
deutlich. Besonders ausgepragt unterscheiden sich Boden auf LoB (24) — durch
bedeuted niedrigere Widerstandswerte mit dem Anwachsen von Lof bei her-
absetzendem Gehalt und Qualitit von Humus (von CMd = degradierte Schwarz-
erde — zu HMi = illimerisierte Parabraunerde) unter gleichzeitigen Anwachsen
des osmotischen Druckes. Innerhalb der einzelnen Bodenreprasentanten bei der
Gruppe Nr. 16 sind die Werte sowohl vom Tongehalt, als auch von der Héhe
des osmotischen Druckes abhingig. Der hohe Humusgehalt macht sich positiv
geltend nur bei maximalen — kritischen Zustinden der Gleitreibung. Bei der
Gruppe Nr. 41 ist bereits der sehr hohe anfangliche Gleitwiderstand &auBerst
charakteristisch.

Diese einige Uberpriifungs-Ermittlungen gestatten uns, die Hypothese auf-
zustellen, daB durch diesen Vorgang — bei geeigneten Konzentrationen und
Schnelligkeiten — die Moglichkeit bestehen konnte, bis zu einem bestimmten
MaBe die technologischen Bodeneigenschaften zu objektivieren und zu quanteln.
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FFACEK Z. (Pudoznalecky ustav, Praha-Ruzyné). Technologické vlastnosti pud hlav-
nich substratovych skupin v CSR. Rostlinnad vyroba (Praha) 20 (55) : 489-498, 1974
Bylo vyhodnoceno vice neZ 600 specidlnich sond okrestt Cech a Moravy s ohledem
na technologické vlastnosti I. a II. pidniho horizontu, vyjadiené mezemi podle At-
terberga. Byl posuzovan vliv zrnitostniho spektra, predev§im obsahu é&astic jilu,
vliv organické slozky, specifita substratu a vyvoj pudy. Byly hledany korela¢ni
vztahy a bylo poukazéno na nékteré anomadlie. U pud vétSiny substrati stoupa ob-
sah ‘humusu s obsahem ¢astic jilu. Obsah humusu je v pozitivni korelaci s hodno-
tami meze lepivosti. Castice jilu jsou v negativni korelaci k mezi lepivosti do ob-
¢ahu 309 a pfi vy$$im obsahu humusu do 239, obsahu jilu. Odtud se vzestupem
obsahu jilu se méni negativni korelace v pozitivni. Nékteré vysledky byly ovéro-
vany a srovnavany téZz s exaktnéj$imi metodami pomoci rotaéniho viskozimetru
a osmometru.
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6epry. Taxke OLIEHHMBAjOCh BIMAHHME BEPHHUCTOTO CIEKTPA, IpeXIe BCErO CONePKaHUA UYacTHI[
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Gonee Bricokom comepxaHum rymyca no 23 0y comepxanus umna. Orcioma ¢ pocTOM comepKaHMS
WJa OTpHIaTeNbHAadA KOPPEJALMs NEPeXONHT B MOJOXKHTeNbHylo. HekoTopnie pesaysibraTnl 6biau
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INFILTRATION AS THE TWO PHASE IMMISCIBLE FLOW
IN A SWELLING SOIL

V. KURAZ, M. KUTILEK

KURAZ V., KUTILEK M. (Department of Hydro-Amelioration, Technical Uni-
versity, Praha). Infiltration as the Two Phase I'mmiscible Flow in a Swelling
Soil. Rostlinna vyroba (Praha) 20 (5) : 499-507, 1974.

The comparison of the infiltration of water and of the infiltration modelled
as the two phase (water and air) immiscible flow in swelling bentonite has
been accomplished. The soil moisture profiles have a regular form; however,
the front of wetting was diffuse when the air pressure increased ahead of
the wetting front. In both cases, the variation of bulk density inside of the
soil column was observed. In the soil column provided with the free escape
of air ahead of the wetting front (infiltration as the one phase flow), the
increase of bulk density roughly on the position of wetting front was less
significant, while this increase was well pronounced in the soil column
where the increase of the air pressure developed during the infiltration. The
phenomenon is formulated as the moving barrier which is characterized by
the rate roughly identical with the rate of advance of the wetting front and
by the gradually increasing hydraulic resistance. The extent of this pheno-
menon will probably depend upon the overburden pressure in addition to the
soil properties.

infiltration; bulk density; air pressure; swelling soil

Until recently, an ever increasing attention has been paid to the flow of water in
inert unsaturated soil and to the endeavour of the analytical solutions of flow and their
experimental tests in that inert materials. Flow of water and thus induced change of the
soil moisture was formulated as the one-phase transport or at least as the transport
of water vapour and liquid water while the transport of the soil air as the immiscible
gaseous phase was usually neglected. While the theory of flow of water in the inert
stable soil has been well developed, if formulated as the one-phase transport, many
problems arise when the two phase immiscible flow (water and air) in swelling soils is
considered.

Regarding the two phase immiscible flow in the inert soil, Young and Peck
(1964) discussed infiltration supposing the increasing air pressure ahead of the wetting
front. The analytical solution of the problem in the homogeneous soil was done by
Brustkern and Morel — Seytoux (1970). The analytical results of the dependence
of the infiltration rate upon the time including rate minima due to the increased air
pressure and “peaks” owing to the air escape (when the air entry value was reached)
was confirmed by the experimental results of KurdZ and Kutilek (1970). The
two-phase immiscible infiltration in the layered soils was experimentally tested by
Vachaud et al. (1972).

Terzaghi (1925) formulated the problem of the swelling of soils, Smiles and
Rosenthal (1968) and more generally Philip (1969) dealt with the flow of water
in swelling soils while the last author discussed in detail the hydrostatics and the concept
of the potential in swelling soils, too. Philip’s (1969) definition of the potential in
swelling soil was confirmed by Groenewelt and Bolt (1972) while Kutilek (1973)
included the additional term to the potential. Some physical principles of flow of water
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in swelling as well as in shrinking soils have been discussed by Dolezal and Kutilek
(1972) while Dolezal (1973) tried to extend the problem of flow in the swelling scil
to the two-phase flow. The experimental tests of flow — mainly infiltration — in swelling
soils were performed by Collis-George and Lal (1970) and by Collis-George
and Laryea (1971). However, the combined phenomena, i. e. the increased air pressure
ahead of the wetting front in swelling soils have not yet been studied and it is the object
of this paper to present the first experimental results on the problem.

THEORY

In deriving the description of flow of water and air in the swelling soil, we start with flow
in the inert, stable soil. The Darcy’s equation is expressed in the form
Ki(C))
0i &
where v; is the flow rate of the i-th phase
K; is the i-th phase conductivity functionally dependent upon C;
C; is the concentration of the 7-th phase
pi is the partial pressure of corresponding phase
p: is the density of i-th phase
g is acceleration due to gravity
z 1is the vertical coordinate positive downward

i =

7]
o7 (i — 0ig2) (1)

The equation of continuity for compressible fluid is
7 d
W (Qi C[) + W (Qz 'Uz) =0 (2)
where 7 is time.
Instead of Euler’s coordinate system, the Lagrangian material coordinates are used
z
dm = J (1 —n)dz 3)
Zo

where 2z, is the reference point outside the system
n is the porosity

Further on, the total pressure o and the effective presure ¢’ together with the overburden
potential Q (Philip 1969) are introduced and the set of five equations describing the flow is
obtained (Dolezal 1973) in the form:

TmeTh @
(pl—pz—q)glg)%gtx:,,% "

%=(1—n) 3‘3'1 [Kl(l—n)(%+glg)]_ l(iln% ©
8(502;71) _ 3(%2,,01) =(1—n) aam [pz K1 — n) %i;{] _ ﬂ__;l Ed?rtz o

dm ®

(T=O‘i+ggsn1'+‘g91flc_‘ln

(]
where index 1 denotes water
index 2 denotes air
index s denotes solid phase
@ is the soil water potential as developed for inert materials
0; is the surface load
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Further on, instead of C, the symbol @ will be used to denote the soil moisture in accordance with
soil physics. Even if some simplified assumptions were used in the development of the equations (4)
10 (8), the use of these equations for further analytical procedure is not possible. Because of the
complexity of the solution of the problem, and considering the lack of experimental data in this
field, we decided to perform the experiments where the following data were read: the air pressure
5(2), soil moisture Gz, z), bulk density 0s(¢, z), position of wetting front z(z), cumulative infil-
tration /(z) from which the infiltration rate can be obtained, v; = dI/d:.

MATERIAL AND METHODS

The air dry commercial ground bentonite from Vysoké Trebusice (399, of particles < 0.01
mm) has been used. Bentonite was uniformly packed in glass tubes of ID = 4,0 cm and of 100 cm
length. The initial bulk density was ¢ = 1.18 g . cm~2 in all columns, initial uniform moisture
was @; = 17, (the air dry moisture). The uniformity of the bulk density was controlled by the
resonance — capacitance soil moisture meter (Kuraz et al. 1971). Two types of experiments were
performed. In the first type, the bottom of the column was closed thus not allowing the free escape
of the soil air. The air pressure inside of the column, particularly at the lower end, was measured
by the differencial manometer. In the second type, the free escape of the soil air was allowed
through the free contact of soil at the bottom of the column with the atmosphere. It was supposed
in this case, that the air pressure ahead of the wetting front was negligibly different from the
atmospheric air pressure. Distilled water with toluene was used for infiltration test. The in-
filtration was performed at zero head on the top surface using Mariotte — burettes. The inflow
was provided with the sintered glass No 2 of negligibly low hydraulic resistance and it was loaded
to prevent the upheaval of the surface during experiments. The cumulative infiltration, the advance
of the wetting front and the air pressure were measured continuously during the experiments.
The soil bulk density and soil moisture were obtained using the combination of the gravimetric
and resonance — capacitance methods: As the indirect methods of the soil moisture measurements
are very sensitive against the soil bulk density, the moisture was determined gravimetrically, and
the combined effect of bulk density and soil moisture was read during infiltration using the re-

Bentonite f (€&)

os in ranges 0.65-130

20 30 40 50 60 70 80 S0 100 € [%]

1. Calibration curves of the dependence of moisture @ (%, by weight) upon the
resonance frequency f (MHz) for bentonite at bulk density ps in ranges from
0.65 g.cm~3 to 1.3 g.em~-3. — Kalibraéni kiivka — zavislost vlhkosti 6 (%, vah.)
na resonan¢ni frekvenci f (MHz) pro bentonit objemové hmotnosti ps v rozmezi
od 0,65 g.cm~% do 1,3 g.em—3
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sonance — capacitance soil moisture meter. Soil moisture distribution was determined gravi-
metrically after the end of each experiment when the columns were cut. For the resonance —
capacitance method, eight calibration curves were prepared using bulk density in ranges from
0.650 g . cm~%to 1.3 g . cm~3 (Fig. 1). Using the soil moisture data from the gravimetric method,
the bulk density according to the resonance — capacitance reading was determined.

DISCUSSION

Infiltration in the swelling soil studied as the two-phase immiscible flow shows
certain deviations from the one phase flow in the inert stable soils. To demonstrate
these deviations, we shall distinguish — according to the experiments — between
infiltration when the air flow can be neglected (as the working approximation) and the
infiltration when the escape of soil air ahead of the wetting front is hindered.

a. INFILTRATION WITHOUT ESCAPE OF AIR AHEAD OF THE WETTING
FRONT

Results of experiments are plotted in Fig. 2, 3, 4 and 5. As it follows from Fig. 3,
curve a, no discontinuity was observed in the dependence of the cumulative infiltration I
upon time t. It is due to the fact, that the air pressure ps ahead of the wetting front was
continuously increasing during the infiltration and did not reach the air entry value of
bentonite during the experiment, see Fig. 5. The slight fluctuations of experimental

i bentonit
Q(2)

oty = 330,790 min
+tp = 548230 min

¢ (9/cm3]

115
11
7 [15) SR foeipee s e

10 +— /O/ [e]
095 + _Qz—f—”"'—{

09 t*

1 | 1 | L =
20 40 60 80 z [ecm] 100

2. Distribution of moisture 6 (%, by weight) and of the bulk density ps (g.cm-3)
along the z-axis at two time intervals during the vertical infiltration of water in
the bentonite column with the closed bottom end, i. e. no escape of the soil air
ahead of the wetting front occurred. — Rozd&leni vlhkosti 6 (9, vah.) a objemové
hmotnosti ps (g.cm-3) podél osy z pro dva éasy b&hem vertikdlni infiltrace vody
v sloupci bentonitu s uzavienym koncem sloupce, tzn. bez moZnosti uniku ptdniho
vzduchu pred ¢elem zvlhéeni
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points ps(7) are owing to the fluctuations of the atmospheric pressure during the expe-
riments. The curve of the position of the wetting front 27 in dependence upon time ¢
(Fig. 4, curve a) has a similar shape as the curve of the cumulative infiltration.

In Fig. 2, the distribution of the moisture @ and of the soil bulk density ¢ along the
the z-axis at the two time intervals (z; = 330.790 min. and 72 = 584.230 min.) are plotted.
Even when the surface was loaded to avoid the upheaval, the surface moved upwards
due to the swelling during the initial period of infiltration, practically in time period
between zero and 10 cm position of the wetting front. The upheaval was 0,9 cm and
later on the surface was kept on the constant elevation. The distribution of the bulk
density is very instructive and surprising, since roughly at the position of the wetting
front, the bulk density reaches its maximum value higher than the initial bulk density.
The increase of bulk density is apparently the result of two factors, the swelling of the
soil above the wetting front and the overburden pressure (weight of the overlaying soil,
surface load and friction at the walls of the cylinder) which hinders the upheaval of the wet
soil.

Let us consider the element of the height dz of the three-phase system at a sufficiently
great distance below the wetting front. The bulk density of this element is equal to the
initial bulk density, os;. When the wetting front approaches, the outside part of the
systems performs work 4=’ upon the element increasing its bulk density up to the maxi-
mum value o5 max = 0si. Wetting front reaches the element and the gradually increasing
swelling pressure is acting against the forces causing the compression of the element.
The element’s bulk density starts do decrease and the element performs work A"
upon the outside part of the system. As the overburden pressure prevents the wet soil
from the upward lift and the swelling pressure prevents the upper wet part of the soil
from the compression, work A='’ acts upon the compression of the next lower elements.

30—
s 0
S a) Closed col, - i
E§ L sed column - no escape of air
250 @ Open column - free escape of air 5)
20~
15+
10+~ |
|
om0 @
: QO =00— " T~
51 E— L
——0"
o,.-OO’
~T
a | 31 I 1 |
5.10% 10.10° 15.10° 2010°  t/min]  2510°

3. Cumulative infiltration I (cm) against time t (min.) in bentonite. a. without the
escape of soil air (closed bottom end), b. with free escape of soil air (open bottom
end of the column). — Zavislost kumulativni infiltrace I (cm) na ¢ase t (min.)
v bentonitu. a. bez moZnosti uUniku puadniho vzduchu (uzavieny spodni Kkonec
sloupce), b. s volnym uUnikem pudniho vzduchu (otevieny spodni konec sloupce)
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Position of the wetting front z; (cm) in time t (min.) during the infiltration in

bentonite; a. without the escape of soil air (closed bottom end), b. with the free

escape of soil air (open bottom end of the column). — Zavislost postupu c¢&ela
zvlhéeni z; (cm) na ¢ase t (min.) béhem infiltrace v bentonitu; a. bez moZnosti
Uniku pudniho vzduchu (uzavieny spodni konec sloupce), b. s volnym unikem vzdu-
chu (otevieny spodni konec sloupce)
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. Air pressure p2 (mbar) ahead of the wetting front in {ime t (min.) during the

infiltration in bentonite with the closed bottom end of the column. — Tlak vzduchu
72 (mbar) pred ¢elem zvlhéeni v zavislosti na ¢ase t (min.) b&éhem infiltrace v ben-
tonitu s uzavienym koncem sloupce
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6. Distribution of moisture # (9, by weight) and of the
bulk density of soil s; (g.cm—3) along the z axis at two
time intervals during the infiltration of water in bento-
nite column with the open bottom end, i. e. free escape
of the soil air existed. — Rozdé&leni vihkosti € (9, vah.)
a objemové hmotnosti g: (2.cm~3) podél osy z pro dva
c¢asy béhem infiltrace vody do sloupce bentonitu (s otevie-
nym koncem sloupce), za predpokladu existence volného
uniku plidniho vzduchu

The bulk density of element in consideration decreases to the minimum value, 95 min <<
< p; which seems to be kept constant during further infiltration. Note that A’ << A"
and that the “peak” in bulk density has the increasing value with depth, d 05 max/dz > 0.

Rate of advance of this bulk density “peak™ is roughly identical with the rate of
advance of the wetting front and the increased bulk density results in the decreased
hydraulic conductivity on the wetting front. The phenomenon can be formulated as the
moving barrier which is characterized by the rate roughly identical with the rate of the
advance of the wetting front and by the gradually increasing hydraulic resistance R(z).

For the quantitative description we lack, however, the directly measured data on
friction of soil on the walls of the cylinder and on the distribution of air pressure and
suction along the z-axis.

b. INFILTRATION WITH FREE ESCAPE OF AIR

Results of experiments are plotted in Fig. 3, 4 and 6. When compared with the above
described infiltration without the escape of air ahead of the wetting front, following
conclusions are formulated:

The infiltration rate and the advance of the wetting front are extremely retarded
owing to the action of the compressed air ahead of the wetting front, see the Fig 3 and 4.
The profiles of the soil moisture distribution resemble the classical “box” profile in
case (b), while in the first type of experiments with compressed air, the wetting front
was diffused, compare the Fig. 2 and 6. The variation of bulk density, especially the
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increase of os roughly at the position of the wetting front was less pronounced than
in the case (a) and the maximum value of g; is above the wetting front. It means that
tth phenomenon of the moving barrier of increased hydraulic resistance still exists,
but in a less distinct form and its significance can be considered as negligible in practical
applications.

CCNCLUSIONS

If the infiltration of water in swelling soils is formulated as the two phase immiscible
flow with rising air pressure ahead of the wetting front, a new effect of variation of bulk
density inside of the soil column has to be considered in addition to the effects described
by the theory of the two-phase immiscible flow in inert materials. Owing to the increased
bulk density, a moving “barrier’ of the increased hydraulic resistance develops near the
position of the wetting front. This “‘barrier” is supposed to influence the retardation
of the infiltration rate in addition to the rising air pressure ahead of the wetting front.
This phenomenon of the increased bulk density is less pronounced when the free escape
of air ahead of the wetting front exists.
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KURAZ V. KUTILEK M. (CUT, katedra hydromelioraci, Praha). Infiltrace jako
dvoufdzové memisitelné proudéni v bobtnavé pudé. Rostlinnd vyroba (Praha) 20
(5) :499-507, 1974.

Bylo provedeno srovnani infiltrace vody a infiltrace modelované jako dvoufazové
(voda, vzduch) nemisitelné proudéni v bentonitu. Profily vlhkosti vykazuji pravi-
delny tvar av8ak v pripadé, kdy tlak vzduchu vzristal pred celem zvlhéeni, bylo
¢elo zvlhéeni difusni. V obou pripadech byly pozorovany zmény objemové hmot-
nosti uvnitf sloupce pudy. JestliZe vzduch mohl volné unikat pred celem zvlhéeni
(infiltrace formulovana jako jednofazové proudéni), byl vzriast objemové hmotnosti
na urovni éela zvlhéeni méné vyrazny. Naopak ve sloupci, kde dochézelo ke vzristu
tlaku vzduchu pred ¢elem zvlhéeni (dvoufazové proudéni) byl tento vzriist hmot-
nosti zietelny. Jev je formulovan jako pohybujici se bariéra charakterizovana
iednak rychlosti totoznou s rychlosti postupu ¢ela zvlhéeni, jednak postupné vzris-
tajicim hydraulickym odporem. Rozsah jevu bude pravdépodobné zaviset kromeé
pudnich vlastnosti na zatéZzovém tlaku.

infiltrace; objemova hmotnost; tlak vzduchu; bobtnavd puda

KYPAX B., KYTUJIEK M. (IlonurexHu4eckuii MHCTHUTYT, Kadenpa rumpomeimopanun, llpara).
Wudunprpanus B KayecTBe NByxPasHOTO HeCMeMIMBAOIIETO TedeHUs B Habyxmei mnouse. Rost-
linnd vyroba (Praha) 20 (5) : 499-507, 1974.

IlpoBonusocs cpaBHeHHe MHPMIBTpALMM BONbI M HHOUIBTPAIMM MONEJNBHOr0 KakK IByX(asHoro
(Boza, BO3MYX) HECMENIMBAIOMIETOCH TedeHHMs B OeHToHHTe. IIpOPHIM BIAKHOCTHM IIOKA3LIBAIOT
perynspHyio $OpMy OOHAaKO B ciaydae, KOTAa NaBJeHHEe BO3NyXa pOCJIO Ilepel BOJHOM yBJIaXKHe-
HUA BOJHa yBiIakHeHHs Omna nuddysHas. B ofoux cayuasx Habaomanuck M3MeHeHUA 06beM-
HOH Maccel BHYTPHM cTOJ6Ia mnousbl. Ecau e BO3LyX MOr CBOGONHO yXONHTb Ilepel BOJIHOM
yBaaxHeHus (MHuUAbTpanusA, QOpPMyJHpOBaHHAas KaK ONHOPAsSHOE TedeHMe), POCT OOGBEMHOM
Macchl Ha ypOBHe BOJHBI yBJaXKHeHMs Obia MeHee sBHBRIM. Hao6opor, B cronbue, rme pocio
laBJeHHe BO3IyXa Ilepel BOJHOH yBaakHeHus (IByx¢dasHoe TedeHHe), BTOT pOCT MaCChl OblL1
ABHBIM. fIBnenue ¢opMynmpoBaHO KakK mnepememampomuica 6apbep, XapakTepUadyeMbld, C OXHOM
CTOPOHBI, CKOPOCTBIO, TOXKIECTBEHHOH CO CKOPOCTHIO IBM/KEHHMS BOJIHbI YBJAXXKHEHHsH, C JPYroH
CTOPOHBI, IIOCTENEHHO BO3PACTAONIMM THApAaBAMYECKMM comporuBieHneM. O6BeM sBIeHMA, Bepo-
ATHO, 6yneT 3aBMCeTh, MOMHMMO IOYBEHHEIX CBOMCTB, OT 3arpy30uYHOTO HIaBIEHUA.

uHUIBTpauuA; obBeMHas Macca; HDaBleHMe BO3NyXa; GEHTOHHT

Adresa autoru:

Ing. Vaclav Kuraz, CSec., prof. ing. Miroslav Kutilek, DrSc., Ceské vysoké
uc¢eni technické, katedra hydromelioraci, 12000 Praha 2, Karlovo nam. 3
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FORSCHUNGSARBEITEN AUF DEM GEBIETE
DER BODENENTWICKLUNG, DER BODENPROFILFORMUNG
UND DER DARSTELLUNG DER PEDOSPHARE IN DER CSSR

Arbeiten ilber die Heterogenitdt des Bodenprofils, Bilanzierung der Bil-
aung und Migration von Ton (Sirovy, Pavel, Eaqub, Bedrna, Bez-
vodova) bei Boden, die sich auf Lo8 und Staublehm entwickelten und
tber die gesetzmifBige Stratifikation des bodenlithologischen Profils der
Braunerden und Podsole (Saly, Saly mit Ciesarik), beeinfluBten die
Interpretation der Profilangaben tUber Bodden. Bei Boéden aus loBartigen
Substraten iiberpriifte man die maximale Tonbildung in unmittelbarer Nihe
der Bodenoberfliche: auf Grund der unausgeglichenen Bilanz wurde die
oft vorkommende Heterogenitit an der Grenze von. Lo8 und Solum. eine
erhohte Verwitterung im Bt-Horizont der Parabraunerden und die Auf-
schichtung von Material, in dem sich der E-Horizont von Fahlerden bildet,
nachgewiesen. Bei Braunerden und Podsolen konnte man mittels der Metho-
den der Untersuchung der Korngroflezusammensetzung. der chemischen und
mineralogischen Eigenschaften die Giiltigkeit der Ansichten deutscher Au-
tcren tiber die Entwicklung dieser BRdden aus den das Anstehende -iiberla-
gernden Deckschichten, gebildet durch die Basis-, Haupt- (A- und Bv-Ho-
rizont) und Deckfolge, nachweisen. Am ausgeprigsten erscheinen Unter-
schiede im bodenlithologischen Profil bei Béden aus dem Material das von
granitoiden und metamorphischen Gesteinen stammt. Einen bedeutenden
Eeitrag der Arbeiten von Saly bilden Pollenanalysen. die die Entwicklung der
Hauptfolge im warmeren Klima, als der Basisfolge nachweisen. Ergebnisse
dieser Studien werden appliziert bei der Bearbeitung des umfangreichen
analytischen Materials, bei der Interpretation der Profilangaben und Ver-
tiefung der Konzeption diagnostischer Horizonte, denn die genetische Kon-
sinuitit des Bodenprofils kann in einer &duflerst einfachen Form fiir die
Grundlage Diagnostik von Bodden nicht angenommen werden (NémeceKk).

Die Ergebnisse der Umwandlungs- und Migrationsprozesse von Stoffen
im Bodenprofil wurden mittels einiger Methoden untersucht. Die Forschung
der Eigenschaften und der Stratigraphie der Tonmineralen im Bodenprofil
der landwirtschaftlichen Boden (Sirovy, Pavel, Hrasko) und der
Waldbdden (Sdaly, Mihalik) ermoglicht eine Unterscheidung von ver-
erbten Eigenschaften aus den Substraten und der charakteristischen pedo-
genen Verdnderungen der Tonmineralien, eventuell eine Beeiflussung ihrer
Profilsstratigraphie durch die Migratiion von Ton, oder durch die Profilstra-
tifikation. Von den Erkenntnissen, die fiir die genetische Interpretation
wichtig sind, kann Folgendes angefiihrt werden: Nachweis der Bildung von
sekundidren Chloriten in den Bv- Bvs-Horizonten der Rosterden und der
oligobasischen Braunerden und im konkretiondren Bleichhorizont der ver-
sauerten Pseudogleye (Sirovy, Némecek), Anhdufung von Hemiex-
panditen und Expanditen in den Bt-Horizonten, Bildung von Lepidokrokit
bei Pseudogleybdéden (Sirovy). das Vorkommen einer anderen, eventuell
intensiveren chemischen Verwitterung in der Basisfolge (Saly., Néme-
¢ ek). Bedeutungsvoll ist die Feststellung eines hohen Anteils an Alophan
in den Boden des Gebietes von Andesiten in der Slowakei, die die Berechti-
gung gestattet. dies den andosolischen Braunerden zuzuorden (Saly. Mi-
halik).

Dr. Jan Némecek, CSc.




CARBON CYCLING IN THE ECOSYSTEM OF LOWLAND FOREST
IN LEDNICE NA MOR.

E. KLIMO

KLIMO E. (Agricultural University, Brno). Carbon Cycling in the Ecosystem
of Lowland Forest in Lednice na Mor. Rostlinnd vyroba (Praha) 20 (5) : 509-517,
1974.

The problem of nutrients cycling within a lowland forest ecosystem was
investigated within the framework of the International Biological Programme.
Basing on preliminary results a scheme of carbon cycling was developed.
The total reserve of carbon in the epigeal biomass of the forest stand was
192 700 kg per hectare, that in the hypogeal biomass 11515 kg per hectare.
The input of carbon from the atmosphere was 211 kg per hectare per year,
the amount of carbon falling onto the soil surface was 3699 kg per hectare
per year. The maximum carbon reserves on the soil surface were 4211 kg
per hectare. Altogether 129.5 kg of carbon per hectare were released into the
soil within one year; 82.5 per cent of this amount were accumulated in the
surface soil layer (1—8 cm). Within one year 1807 kg of carbon per hectare
were released into the atmosphere in form of carbon dioxide.

Within the framework of studies on function, productivity, and structure
of the ecosystem of a lowland forest (a project of the International Biological
Programme in Lednice na Moravé) the cycling of carbon, nitrogen, and mineral
nutrients was investigated. The aim of these studies was a quantification of in-
puts, flows, and outputs of individual substances within the ecosystem. However,
it is known that studies on geochemical cycles of a certain ecosystem contribute
significantly to the explanation of the character of recent soil processes. For that
reason attention was paid to these problems, too, especially to the distribution of
products of the decomposition of organic matter within mineral layers of the soil
profile. .

In recent years this problem was investigated intensively by many authors.
Especially within the framework of IBP many papers have been published
dealing with the cycling of nutrients in forest ecosystems (Duvigneand,
Denayer de Smet 1964, Gessel, Cole 1965 Bazilevié, Ro-
din 1966, Carlisle, Brown, White 1967, Bernmhard 1970,
Rapp 1971).

This study represents a preliminary report on the cycling of carbon; results
presented were obtained in the IBP Project Lednice na Moravé.

For the circulation of carbon reserves in individual components of the forest
stand data on the primary production of the ecosystem investigated were used;
Vyskot (personal communication) studied the primary production of trees
and Va§icek (personal communication) that of shrubs and herbs. The measur-
ed amount of ash was subtracted from the dry matter weight of biomass and the
resulting value of organic matter was divided by a factor of 1.724. Carbon content
in lysimetric waters and precipitations was determined accorcing '« Tvurin
(1937). The content of carbon within the soil profile was estimated according to
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a method Walkley — Black (modification Novak -- Peligek).
Lysimetric waters occurring in the soil profile were collected by means of a flat
PVC lysimeter (Silovova 1955).

BRIEF CHARACTERISTIC OF THE RESEARCH OBJECT

The research station Lednice na Moravé is situated on the alluvium of the
Dyje river in a well preserved lowland forest with a prevalence of summar oak
(Quercus robur L.). The parent material consists of alluvial deposits. Soils are
classified as a semigley (PeliSek 1970). The forest stand is 100 years old and
individual tree species are represented as follows: Quercus robur, Fraxinus excel-
sior, Tilia cordata, Carpinus betulus, and Alnus glutinosa by 79, 21, 3, 1, and 1 per
cent, resp. There is a strong undergrowth of shrubs in the forest stand; dominating
is the species Cornus sanguinea (76 per cent of the shrub biomass). The latitude
of the station is 48%48'22”, the longitude 16°46'32”, and the altitude 161 m. Average
annual precipitations are 524 mm, precipitations under the forest stand 343 mm.
The average annual temperature is 8.8%, that under the forest stand is 8.4°C
(Vyskot 1972),

As shown in Tab. 1 reserves of individual elements (excepting carbon) were
as follows: potassium, calcium and phosphorus 297, 896; 121, 185 and 10038 kg
per hectare, resp. Similar series was observed also in eluates of 1 per cent
citric acid; the only exception was that the content of atailable nitrogen was
higher than that of potassium.

I. Total reserves of nutrients in the soil profile (kg per hectare). — Celkova za-
soba zivin v kg/ha v pidnim profilu
Depth
tin cxt) N P K Ca c
1-8 4297 853 12 159 6 226 50 335
8—50 10 549 4110 109 205 38 638 96 365
50—75 3774 1637 51 431 22 835 34 106
75—-95 2 687 1393 49 340 25 855 27 155
95—-115 2 632 2055 75 761 27 631 18 896

RESULTS AND DISCUSSION

RESERVES OF ORGANIC CARBON IN THE EPIGEAL AND HYPOGEAL
BIOMASS AND THE VALUE OF CARBON IN THE ANNUAL INCREASE
IN THE BIOMASS

As shown in Tab. II the greatest carbon reserves were found in the epigeal
part of the tree component of forest stand (93 per cent). The same was true
for the ratio between annual increments of carbon in individual components of the
stand biomass. In general it is possible to say that the value of the increment
vorresponded with the extent of biomass reserves. Only for herbs this increment
was unproportionally higher because a predominant part of the epigeal herb
biomass was regenerated annually.

When comparing data presented in Tab. 2 with those published by Rapp
(1971) for the ecosystem of an oak stand at Rouquet a rather identic exchange
of organic matter may be observed in the epigeal part of biomass (i. e. 192.7 tons
per hectare in Lednice and 153 tons per hectar in Rouquet). However, a
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II. Carbon content in the aerial and underground part of plant biomass and carbon
content in the annual biomass increment. — Obsah uhliku v nadzemni a podzemni
¢asti rostlinné biomasy a obsah uhliku v roénim prirtistku biomasy

Carbon
in the annual
increment of
biomass
(kg per hectare)

Carbon
in the biomass
of forest stand
(kg per hectare)

Trees 189741 9894

Besiges] Shrubs B 2302 620
part Herbs 656 597
epigeal part 192700 11111

Trees 10516 752

Hypogeal Shrubs 745 47
part Herbs 254 219
hypogeal part 11515 1018

Total content of carbon in the forest stand
biomass 204.215 12.129

III. Input of carbon into the ecosystem with precipitations. — Vstup uhliku do eko-
systému z atmosféry a zdroje akumulace na puadnim povrchu

Month 1 2 3 4 5 6 74 8

Carbon concentration

(mg per liter) 4.0 7.0 18.2 6.0 | 99.6 |101.4 |107.4 | 129
kg of carbon
per hectare 1.5 1.4 04| 59 | 60.0 | 25.0 | 99.9 33

considerable difference may be observed in the hypogeal biomass; Rapp's
estimation (29 tons per hectare) is much higher than that observed in Lednice
(11.5 tons per hectare).

INPUT OF CARBON INTO THE ECOSYSTEM FROM THE ATMOSPHERE
AND SOURCES OF ITS ACCUMULATION ON THE SOIL SURFACE

As shown in Tab. III the input of carbon into the ecosystem investigated is
rather unbalanced and it is generally rather high. This may be explained by the
fact that this lowland forest ecosystem forms an isolated part of a large agri-
cultural area and the high carbon input at the beginning of summer might be
associated with a high content of pollen grains occurring in the atmosphere over
the forest stand. This problem requires a more detailed analysis especially from
this point of view.
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IV. Amount of carbon in water falling onto the soil surface in the canopy drip
and in the stem flow (kg per hectare). — Mnozstvi uhliku ve vodé propadlé pres
zapoj porostu a ve stoku po kmenech (kg/ha)

, Month Canopy drip | Stem flow Month Canopy drip | Stem flow
1 0.7 0 7 39.2 0.26
2 0.7 0 8 2.4 0.04
3 0.2 0.01 9 2.7 0
4 3.5 0.67 10 4.1 0.02
5 26.1 0.16 11 0.7 0.04
6 12.2 0.05 12 0.7 0.0
i
; 93.2 1.25

V. Concentration of carbon in the canopy drip and in the stem flow (mg per liter).
Koncentrace uhliku ve vodé propadlé pres zapoj porostu a ve stoku po kmenech
(mg/1 litr)

Month Canopy drip | Stem flow Month Canopy drip | Stem flow
1 2.8 29.2 7 | 336 74.2
2 5.2 62.9 8 11.8 63.1
3 13.5 76.3 9 —
4 4.1 85.0 10 31.0 69.4
5 55.8 68.6 11 21.0 52.7
6 60.2 .. 945 12 12.4

VI. Concentration of carbon in the stem flow in individual tree species (mg per
liter). — Koncentrace uhliku ve stoku po kmenech u jednotlivych dievin porostu
(mg/1 litr)

Month Oak Ash Lime-tree Month ‘ Oak ’ Ash Lime-tree
1 20.2 53.8 13.6 7 64.4 95.8 62.4
2 84.7 64.9 39.0 8 95.2 58.4 35.6
3 85.2 99.4 44 .4 9 — = ==
4 » 89.9 134.8 30.4 10 62.6 78.8 66.6
5 88.3 70.0 47.4 11 51.0 69.0 38.0
6 89.5 97.6 96.3 12 & =

As shown in Tab. IV the carbon content decreases after the canopy drip;
the annual amout of carbon coming to the soil surface in this way was 93 kg
per hectare. The stem flow contributed annually with 1.25 kg per hectare only.

A relatively low content of carbon in the stem flow may be explained on the
one hand by the character of the rough outer bark of a 100-year-old oak-ash
forest stand and by the conversion of a relatively low absolute value of precipita-
tions (interfering only with the ring around trees) for the whole forest stand area
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on the other. A different situation may be observed when comparing carbon con-
centrations in the canopy drip and it the stem flow. In the latter case the con-
centration is considerably higher and it influences to a great extent the range
of heterogeneity of soil properties of the surface soil layer.

As shown in Tab. V the concentration of carbon in the canopy drip does
not exceed that in the stem flow for any month of the year.

Individual tree species play a rather important role in the stem flow carbon
concentration (Tab. VI).

As shown in Tab. VI the highest concentration of carbon occurred most
frequently in the ash stem flow (7 among 10 measurings) while in the lime-tree
stem flow the lowest carbon concentration occurred in 8 cases from 10 measur-
ings. Among others this was associated with the morphology of the rough outer
bark; the lime-tree had a smooth bark with the lowest proportion of epiphytes
and organic matter and in this case the stem flow was obviously the most rapid.

The most important source of carbon falling onto the soil surface represents
the leaf fall from individual components of the forest stand. The leaf fall from
trees and shrubs forms the major part (3008 kg) of this factor; secondly it is
the fall from the dying herbaceous component of the stand (597 kg). The total
carbon input consists of the following parts:

Canopy drip 93 kg per hectare per year
Stem flow 1.25 kg per hectare per year
Tree and shrub leaf fall 3008 kg per hectare per year
Dying herbs 597 kg per hectare per year
Total 3699 kg per hectare per year

The soil surface represents the place of the greatest exchange of organic
matter and of its distribution into the soil profile. To find out changes occurring
during the year (as well as their relationship to certain diversities of the eco-
system investigated in the species composition of the forest stand) the total re-
serves of organic matter on the soil surface were estimated at the moment of
their maximum (December 1) value and the decrease in these reserves was
followed during the year (Tab. VI).

As shown in this table a considerable decrease (by 48 per cent) occurred
already within the winter season (from December 1 till April 1); this was
obviously associated with the nature of a mild and wet winter. The total decrease
was 64 per cent (including leaves and litter). The average amount of wood on
this area was 2000 kg per hectare; unfortunately, the rate of its decomposition
has not yet been estimated.

VII. Decrease in carbon reserves in the leaf fall on the soil surface within one

year. — Ubytek zasoby uhliku v odpadu na pudnim povrchu béhem jednoho roku
Reserves Dec. 1, 1972 3051 kg/ha — 100 9%
April 1, 1973 1598 kg/ha 52'%
July 1, 1973 1356 kg/ha 44 9,
Oct. 1, 1973 1114 kg/ha 36 9%,
Total decrease 1937 kg/ha - 64 °,
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VIII. Comparison of the decrease in the organic matter content on the soil surface
under the forest stand with the majority of oak (Plot 1) and of ash (Plot 2) during
the year (kg of dry matter per hectare). — Srovnani ubytku organické hmoty na
pudnim povrchu pod porostem s prevahou dubu (Plocha 1) a s prevahou jasanu
(Plocha 2) béhem roku (kg su$iny/ha)

Plot 1 Plot 2
Layer Layer Total Layer Layer Total
L F L+ F L F L+F
Dec. 1, 1972 2600 1700 4300 4800 2500 7300
April 1, 1973 1600 1600 3200 2800 1400 3200
July 1, 1973 1300 1900 3200 0.0 2100 2100
Oct. 1, 1973 1100 2000 3100 0.0 800 800

IX. Comparison of carbon amounts washed off in lysimetric waters from the Ao
horizon on plots with oak (Plot 1) and ash (Plot 2) prevalence. — Srovnani mnozstvi
uhliku vyplaveného v lyzimetrickych vodach z horizontu Ao v kg/ha za 11 mésicl
na ploSe s prevahou dubu (Plocha 1) a na plose s prevahou jasanu (Plocha 2)

Plot 1 Plot 2 |
Washed off from A, 103.0 145.5
Accumulated in A 78.9 131.4
Washed off from A 24.1 14.1

The value of wood fall was not considered as the wood decomposed more
slowly; its total overage reserves were 1160 kg of carbon per hectare.

Within the ecosystem studied a relatively high heterogeneity of the forest
stand may be observed (the combination of principal tree species as well as the
intensity of undergrowth). For that reason the process of fall decomposition was
followed on several plots. As an example the comparison may be presented of
decreases in the organic matter content at two plots within one year (Tab. VIII).

As shown in Tab. VIII the litter (leaf) decomposition was faster in forest
stands with a prevalence of ash than in stands with an oak majority. This pheno-
menon was manifested also by the amount of carbon washed off into the mineral
layer of the soil profile (Tab. IX). In this case 103 kg carbon per hectare from
the oak fall were collected in lysimetric waters within 11 months, while on the
plot with a prevalence of oak this value reached 145 kg per hectare per year.

The average value of carbon washed off from the litter was 129,5 kg per
hectare per 11 months. However, a considerable part of this amout was accu-
mulated within a relatively shallow layer of the A horizon (1—8 cm), i. e.
106.9 kg per hectare (82.5 per cent of the amount released from the Ao horizon).
Only 22.6 kg of carbon per hectare were washed off into lower mineral horizons
(17.5 per cent).

When comparing the amount of carbon washed off from the Ao horizon
(129.5 kg per hectare) with decrease in the organic matter content on the
soil surface (1937 kg per hectare) a considerable difference (ca. 1807 kg of
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carbon per hectare) may be observed. It is possible to conclude that major part
of organic matter was mineralized and this great loss may be explained by
means of the release of CO; into the atmosphere. Similar results were obtained
also in respiration measudings carried out on the area by Grunda (personal
communication) who found that the carbon respiration from soil (including the
Ao horizon) corresponded to 5878 kg per hectare per year. This means that the
percentage of carbon in lysimetric waters was 4.2 per cent of the total carbon
content on the soil surface of the lowland forest ecosystem.

In a hilly-land mixed forest (beech, oak, fir) with carbon reserves of
7656 kg per hectare this value was 3.03 per cent and in a hilly-land fir forest
(larch admixture) with carbon reserves of 16995 kg per hectare it was
1.4 per cent.

This problem is important also from the viewpoint of studies on the course
of recent soil processess. Hu, Youngbag and Gilmour (1973) held
the amount of released CO: and that of water-soluble carbon for suitable indices
of the fall decomposition and humification.

1217 1)

3008(4)
9305)
12 (6) 1807 (10)
507 (%) , )
192700 (2) A
4211(8)
2274(9
0| 50335 (11) ; 1
11515(3) 106 (13)=~— 129 (72)}
96365 (11) |
|
175 (14
50
80157 (1)
!
175 '

(1) Carbon input into the ecosystem from the atmosphere. (2) Carbon reserves in
the epigeal part of biomass. (3) Carbon reserves in the hypogeal part of biomass.
(4) Carbon content in the leaf fall. (5) Carbon content in the canopy drip. (6)
Carbon content in the stem flow. (7) Carbon from dying herbs. (8) Maximum carbon
reserves in the litter on the soil surface. (9) Minimum carbon reserves in the
litter on the soil surface. (10) Amount of carbon released into the atmosphere in
the form of carbon dioxide. (11) Carbon reserves in humus of the soil profile.
(12) Amount of carbon washed off from the Ao horizon in lysimetric waters.
(13) Amount of carbon accumulated in the surface mineral soil layer. (14) Amcunt
of carbon washed off in lysimetric waters into lower soil layers. — Schéma kolo-
béhu uhliku (kg/ha). (1) Vstup uhliku do ekosystému z atmosféry, (2) zasoba
uvhliku v nadzemni ¢asti biomasy, (3) zasoba uhliku v podzemni ¢asti biomasy, (4)
mnozstvi uhliku v opadu, (5) mnoZstvi uhliku ve vodé propadlé pres zapoj porostu,
(6) mnozstvi uhliku ve stoku po kmenech, (7) mnozstvi uhliku z odumfelych
Lylin, (8) maximalni zasoba uhliku v opadu leZicim na pudnim povrchu, (9) mini-
malni zasoba uhliku v opadu leZieim na pudnim povrchu, (10) mnozZstvi uhliku
uvolnéného do ovzdusi jako CO2 (11) zasoba uhliku v humusu v pidnim profilu,
(12) mnozstvi uhliku vyplaveného z Ao horizontu lyzimetrickymi vodami, (13)
mnozstvi uhliku akumulované v povrchové pudni vrstvé, (14) mnozstvi uhliku
vyplaveného v lyzimetrickych vodach do spodnich pudnich vrstev
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The scheme (Fig. 1) of carbon cycling within the ecosystem of lowland
forest developed on the base of preliminary results ilustrates only a certain part
of the ecosystem evolution. In further studies it will be necessary to explain
other similar moments, especially changes in the ecosystem resulting from human
activities (lumbering, afforestation, artificial decrease in the ground water level).
In this manner it will be possible to define parameters for a mathematical model
of the ecosystem. At first it will be necessary to develop some submodels; the most
important of them would be that of accumulation, decomposition, humification,
mineralization, and distribution of organic substances within the surface soil
layer.
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KLIMO E. (Vysoka $kola zemédélskd, Brno). Kolobéh uhliku v ekosystému luZniho
tesa v Lednici na Moravé. Rostlinna vyroba (Praha) 20 (5) : 509-517, 1974.

V ramci programu MBP je reSena otazka Kkolobéhu Zzivin v ekosystému luzniho
lesa. Na zakladé dosavadnich vysledkt bylo sestaveno schéma kolobéhu uhliku. Cel-
kova zasoba uhliku v nadzemni biomase porostu je 192 700 kg, v podzemni biomase
11515 kg. Vstup uhliku z atmosféry ¢ini 211 kg/ha/rok, mnozstvi uhliku, které se
dostane na pudni povrch ¢ini 3699 kg/ha/rok. Maximdalni zasoba C na pudnim
povrchu byla zjisténa 4211 kg/ha. Do pudy bylo b&hem roéniho obdobi uvolnéno
129,5 kg/ha, z toho ve svrchni pudni vrstvé (1—8 cm) bylo akumulovano 82,59,
uvolnéného uhliku. 1807 kg/C/ha/rok bylo uvolnéno do ovzdusi jako COa.

KIIMMO E. (CenbckoxossiicTBeHHbIH HHCTHTYT, bpHo). Kpyroeopor yrmeposa B akocucreme
voiimenHoro neca B Jlennmnm B Mopaeuu. Rostlinnad vyroba (Praha) 20 (5) : 509-517, 1974.
B pamkax mporpammei MBIl (MexnynaponHas 6monOrMdecKkas IIpOrpaMMa) pellaeTcsi BOIPOC
KDyroBOpDOTa IIMTaTeJbHBIX BEIleCTB B SKOCHCTEMe IIOMMEHHOro iaeca. Ha ocHOBe mNOJy4YeHHBIX
pe3ysbTaToB 6blJa COCTaBJ€HA CxeMa Kpyrosopora yruepoza. O6muil samac yriepona B Hal-
3eMHON 6MoMacce HacaxkaeHuit cocrasiager 192 700 xr, B monmsemHoit 6uomacce 11 515 kr. HUa
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aTMocdeprl yriepona mnomazaeT B 1oysy 211 Kr/ra/rox, KouMuecTBO yriepoia, HOCTHTHIEE TIO-
BEPXHOCTH TIOUBH, cocraBaser 3699 xr/ra B ron. MakcuMmansubiii 3amac C Ha [OYBEHHOH 10-
sepxHocTu pasHsucs 4211 kr/ra. B nousy B Teuenue roma ocsobommmock 129,5 kr/ra, B ToM
ujcie B BepxHeM noupeHHOM cuoe (1—8 cM) 6wiro Hakomaeno 82,50/, ocso6oxmennoro yrie-
poma 1807 xr/ra yrzepona B rox 6suio ocsofoxuero B aTmocdepy kak COz.

Adresa autora:
Doc. ing. Emil Klimo, CSc., Vysoka $kola zemédélské, 662 61 Brno, Zemédélska 1
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FORSCHUNGSARBEITEN AUF DEM GEBIETE
DER BODENENTWICKLUNG, DER BODENPROFILFORMUNG
UND DER DARSTELLUNG DER PEDOSPHARE IN DER CSSR

Durch mikromorphologische Untersuchungen (Smolikova, Sirovy,
Bedrna — Ku§eva — Curlik — Kos8talek, Ciesafik, Néme-
¢ek, Hrasko, Novak) wurde umfangreiches Material sowohl iiber fossile
Boden der LoB-Serien als auch tuber rezente Boéden gesammelt. Es handelt
sich um deskriptiv mikromorphologische Material, das in bedeutendem Masse
zur Bewertung der Formung und Polygenese des Bodenprofils beitragt. Die
Bedeutung der mikromorphologischen Methode steigt durch die Ausnutzung
der Mikrosonde (Kozak). Man konnte nachweisen die Beimengung von
dolischem Material bei Boéden aus Umlagerungszonen tiber festem Gestein,
die Beimengung von Silikatanteil in den humosen Horizonten der Rendzinen
und im ganzen Profil der Terrae calcis. Man studierte das Vorkommen und
die Lokalisierung von Agrillans im Profil der Parabraunerden und der Fahl-
erden, ihr Vorkommen im Bv-Horizont der Braunerden und in den Basis-
folgen (Materiale aus Schiefern und auch aus Granit), die Transformation von
Agrillans bei Pseudogleybdden und ihre Zerstérung im oberen Teil der Ton-
hautschen Horizontes, die Unterscheidung von Druckschlieren bei Smonitza
und Pelosolen. Man verfolgte die Problematik der Neubildungen bei den
semihydromorphen und hydromorphen Béden und nutzte sie bei der Pri-
zisierung ihrer Diagnostik aus. Man ermittelte den spezifischen Mikroaggre-
gatenbau der Bvs-Horizonte der Rosterden und die mikromorphologischen
Merkmale der Podsole. Die Karbonatformen in den Béden wurden unter-
sucht. Mraz verwendete die mikromorphologische Methode in Kombination
mit weiteren Methoden zur Charakteristik und Klassifikation von Humus-
formen der Waldbdden.

Die Humusforschung vom Gesichtspunkt der Quantitit und Qualitat
trug zur Charakteristik der allgemeinen Trende der Anhdufung von orga-
nischen Stoffen in den Béden in Abhédngigkeit vom Substrat, von der Ge-
samtheit der bioklimatischen Bedingungen des Hydromorphismus und Ver-
inderungen bei der Kultivation bei (Pospi§il, Pospi§il-Hrubcova,
Némecek-Pospi§il, Saly, Bedrna, PeliSek). Zwei extreme Bo-
dengruppen unterscheiden sich in ausgeprigtem Masse voneinander: Tscher-
noseme mit Wiesenboden und Griserden und die Gruppe der stark saueren
Braunerden, Rosterden und Podsole. Bei iibrigen anhydromorphen Béden ein-
schlieflich der Rendzinen ist die Zusammensetzung der Humus sehr nahe,
mit einer Differenzierung nach der Basensittigung. Man widmete Aufmerk-
samkeit auch dem Alter der organischen Stoffe der Schwarzerden mit Hilfe
von C4 (Némecdek). Bei begrabenen holozinen Schwarzerden ermittelte
man im A/C-Horizont Werte um 6—10 Tausend Jahre, im Vergleich zu 3—5
Tausend Jahren der Schwarzerden an der gegenwirtigen Oberfliche, ferner
niedrige Werte bei Schwarzerden auf Mergel. Bedeutsame Informationen
uber die Stabilitit der organischen Stoffe im Profil der wichtigen Boden-
einheiten, im Einklang mit den iibrigen Methoden, boten Forschungen der
Respiration (DamasSka, Knotkova Novak).

Als bedeutende Differenzierungsmerkmale der Pedogenese bewihrten
sich freie Oxide des Fe und Al, bestimmt nach Tamm und Coffin (Ku-
likova-Némecek, Némec¢ek-Kulikova) sowohl bei einer Reihe
der L&Bbgden, als auch der semihydromorphen und hydromorphen Boden,
vor allem jedoch bei Braunerden, Rosterden und Podsolen. Mittels der Franz-
meier-Methode (Kulikova-Némecd¢ek) konnte bestitigt werden, daB
das Kriterium fiir die ,spodic“ Horizonte nur fiir Rosterden und Podsole
spezifisch ist. Bei saueren Boden bewéhrte sich als Differenzierungs-Krite-
rium die Al-Sattigung des Kolloidkomplexes, bezogen auf die Austauschka-
pazitdt, errechnet durch die Summation der Austausch-Kationen (incl. Al +
+ H) und der Vergleich dieses Wertes zu dem T-Wert nach Mehlich (N & -
mecéek-Kulikova).

Dr. Jan Némecek, CSc.




THE EFFECT OF MOISTURE ON THE DEGREE OF NITRIFICATION,
CO; PRODUCTION AND DECOMPOSITION OF CELLULOSE IN SOIL

J. SEIFERT

SEIFERT ]J. (Department of Plant Physiology and Soil Biology of Natural Sciences of
Charles University, Praha). The Effect of Moisture on the Degree of Nitrification, CO, Pro-
duction and Decomposition of Cellulose in Soil. Rostlinna vyroba (Praha) 20 (5) : 519-526,
1974.

Proceeding from three previously derived expressions for the intensity of nitrification in soil
as a function of incubation moisture (£ N = b¥;4), as a function of initial moisture (X N =
= d¥,¢), as a function of time (X N = A . t?) and their logarithmic form (logZ N =
= ApF; + B; logEZ N = C . pF,+ D; logZ N = k . logt + Q) it was shown, that the
nitrification as a function of time, incubation moisture and initial moisture may be expressed

by multilinear function log X N =alogt . pF;. pF, + blogt. pF; + clogt . pF, +
+ dpF; . pF, + elogt + fpF; - g pFy» + h. This function is valid for all incubation
moistures lying between pF; 3.0 and wilting point (WP) and for all initial mois ures between
pFy 3.5 and 6.0, provided that the incubation temperature remains constant. The CO,
production and decomposition of cellulose as a function of the above - mentioned variables
may be expressed by the same multilinear equation.

NO,; CO,; cellulose; pF

In order to find out in what way certain ecological factor affects microorganisms
in the soil, we have to comprehend the essence of its effect. If the subject of our interest
is soil moisture, we have to turn our attention not only to the amount of water in soil,
as it is usually done, but to the forces which bind water to the solid phase of soil. We have
to do this because physical bonds between the solid and liquid phases of soil determine
the accessibility of water for organisms which employ water from the soil. For this
reason, there are limiting factors for employment of water even for soil microorganisms.
The measure of forces which bind water to the solid phase of soil is the potential of soil
water. The soil water potential (y) expresses the total specific free energy of soil water
related to the total specific free energy of pure water. Hence it is a measure of the forces
that bind the water to the solid particles of the soil and expresses the work required for
drawing moisture units from soil. The magnitude of the soil water potential is expressed
either in units of free energy (joul . g~1) or as soil suction tension in units of pressure
1. €. in bars or, according to the original method, by the length of the water column in cm.
In view of the fact that the absolute value of the soil water potential rises exponentially
with the decrease of the content of soil water it is advantageous to express its magnitude
in a logarithmic form as pF (Schofield 1935).

Potential of soil water as a measure of effect of soil moisture on soil organisms was
used recently by a number of authors (Benko, Bizik 1970, Dommergues 1962,
Fitts et al. 1955, Johnson, Guenzi 1963, Johnson, Miller 1964, Sabey, Johnson
1971, Wetsellar 1968). These authors presented much interesting and useful informat-
ion in their works. However, no one has tried to express the intensity of processes
studied as a function of potential of soil water, which would be expressed either in gra-
phical or mathematical form. We tried it and results of our work on this problem are
presented in this paper.
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VIATERIAL AND METHODS

Soil samples from Czechoslovakia were used in this study. The samples included rendzina
soil, brown soil and illimerized soils. In addition, we used rendzina soil from Yugoslavia, unclassiffed
soil from the Nile delta and laterite soils from Zambia. The fraction 0—2 mm was used in our
experiments. In the case of structured soils, fractions of higher degree with gradations of 1 mm
were used, too. When pF was lower than 3.2, potential of soil water (¥) was determined by centri-
fugation of soil samples saturated with water. For pF between 3.2 and 4.2, was determined by
cryoscopical method and for pF greater than 4.2, by dessication. The effect of soil moisture on
microbial processes in the soil was studied using the nitrification process as a model.

RESULTS

In the first part of this work, we studied the effect of incubation moisture, that is
the moisture present during incubation. Soil with a known content of nitrates was divided
into cultivation vessels in amounts of 20 g. The moisture of samples was adjusted to
produce a sequence of regularly increasing moistures. After moistening, samples were
transferred to an incubator, where they were kept for 7 days at 22 °C. After this period
the total amount of nitrates was determined and the increment of nitrates was calculated.
The graphical method was used for evaluation of results. ¢ of individual samples in
bars was plotted against the amount of nitrates (or increments in content of nitrates)
after incubation.

The shape of the curve obtained was hyperbolic in character. For this reason, we
used a numerical method in the following step in order to test if the variables fit the
equation

IN=— 1)

where X N is the amount of nitrates after incubation, y is the potential of soil water
corresponding to the incubation moisture and K is constant. Besides the content of
nitrates after incubation, the increments in the content of nitrates after incubation as
variables were also tested. It was found, however, that equation (1) does not express
the relation between the variables, so we substituted the variable R, for  which was
in agreement with the equation. Using the numerical graphical method, we looked for
the relationship between R,, and . We found, that R,, is a function of  which is expressed
by the equation

log R, = Alogy + ¢ @

Using equation (2) we obtained the function expressing the dependence of nitrate
production on the potential of soil water

b1, C1 when y is in the

range 1 bar-WP

Z N = b2 p412 < 3)

bs, Cz when v is in the
range WP-400 bars

We observed that the value of the constants b and C is affected by the initial moisture,
length of incubation and incubation temperature. This fact limits, for example, th> use
of equation (3) for practical purposes. Therefore we tried to express the dependence
of nitrification on incubation moisture by a function in which at the same time the
factors affecting the value of constants would be included in the variables. We searched
for a means of expressing nitrification as a funtion of incubation moisture, initial moisture,
length of incubation and, if possible, even incubation temperature.
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We first focussed our attention on initial moisture. The concept of “initial moisture”
is a new one introduced on the basis of our previous works (Seifert 1969a, b) where
it was shown that nitrate production in soil changes in dependence on soil moisture
at the moment when the soil is moistened for incubation. The moisture contained in the
soil normal storage conditions just prior to wetting for incubation is called initial mo-
isture. Initial moisture changes during soil drying and air soil dried has the lowest
initial moisture. The effect of initial moisture has not attracted the attention of soil
microbiologists till now despite the fact that it is as large as the effect of incubation
moisture. The effect of initial moisture is demonstrated most clearly when drying soil is
sampled at intervals and samples with lower and lower amounts of moisture are adjusted
to the same incubation moisture, and when the samples are incubated for the same
length of time. The lower is the initial moisture, the larger is the amount of nitrates in
the sample after incubation. As we succeded in proving, it is possible to express nitrifica-
tion as a function of initial moisture using the following equation:

Yi

where 2 N is the amount of nitrates in the soil after incubation, ¥, is  corresponding
to initial moisture, y; is  corresponding to incubation moisture and 4 and c are constants.
Even in this case the value of constants is affected by length of incubation, incubation
temperature, and in contrast to constants in eq. (3), also by incubation moisture. Equation
(4) also expresses the dependence of increment of nitrates on initial moisture, but only
in cases when during the drying of soil the initial content of nitrates does not substantially
increase.

Expressing the potential of soil water in bars is not particularly convenient; (Fig. 1)
it is more expedient to express it as pF. Because pF is a negative logarithm of v, it was
necessary to convert egs. (3) and (4) to logarithmic form. Two linear equations were
thus obtained. The first expresses the dependence of nitrification on incubation moisture

# Ay, By for pF; << WP

logS N = A1.s . pF; + B
& 12 PECT B 4y, By for pFy < WP

®)

the second expresses the dependence of nitrification on initial moisture
logl\-:N:C.pFn “!'D (6)

The fact that we succeeded in expressing both functions in the form of linear
equation opened the way for expressing nitrification as a function of initial and incubation
moisture using a bilinear equation

d / ai —dlforsz-< wP
\ as —d-gforng< wpP

where am b, ¢ and d are constants. Equation (7) is an equation of a plane which can be
graphically represented either with the aid of axonometric projection or as a parametric
family of straight lines, where the variables are pF; and parameters pF, or vice versa
(Fig. 2 and 3). The derivation of eq. (7) has not only a theoretical but also a practical
significance. It enables one to obtain a general picture of nitrification occurring at different
incubation moistures in soil with different initial moisture, even in the case when a small
number of nitrification measurements are performed. We are usually interested in
incubation moisture in the range pF 3.0 — WP. In order to obtain a general idea about
the dependence of nitrification on incubation and initial moisture in a particular soil,
it is sufficient to determine intensity of nitrification for 2 values of pF, and 2 values

logZ N=a.pF,.pF, +b.pF;+c.pF, + 6
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Dependence of degree of nitrification on incubating moisture expressed graphically as the function

Y N = b .W;A for different initial moisture.

Z4vislost intenzity nitrifikace na inkubacni vlhkosti, vyjadfena graficky jako funkce ¥ N = b . ¥;»

pro ruzné vychozi vlhkosti
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Dependence of degree of nitrification on incubation and initial moisture expressed graphically
with the aid.of the function (7) as a parametric family of straight lines. Lines — calculated values;
points — established values. —

Zavislost intenzity nitrifikace na inkubacni a vychozi vihkosti vyjadfena graficky pomoci funkce (7)
jako parametricka skupina pfimek. Ciry — vypo&itané hodnoty; body — stanovené hodnoty

of pF;. These 4 values permit calculation of constants a, b, ¢, d and therefore even
calculation of nitrification intensity at any combination of pF, and pF; in a given range.
It was observed that there is good agreement between the measured and calculated
values (Seifert 1973a, b).

Expression of nitrification as a function of time by equation

/ Al, n forz e (T], Tg)

XN =412 . t".» 8
W8 TR Ay myfor e € (15, 15) ®)

and conversion to logarithmic form
fopsh B = R, o r D & Batee #2 Ty, T) ©

\ Kg, Q2 forze (Tg, T3)

made it possible to express nitrification not only as a function of incubation moisture
and time
logZ N =apF; . logt +bpF; +clogz+ d (10)
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Dependence of degree of nitrification on incubation and initial moisture expressed graphically
as the function (7) with the aid of axometric method. Black squares — established values; Blank
squares — calculated values, if different from established.

Zavislost intenzity nitrifikace na inkubaéni a vychozi vlhkosti, vyjadfené graficky jako funkce (7)
pomoci axometrické metody. Cerné ¢tverecky — stanovené hodnoty. Bilé étvereéky — vypoétené
hodnoty, pokud jsou odlisné od stanovenych

or as a function of initial moisture and time
logZ N =apF,.logt +bpF, +-clogt +d (11)
but also as a function of time, incubation moisture and initial moisture
logZ N =alogt . pF; . pF, -blogt . pF; + clogt pF, -+~ d pF; . pF, +elogt -
+fpF;i + g pFv + h (12)

The correctness of all derived functions was verified in a number of experiments.
It was established that nearly in 80th per cent of cases the deviation between calculated
and experimentally gained values was lower than 5 per cent.

Equation (12) has a particularly theoretical significance, proving that even in ecology
of soil microflora it is possible to express the effect of ecological factors on microflora
in an exact way. In comparison with bilinear equations which can be used for calculation
of nitrification because they permit combination of graphical and numerical methods,
the practical significance of multilinear equation (12) is less owing to the more complicated
and time-consuming calculations involved.

When we determined the effect of moisture on nitrification in soil, we were interested
in finding to what extent it is possible to apply this knowledge to such basic indices of life
of microorganisms in soil as production of CO2 and intensity of decomposition of cellulose.

We found that both production of CO: and intensity of cellulose decomposition
are governed by the same laws as those governing nitrification; therefore all the above
derived equations can be used in adapted form without restriction. The correctness
of these conclusions was verified in two ways. The first was based on the following

524 ROSTLINNA VYROBA — 1974



approach: with the aid of a minimal number of data of intensity of the studied processes,
determined in the usual way, the intensity of nitrification and other processes for different
incubation and initial moistures and different times of incubation were calculated using
the equations derived above. At the same time, the intensity of processes for these
combinations of incubation and initial moisture and length of incubation were determined
in the usual way. The theoretical and experimental values were compared. By comparing
of established values with calculated ones a good agreement was reached (Seifert
1973a, b, 1974).

In addition, the correctness of the derival equations was verified using data on
dependence of nitrification intensity, evolution of CO: and cellulose decomposition
on soil water potential, published by other authors (Dommergues 1962, Johnson,
Guenzi 1963, Miller, Johnson 1964, Reichmann et all. 1966, Sabey 1969, Sabey;
Johnson 1971, Wetsellar 1968). The values of soil water potential and corresponding
data on intensities of above-mentioned processes satisfied our equations. We believe
that both means of verification sufficiently prove that our conclusions are correct.
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SEIFERT J. (Katedra fyziologie rostlin a biologie pudy prirodovédecké fakulty university
Karlovy, Praha). Vv vlhkosti na intenzitu nitrifikace, produkce CO, a rozklad celulézy v pudé.
Rostlinna vyroba (Praha) 20 (5) : 519-526, 1974.

Zikladem price jsou jiz dfive odvozené vyrazy pro nitrifikaci jako funkci inkubaéni vlhkosti
(X N = bW;A), jako funkci vychozi vlhkosti (X N = d¥,C), jako funkci ¢asu (XN = 4 . ).
Logaritmovani téchto funkci (logZ N = A pF; + B; logZ N = CpF, + D; log X N =
= K log ¢t + Q) umoznilo vyjadrit nitrifikaci jako funkci ¢asu, inkubacni vlhkosti a vychozi
vlhkosti pomoci multilinedrni funkce log £ N = alogt . pF; . pF, + blogt . pF; +
+ clogt . pFy + dpF;. pFy, + elogt + fpF; + g pFy + h. Tato funkce plati pro vSechny
inkubaéni vlhkosti lezici v rozmezi pF; 3,0 — bod vadnuti a pro vSechny vychozi vlhkosti
lezici mezi pF, 3,5 — 6,0 za predpokladu, Ze inkubace probiha pri téZe teploté. Dadle jsme
zjistili, Ze také produkce CO, a intenzita rozkladu celulézy jako funkce shora uvedenych
proménnych mohou byt vyjadfeny pomoci uvedené multilinearni rovnice.

pF pudy; nitrifikace ; produkce CO,; rozklad celulézy

CAVI®EPT WM. (Kadempa duauonoruu pacreHuit 4 GHONOTMH NOUBBI €CTECTBEHHOTO (axyibTeTa
KY, Ilpara). Bausnme Bna’XHOCTH Ha HMHTEHCHBHOCTh HuTpAdmKanmm, npoaykmum CO2 u pas-
J0’KeHHe Iennonossl B mouse., PocraunHa Beipoba (IIpara) 20 (5) : 0-0, 1974.

OcroBo¥t paboThl ABAAIOTCA yXKe paHee BHIBeNEHHHIE BBIDAXKEHWS IJIA HUTPUPMKAIIUK, Kak
¢yHKuHA WHKyGauuoHHOH Baaxuoctw (X N = bWiA), @QyHKUMA HCXONHOU BJIAKHOCTH
(ZN =dW¥C), xak ¢yukuua spemenun (X N = A.tn). JlorapupMuposanue orux PyHKIUMH
(logZN=ApFi+B; log EN=C.pFy+D; logZ N=Klogt + Q) nossonuno Beipa-
3UTE HUTPUQHKAIHI0O KaK QyHKUHIO BpeMeHM, HUHKyOAlMOHHOM BIa)KHOCTH W MCXONHOM BJaX-
HOCTH, KaK MyJbTHJIHHeHHy Jynkumw log X N =alogt . pFi . pFyv + blogt . pFi +
+ clogt.pFv +dpFi . pFy +elogt + fpFi + gpFyv + h. 3ra ¢$yuruua cnpasennusa
I BCeX MHKyOallMOHHBIX BJIXHOCTEH, Haxoxsmuxcs B auanaszoHe PFj 3,0 — Touka ypanaHus
¥ IUIA BCEX HCXOIHBIX BIAKHOCTel, Haxomsmuxca Mexny PFy 3,5—6,0 nmpu ycnosum, uyro uu-
nybauusa mpoTekaeT mpu TOH Ke TeMmmepaType. llasee HaMu 6BIJIO YCTaHOBJEHO YTO TaKKe IIpoO-
nykustsi CO2 M MHTEHCHBHOCTH Da3JOEHHMS IEJUNONO3BI B KauecTBe (QYHKIMM BbUIENPHBEICHHBIX
TIepeMEHHBIX MOTYT GHITH BHIDAKeHB! TpPH MOMOUIYM NPUBENEHHOTO MYJBTHJIMHEHHOTrO yNpaBJeHWs.

NOs; CO2 upennwnoza; pF
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Prof. dr. Jaromir Seifert, Katedra fysiologie rostlin a ptdni biologie Pfirodo-
védecké fakulty UK, 12000 Praha 2, Vini¢na 5
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THE EFFECT OF NITROGEN ON THE MINERALIZATION OF STRAW
IN THE SOIL

B. NOVAK

NOVAK B. (Research Institutes of Plant Production, Praha - Ruzyné). The
Effect of Nitrogen on the Mineralization of Straw in the Soil. Rostlinna vy-
roba (Praha) 20 (5):527-531, 1974.

The soil amended with increased dosis of straw and inorganic nitrogen was
incubated at 28 9C for 60 days. The remained C was determined. The absolute
amount of mineralized carbon increased with the increasing dosis of added
straw. The relative mineralization (the percentage of mineralized carbon of
the amount added), on the other hand, decreased with the increased straw
concentration. The nitrogen additions increased the carbon mineralization up
to the C:N ratio of twenty. The further increase of nitrogen concentration
(C:N < 20) did not affect the carbon mineralization rate on the given level
of straw addition.

Inorganic nitrogen has been proved to enhance the decomposition of straw
added into the soil (Salter and Green 1933, Kirkham and
Bartholomew 1955, Jansson et al. 1955, Stewart et al. 1963,
Broadbent 1968, Novak 1972, Novak et al. 1974, and many
others). The mutual effect of increasing dosis of straw and of ammonia nitrogen
on the transformation of organic matter has been studied in present paper.

MATERIALS AND METHODS

The model experiments were carried out under laboratory conditions. The
arable layer of chernozemic clay-loam soil — the aggregates of 1 mm to 2 mm —
was used.

The 500 g portions of soil (on the oven dry matter calculated) were enriched
with finely ground wheat straw (129, water, 38.69%, C, 0.549, N) in the amount
of 0, 210, 420, 840, 1680, and 3360 mg %, C. Each of those variants were amended
with 0, 21, 42, 84, and 168 mg Y/, nitrogen in the form of (NH4#)2SOs The soil

1. The extent of carbon mineralization during the incubation (mg 9, C). — Mine-
ralizace uhliku (mg 9/, C)
mg % C mg °;, NH,"-N added
added 0 | 21 | 4 | 8 | 168
0 15.6 16.7 | 17.1 ’ 16.8 16.9
210 102.2 114.6 ! 116.4 116.7 115.7
420 154.4 176.8 183.7 179.2 181.7
840 197.1 241.2 ‘ 276.8 280.1 279.8
1680 208.3 294.6 349.7 401.3 412.4
3360 223.6 307.3 376.4 588.7 641.8
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itself contained 1.48%, C and 0.1429, N. 114 mg %, N was in the form of ammonia
salts and 0.96 mg %, N in the form of nitrates.

Distilled water was added to make the soil moisture to 209, w/w; 2 ml
of H20 were additionally added to every gram of added straw. The soil portions
were put into the glass cylidrical vessels with the glass pearls at the bottom and
with the central glass funnel enabling the gas exchange between the subsample
space and the enviroment. The vessels were incubated in a moist air chamber
at 280C for 60 days. The moisture was adjusted twice a week.

After the incubation, carbon, total nitrogen, ammonia — and nitrate nitrogen
were determined.

Carbon was determined after the depriving the sample of CO2 by means of
phosphoric acid action and after the wet combustion in chromic — sulphuric
mixture as the CO2 by means of interferometer (Novak 1956).

RESULTS AND DISCUSSION

The control soil (check — non amended) lost 15.6 mg Y% C during the
whole incubation (Table I). That makes of about 1 per cent of the original soil
organic carbon. The soil carbon mineralization increased not too much if in-
organic nitrogen was added into soil. This increase made not the whole 10 % of
the mineralization in the check. The increased amounts of nitrogen added were
without any effect on the carbon mineralization in the variants lacking in organic
matter enrichment (Table I).

II. The mineralization of straw added into the soil (mg ?,, C). — Mineralizace uhliku
pridané slamy (mg 9, C)
mg % C mg % NH,*-N added
adidod 0 21 | 42 | 84 168
210 86.6 98.2 99.3 99.9 98.8
420 138.8 160.1 166.6 162.4 164.8
840 181.5 2245 259.7 263.3 262.9
1680 192.7 2779 332.6 384.5 395.5
3360 208.0 290.6 359.3 571.9 624.9

The straw-amended soil evolved the CO: in increased quantity according
to the amount of straw supplied to soil (Table I and II). If we subtract the
check mineralization 86.6, 138.8, 181.5, 192.7, and 208.0 mg % of mineralized
C was found from the 210, 420, 840, 1680, 3360 mg % straw-C variants.
The decreased percentage of C mineralized increasing the straw dosis is evident.
40.8 % of added C were mineralized in the 210 mg % C — variant whereas 6.2 %
only was mineralized in the 3360 mg % C — variant. The lack of nitrogen is
evidently the essential reason of the small extent of carbon mineralization in the
high concentration variant.

Fig. 1 shows the effect of increased nitrogen amendments at the individual
straw-carbon levels expressed as the percentage of the added carbon minerali-
zation. The first nitrogen dose (21 mg %) exerted the full effect in the lowest
carbon dose (210 mg %) variant. It was relatively the most effective in all the
other carbon rate amendments too, with the exception of the highest dose where
the further two N dosis had almost the same relative effect.
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1. Percentage of the straw carbon mi- 2. The percentage of the straw carbon
neralized. The individual straw dosis as mineralized. Increased straw dosis as
influenced by increased nitrogen addi- influenced by different levels of nitro-
tions. — Procento mineralizovaného C gen amendments. — Procento minera-
pridané slamy. Vliv stupriovani davek lizovaného C stoupajicich davek slamy
N na mineralizaci jednotlivych davek pfi ruznych piidavcich N

slamy

In spite of the absolute increase of the carbon mineralization with the
increasing amount of straw added the relative mineralization rate decreased even
in the variants enriched in inorganic nitrogen.

The shape of the curves expressing the dependence of the mineralization rate
on the increasing amounts of carbon added are very similar one to each other
regardless on the nitrogen levels (Fig. 2).

The inflection points of the curves in Fig. 1 allow to suggest there is a
dependence of the mineralization rate on the C : N ratios of added amendments.
Fig. 3 demonstrates this dependence. The mineralization rates at the distinct
C-amendment variant coincide at the C:N ratios between 2.5 — 20.0. The
relations of the mineralization rates as influenced by substrate concentrations
remain the same. There is a concentration effect that approximately correspond
to the Monod equation (1942). These findings are also in a good agreement
with the Haldane (1930) presentations dealing with the inhibition of
enzymes By high substrate concentration.

The C: N ration of 40 (and more) evidently reduce the mineralization rate
of added straw (Fig. 3). The carbon concentration cffect remains, however, very
little changed.
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1II. Exploratory data: — Ciselné udaje:
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NOVAK B. (Vyzkumné UGstavy rostlinné vyroby, Praha - Ruzyné). Viiv dusiku na
mineralizaci slamy v pudé. Rostlinna vyroba (Praha) 20 (5) : 527-531, 1974.

Zemina obohacena stoupajicimi davkami slamy a minerdlnim N byla inkubovéna
60 dni pri 28°0C. Po inkubaci byl stanoven zbyly uhlik. Absolutni mnoZstvi mine-
ralizovaného uhliku stoupa se stoupajici davkou slamy. Relativni mineralizace
(% mineralizovaného C z puvodné pridaného mnozstvi) pfi stoupajici ddvee slamy
klesa. Pridavek N zvysuje mineralizaci C pokud pomér C:N je 40 a vétsi. Dalsi
zvySovani pridavka N (na pomér C:N 20) jiz mineralizaéni rychlost slamy nemeéni.

HOBAK B. (HayuHo-uccienosaTenscKue MHCTUTYTHl pacTeHHeBONCTBa, llpara-Pyseine). Bamsa-
HHe a30Ta HA MMHepPaIM3alHUI CONOMbI B mogse. Rostlinnd vyroba (Praha) 20 (5) : 527-531,
1974.

ITocne oforamjeHus pacTymuMmu HO3aMI COJOMBI M MHHEDPANbHBIM a30TOM TPYHT MHKYGUpOBaIu
s teuenue 60 nmeit mpu 28 0C. ITocne mexkybamum ompemenAnu oCTaBmUitcA yriepox. AfcomoTHoe
KOJIMYECTBO MUHEpaJU30BAHHOIO a30Ta pacTeT C yBeJIMdYeHHeM IO3sl COJOMbl. OTHOCHTeNbHAs
muHepanusauus (%)) Mumepanusosammoro C ¢ NepBOHAYANBLHOrO KOJMYECTBA) NOHMKAETCA IO
Mepe pocra cosomel. [o6aBka asoTa mosbimaer Muuepanmsauumioo C, ecanm orsomenme C: N
paBHo 40 u G6onee. ManvHeiimee noBbimerwe n06aBok asora (mpum otHomeHmum C : N 20) =He
MeHseT CKOPOCTH MHHEpPalIu3aL[Ui COTOMBL.

Adresa autora:

Doc. ing. Bohumir Novak, DrSc., Vyzkumné dustavy rostlinné vyroby, 16106
Praha - Ruzyné
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FORSCHUNGSARBEITEN AUF DEM GEBIETE
DER BODENENTWICKLUNG, DER BODENPROFILFORMUNG
UND DER DARSTELLUNG DER PEDOSPHARE IN DER CSSR

Eine grole Menge der Arbeiten wurde gerichtet auf das Studium der
einzelnen Bodentypen, der topographischen Reihen der Bodeneinheiten und
auf charakteristische Bodengebiete. Diese Arbeiten widmete man der Spezi-
fitdit der Schwarzerden der Donauniederung (Hrasko, HraSko-Bedr-
na), den Tschernitzab6den, den hydromorphen Bdden und den Auenbéden
slowakischer Niederungen (Hrasko, Bedrna, Dzatko), der Sequenz
der Boden auf LoB und 16Bdhnlichen Substraten (Némedek, Bedrna,
Dzatko, Saly), den Braunerden (Némedek, Saly, Tomasek), den
Hochgebirgsboden (S4ly, Linkes3), den Smonitza-Boden (Zuska, To-
masek), den Fahlerden bis Pseudogleyen (Némecek, Hrasko-Be-
drna, Zuska, DZatko, Kikue, Peligek, Saly), den Salzboden
(HrasSko), den hydromorphen Bdéden (Némedek, Zuska), den Boden
der ostslowakischen Niederung (Bedrna, Kikuc), den Podsolen (Saly,
Houba). Zusammenfassende Charakteristiken der Béden wurden von Saly
(Waldbéden der SSR), Némecek (Boden der CSR) verdffentlicht. Zahlreiche
Arbeiten verodffentlichte PeliSek, und zwar sowohl iiber die einzelnen
genetischen Bodengruppen, als auch namentlich iiber die GesetzmifBigkeiten
der vertikalen Zonalitdt in den einzelnen orographischen Systemen der
CSSR. Juré¢a widmete seine Arbeiten und die zusammenfassende Bearbei-
tung den Auenbdéden der Elbe und ihrer Nebenfliisse.

Die Kultivierung von landwirtschaftlichen Boéden studierten und einen
Vergleich der landwirtschaftlichen Béden und der Waldbdden durchfiihrten
Vaculik, Bedrna, DZatko, Dama$ka-Némecéek, Pelisek.
Bedrna bewertet den Einflu3 der Erosion auf die Profile der einzelnen Bo-
dentypen.

Dr. Jan Némecek, CSc.




DISTRIBUTION OF MINERAL ELEMENTS IN SOME SEMINATURAL
ALLUVIAL MEADOW ECOSYSTEMS

B. ULEHLOVA

ULEHLOVA B. (Institute of Botany CAS, Brno). Distribution of Mineral
Elements in Some Seminatural Alluvial Meadow Ecosystems. Rostlinnd vy-
roba (Praha) 20 (5):533-541, 1974.

Inputs of mineral elements by rain and flood water as well as uptakes of
mineral elements by plant stands of three alluvial meadow ecosystems with
different water supply of their habitats and different plant biomass production
were studied in southern Moravia, Czechoslovakia. Simultaneously, the amounts
of mineral elements in plant litter returned to the soil and the mineral
element concentratiens in soil solutions, as well as rates of decomposition
processes were estimated. An attempt was made to estimate the factors
affecting the distribution of mineral elements and their cycling within the
ecosystems studied. In the present paper only preliminary results are given.

alluvial meadow ecosystems; distribution of mineral elements; decomposers;
decomposition processes

The ecosystem concept of Tansley (1935) and the parallel biogeocenosis
concept of Sukachev (1944) stimulated integrated studies, wherein the soil,
the plants, and the animals occurring in a given area, were being regarded as
a complex whole, characterized by a number of processes and mutual interactions.
Jenny (1958) emphasized the importance of such studies for the understand-
ing of the dynamics of recent pedogenetic processes and the quantification of
pedology. The study of energy flow, water cycle and nutrient cycles is typical
for the holological, ecosystemic approach (Odum 1971).

Important work on the distribution of plant biomass and the mineral
elements it contains was presented by Remezov (1963) and Rodin and
Basilevich (1968). Duvigneaud and Denayer-de Smet
(1964), Ovington (1968) and Rapp (1971) advanced data on the
distribution of mineral elements and the dynamics of biogeocycles in ecosystems
of forest type.

In southern Moravia, Czechoslovakia, concurrent studies of the alluvial
woodland ecosystem and of the substitutionary meadow plant communities have
been performed by workers of the University of Forestry in Brno and the Bota-
nical Institute of the Czechoslovak Academy of Sciences in Brno as the Czecho-
slovak contribution to the IBP. The studies aimed to describe the distribution and
pathways of some mineral elements in the most important structural units of
both ecosystems. The results on the alluvial forest are given by Klimo
1973

The present contribution gives some results on the distribution of mineral
elements in seminatural alluvial grassland ecosystems of the meadow complex at
the confluence of the Morava and the Dyje rivers and on some factors effecting
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I. Structure of the Ecosystem under Study. — Struktura studovanych ekosystému

Ecosystem (I) dry (II) mesic (IIT) wet
Plant stand Festuca Alopecurus Glyceria
Dominant species sulcata pratensis maxima
Other species (number) 47 36 9
Primary prod. abovegr.
g .m™2_ year-! 480 780 1145
Biomass undergr.
g.m? 1560 1280 2857
Litterg . m % . year ! 200 180 900
Habitat
Average litter moist. 9, 23 - 39 89
Average soil moisture 9, 33 55 78
Soil org. matter cont. °0 4.5 5.6 9.0
Org. matter in humus 9, 98.2 74.8 59.4
Soil N content %, 0.27 0.28 0.34
N in humus 9%, 96.3 96.4 97.1

Soil microflora

Bacteria number/gDW = 2—12 . 107 2—22.107 2—30. 107
Micromyc. number/gDW 0.3—-2.0. 10° 0.4—3.4.10° 0.3—-0.8.10°
Actinomyc. number/gDW 0.3—8.7 . 10¢ 0.3—-2.7.10% | 0.3—2.0. 10¢
Biomass of Bact. g . m—2 1.5 2.6 4.1

Humus composition

C cont. in humus % ' 4.4 4.2 , 53
C cont. in FHS 9, 1.6 2.6 2.6
C cont. in SHS 9, 0.8 0.3 0.9
C cont. in BHS 9, ‘ 2.1 1.3 1.9
N cont. in humus %, 0.26 0.27 0.33
N cont. in FHS 9%, 0.10 0.11 0.08
N cont. in SHS 9, 0.04 0.05 0.10
N cont. in BHS %, 0.12 0.11 0.13
FHS = free humic substances, SHS = sorbed humic substances, BHS = bound

humic substances

it. The phytosociological characteristics of the respective plant communities were
presented by Baldtovad-Tuldackova (1966). The data on primary pro-
duction by Hajkova-Masna (1967) and Jakrlova (1967, 1968,
1970, 1972) and the results of the studies on decomposition processes by Te -
safova (1971) and Ulehlova (1973a, b). The complete bibliography
and summary of about 80 papers concerned with the ecosystems mentioned above
is given in IBP PT-PP Report 2 edited by Rychnovska (1972).
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MATERIAL AND METHODS

The integrated studies were conducted during the period from 1962 to 1972
Three types of alluvial grassland plant communities were selected for studies-
(I). dry, with the dominant Festuca sulcata, (II) mesic, with the dominant Alope-
curus pratensis, and (III) wet, with the dominant Glyceria maxima.

Pluviometric and lysimetric measurements were conducted during 1968—1972.
The contents of mineral elements in the percolates and rainwater were estimated
and the respective means together with 50 year averages of yearly precipitation
were used for the calculation of rain-linked input of mineral elements into the
ecosystem. The content of mineral elements in rainwater and soil percolates
were analyzed according to the Czechoslovak official methods (Hoffman et al
1965). The lysimeters and their organization and operation were described pre-
viously (Ulehlova et Ostry 1972). The data obtained from lysimetric studies
are the base for calculating the minerals in soil solutions.

The analyses of dominant species grown in pots (unpublished), further data
on productivity Hajkova-Masna 1967, Jakrlova 1967. 1970) and the mi-
neral composition of plant stands (Jakrlovéa 1972) were used for the calculation
of nutrient uptake per year by the stands of plant communities studied. The
mineral elements in plants were estimated after wet ashing of plant material
followed the procedure given by Koppova et al. 1955.

Plate-count techniques were used for the study of microbial populations in
soils and litter.

THE RESULTS AND DISCUSSION

The basic characteristics of the ecosystems under study based on measure-
ments extending over several years are presented in Tab. I. The table shows that
the ecosystems differ considerably as concerns the structure of plant cover, the
biomass production, the soil properties and the soil water regime.

Table II provides a summary of the inputs, outputs and pools of mineral
elements in the systems under study. Beside the main cycle reflecting the input
of nutritients by rain, floods, sedimentation, and the outputs by percolation,
harvest, and erosion, further supplementary cycles or pathways can be considered:
the uptake and accumulation of mineral elements by living plants and their
leaching by rain; the transfer of mineral elements from the dead plants to the

Inputs: Pools: Cutputs:
Rainfall Harvest
Plants \
Flood : T Litter Other export
by wind, unimals, j
Soil > etc.
Other import / rercclat ion
2¥Cw1nd, BILAmALE and drainage
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III. Distribution and movement of mineral elements within the ecosystems under

study. — RozloZeni a pohyb minerdlnich prvka ve studovanych ekosystémech
Rainfall: g . m—2 . year—! Harvest: g . m~2 . year—!
Ca | Mg | K | Na | N | PO, @ (1) (111)
3.8 0.0 0.8 I 1.0 0.8 0.01 Ca 1.7 5.3
Mg 0.5 0.5
Import:
K 2.8 10.6
by wind, animals, etc. Na 0.1 0.4
? N 4.6 10.4
PO, 1.0 2.8
Flood:g . m—2 . year~!
Ca Mg K Na N PO, Export:
I. 12—-2.2|0.6—09 |28-35|15—-1.8 | 10—13 0.4 by wind,
II. |26—29}09-23|01-05|02-06| 8—10 | 0.1—0.3 animals,
III1. etc., ?
Plants: g . m~2 . year! Litter: g . m 2 . year!
aboveground aboveground
I | an | dim IO | an | dI
Ca 3.0 9.2 8.3 Ca 1.0 27 7.1
Mg 0.7 0.5 0.6 Mg 0.2 0.1 0.5
K 5.6 | 15.1 | 13.7 K 1.6 0.8 4.2
Na 0.2 0.6 0.8 Na 0.1 0.1 0.7
N 7.7 | 13.4 | 20.0 N 2.4 1.2 | 12.2
PO, | 17| 34| 43 PO, | 04 | 03 | 35
Roots: g . m2 - Litter: g . m2 . year!
Ca 13.6 | 12.2 | 14.0 Ca 3.3 2.7 3.6
Mg 0.6 0.5 0.5 Mg 0.1 0.1 0.1
K 11.7 | 12.8 | 22.8 K 2.4 3.2 55
Na 1.4 1.6 1.4 Na 0.3 0.4 0.4
N 13.6 | 10.4 | 383 N 3.2 2.2 9.7
Soil solutions PO, | 25| 35| 57 PO, | 06 | 06 | 1.7
g.m?
0—5cm Ca Mg K Na N PO,
I 0.69 0.27 0.27 0.23 0.01 0.002
(1I) 1.21 0.36 0.11 0.35 0.12 0.008
(I1I1) 3.24 0.81 0.21 1.57 0.07 0.016
7—20 cm
¢9) 0.88 0.37 0.02 0.31 0.02 -
(I1) 1.50 0.40 0.01 0.46 0.02 0.002
(I1I) 4.96 1.22 0.27 1.56 0.16 0.020
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soil; the transfer of nutrients through the animal food chain starting with the
ingested living or dead plant material; the movement and chemical trans-
formations of mineral substances within the soil.

Table III presents some available data on the distribution of mineral
elements in the ecosystem under study. These data are intended to be further
supplemented and refined.

As shown by the table, important amounts of minerals can be brought into
the ecosystems by means of rain and flood water. Some of the elements as for
example Mg, Na, but also nitrogen, in the case of plant community with the
dominant species of Festuca sulcata, contained in the biomass produced per year,
can be fully accounted for by the inputs mentioned above.

Plants of different species vary according to their ability to produce and
accumulate organic matter and their organs contain different concentrations ot
mineral nutrients. The distribution of mineral nutrients in the plant stands of
grassland ecosystems depends on the environmental conditions as well as on the
composition of individual plant species.

The contents of K, N, and POs in g.m™%.year™! in the plant covers
increase in plant communities with increasing soil moisture of the habitats and
with increasing biomass production. This is not true as to the other elements.

The main pathways by which mineral nutrients can be transported from plant
to soil are: the exchange in rhizosphere, root exudates; leaching of minerals from
the surface of the aboveground plant parts by rain; transfer of nutrients accom-
panying the dying-off and decomposition of biomass. Similarly, as in the case of
the rhizosphere, the exchange of substances and nutrients exists in the above-
ground plant parts. Air-borne dust particles and the soil particles carried by

IV. The rates of cellulose and litter decomposition in ecosystems under study
(according to Tesarova 1971, Jakrlova 1972). — Rychlosti rozkladu celul(’)zy a opadu
ve studovanych ekosvetemech

Ecosystem CDR LDR
mg . g! . day! mg . g!. day!
(I) dry 6.5 1.5—4.0
(IT) mesic 7.7 2.0—45
(III) wet 10.2 3.0—-5.5

V. Litter and soil bacteria in ecosystems under study. — Bakterie v opadu a bakte-
rie pudni ve studovanych ekosystémech

Ecosystem (I) dry (II) mesic (III) wet
Litter moisture %, 23 39 89
Litter bacteria
no. per 1 g DW 0.1—4.7 . 108 0.2—13.6 . 108 3—70 . 108
Soil moisture % 33 55 78
Soil bacteria
no. per 1 g DW 2—12 . 107 2—-22.107 2—-30. 107
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2. Fluctuations of mineral element concentrations in litter of ecosystems studied during 1972. — Kolisani v obsahu mineralnich

prvku v opadu studovanych ekosystémiu v prabéhu vegeta¢niho obdobi 1972



floods sediment on the plant surfaces and may be washed down into the soil by
rain. The amounts of minerals retained during floods by the aboveground plant
parts can be high and depend on several factors, such as: the height of the water
level, flood duration, surface area of the plant stands per unit area of soil surface,
rheological conditions, concentration and quality of material carried by flood.

The transport of nutrients through the litter pathway into the soil is
affected by a different type of processes. The fall of litter to the ground results
in grasslands in the formation of a nutrient-rich mat of dead organic matter
covering the soil. The thickness of this layer depends above all on the amount of
standing dead produced each year and on the rate of standing dead to litter and
litter to humus transformations and decompositions, the quality and structure
of the layer being dependent on the properties of the original plant material.

The dying-oif of the aboveground parts and the change into standing dead
and finally into litter follows a pronounced yearly periodicity. Although de-
pendent also on the type of ecosystem and on respective soil and moisture
conditions, the amount of standing dead reaches its maximum in all ecosystems
towards the end of the vegetative period in the autumn.

Table IV gives the rates of cellulose and litter decomposition in ecosystems
under study. The rate of the litter decomposition per unit of soil surface, non-
uniform in course of the vegetative period, is affected above all by moisture,
temperature, concentration and properties of the plant material, on the previous
occurrence of flood, resulting in increased levels of mineral nutrients, as well as
on the characteristics of the participating microbial populations. The composition
and diversity of microbial populations of litter from the ecosystems under study
is given in Fig. 1. The figure shows that the numbers of microorganisms per unit
weight of dry litter increase from the dry to the wet plant community. Differences
in counts due to the type of litter are also evident in different groups of micro-
organisms.

Data on the numbers of bacteria in litter and soils are presented in Tab. V.
It can be seen that the density of the microbial population of the litter is much
higher than that of the soil. It can be concluded that the mat of plant litter is
the site of rapid changes at biological, chemical and physical levels controlling
the rate and point of entry into new biological cycles of the mineral constituents
present in the original plant material. Changes in mineral element concentrations
in litter of studied ecosystems during the vegetation period 1972 are demonstrated
by Fig. 2.

The movement of nutrients in the soil was studied in lysimetric experiments.
When a flood comes suddenly and the soil profile is relatively dry, then the
soil becomes gradually wetted from the soil surface downwards and also down-
ward movement of nutrients takes place. Conversely, when the water level rises
slowly the soil profile can be wetted from below by the rising underground
water and the movement of soluble salts follows the upward direction of water
movement (Ulehlova 1973a). Occasional occurrence of mineral sdlts on the
soil surface during dry periods indicates that the movement of salts towards
the soil surface can also take place as a results of evaporation and concurrent
capillary water movement.

The horizontal movement along concentration gradients towards the absorb-
ing regions of roots can be expected with easily diffusible ions. This type of
movement can be closely related to the actual soil moisture and therefore can be

- similarly variable with depth and time.
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ULEHLOVA B. (Botanicky ustav CSAV, Brno). RozloZeni a kolobéhy minerdlnich
prvku v mékterych poloprirozenych aluvidlnich luénich ekosystémech. Rostlinna vy-
roba (Praha) 20 (5) :533-541, 1974.

V oblasti Jizni Moravy, Ceskoslovensko, byly studovany vstupy mineralnich prvku
desStém a zaplavovou vodou a odbéry mineralnich latek porostem u tfi aluvialnich
luénich ekosystému s ruznym vodnim rezimem stanovisté a s rtznou produkeci rost-
linné hmoty. Zaroven byla stanovena mnozstvi mineralnich prvka vracejicich se
do pudy opadem a koncentrace prvki v pudnich roztocich, pravé tak jako rych-
losti dekompozi¢nich procestu. Byl ué¢inén pokus uré¢it faktory ovliviiujici rozloZeni
mineralnich latek a jejich kolobéhy ve studovanych ekosystémech. Predlozena pra-
ce uvadi predbéziné vysledky.

aluvialni luéni ekosystémy: rozlozeni mineralnich prvkil; rozkladadi; rozkladné pro-
cesy

YJIETJIOBA B. (Borammuecrkuit uscrutryr AH UYCCP, Bpuo). Pasnoxenume u xpyrooGopors:
MUHEpaNbHEIX 3J€MEHTOB B HEKOTOPHIX NOXYNPHPONIHBIX AJNIOBHANBHBIX JYrOBBIX SKOCHCTEMAax.
Rostlinna vyroba (Praha) 20 (5) : 533-541, 1974.

B ofsacru 1kHO# MopaBuu H3ydann BKpAiIeHUs MHHEDPAJbHBIX 3JEMEHTOB IIOCPEACTBOM LOXKAA
M HaBOIHEHMIl M YCBOeHHe MHHepajbHbLIX BeIeCTBb HaCa)kIeHHeM B 3 aJI0BHAJIbHBIX JYLOBBIX
9KOCHCTeMAaX C Ppa3HBIM BONHBIM PpEeKHMOM Yy4acTKOB M C pAa3HOM INPONyKIHEed pacTUTeNbHOH
Maccel. OIHOBpEMEHHO ONpeNeNfJy KOJHYECTBO MMHEPAJbHBIX 9JIEMEHTOB, BO3BPAlIAIONIHXCH
B NOYBY B BHUJE OMana U KOHIEHTPAUHWK 3J€MEHTOB B MOYBEHHBIX DPACTBOpPAX, a TaKXe CKOpOCTH
NEeKOMINO3UIMOEHBIX mpoueccoB. CHenaHa MOMBITKa OnpenenauTh (GakToOpsl, OGYCJIOBIMBAIONIMEe pa3-
JNOKeHHe MUHEePaNbHBIX BEIIeCTB ¥ KX KPyroo6opoTsl B u3yuyaeMbIX 3KOocHcTeMax. B pa6ore mpu-
BOLATCA TIpedBapUTe/bHbie De3yJbTaThL.

'
aJII0OBHAJIBHBIE JIYTOBbI€ S3KOCHUCTEeMbl, pa3l0XkeH!He MHUHepandbHble 3JI€MEeHTOB; pas3JIOKUTeNH; IIpo-
LeCChl pPasyIOKeHHA

Adresa autorky:
RNDr. B. Ulehlovaé, CSec., Botanicky ustav CAV, 66261 Brno, Stara 18
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FORSCHUNGSARBEITEN AUF DEM GEBIETE
DER BODENENTWICKLUNG, DER BODENPROFILFORMUNG
UND DER DARSTELLUNG DER PEDOSPHARE IN DER CSSR

Ein dynamisches Herantreten an das Studium des Bodens wird in einem
anderen Bericht bewertet. An dieser Stelle ist zu bemerken, dal der Wasser-
und Wirmehaushalt einen unumgénglichen Parameter bei der Losung der
Bodenklassifikation und um so mehr der Klassifikation der Standorte bildet.
Die bisherigen Studien von Glet, Bedrna und DzZatko betreffs der
landwirtschaftlichen Boden und von Pelifek und Saly betreffs der
Waldboden bestidtigen, dafl sich die Haupteinheiten der Klassifikation von
Boden in diesen Feuchteregimes signifikant unterschieden. Gleichzeitig weisen
sie auf die Notwendigkeit der langfristigen Messungen zwecks Erfassung der
langfristigen Periodizitdt der jahrlichen Bodenzyklen.

Obzwar man der Bodenkartierung im vergangenen Zeitraum grofBle Ka-
pazitit widmete, wandte sich die Aufmerksamkeit auf die Problematik der
Struktur der Bodendecke erst in den letzten Jahren zu; es wurden interessante
Studien von Linkes§, Hra$ko-Linke§& {iber die Struktur der Boden-
decke der Gebirgsgebiete der BRD und Arbeiten von Bedrna veroffentlicht.
Eine Analyse der Problematik der Beziehungen zwischen den Einheiten der
Bodensystematik, den Kartierungseinheiten und den Einheiten der Boden-
deckestruktur und den analogischen pedo-6kologischen und agronomisierten
Einheiten wird von Némecéek und Damaska angefiihrt. Die Meso-
kombinationen der Bodenformen werden konsequent erst bei der Bearbeitung
von Bodenkarten 1:200000 (Némec¢ek, Zuska, Tomasek), die wich-
tigen Kombinationen in den Karten 1:500000 und 1:1000000 (CSR Né&-
mecek, SSR Hrasko, Linkes Saly) gelost.

Dr. Jan Némecek, CSc.




CHEMICAL COMPOSITION OF THE LAYERS IN A SOIL THIN
SECTION AND IN AN IRON-MANGANESE CONCRETION
AS DETERMINED BY TWO MICROANALYTICAL METHODS

L. PAVEL, J. KOZAK

PAVEL L., KOZAK J. (Agricultural University of Prague, Prag-Suchdol).
Chemical Composition of the Layers in a Soil Thin Section and in an Iron-
-Manganese Concretion as Determined by Two Microanalytical Methods. Rost-
linn4d vyroba (Praha) 20 (5):543-550, 1974.

A ferromanganiferous soil concretion and a surface coating in a soil thin
section were analysed for the main chemical constituents in neighbouring thin
layers with the use of the laser spectrographic and electron microprobe micro-
analytical methods. The agreement between the results obtained by means of
the two different methods was found to be quite satisfactory. The distribution
of the chemical elements in the surface coating in the thin section indicated
the presence of a soil montmorillonite with different isomorphic substitutions
and an accumulation of excess free silica in the subsurface layer. The micro-
analysis of the layers in the concretion with a concentric structure showed
that the central and surface parts were composed of aluminosilicate with con-
siderable amounts of iron and manganese. Iron content increased several times
from the surface to the centre of the concretion. The dark-coloured subsurface
layer contained mainly Mn-minerals with a considerable accumulation of ba-
rium and calcium,

soil thin sections; ferromanganiferous concretions; electron microprobe; laser
spectrographic method

The sensitive chemical microanalytical methods may give, in some cases,
very valuable data even for such heterogenous bodies as represented by soils.
This is particularly true for the analysis of soil thin sections and stratified soil
concretions.

Soil micromorphology founded by Kubiena (1938) developed in the
course of last years in an important branch of pedology, providing an extremely
useful information about the processes of soil formation and development.

Several attempts were made to supplement the micromorphological obser-
vations on soil thin sections with the data on the chemical composition of the
coatings deposited on soil grain surfaces. The variation in the chemical com-
.position of the coatings from the commencement of the deposition on the grain
surface towards the youngest layer of the coating on its surface should reflect
the historical changes in the soil development. However, microanalytical chemical
data on the composition of the layered surface coatings are not available.

Brewer (1964) was the first to indicate a possibility to analyse very
thin layers of a coating, with the use of an electron microprobe. Cescas et al.
(1968) enumerated the possible applications of the microprobe and thought it
improbable to analyse soil thin sections because of their low thermal stability.
However, they employed the electron microprobe to analyse iron — manganese
soil concretions. Qureshi etal (1969) and Hill and Sawhney (1971)
deemed it possible to analyse even the thin sections, under certain conditions.
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In soils with a hydromorphic or semihydromorphic development and in
soils with a high rate of percolation of water, secondary exclusions-concretions
(Fe, Mn, Ca) are formed. When stratified, the layering indicates a gradual,
often discontinuous, growth. Chemical microanalyses of the layers in soil con-
cretions may, therefore, also yield a valuable information about the variation
in soil chemical processes in the course of the soil profile development. The first
to analyse soil concretions in this way by means of the electron microprobe, were
Cescas and Tymner (1967). Several papers appeared since then, dealing
with the application of the electron-microprobe method to soil analyses.

In the present paper, an attempt is described to analyse the thin layers both
in a soil thin section and in a soil concretion, with the use of two microanalytical
methods, i. e. the electron microprobe and the laser spectrographic methods;
reasonably comparable results could be obtained.

Brech and Cross (1962) first used a laser as an excitation source
in the spectrographic analysis. The main advantage is in the possibility to analyse
very small objects down to 10~° gms. in weight and 10~% cm. in diameter; the
objects need not be electrically conductive.

Compared with an electron microprobe, the laser spectrographic method
offers some advantages: the price of the equipment is much lower; elements with
a low atomic number (such as Na, Mg, Al) may be determined comparatively
accurately; the object surface need not be highly polished and made electrically
conductive. The disadvantages lie mainly in a lower reproducibility of the results
and in a strong inherent influence of the matrix effect. These are affected by the
transparency or coloration of the specimen, by the variable amount of the
vaporized mass from the crater, by the variable intensity of the laser pulses, by
the properties, processing and measurement of the photographic plate, etc.

The principle of the method: the coherent beam of monochromatic light from
a solid-state laser is focussed by a microscope objective on a very small area
of the specimen surface (10—100 um. diameter). The laser pulse evaporates
and partly excites a small amount of the material from a small crater. The
ionisation in the cloud of the vaporized sample initiates a simultaneous electric
spark discharge between two pointed carbon electrodes, placed above and close
to the specimen surface. Thus, a higher degree of excitation is obtained. The
characteristic light radiation of the elements present in the cloud is projected on
the slit of a spectrograph and recorded in the form of spectral lines. The intensity
(blackening) of the analytical lines is proportional to the element concentration.

The comparison of the two methods showed that the analysis by means
of the laser microprobe is less laborious and the results are easier to evaluate
than by means of the electron microprobe; in the latter case, even such soil
objects as described, are too heterogeneous for an electron beam 5 um. in
diameter.

MATERIALS AND METHODS

The soil thin section originated from the B2 horizon of a buried soil classified
by Smolikova (Faculty of Nat. Sciences, Charles University, Prague) as “braun-
lehmartige Parabraunerde”. The soil concretion was from an allitic terra rossa. The
following main constituents were determined in the thin section: SiO2, Al20s, Fe20s,
Ca0, MgO, TiOg; in addition, MnO and BaO were determined in the concretion.
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The laser spectrographic analysis was carried out with the use of the laser
source LMA1 and the quartz spectrograph Q 24 (both C. Zeiss, Jena, G. D. R.). The
procedure was described by Kozak and Pavel (1973). The following conditions
were observed:

Crater diameter: approx. 25 um. 2 — step excitation

Objective: 45X 0.5; screen 1 Capacity: 2 uF

Discharge tube voltage: 1.8 kV Inductance: 250 uH

Spark voltage: 3.1 kV Exposure: 4 pulses per spectrum

Projection system: 3 - lens

Photographic plates: ORWO Spectral plate WU - 1 and WU - 2
Spectrograph slit — height: 1 mm., width: 0.015 mm.

Analytical standards: natural and synthetic, ground and pressed into pellets at
100 kg/sq.cm.

Corrections: crater volume measured by the microscope.

The analyses with the use of the electron microprobe ARL - EMX were car-
ried out at the University of Illincis, (Urbana, Ill.) following the procedure as
described by Tyner et al. (1967), with the following working conditions:

Acceleration voltage: 20 KV
X-ray emergence angle: 52.50
Current on sample: 0.035 uA

Crystal for FeKe, MnKe, TiKe, Bal.y and CaKe: LiF
for SiKe«: ADP
for AlKe: KAP

Spot of beam on sample: 5 um.

RESULTS AND DISCUSSION

The results of the chemical microanalysis of four succeeding layers of a
coating in the soil thin section with the use of the two methods — the laser
microprobe LMA 1 and the electron microprobe EMX — are in the following
table.

The data in table 1 show a reasomable agreement. The more so, if the
principal difference between the twe analytical methods is considered. Moreover,
the analysed areas are different in size (diameter 25 and 5 um., respectively),
and it is virtually impossible t¢ analyse, by the two methods, exactly the same
spots. In the case of the electron microprobe, the results are more influenced by

1. The analysis of a layered surface coating. — Analyza vrstev v povrchovém
povlaku
Layer No. 1 2 3 4
Oxide LMA 1| EMX |LMA 1| EMX |[LMA 1| EMX |LMA 1| EMX
SiO, 56.5 57.7 535 63.0 56.2 60.3 55.0 56.5
AlL,O4 25.0 30.1 20.5 18.5 23.7 24.2 29.0 36.0
Fe,04 5.50 6.50 6.50 6.05 8.20 9.05 3.05 3.10
CaO 2.50 2.63 2.10 2.69 2.20 2.25 3.01 3.36
MgO 1.10 1.00 2.10 3.25 1.50 2.70 1.75 | 2.38
TiO, 1.05| 083 | 1.30 | 1.86| 1.05| 091 | 150 | 0.97
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the heterogeneities in the coating, by the difficulty to determine Mg at low con-
centration because of its low atomic number, by a strong matrix effect in Al
determination (metallic standard) which cannot be quite eliminated by a
computed correction. The results obtained by the two methods are quite acceptable
for the given purpose.

Mean values of the individual element oxide contents obtained by the two
methods were used to illustrate the distribution of these oxides within the coating,
from its surface inwards (Fig. 1).

The distribution of silica and alumina is remarkable. The silica content
increases from the surface layer 1 to a maximum in the subsurface layer 2 and
then decreases to a minimum in the innermost layer 4, while the distribution of
alumina presents an approximately inverse pattern. The distribution of ferric
oxide is somewhat similar to that of silica but for the maximum (layer 3). The
silica: sesquioxide molecular ratio is approximately 3 : 1 in the layers 1,3 and 4;
in the layer 2 it is 4.4 :1. It indicates the presence of a substituted soil mont-
morillonite in the surface coating, with an accumulation of excess free silica in
the subsurface layer 2. The presence of a 14-A mineral was confirmed by the
X-ray diffraction from the thin section. It is difficult in this case to explain the
nature of the distribution of SiO2 — Al:0O3 — Fe20s3 in the cross section through
the coating, because the thin section comes from a buried soil. More comparative
studies are called for, with recent soil profiles. A probable explanation could be
found in different isomorphic substitutions in the 14-A mineral deposited at
different time periods and in free silica ancient deposition or recent diffusion into
the coating.

The microphotograph (Fig. 2) of a part of the thin section shows the laser
craters as dark-framed light spots formed in the layers of the coating (4 craters
in each of 4 layers).

Fig. 3 shows the microphotograph of the section of the ferromanganiferous
soil concretion. The indicated cross section bears three spots 1, 2 and 3, which
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3. Microphotograph of a part of the soil thin section. Figures denote layers of the
coating starting from its surface. — Mikrofotografie vybrusu, ukazujici kraterky po
laserovych zasazich jako skvrny ve vrstvach povlaku (4 kraterky v kazdém povlaku)

4, Microphotograph of the ferromanganiferous soil concretion. Figures denote the
analysed layers. — Mikrofotografie fezu konkreci a tri vyznacena mista, kde byla
provadéna analyza
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II. The analysis of a layered concretion. — Analyza vrstev v konkreci

Layer No. 1 2 3
Oxide LMA 1 EMX LMA1 EMX LMA1 EMX
SiO, 40.0 35.0 20.3 18.5 25.2 23.0
Al,O4 22.1 23.0 13.4 14.2 17.3 18.0
Fe,O4 12.6 12,5 18.3 15.5 35.2 37.0
MnO 20.1 21.5 33.1 40.5 17.3 19.5
CaO 2.50 2.03 5.00 4.15 275 3.20
BaO 0.98 1.02 3.70 4.00 0.65 1.03
MgO 1.10 not det. 0.90 not det. 1.17 not det.
TiO, 5.10 5.00 1.05 0.59 1.00 0.55

were analyzed for the above-mentioned elements. The analytical data are in
table II.

The concretion has a concentric structure, as can be clearly seen from the
microphotograph of the polished surface of its section. The dark-coloured layer 2
contains much manganese, has an increased content of calcium and remarkably
much barium. Gallaher, Perkins and Radcliffe (1973) also found
the dark-coloured portions of soil concretions to be high in manganese. The high
content of barium besides manganese is apparently related to the presence of
psilomelane (Hewett and Fleischer 1960). McKenzie and
Taylor (1968) investigated concretions isolated from a great number of
Australian soils and could identify lithiophorite, birnessite and hollandite as
crystalline comstituents, containing 3.6—4.5 per cent BaO and a number of
important metal elements (Co, Ni, V, Pb, Cr, Zn). Torodokite and pyrolusite
were also identified in individual cases.

The agreement between the results obtained by the two methods is quite
sausfactory for this purpose. The differences may be again accounted for,
considering particularly the matrix effect due to the use of chiefly metallic
standards in the electron microprobe analysis. The determination of one or less
per cent magnesium by this method is difficult and was not done.

' The mean values obtained by the two methods were plotted in diagram

2 against the relative position of the analyzed spot on the cross section through
the concretion. The quantitative distribution of the elemental oxides from the
surface of the concretion inwards indicates certain interrelations. Silica, alumina
and titanium dioxide exhibit the same tendency of distribution, while that of
MnO, CaO and BaO is approximately inverse. The first group (SiO; — Al,O3 —
— TiO2) apparently participates in the formation of the aluminosilicate part of
the concretion, the second group (MnO — CaO — BaO) in the formation
of Mn — minerals. The iron oxide content increases several times from the surface
inwards and does not seem to be in any connection with the manganese oxide
accumulation.

We feel justified to conclude that the two methods give sufficiently identical
results when applied to the microanalysis of the aforesaid soil objects.
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PAVEL L., KOZAK J. (Vysoka $kola zemédeélska, Praha-Suchdol). Chemické sloZeni
vrstev v pidnim vybrusu a v Zelezitomanganicité konkreci, stanovené dvéma mikro-
analytickymi metodami. Rostlinna vyroba (Praha) 20 (3) :543-550, 1974.

Zelezomangani¢ité pudni konkrece a povrchové povlaky v pudnich vybrusech byly
analyzovany na hlavni chemické slozky v sousednich vrstvach laserovou spektralni
analyzou a elektronovou mikrosondou. Souhlas mezi vysledky ziskanymi témito
dvéma odliSnymi metodami byl dostateény. Rozdéleni jednotlivych prvka v po-
vrchovych povlacich v pudnim vybruse ukazuje na pritomnost montmorillonitu
s riznou izomorfni substituci a akumulaci nadbyte¢ného volného kysliéniku kiemi-
¢itého v jednotlivych vrstvach. Mikroanalyza jednotlivych vrstev v konkreci s kon-
centrickou strukturou ukazuje, ze vnitini a povrchové vrstvy jsou sloZzeny z alu-
mosilikati se znatnym obsahem Zeleza a manganu. Obsah Zeleza se nékolikrate
zvySuje smérem od povrchu do stiedu konkrece. Tmavé zbarvené vrstvy pod po-
vrchem obsahuji pifedev§im Mn - mineraly se zna¢nou akumulaci baria a vapniku.

padni vybrusy; zelezitomangani¢ité konkrece; elektronovd mikrosonda; laserova
spektralni analyza

[IABEJI JI., KO3AK M. (CenbckoxossiicrsenHpiit uHcTuTyT, Ilpara-Cyxmon). Xummueckmit co-
CTaB CIOEB B IIOYBEHHOM IUIMde W B JKeNe3HO-MApPraHNOBBIX KOHKPELHUAX, ONpedeNeHHbIH ABYMA
MHKpoaHanuTH4YeckHMH Meromamu. Rostlinna vyroba (Praha) 20 (5) : 543-550, 1974.

Kenesno-mapraHnosbie IOY4BEHHble KOHKpDEIMH M IIOBEPXHOCTHBIE HAaJeThl IIOYBEHHBIX IJIHGOB
aHaJM3UPOBAJH Ha TJaBHbIE XMMMYECKMe KOMIIOHEHTbi B COCEIHMX CJ0SX C TOMOIIBIO Ja3epoBOTO
CHeKTPaJbHOrO aHaJH3a M 3JEKTPOHHOrO MHMKpPO30OHNA. PesynbTaThl 3TMX IHBYX pa3HBIX METONOB
IOCTAaTOYHO CXOKHM. PacnpenmeneHue 3JeMEHTOB B TIOBEDXHOCTHEIX HaJleTax TNOYBeHHOro munda
CBUIETENBCTBYeT O TNPHUCYTCTBUM MOHTMODHUJJIOHHTA C pasHOM M30MOpOHOM cybeTHTynmelr MU Ha-
KOIJIeHWeM M30BITOUHOTO CBOGONHOTO KpeMHe3eMa B OTHENbHBIX cJ0AX. MukpoaHanusa cioeB
B KOHKpEL MM C KOHIEHTPHYECKOH CTPDYKTypOH IIOKasLiBaeT, 4YTO KaK BHYTPDeHHHe, TaK M IOBepx-
HOCTHBIE CJIOM COCTaBJEHBl M3 aJIOMOCHJMKATOB, COIep)Kallux B OOJBIIOM KOJHMYECTBE »Kesleao
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1. mapranen. ComepskaHHe >Kele3a MHOPOKDAaTHO BO3pacTaeT NO HANPABIEHHIO OT TNOBEPXHOCTH
K ieHTpy KoHKpenuu. OKpalleHHbIe B TeMHbIM L[BET CJIOM IOI IOBEPXHOCTBIO CONEP)KAT, [JIABHBIM
obpasoM, Mn-MuHepansl CO 3HaUMTENBHOM AKKyMyasuueil 6apus U KaJbIHA.

TIOUBE€HHbIE IHJIH@bI; JKeJIe3HO-MapraHllOBble KOHKPEIUH; SJIeKTpOH.Hin'I MUKpPO30HI; JIaSCPHbIX:l
(neKTpaJ’(BHblﬁ aHaJu3
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MOLECULAR WEIGHT OF SOIL HUMIC ACIDS FROM THEIR
DIFFUSIVITY IN THE AGAR GEL

M. VALLA, A. GUCKERT, F. JACQUIN, L. PAVEL

VALLA M. GUCKERT A. JACQUIN F., PAVEL L. (Agricultural University
of Prague, Agricultural University of Nancy). Molecular Weight of Soil Humic
Acids from their Diffusivity in the Agar Gel. Rostlinna vyroba (Praha) 20 (5) :
551-555, 1974.

The diffusivities in the agar gel of humic acids and polyphenols isolated from
the Bg horizon of an illimerized brown soil were investigated. The very broad
range of the diffusivity values indicated a high degree of heterogeneity — as
regards molecular weight (size) — of the soil polyphenol fraction and, parti-
cularly, of the humic acid fraction. This was so regardless of the fact that
the humic acids were represented by a single fraction obtained by gel filtra-
tion with the use of Sephadex G 25.

humic acids: diffusivity; soil polyphenols; soil organic matter; gel filtration

The molecular weight of soil organic compounds and, particularly, of humic acids,
is one of many criteria, which can be used to estimate the nature of biochemical and
soil-forming processes in soils. In the case of high-molecular-weight compounds and the
more so, of their mixtures, the determination of the molecular weight is difficult and
uncertain. The result represents often a mean value, without giving any information
about the presence of other constituents of different molecular weights in a complex
system.

The common methods applicable to the compounds of a low molecular weight,
based on the vapour density measurement, or on the depression of vapour tension
above the solution, cannot be used. The cryoscopic method could be used in the case of
a suitable solvent with a very high cryoscopic constant, yielding a quite homogeneous
melt. Schnitzer and Desjardins (1962) reported a successful result. The Rast
(camphora) method was found to be quite unrealiable. The osmometric determination
is highly influenced by the presence of low-molecular-weight compounds which pass
the membrane along with the solvent. The viscosimetric method yields too small diffe-
rences in viscosity coefficients. Solutions of high optical purity are needed for the optical
methods, based on the dispersion of light. The remaining methods, applicable to soil
humic compounds, are: gel filtration (molecular sieves), sedimentation in an ultracentri-
fuge, and diffusion.

The Sephadex method is widely used because of its simplicity; however, the gel
filtration does not lead to a high purity segregation. Ultracentrifugation of compounds
with the molecular weight of less than 2 . 104 is strongly disturbed by diffusion; a spe-
cially designed cuvette is needed to form the boundary. The aforesaid difficulties lead us
to the determination of the molecular weight of humic acids from diffusion coefficients.

MATERIAL AND METHODS

The diffusivity was measured in glass tubes 10 cm. high and 1.6 cm. in diameter. A 3.6 cm,
high column of 1 per cent agar gel (7.3 ccm.) was overlayered by a 4 cm. high layer (8.0 ccm.)
of aqueous solution of humus compounds from the Bg horizon of an illimerized brown soil, with
14C (Guckert, Nussbauer and Jacquin 1970).
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The solution contained 0.75 gm. lyophilized humus compounds per litre. The Sephadex
G 25 fraction of humic acids (Valla, Guckert and Jacquin 1972) and the polyphenol fraction
(Guckert 1972) were used, respectively.

The diffusion coefficients were computed from the non-steady-state diffusion equation
following the procedure as described by Lindstrom, Boersma and Gardiner (1968). The
diffusion experiments were carried out at 30 °C, for two time intervals: z; = n . 4z and ¢, =
= (n + 1) . A7, where n = 3 and At = 0.792 . 10* sec. The agar gel column was then cut into
discs 0.13 cm. thick (volume 0.27 ccm.), i. e. Ax = 0.13 cm. The amount of humus compounds was
determined in each disc from the '*C activity by a scintillation counter (Guckert, Roger and
Jacquin 1968).

EESULTS AND DISCUSSION

The measured values were rectified in semilogarithmic and plotted in linear coordinates
as exponential curves (diagrams 1 and 2). Three points from the curve #; and one from z;
were used to eveluate the apparent diffusion coefficients D), from the equation (Lindstrom,
Boersma and Gardiner 1968):

2 n+l __ o.n
D, — Ax ( ¢ ¢j )

1
At ¢ — 2 . ¢ + ¢cj_1® ( )
where ¢ = humus compounds, gms. per disc,
J = space interval,
n = time interval.

SRV~

0 L ! A

1. Diffusion curves of humic acids. Or-

dinate — humic acid concentration,
¥ 10—° gms. per disc: abscissa — distan-
ce from boundary, ecm. — Diftizni kfiv-

ky huminovych Kkyselin. Ordinata — kon-
centrace huminovych kyselin, X 10-3% g
na 1 disk; abscisa — vzdalenost od roz-
hrani. cm
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2. Diffusion curves of soil polyphenols.
Ordinate — polyphenols concentration,
X 10-5 gms. per disc; abscissa — dis-
tance from boundary, cm. — Difuzni
kfivky pudnich polyfenolu. Ordinata —
koncentrace polyfenolld, X 10-5 g na 1
disk; abscisa — vzdalenost od rozhrani,
cm
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3. Adsorption isotherms. Ordinate — ad- 4. Distribution of mean molecular
sorbed humus compounds, X 10-3 gms. weights of humus compounds. Ordinate

per ccm. agar gel; abscissa — equili- -- molecular weight; abscissa — distan-
brium concentration, X 10-5 gms. per ce from boundary, cm. — Rozdéleni mo-
cem. — Adsorpéni izotermy. Ordinata—  lekulové vahy humusovych sloucenin.
adsorbované humusové slouceniny, X Ordinata — molekulova vaha; abscisa
X 10-5 g na 1 ccm agarového gelu; abs- — vzdalenost od rozhrani, cm

cisa — rovnovazna koncentrace X 10-5

g na 1 cem

The D, values were transformed into D values (free diffusion) with the use of the
Henry coefficient H (Timofeev 1962), determined from the linear adsorption isotherm
(diagram 3)

a=H.¢, 2
where a = weight of adsorbate per unit weight of adsorbens, and
¢ = equilibrium concentration, gms. per ccm.

D may be calculated from the equation (Crank 1967):

D
Do =g71- 3
The molecular weight M can be obtained from the following equation (Vavruch
1959):
kR T \3
M= (TD) , @
where & = constant (=0 .99 . 10-27),
v = partial specific volume, ccm. per gm.,
T = temperature, °K,
7 = viscosity coefficient;

v = 0,65 (the value recommended by Cameron ez al. 1972).



The diffusion coefficients increase with the increasing distance from the boundary
and the molecular weight of the diffusing constituents decreases. It is an indication of
a fractionation of the humus compounds by hindered diffusion in the agar gel. Cameron
et al. (1972) used the agar gel in the fractionation of humic acids.

The humic acid fraction is evidently more heterogeneous than the fraction of soil
polyphenols.

It may be concluded, that the original complex fraction of humic acids is differen-
tiated (continuous fractionation) according to the rate of diffusion caused by different
molecular weight (size) of the constituents. It should be pointed out, that the humic
acid fraction had the molecular weight range from five to ten thousand, as determined
by gel filtration. Diffusivity measurements indicated however the presence of molecule
which exceeded considerably this range. The diffusivity of some low-molecular-weight
constituents of the humic acid fraction approaches the order of diffusivity of simple
ions.
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VALLA M.* GUCKERT A.* JACQUIN F.** PAVEL L.* (Vysoka $kola zemédél-
ska, Praha-Suchdol,* Vysoka Skola zemédélska, Nancy**). Stanoveni molekulové vd-
hy huminovych kyselin pomoci difize v agarovém gelu. Rostlinnd vyroba (Praha)
20 (5) : 551-555, 1974.

Byla zkoumaéna difusivita huminovych kyselin a polyfenolu, vyizolovanych z Bg
horizontu hnédozemé. Velké rozdily v difusivité indikovaly vysokou heterogenitu
molekulové vahy (velikosti ¢astic) pudnich polyfenoli a zejména huminovych ky-
selin. Tento fakt byl zvlasté pozoruhodny u huminovych kyselin, kde se jednalo
o frakci vyseparovanou na Sephadexu G 25.

huminové kyseliny; difusivita; plidni polyfenoly; pudni organickd hmota; gelova
filtrace
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BAJITA M.* T'YKKEPT A.** JXAKEH ®.** TIABEJI JI.* (CenbckOXO3AHCTBEHHBIH HMHCTHTYT,
Ipara-Cyxnon* CenbckOXO3AMCTBeHHBIM MHCTUTYT, Hancu**). Omnpenenenne MoxeKynspHOro
Beca TYMHMHOBHIX KHCIOT ¢ noMomsbio nudPysum B araposom rexe. Rostlinna vyroba (Praha)
20 (5) : 551-555, 1974.

Usyuany nuddysHocTs TyMHHOBHIX KHCJIOT M IOJHQEHOJOB, H3ONHpPOBAHHLIX M3 Bg-ropusonra
Gyposema. Boasmue pasnuuus auddysHOCTH yKa3HIBAOT Ha BLICOKYIO TeTEpPOreHHOCTh MOJEKyJAp-
HOro Beca (pa3Mepa 9acCTHI]) TOYBEHHBIX IOJH(EHONOB M OCOGEHHO T'YMHHOBLIX KHCJOT, y KOTO-
PHIX 3TOT QaKT nNpuMeuaTeleH TeM, UTO BONPOC KacaeTcs ¢paKnuw, cemapuposaHHoit Ha Ceda-
zekce G 25.

TYMHUHOBBIE KHUCJOTHI; AMPPy3HOCTh; NOUBEHHbIE NONUPEHOJNE; OPraHUYeCKOe BENmIeCTBAa ITOYBHI;
renesasg ¢UIbTpaALUA
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RNDr. M. Valla, CSc, prof. ing. L. Pavel, DrSc., Vysokd $kola zemédélska,
165 03 Praha-Suchdol,
Dr. A. Guckert, dr. F. Jacquin, Vysoka skola zemédélska, Nancy
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FORSCHUNGSARBEITEN AUF DEM GEBIETE
DER BODENENTWICKLUNG, DER BODENPROFILFORMUNG
UND DER DARGESTELLUNG DER PEDOSPHARE IN DER CSSR

Im allerndchtem Zeitraum ist ein grofler Wert zu legen auf eine ein-
wandfreie Auswertung und Synthese der angesammelten Angaben {liber die
Bodendecke und Bodeneigenschaften, die zu einer vollkommenen Verein-
heitlichung des umfangreichen Materials iiber die Bodendecke der CSSR
fiihren wiirde. Man faBte bereits zusammen die gegenwirtige pedogenetischen
Erkenntnisse, Ansichten auf die diagnostischen Horizonte (einschlieBlich ihrer
Signatur) und den gegenwirtigen Stand der Klassifikations-Weltsysteme (N é-
me ¢ ek), damit dieser Stand bei sidmtlichen Regelungen respektiert werden
kann. Es wurde ein System der Bodenklassen vorgeschlagen mit der Be-
tonung, dall in diesem die Kriterien der hydrothermischen Régimes und
der Merkmale, die mit diesem in Korrelation stehen, mehr ausgeprigt geltend
gemacht werden.

Unumgénglich ist die numerische Bearbeitung des Analysenmaterials
und seine Riickprojizierung in die Karten, mit der Vornahme von Korrek-
tionen aufgrund der Korrelationen mit den Faktor der Bodenbildung und die .
Ergdnzung der auf diese Weise iiberpriiften Liicken in unserer Erkenntnis.

Man mufl feststellen, daBl die Ergebnisse der auf diese Weise orien-
tierten Etappe der Pedosphireforschung fiir eine lingere Zeit eine wertvolle
Unterlage der weiteren wissenschaftlichen Arbeiten und der pratischen Appli-
kationen bilden werden. Sie repridsentieren jedoch die Periode der Kon-
zentrierung der maximalen Aufmerksamkeit auf die statischen Parameter
der Pedosphére; diese mul} erzetzt werden durch konkretes Studium der dy-
namischen Zyklen in den Bdden und Modellierung ihrer Kulturumwandlung,
durch konsequente Transformation gegenwirtiger Ergebnisse auf die Stan-
dortsunterlagen, durch das Studium der Reaktionen und Verhalten der

Standorte in der landwirtschaftlichen Produktion mit Beziicksichtigung des
Landschaftschutzes.

Dr. Jan Némecek, CSc.

Rukopisy odevzdiany k tisku 6. 2. 1974, podepsdno k tisku 24. 7. 1974.
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