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Exkursion
der Österreichischen Bodenkundlichen Gesellschaft

15./16. Septelnber 1994

Exkursionsziel: Waldviertel

Im Rahmen der diesjährigen Exkursion ist die Besichtigung einer Reihe von
repräsentativen land- und forstwirtschaftlichen Profilen des Waldviertels geplant, die
zudem auch Standorte der niederösterreichischen Bodenzustandsinventur sind. Im
folgenden soll der Exkursionsverlauf kurz wiedergegeben werden:

15. September

800 Abfahrt Wien West
Besichtigung der Profile Mödring und Hötzelsdorf, Sabatenreith, Göpfritz
und Kottschalling

Nächtigung in Zwettl

16.September

800

ca. 1630

Abfahrt, Besichtigung der Profile Purrath, Arbesbach und Schiltern
sowie eines Aufschlusses .
Ankunft Wien West

Für die Fahrt steht ein Autobus zur Verfügung, ein Exkursionsführer wird beigesteIlt. Der
Exkursionsbeitrag beläuft sich excl. Nächtigung auf öS 400.-. Für die Übernachtung wurde
pauschal reserviert, die Zimmereinteilung erfolgt während der Fahrt (Preise von öS 250.-
bis öS 450.-), Anmeldeschluß ist der 16. August 1994. Wir ersuchen um Verständnis
dafür, daß Anmeldungen nur in Verbindung mit der Bezahlung des Exkursionsbeitrages
berücksichtigt werden können.
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Der GroßteiL der Beiträge in diesem Heft ist,

von einigen kLeinen "Ausrutschern" abgesehen,

ausnahmsweise in engLischer Sprache abgefaßt,

da über einen internationaLen Kongreß berich-

tet wird.

Wir sind dennoch zuversichtLich, mit diesen

aktueLLen Beiträgen einen großen Leserkreis

ansprechen zu können.

M. Eisenhut O. Nestroy
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Othmar Nestroy - Ehrenmitglied der ÖBG

Die ordentliche Generalversammlung der Österreich ischen Bodenkundlichen Gesell-

schaft hat am 19. 1. 1994 über Antrag des Vorstandes beschlossen, in Anerkennung

des Wirkens für die Bodenkunde und für unsere Gesellschaft Herrn tit.A.o.Univ.-Prof.

Dipl.-Ing. Dr. Othmar Nestroy die Würde eines Ehrenmitgliedes der Österreichi-

schen Bodenkundlichen Gesellschaft zu verleihen, die ihm anläßlich des Festaktes

zum 40jährigen Bestehen unserer Gesellschaft überreicht wurde.

Geboren 1933 in Kapfenberg, absolvierte Nestroy das humanistische Gymnasium in

Wien und studierte an der Universität für Bodenkultur in Wien, Landwirtschaft; 1956

schloß er dieses mit dem akademischen Grad Diplomingenieur ab.

Weitere Stationen in seinem Leben sind:

1956 - 60 Assistent am "Institut für Bodenforschung (Prof. Franz), Abschluß der

Dissertation über "Wirkung von Zweischichtackerung und garefördernder

Fruchtfolge bei verdichteten Böden der Oststeiermark"

1960 - 70 Landwirtschaftlich-chemische Bundesversuchsanstalt (heutige

Bundesanstalt für Bodenwirtschaft): Leitung des Labors, Durchführung

von Kartierungen, Analyseninterpretationen, Redaktion der

Bodenkartierungen

1970 ~86 Oberassistent am Institut für Geografie der Universität in Wien bei Univ.-

Prof. FINK (Lehrkanzel Physische Geografie), später bei Univ.-Prof.

FISCHER

1974 Habilitation in dem Fachgebiet Physische Geografie mit

besonderer Berücksichtigung der Bodengeografie

1984 tit.A.o.Univ.-Prof.



1986

bis dato
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Institut für Technische Geologie und Angewandte Mineralogie

der Technischen Universität Graz

Nestroy verfaßte 127 Publikationen unter anderem in reviewten ausländischen Medien

(z. B.,European Journal of Soil Conservation).

Sein Hauptfachgebiet ist die Bodengeografie und Agrarökologie.

Aufgrund seines beruflichen Werdeganges ist er in vielen Fachgebieten. der

Bodenkunde zu Hause. Seine Arbeitsgebiete umfassen: Bodenkartierung, chemische

und physikalische Bodenanalysen, Bodenphysik, Bodensystematik, genese und Geo-

morphologie. Er verfaßte spezielle Arbeiten zur Bodenerosion und Bodenökologie in,

den alpinen Räumen Österreichs und Griechenlands.

O. Nestroy liest auch an drei Universitäten und pendelt dabei seit Jahren zwischen

Wien und Salzburg.

Unser besonderer Dank gilt seinen Verdiensten für unsere Gesellschaft.

Seit den ersten Jahren unserer Gründung steht er für die Interessen derOBG hilfreich

zur Verfügung. Er war von 1986 bis 1989 Präsident und seit 1980 ununterbrochen

Schriftleiter - nur während seiner Präsidentschaft war er formal zweiter Schriftleiter -

somit verantwortlich für die Qualität. des wissenschaftlichen Outputs unserer

Gesellschaft; Er hat mehrere Exkursionen fast im Alleingang vorbereitet. Wir alle

schätzen seinen unermüdlichen persönlichen Einsatz für die ÖBG, die sein innerstes

Anliegen ist.

Die Österreich ische Bodenkundliche Gesellschaft hofft, O. Nestroy durch die

Verleihung der Ehrenmitgliedschaft den gebührenden Dank zum Ausdruck gebracht

zu haben.

Wir wünschen Dir auch in den kommenden Jahren viel Erfolg und bitten Dich um

weitere Unterstützung für unsere Gesellschaft.

E. Klaghofer
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Im nun foZgenden Abschnitt dieses Heftes der "MitteiLungen der Öst~rreichischen
BodenkundZichen GeseZZschaft" sind neun Arbeiten zum Thema Abbau von crganischer
Substanz wiedergegeben, die anZäßZich des EG-workshops "RoL;] of inl-'8r>tebrate
and microorganisms in decomposition and soiZ organic matti3!' fO!'.'":lc,tion" vom
22. - 24. ApriZ 1993 in Innsbruck präsentie!'t wurden.
Dieser workshop war der zweite workshop in der Reihe der EG-kcnzentriel't"m
Aktion "Decorrrposition and accwnuZation of organic matter in terl'estriaZ eco-.
systems" und hatte zum ZieZ, WissensWcken auf dem Gebiet des bioZogischen
Abaus aufzuspüren und Forschungsprioritäten zu formuUeY'en.

Heribert Insam
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Mitt. d. Österr. Bodenkundlichen Gesellschaft, H. 47, S. 11 - 41,1993

DECOMPOSITION OF L1TTER AND SOlL ORGANIC MATTER - CAN WE
DISTINGUISH A MECHANISM FOR SOlL ORGANIC MATTER BUILDUP?

B. Berga, C. McClaughertyb, A.V. Oe Santoc, M.B. Johanssona. G. Ekbohmd

Introduction

The buildup of soil organic matter is a slow process and often spans generations
of scientists, which makes it difficult to follow the buildup as weil as the .
mechanisms controlling the buildup. The most common response to the q~es1ion
is that "the buildup depends on litter formation being faster than the
decomposition processes". Although this is true, in principle, it seems a bit trhli~t:
and such a statement does not really provide us with an acceptable explanation
for the buildup as such. It lacks a proximate mechanism and could not
distinguish, for example, a difference in buildup rates between species.

aOepartment of Forest Soils, P.D. Box 7001, Swedish University of AgricutturciL
Sciences, S-750 07 Uppsala, Sweden
bOepartment of Biology, Mount Union College, Alliance, Ohio 44601,. LmA:
cOipartimento Biologia Vegetale, Universita di Napol~ Via FOlia 223', L-80;1;39
Napoli, Italy
dOepartment of Statistics, P.D. Box 7013, Swedish University of. A~ricultural'
Sciences, S-750 07 Uppsala, Sweden
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That the amount and quality of the litter formed are important factors is evident
and that decomposition and disappearance of Iitter determines the rate of
buildup of a soil organic matter layer is also evident. This knowledge is, however,
not enough and additional information about causal relationships is badly needed
to allow us to understand the process and to predict the outcome of the buildup
in single cases.

Numerous attempts have been made to use mathematical models to describe
organic matter decomposition. Among the earliest and most widely used models
is the simple exponential model, first proposed by Jenny et al. (1949), but more
commonly attributed to Olson (1963). Critics of this simple model have pointed
out that because of the nonhomogeneous nature of Iitter (e.g. solubles,
celluloses, lignin) (Minderman, 1968) and the various processes involved in mass
loss (Ieaching, cellulolysis, faunal processing) (Anderson, 1973) that more
complex models are required.

Field studies have confirmed the idea that organic matter decays with a
decreasing instantaneous rate of decay. If the decay rate declines to zero before
all of the organic matter has been decomposed the percent mass remaining over
time will approach an asymptote. An asymptotic form of model for mass loss
during decay has been proposed by several workers.
Howard and Howard (1974) incubated litter in glass tubes to exclude the
influence of soil fauna. They concluded that an asymptotic model provided the
best fit to their data. We will elaborate on their modellater. Subsequently,
Carpenter (1981 ;1982) compared several models and introduced two of his own.
Although only one of the five models that he compared included a provision for
an asymptote, he suggested that such an inclusion could be important for a
model of long-term organic matter dynamics.

In a study on limit values for decomposition in a system where faunal activity was
relatively unimportant, Berg and Ekbohm (1993) compared six sets of
decomposing Scots pine needle litter with six sets of decomposing lodgepole pine
needle Iitter and observed a highly significant difference between the two different
litter types with Scots pine needles having an average limit value of 84 percent
accumulated mass loss and lodgepole pine having a limit value close to 100
percent.
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Support for this form of model is not limited to faunal exclusion studies or sites
with minimal faunal influence. Aber et al. (1990) studied decay of a number of
temperate forest litters, including some mull sites, over aperiod of five or more
years and concluded that decomposition could be described in two phases.
During the first phase, simple exponential decay provided a good fit to observed
mass 1055. During the second phase, mass 1055 became extremely slow. For the
range of Iitters examined, they concluded that phase one (exponential decay)
extended to about 20 percent mass remaining,.

Further evidence that supports the asymptotice nature of organic matter decay
comes from radiodated soils and chronosequence studies. Carbon-14 dating
indicates ages of soil organic matter in the vicinity of 1000 to 10000 years (Paul,
1984;Stevenson, 1982). Numerous chronosequence studies support the idea that,
in the absence of disturbance, amounts of organic matter continue to increase in
soils over centuries or even millenia (Jenny, 1980).

It has been possible to relate the level of this estimated asymptote to initial
concentrations of same nutrients such as nitrogen and manganese (Berg et al.,
199X), factors that could regulate both size and composition of the microbial
community, with the latter being especially crucial to decomposition of recalcitrant
substances.

If it is true that different litters contribute different proportions of their mass to
pools of stable organic matter it could mean that with a constant amount of
litterfall we may expect very different responses in the buildup of soil organic
matter depending on the chemical composition of the falling litter, both within a
species and over species.

Although we c1early have a severe lack of good litterfall data as weil as data on
litters' chemical composition, collected in a scientifically acceptable way, we
attempt, in this manuscript, to suggest a possible mechanism for soil organic
matter buildup with focus on the decomposition process as such.
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A BUDGET APPROACH FOR SOlL ORGANIC MATIER IN SCOTS PINE
STANDS -FROM ONE SITE TO A REGION

General

In this attempt to establish a budget for organic matter we first used information
from one site supplying us with extensive data. Using our site-specific model as
a guideline we also attempt to generalize our observations on development of the
S.O.M. layer to a region.

One site - the SWECON site, general background and site data

We have selected the forest stand of the former Swedish Coniferous Forest
Project (SWECON) to create a dynamic budget for the organic soil layers. The
background data and site history are weil documented, thus providing a starting
point for budgets in a regional perspective.

Amounts of organic matter measured in most components of the stand and
average annual litter production flows (Figure 1) give a static organic-matter
budget for the forest at an age of about 120 years. The numbers given are based
on a good set of measurements and the original compilation of data was
published by Andersson et al. (1980). Litterfall data were measured for the period
1973 - 1980 (cf Flower-Ellis, 1985;Berg et al., 1993). Root production estimates
were to uncertain to be included in the present budget. Decomposition studies
were lang-term, using different Iitter components, including needles (e.g. Berg et
al. , 1982). The chemical composition of different Iitter components was also
investigated (Berg, 1981). With this background information it appears reasonable
to develop a budget for organic matter.

The stand was a Scots pine monoculture, about 120 years old in 1973, located
at Jädraäs in Central Sweden (60049'N; 16°30'E) at an altitude of 185 m a.s.1.on
a flat area of deep sand sediments. The mean annual precip. is 609 mm and the
mean annual temp.is +3.8°C. Two younger stands (18 and 55 years old) on
similar nutrient-poor soils were investigated for litter fall. The forest has been
described in earlier papers (e.g. Axelsson and Bräkenhielm, 1980; Berg et al.,
1982).
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A very loose Aoo horizon, interwoven with living mosses and lichens, covers a
combined A01-Ao2 horizon of 5-10 cm. The latter organic layer was very weil
separated from the mineral soil. The parent mineral material as weil as the whole
soil is considered to be very poor in essential nutrients. In the middle part of the
last century the forest at this site was burned completely, including the existing
organic layers, leaving charcoal at the bottom of today's organic layer.

Litter production

Trends in total litterfall

At the site, litterfall was observed for seven to ten years in three Scots pine
stands, initially 18, 55 and 120 years of age (Table 1). Some trends with time
were evident within stands, and there were c1ear differences between them. A
detailed analysis on annual fall as weil as on single Iitter components such as
needles, cones, branches, and fine Iitter has been given by Berg et al. (1993) and
by Flower-Ellis (1985).

The se ries of observations revealed an increase in totallitterfall in all three stands
with stand age (cf Berg et al., 1993). The stands represented the age periodQf
18 - 25 years, 55 - 65 years and 120 - 130 years, giving a relativelygooet
distribution among ages.

The methods used by Flower-Ellis (1985) to determine total litterfall was v,ery:--
much adapted to Iitter type and the reader is referred to Flower-Enis (1'985) <and
Flower-Ellis and Olsson (1978) for a full description of their methods.

Relation between litterfall and stand aae - two models

General

A linear regression of litterfall on stand age, using data trom the Jädraäs $i~
alone, gave a good relationship tor the two younger standsoniy '(f8 and.

. 0

55-year-old). For the 1~-year-old stand, Quring the sev~n yea,(~tor which data _~.e
. ,
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available, use of the total amount of littergave a significant positive relationship.
The 55-year-old stand also showed a significant, positive relationship for the ten
years during which it was followed (Table 1). This indicates that during the age
interval concerned, the amount of litter was still increasing. However, this trend
seems not to be an effect of age alone, but includes a temporal trend which is
common to all three stands (Berg et al., 1993). The old stand did not fit
satisfactorily into the overall picture. At an age of 120 years, it may no longer
have been expanding its needle mass; but there was no indication that this was
declining, during the period of observation. The average litter fall during he ten-
year study (1973 - 1983) was 2212.4 kg ha-1 in the 55-year-old stand which was
significantly higher than the average of 1621.5 kg ha-1 in the 120-year-old stand.

It should be noted that the 55-yr-old stand was situated on a relatively more
fertile site which could explain the somewhat higher level of Iitter production in
that stand as compared to the 120-yr-old stand. The ten-year average of 1620
kgha-1 is higher than the 1420 kg ha-1 previously reported (Andersson, et al. ,
1980), due to a new estimate based on 10 years of data Berg et al. (1993).

Models

We will consider two alternative models for litterfall as a function of stand age.
The first model assumes a linear increase in litter fall from 16.2 kg ha-1 in year
1 to 1620 kg ha-1 in year 100 with litter fall remaining constant thereafter. The
second model assumes a logistic increase in litter production.

The logistic model can be stated as:

d LF = 9 (Max - LF)
dt LF

where;

(1)

LF = annual litterfall
Max = maximum ("steady- state") annual litterfall
9 = constant intrinsic for rate of increase in litterfall with age
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Using serial approximations to achieve the best fit to data trom both the 18-yr-old
and the 120-yr-old stand, the following parameters were derived.

Max = 1620
9 = 0.37

These two models are illustrated in Figure 2 a and b, along with actual data
points from the Jädraas Iitterfall studies.

Litter decomposition - maximum decomposition - limit values

Observations on the ohenomenon of maximum decomoosition

For most litter types it has been observed that the decomposition rate becomes
lower as decomposition proceeds while the more easily metabolized components
are decomposed and the recalcitrant ones remain. For some litter types in late
stages it has been observed that the decomposition in late stages of decay beco-
mes so slow that no significant mass loss has been measurable.

Howard and Howard (1974), working at Merlewood, presented estimated final
values for mass loss of some leaf litter types that were decomposing in the
absence of soil fauna. In their approach they found that asymptotic functions
described their data weil. The interpretation of their finding was (cf Figure 3) that
in the absence of soil animals the decomposition could stop or at least come
close to a halt and reach a limit value weil below 100 percent mass loss. Using
data from a nutrient-poor forest, almost free from soil animals, Berg and Ekbohm
(1991) tested long-term mass-Ioss values for such limits. They found that for
seven, chemically very different litter types, limit values could be estimated
ranging from about 50 percent remaining, up to no remains at all for one specific
Iitter type. (Figure 4). A later study (Berg and Ekbohm, 1993) gave results that
confirmed the tendency for some litter types to reach certain, specific limit values.
They found that within two pine species (Scots pine and Lodgepole pine), each
consisting of six different and independent sets of decomposing needle Iitters
there was a considerable homogeneity in limit values. For Scots pine needles an



-18-

average amount of 11 percent remained.

Method of estimation

In their study, Howard and Howard (1974) compared several statistical models
for such a case and preferred an asymptotic non-linear model with three
parameters. Later, Berg and Ekbohm (1991) modified their function somewhat
and obtained;

m.1. = m(1_e-ktlm), (2)

where m.1. is the accumulated mass loss (in %) and 1 is time in days. The
parameter m represents the asymptotic level which the accumulated mass loss
will ultimately reach and the parameter Ji is the decomposition rate at the
beginning of the decay.

A possible interpretation ofthephenomenon of limit values

Howard and Howard (1974) used an experimental environment with no soil
animals present. This may be a good basic condition to the phenomenon of
asymptotes as the mechanical treatment of the litter is minimized or nonexistent.
Most of the analyses used for the present study were from systems which were
either free from soil animals or had a soil fauna with a very low activity towards
litter, at least in the early decomposition stages. It is thus possible that the
asymptotes reflect where mass loss due to microbial activity comes to a halt and
some other agent is needed for the process to continue. However, even if the
existence of an asymptote may be attributed to the absence of soil animals other
studies, cited above indicate the asymptotic nature of mass loss in a variety of
forested ecosystems. A set of investigations were thus carried out by Berg et al.
(199X) comparing and synthesizing the data available.

In an analysis, Berg et al. (199X) used existing data and compared the litters'
initial chemical composition and limit values for decomposition. All limit values
were compared to the initial nitrogen concentrations which gave a highly
significant, negative relation. For example, all data combined gave the negative
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relation r= -0.706; n=28;p<0.001 (Figure 5a). In this analysis both data from field
studies and those from the Merlewood microcosms (Howard and Howard, 1974)
were used and they seemed to fit to the same line. The higher the initial nitrogen
level the more organic material should be stored.

There may be a causal relationship behind this observation. As decomposition of
the litter proceeds, the concentrations of lignin and Iignin-like substances
increases. This is due to two phenomena. First, because these substances are
highly resistant to decay, they are decomposed more slowly than more easily
degradeable substances, resulting in an increase in their concentration. Second,
Iignin-like compounds (and other forms of stabilized organic matter) are
synthesized during the decay procss. Many of the enzymes responsible for lignin
degradation can, under appropriate conditions, catalyze the polymerization of
lignin-like substances (e.g. Kondo et aL, 1990; Lobarzewski et aL, 1982).
Furthermore, nitrogen containing compounds have been shown to react with
aromatic substances in the soil, yielding recalcitant humic compounds (Nömmik
and Vahtras, 1982;Bollag et aL,1983; Liu et aL, 1985).

The composition of the microbial community is very much dependent an the
chemical input into the system. This includes not only the availabiHty of the >

energy source but also the concentrations of different nutrients. The ii1teractioA
of nutrients may be complex and although, for example, a good supply, oL"
nitrogen may stimulate the initial decomposition rate of litter, an abundant supply
of nitrogen mayhave a reversed effect in somewhat later stages. Properties_~
as nutrient content or organic composition can affect the compositlon of the
microbial community. Relatively few species of microorganisms can deCf)lT1poSe~
lignin completely. The members of this lignin-degrading group are geAerfuaHy-
referred to as white-rot organisms. Keyser et aL (1978) showedthat aWh~-rot
fungus did not synthesize its lignin-degrading enzyme system:1n'~ preSen~ ot:

J

low molecular, nitrogen-rich compounds such as ammonium- anti .amioo"acids ..
Fungi with such properties would naturally be hampered in th~r Qßv.~ment: .
when growing on a far-decomposed, lignin-rich litterwhich ~5'.(also-; rieb-,jf;!t
nitrogen. As a good number of white-rot fungi havebeen (fpun~ 10 ~h.av.eoUlis'
property (P. Ander, pers. comm.), a high nitrogen lev~1 ~~d<re~d' tjgh~
degradation and consequently also the decomposition of far-decomposed litter

_ .... d

in several soil systems.
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When testing the relation between initial concentrations of manganese and the
limit values all available data gave the highly significant, positive relation
r=0.757;n=17;p<0.001 (Figure 5b).
This nutrient has been demonstrated to be essential to the activity of manganese
peroxidase, a lignin degrading enzyme (Perez and Jeffries, 1992). It is also
involved in the regulation of other lignolytic enzymes including laccase (Archibald
and Roy, 1992) and lignin peroxidase (Perez and Jeffries, 1992;Paszcynski, et
al. , 1985). Although the causal relationships are unclear, there was a significant
relation, suggesting that manganese concentrations may influence limit values.

The fact that a relationship (although mainly empirical) exists between limit values
and initial nitrogen concentrations, as weil as to those of manganese, is good
support for a strong rate-retarding mechanism.

Do the estimated limit values indicate a halt in the decomposition process ?

Although it has been possible to estimate significant limit values for litter mass
loss by using asymptotic functions we cannot conclude that such limit values
necessarily reflect completely undegradeable remains of the litter. The estimated
remains could equally w~1I reflect a fraction that would be fairly stabilized and
thus be decomposing at a very low rate. However, this would not make the
phenomenon any less interesting, especially if we could connect this recalcitrance
to properties of the of the litter or its environment, e.g. lignin concentration,
nutrient status or climate. The fact that allophanic organic matter exists shows
that an "infinite" storage is possible and although allophanic organic matter may
be regarded as "extreme" the level of stabilizing components necessary for a halt
in the decomposition process is today not defined (e.g. Paul, 1984).

Soil organic matter data for the stand

In a measurement of the amounts of soil organic matter in the 120-year-old stand
Staaf and Berg (1977) estimated - with the use of large-diameter sampiers - the
amount of "humus" in the combined AOl - A02 layer to be 15400 kg ha-l

. This did
not include visible litter remains.
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A model for a budget

With regard to the importanee of the litter's ehemieal eomposition (cf Figure 5)
it is important to note that the litter produeed from the pines was ehemieally
similar from all parts of the trees (with the exeeption of the rough bark)(Berg,
1981) and that the main part of the shrub Iitter had a ehemieal eomposition
reasonably e10seto that of pine (Berg, 1981). In addition, the Iitter formation from
the pines dominated the litter input in this stand and we have thus assumed that
the deeomposition proeess in the late stages was similar among aillitters leaving
reealcitrant or stabilized remains of about 11 percent of the litter fall. Using Eq.
1 we estimated that it takes 8 years for fresh Seots pine nedle litter to be redueed
to within 1 percent of the asymptotie level. First we ealeulated litter input for eaeh
of the 112 years (last 8 years have yet to eontribute stable organie matter). Then,
assuming that 11 percent of eaeh year's input beeomes stable, we ealeulated the
annual amount of stable organie matter eaeh year. Summation over the 112
years gave an estimate of aeeumulated organie matter. For the linear model we
obtained a figure of 11370 kg ha.1 (Figure 6). Using the logistie model, deseribed
above, to prediet litterfall, for the same period of time we estimate an
aceumulation of 16670 kg ha'l of soil organie matter (Figure 6). Neither of these
estimates included belowground Iitter inputs but compared favourably with the
direct measurements of 15400 kg hä1 (Staaf and Berg, 1977).

The larger estimate produced by the logistic model is due to the fact that the
logistic model predicted much higher litter input in the early yars of stand
development. The logistic model predicts that the stand reaehes maximum litter
produetion after only 30 years whereas the linear model assumed that maximum
was not a attained until year 100 (see Figure). When the former stand at this site
burned in the middle of the 19th eentury, practically all of the organie layers were
burned too, leaving just charcoal remains. The fact allows us to easily identify
and date the organie matter. The model does not inelude input due to root litter
and ground vegetation or output due to downward transport of organie matter into
the mineral soil. Although these two processes would, to a degree, counteraet
one another, neither is known with enough preeision to be ineluded in the present
model. The differenee between the estimated and the determined amount was
26 percent lower for the linear model and about 8 percent higher for the logistie
model. Such differenees are reasonable.
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Budget estimates for soU organic matter in Scandinavia

Litterfall

A transect of Scots pine sites across Scandinavia

The litterfall data, originated from 33 Scots pine sites. For three plots Iitterfall was
followed for at least ten .years and for most plots up to three years. The
geographical range for these sites varied from north of the Arctic Circle (66°32'N)
to south Sweden (58°07'N) which covers about half of the north-south distribution
of Scots pine in Europe. For all of these sites information was presented about
needle litter fall (Albrektsson, 1988;Johansson, 1986;Flower-Ellis, 1985) and
about half of them also had total litterfall measured (Johansson, 1986;Flower-
Ellis, 1985). A synthesis of these data was made by Berg et al. (1993).

In an attempt to construct a regional model we compared annual fall of needle
litter as weil as totallitter, to stand age, basal area, site index and latitude, using
available data (Tables 2 and 3).

The variation in mean annual needle litterfall ranged from 530 kg ha-1 to 2312
kg ha-1

. The lowest amounts were found at nutrient-poor sites, gene rally with
sediment soil, in the north. At more nutrient-rich sites with till deposits or c1ays,
litterfall mass was higher. Among sites of similar fertility, needle litterfall was
lower for sites situated in the north than for sites with a more southern situation.
This is evident when needle litterfall at two extreme sites, at latitude 66°32'N and
latitude 58°04'N, are compared. These sites had nearly identical site indices (17
m and 16 m, respectively) and basal areas (17.5 m2 ha-1 and 18.3 m2 ha-1

,

respectively) but the needle litterfall at the northern site (608 kg ha-1 yr-1
) was

only about one third of the amount obtained at the site located in the south (1571
kg ha-1 y(l

The mean annual totallitterfall (Iarger twigs and branches excluded) varied from
735 kg ha-1 to 4198 kg ha-1

• The proportion of needle material in the totallitterfall,
which comprises needles and fine litter, varied between 33 and 75 percent in the
stands studied. However, in most of the stands the needle litter fraction
accounted for about 50 to 60 percent of the total annuallitterfall. According to
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Bonnevie-Svendsen and Gjems (1957) and Mälkönen (1974), needle litterfall is
approximately 75 pereent of the total Iitterfall in Seots pine stands. Their values
are higher than ours, despite the fact that larger twigs and branches are not
included in our figures. Although the methods used in the two different transect
studies were not ideal for e.g. determination of the quantification of cones and
branches litter we have used data for estimates in a regional budget (below) to
indicate trends.

Linear relations of litterfall in Scandinavia to stand aae. latitude. basal area.and
site index

Latitude; We obtained a negative relationship between latitude and Iitterfall (both
total litterfall with r2=0.39;n=17;p<0.01 (Table 2) and needle litterfall
(r2=0.48;n=33;p<0.001) (Table 3). This may be compared with the results of
Albrektson (1988), who also found a negative relationship for needles
(r2=0.46;n=16).

Site index; Site index values were available for all the Scandinavian sites. All
needle Iitter data combined, gave an r2 value of 0.42 (n=33; p<0.001 ;Table 2).
Total litter gave an r2value of 0.50;n=17;p<0.01 (Table 3).
Stand aae; When we eompared all available data for needle litter to stand age
we obtained an r2value ofO.27 (n=33;ns) for needle Iitter (Table 2). For totallitter
the r2 value was 0.19 (n=17: ns) (Table 3).

Basal area; A comparison of litterfall to basal area gave a coeffieient of
determination (r2) of 0.52 for total litterfall(n=17;p<0.001 )(Table 3). When all
available data for needle litter fall were combined (Table 2), basal area gave a
highly significant, but poorer relationship with (r2=0.26;n=33; p<0.01).

Multiple linear relations for litter fall of both needles and totallitter. usina all
Scandinavian data

Relationships on latitude and site index were highly significant (n=33) and gave
r2 values of 0.48 and 0.42 respectively. In multiple linear relationships, the
combined factors gave significant or highly significant relationships with r2values
from 0.49 for site index plus basal area, to 0.71 for latitude plus basal area. A
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three-factor model using the variables, latitude, site index and basal area, gave
an r2 value of 0.73, thus explaining about 3/4 of the variation in needle litterfall
(Table 2). For totallitter fall an r2 value of 0.77 was reached when latitude, site
index and basal area were included (Table 3).

Soil organic matter

No quantitative data for amounts of soil organic matter existed in these transects.

Decomposition of Iitter and limit values

For Scots pine needle Iitter decomposing in the transect of Johansson, limit
values were estimated for the whole climatic range of sites (M.B. Johansson,
pers. comm.). Although some trends in limit values apparently were dependent
on climate and the sites' nutrient status (B.Berg, M.B. Johansson, unpubl.) they
did not seem to be of a magnitude worth considering in the present budget
estimate. We have therefore used the value of 11 percent litter remaining,
estimated for the Jädraäs site for the whole transect range.

Growth of soil organic matter layers on a regional level

Using the data presented above and the equations of Tables 2 and 3 we can
estimate the growth of organic matter layers over a larger region. We can
i1lustrate this with the use of a change in latitude from, say northern Scandinavia
to central Germany or south Poland. Let us take first needle litter and then total
litter. The needle litter fall would be about 810 kg ha-1 at a latitude of 66° and at
49° (cf Figure 7) it would be 3316 kg ha'l, meaning that the SOM layer may grow
about 4 times faster in the south just due to the needle component. For total
litter we would have a figure of 3.5 times as fast assuming then that the limit
values would be similar in both cases and that the stands would have similar
nutrient status.

If we extend the calculations and use the assumption that the stand in the south
would grow faster and reach a maximum canopy in, say, 40 years as compared
to 110 years in the north we can modify the estimates. Using the linear model for
litter production versus stand age, (Figure 2) and a remaining recalcitrant compo-
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nent of 11 percent. We estimate that in the northern stand the needle component
in litter fall would have added about 4900 kg ha-1to the soil organic matter layer
in 110 years. In the south the stand would have added 7500 in 40 years, in both
cases until the canopies reached a maximum. Such an estimate can be
considered as conservative when compared with the estimates by RomeIl (1932)
for a Norway spruce forest. He measured the amounts of soil organic matter to
a depth of 100 cm and found 300000 kg ha-I. If we assume that this site and its
liter quality are similar to that of the Jädraäs site we can estimate how long it
would take to accumulate 300 000 kg hä1 or organic matter. As Rommel's
masurements extended to one meter we have doubled litter inputs from 1620 to
3240 kg y(1 to account for the belowground input. Using the limit value for Scots
pine needles of 11 percent and assuming constant litter input it would take 840
yars. Fires, diseases and storms or other disturbances may reduce litter input and
increase the time required for the measured accumulation. Perhaps more
important, a different limit value for the litter input could influence the time
required to accuire the accumulation. The available data, limited as they are,
while not providing support for the asymptotic model, clearly do not reject the
model.

This kind of calculations may be extended, elaborated, and applied to specific
questions. However, it should be emphasized that we have been presenting
studies from boreal pine forests and the results obained and the conclusions
drawn are not necessarily applicable to other systems.

CONCLUDING REMARKS AND RECOMMENDATIONS

We can now ask whether we have an appropriate method to estimate the growth
rate of the soil organic layer in mor forests. This approach is, of course, sensitive
to the accuracy of Iitter input data (both root litter and litter fall data) as weil as
to the limit value for litter decomposition.

The extension of Scandinavian data to the northern half of continental Europe is
an exercise that lacks validation data. The results predict a considerable
difference in the growth rate of the soil organic matter layer as a consequence
of a difference in latitude. The magnitude may seem alarmingly large with respect
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to the possibility of a eorresponding storage of nutrients.

The examples given above foeus on a eertain group of Seots pine stands. We
may expeet even more pronouneed differenees between north and south when
considering other species e.g. spruce.Deeiduous trees could also be expected
to differ. It is also important, though, to emphasize that the studies have dealt
with Iitterfall of leaf and needle litters wh ich are more nutrient rieh than wood
components. The effects described do not therefore necessarily describe the
effects of wood components on the organic matter buildup.

We make the following recommendations for research efforts necessary to fill vital
gaps in our knowledge.

- It appears self evident that a good basic knowledge about Iignin-degrading
organisms and their ecology is absolutely vital for further progress in the field of
soil organic matter dynamics.
- As budgets of dead organic matter make up the basic starting point for budgets
of nutrients in forest stands some basic approaehes are necessary;

(i) weil coordinated litter input measurements in seleeted stands in transects
(ii) a generalization of the coneept of limit values to a range of litter and forest
types as weil as an understanding of the causal relationships for their
magnitude.
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Table 1. Linear relations tor annual amounts ot totallitterfall and needle Iitterfall
as dependent on stand age in Scots pine monoculture stands at the SWECON
site Jädraäs. Basic data tram Berg et al. (1993) and Flower-Ellis (1985).

Initial stand age slope intercept ~ n p<
(kg hä1

/ yr) (kg hä1
)

18-year-old stand
total litter 89.11 -1041.6 0.716 7 0.05
needle Iitter 54.83 - 456.7 0.506 7 ns

55-year-old stand
totallitter 128.78 -5450.0 0.622 10 0.01
needle litter 79.81 -3273.2 0.517 10 0.05

120-year-old stand
total litter 56.22 -5377.6 0.573 10 0.05
needle litter 75.12 - 832.2 0.358 10 ns

18 plus 55-year old stand
totallitter 37.39 11.1 0.837 17 0.001
needle litter 21.99 211.9 0.773 17 0.001

18, 55, and 120-year old stand
total litter 4.76 1284.6 0.099 27 ns
needle litter 1.44 1011.6 0.018 27 ns
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Table 2. Simple and multiple linear relations tor average annual amounts ot
needle Iitterfall
(kg ha-I) as dependent on latitude, stand age, site index and basal area in Scots
pine stands in Scandinavia. All available average values tor Scots pine were used
(data trom Albrektsson 1988;Flower-Ellis 1985;Johansson 1986;ct Berg et al.
1993). ns stands tor not signiticant.

coefficient intercept n p<

Simple linear relations

Latitude -147.16 10526.81 0.48 33 0.001
Site index 93.49 -676.41 0.42 33 0.001
Age -9.01 2105.20 0.27 33 0.01
Basal area 46.32 281.91 0.26 33 0.01

Multiple linear relations

Latitude plus -140.60 9030.30 0.71 33 0.001
basal area 42.42 0.001

Site index plus 75.55 -924.01 Q.49 33 0.001
basal area 25.77 0.001

Latitude plus -122.17 7487.37 0.73 33 0.001
site index plus 25.31 ns
basal area 36.05 0.001



-33-

Table 3. Simple and multiple linear relations tor annual amounts ot totallitter-tall
(kg ha-I) as dependent on latitude, stand age, site index and basal area in Seots
pine stands. All available data (tram Flower-Ellis 1985; Johansson 1986; cf Berg
et al. 1993); ns stands tor not signitieant.

. eoettieient intereept n p<

Simple linear regressions

-Iatitude -212.51 15387.38 0.39 17 0.01
-site index 153.40 -1154.73 0.50 17 0.01
-age -19.28 3587.65 0.19 17 ns
-basal area 102.68 132.71 0.52 17 0.001

Multiple linear regressions

-Iatitude plus
-basal area

-152.70
83.39 9924.33

0.71. 17 0.01
0.01

-site index plus 93.60 0.64 17 0.05
-basal area 66.63 -1224.16 0.05

-Iatitude plus -130.86 0.77 17 0.05
-site index plus 70.47 ns
-basal area 59.01 7501.89 0.05
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Figure 1. A budget tor organic matter in a mature (120-year-old) Seots pine
monoeulture (SWECON site). Based on data trom Andersson et al. (1980) and
a litterfall ot 1620 kg per ha. Units are in kg ot organic matter per ha.
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Figure 3. Asymptotic model for mass loss during decomposition. The model,
using extrapolation, can be used to estimate a quasi-steady state or limit for
accumulated mass loss, indicating the percentage of litter input that is ultimately
stabilized. Limit value indicated by a dashed line.
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Figure 4. Aceumulated mass lass for seven Iitter types incubated in a 120-year-
old Seots pine forest;(x,-1) brown leaves of white bireh, (*,-2) green leaves of
white birch, (A,-3) brown Seots pine needle !itter, (",-4) green Seots pine needles,
(. ,-5) green lodgepole pine needles, (q-6) brown lodgepole pine needle litter,
p,-7) grey alderleaves. A. Measured Iitter mass lass. B. Estimated initiallitter
mass-Ioss and asymptotie values for accumulated mass lass. From Berg and
Ekbohm (1991).
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Figure 5. Comparison of limit values and initial concentrations of some nutrients
in Iitter. A. Nitrogen, B. Manganese. Figures fram Berg et al. (199X).
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DECOMPOSITION AND SOlL FAUNA

M. M. CoOteaux.

The first general question to be raised can be 'Is it a priority to differentiate what
is to be attribute to the soil fauna on the general functioning of the decomposition'. The
models (CENTURY, JENKINSON, NCSOIL) on the turnover of the soil organic matter
seems to be validated without any identification of the soil fauna contribution. This
contribution is integrated in other regulating factors like climate or type of soil. In other
models, the turnover of the organic matter is analyzed as the tranfer from one
biological compartments to another through the food web but the link with
decomposition is not clear.

There are a lot of informations in the literature on the contribution of soil fauna
to decomposition, most of them based on micro- or mesocosmes experiments, on
physical or chemical exclusion in laboratory and in field concluding to either the
stimulation or the inhibition of the fluxes according to the interactions of various basic
process.

The priority concerning the fauna contribution to decomposition should focus on
informations which can reach to a general concept. That is not easy because of the
large range of responses Iinked to the biodiversity wh ich leads to specific response of
two bytwo relationships (predation, competition, mutualism ...) and can be complexified
by crossed interactions in the network .

•Centre D'Ecologie Fontionelle et Evolutive, CNRS, B.P. 5051, route de Mende, 34033
Montpellier Cedex, France
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What is needed to know on order to characterize the role of organisms on a
function is: (1) what is it? (identification), (2) where is it? (Iocalisation), (3) how many
are they? (density), (4) what are they doing? (activity), (5) how does it interact with
other organisms? (interactions).

At all these levels, the gaps in our knowledge are numerous.

1) Identification: Even if there are many works describing soil fauna and their
seasonal dynamic, these werks concern a group of species which is linked to the skill
of the authors. A complete soil fauna description which allow to build up the food web
is rarely performed (cf. Amsterdam team) because it is needed to concentrate the
activity of different specialists at the same place and time for at least a one-year
period.
Nevertheless, this kind of information is needed for all the main ecosystems through

the life-zones because the food web structure reflects the biological interactions and
is characteristic of the decomposition process.

2) Localisation: At a spatiallevel, the soil fauna is generally identify with randomized
sampling procedure which indicate the level of spatial variability but not their
distribution according to spatial distribution of the habitats. This spatialisation is now
possible using geostatistic methods. The role of animal by moving and migrating is
generally accepted. A quantification of their role in the tranfer of C and nutrient through
the profile is needed.

3) Density: This point is often studied with the identification of the faunal communities
and their seasonal dynamic. The density of a group and its consumption potential
determine its grazing pressure. The grazing pressure is often expressed as the
difference between ungrazed and grazed systems or by the ratio between grazers
biomass and the grazed biomass. These expressions do not take in account the
growth of the grazed biomass wh ich can hid the grazirig effect if there is no limitation
of nutrient for the grazed populations. It is probably the reason why some relation
between grazing pressure and activity are not obvious.

4) Activity: The general assumption is that grazing and comminuting modify fluxes
processes. There are many experimental examples of enhancement of carbon and
nitrogen mineralization, other examples of reduction such as phosphorus uptake by
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plant through the grazing of micorhizae. Nevertheless, most results concerns the short
term (for instance, the shift in the composition of the microbial communities in the
faeces does not last very lang). Should we consider that the role of the soil fauna is
an addition of numerous induced flushes on the microbial activity and does this
addition give a significant effect? Some results show that in the long term, the
difference between grazed and ungrazed systems disappear. It can be that the rote of
the animal is to modify the speed of the processes thus in the late stages where the
processes are slow down, their effect is less obvious.

5) Interactions: That is probably the field where the gaps are the most numerous
because of the high diversity of possible relationships and our bad knowledge of
microbial communities. Some new methods for identifying the microbial diversity should
be linked to soil fauna studies to reach a better understa'nding of their interactions.

Knowing all theses gaps and probably others which are not Iisted here, priorities
are to be defined. Two points have to be considered first: the feasability and the
possibility for an information to be included in a model. So in a first step, considering
the characterisation of the ecosystems, instead of trying to provide a complete
knowledge of the soil fauna composition, a focus should be given on the large groups
of the macrofauna. At the spatiallevel, how they contribute to C and N tranfer through
the soil profile? At a temporal level, what is their role in the long term?

Priority should also be given to studies which use new and acurate techniques
C3C, 15N labelling, 13C, 15N natural abundance, new techniques for measuring the
microbial diversity ...).

I

L
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THE C:N RATIO OF THE SOlL MICROBIAL BIOMASS IN SOlLS OF
DECIDUOUS FORESTS

R. G. Joergensen*

Introduction

The size and composition of the soil microbial biomass is related to the annual C input,
to different environmental factors (e.g. climate, relief, water regime) and the parent soil
material (e.g. clay content, cation-exchange-capacity, base saturation or pH).
Pedogenesis in the humid climate of Central Europe is accompanied by increasing soil
acidification (Wolters and Joergensen, 1991). There is evidence that the composition
of the decomposer community in soil is partly a function of soil acidity (Schaefer,
1990). It is unknown to what extent the degree of soil acidification affects N storage
and the C:N ratio of the soil microflora in forest soils. In agricultural soils, the C:N ratio
of microbial biomass is only slightly affected by soil factors (Joergensen et al., 1992).
This may be completely different in forest soils where activity and growth of the seil
microflora is often limited by nutrient availability, especially N and also P. Changes of
soil conditions by acidification alters microbial performance and affects the turnover
rate of biomass N and its role in the supply of mineral N to the ecosystem. As astart
to increase actual knowledge about these central points, the following simple questions
are adressed in this paper:
- What is the size of the microbial biomass N pool in forest soils ?
- What percentage of total N is represented by the microbial biomass ?
- Do soil conditions, especially the pH, influence the C:N ratio of the microbial

biomass ?

*Institut für Bodenwissenschaften, von-Siebold-Straße 4, 37075 Göttingen, Germany
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Materials and Methods

The 38 forest soils and all analytieal methods are deseribed by Wolters and
Joergensen (1991), Joergensen and Wolters (1994) and Joergensen et al. (1994),
Analysis of soils was earried out using standard methods; for details see Wolters anc
Joergensen (1990). Soil mierobi~1biomass C and N were measured by
fumigation extraetion (Brookes et al., 1985; Vanee et al., 1987). Moist soil (50 g, on ar
oven-dry basis) was split into two parts, 25 9 for the fumigated and 25 9 for non.
fumigated treatment and extraeted with 100 ml 0.5 M~S04' Organie C in the extraet~
was measured using a Dohrman DC 80 automatie analyzer. Soil mierobial biomass (
was estimated from the relationship: biomass C = 2.22 Oe (Wu et al., 1990), where O(
is [(organie C extraeted tram tumigated soil) minus (organie C extraeted trom non
fumigated soil)]. Total N was measured after oxidation to N03 eolorimetrieally using ar
automated system (Skalar). Soil mierobial biomass N was estimated from thE
relationship: biomass N = 2.22 EN (Jenkinson, 1988), where ONis [(total N extraete<
from fumigated soil) minus (total N extraeted from non-fumigated soil)]. Ammonium wa:
measured eolorimetrieally using an automated system (Skalar). The ammonium f1usl
after fumigation was ealeulated from DNH4= [(NH4 extraeted from tumigated soil) minu:
(NH4 extraeted from non-fumigated soil)]. The results are the means ot triplieatl
analysis and are all expressed on an oven-dry basis (about 24 h at 105'C).

Results

Microbial biomass N
Cation-exehange-eapaeity (CEC), soil organie C, total N, total P, mierobial biomass (
biomass N and the biomass C:N ratio were alliogarithmieally normally distributed i
the group of 38 torest soils. In eontrast, soil pH, the ratios of soil organie C to total ~
biomass N to total N and the ammonium flush DNH4eould not be transformed to
normal distribution. Mierobial biomass N and biomass C were c10sely eorrelate
(Pearson, r = 0.88, P < 0.0001, log-transformed data) despite the enormous variation
between soils (Fig. 1, non-transformed data). The soil eonditions pH, CEC, total N an
P had signifieantly positive relationships with biomass N and the ratio soil organ
C:total N was negatively eorrelated (Spearman rank eorrelations).
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Ratio biomass N:total N
The ratio of microbial biom ass N to total N showed a distribution with two peaks
centering on 3.5% and 1.7% total N (Fig. 2). The ratios biomass N:total N and biomass
C:soil organic C were closely correlated (Spearman, r = 0.79; P < 0.0001). The 38
soils were divided into two groups (Joergensen et al., 1994), group 1: biomass C:soil
organic C > 1.4% (n = 23) and group 2: biomass C:soil organic C < 1.2% (n = 15). The
38 soils could also be divided into two groups using the ratio of microbial biomass N
to total N as parameter, group 1: biomass N:total N > 3.0% (n = 24) and group 2:
biomass N:total N < 2.8% (n = 14). With one exception, the groups were separated by
the two ratios in the same way. The soils of group 2 differed markedly from those of
group 1 in nearly all parameters presented in Table 1, except total P. The ratios of soil
organic C to total N and biomass C:N were higher, whilst the soil pH was lower and
the ammonium flush (DNH4) extremely low. The biomass N:total N ratio had the c10sest
correlation to soil pH wh ich itself suggested the formation ot two groups (Fig. 3). The
lower the pH, the smaller was the biomass N to total N ratio (Table 2). Loose but
significant correlations of biomass N:total N existed also with CEC, soil organic C and
the soil organic C:total N quotient (Table 2).

Ratio biomass C:N
The biomass C:N ratio was always approximately half of the soil C:total N ratio (Table
1). The biomass C:N ratio has the c10sest correlation with the soil C:total N ratio,
followed by soil C:total P ratio (Table 2). The negative correlation of the biomass C:N
ratio with the soil pH was also significant at P = 0.05 (Fig. 3). The soil with the lowest
pH had also the smallest C:N ratio. On the other hand, the soils with the largest C:N
ratio all had a pH below 4. The biomass C:N ratio of the 38 torest soils could be
estimated only slightly better by a combination of different linear variables in a multiple
regression model than by a single variable. A combination ot soil organic C, total N and
biomass P could explain 36.3% of the total variance (Table 3).

Discussion
Microbial biomass N and biomass C were as c10sely correlated in this set of forest soils
as reported for agricultural soils (Jenkinson, 1988). Similarly, the biomas~ N:total N
ratio was nearly doubled in comparison to the biomass C:soil organic C ratio,
emphasizing the importance of the soil microbial biom ass as a reservoir for nutrients.
The mean biomass C:N ratio 7.7 of torest soils was markedly higher than the mean
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values of 5.5 (fumigation incubation, Jenkinson, 1988) and 4.7 (fumigation extraction,
Joergensen et al., 1992) foundin agricultural soils. In particular to the range of the
biomass C:N ratio of 11.9 (5.4 - 17.3) in the 38 forest soils is much wider than that of
5.1 (2.3 - 7.4) previously reported in agricultural soils (Joergensen et al., 1992).

Increasing acidification of forest soils by leaching of calcium caused no
systematic change in the biomass C:N ratio. Two other small groups of soils could be
separated from the entire group of 38 forest soils (not identical with group 1 or group
2 in Table 2 and Fig. 2). In the soils of the Göttinger Wald, which are mainly developed
from the solution residue of the underlying Iime stone or from non-hydromorphic loess
(Wolters and Joergensen, 1991), the biomass C:N ratio declined with decreasing pH
(Fig. 3). The clay minerals of these soils are predominantly illitic (Thöle and Meyer,
1978). However, the role of clay quality has not been proved yet and the relation in
Fig. 3 may be coincidental. A pH decrease in these soils was combined with increasing
depth and bulk density, which increases the water storage capacity of the profile. A
decline in pH could also positively affect the availability of nutrients, such as
phosphorus, so that a microbial population is supported with a smaller C:N ratio. Some
soils with very low total P content have large biomass P:total P ratios, sometimes
reaching more than 40% (Joergensen et al., 1994). In the soils with a biomass P:total
P ratio larger than 22%,the biomass C:N ratio shows an extremely steep increase with
declining pH (Fig. 3).

In most of the soils, the biomass C:N ratio could not be explained by single
factors such as pH, clay quality or the ratios of soil C:total N or biomass P:total P. The
development of a soil specific biomass C:N ratio presumably depends on a complex
combination of different factors: population structure (age, species), C input (amount
and quality), nutrient availability, presence of toxie substances such as heavy metals.
An increased biomass C:N ratio with inereasing biomass P content (Table 3) and soil
C:total N ratio indicates changes in the population structure, e.g. mycorrhiza fungi, in
the situation of declining C and N availability. The C:N ratio of fungi can vary widely,
from about 4 to 15, that of bacteria, less so, from about 3 to 5 (Paul and Clark, 1989).
It is not known whether the biomass C:N ratio shows seasonal fluctuations in forest
soils however, it is probable that the biomass C:N ratio is relatively constant and
expresses a soil specific population structure developing under definite soil and
environmental conditions.
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labte 1: Mean (geometrie), minimum and maximum of soil and mierobial parameters
in the A horizon (0-10 em) of 38 deeiduous forest soils; group 1: biomass C:soil C>
1.4%; group 2: biomass C:soil C < 1.2%

Group 1 Group 2
Mean Minimum Maximum Mean Mean

pH-H2O 5.5 3.5 8.3 6.7 4.1
CEC[J.leq g.1] 195 63 696 272 117
Soil C [mg g'1] 63.0 18.2 180.5 52.7 85.3
Total N [mg g.1] 4.0 1.0 10.9 3.7 4.5
Total P [mg g.1] 0.46 0.18 1.77 0.47 0.45
Soil C:total N 15.7 12.0 26.6 13.9 18.9
Soil C:total P 133 34 423 110 179

DNH4 15 0 44 17 2
Biomass C [J.lgg'1] 830 317 2116 958 668
Biomass N [J.lgg'1] 108 30 347 140 72
Biomass C:N 7.7 4.5 17.3 6.8 95.3
Biomass C:soil[%] 1.3 0.5 2.3 1.9 0.8
Biomass N:total[%] 2.7 0.6 5.4 3.8 1.6
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Table 2: Spearman rank correlation coefficients between microbial biomass and soil
parameters

pH CEC Soil C Total N Total P Soil C: Soil C:

total N total P
Biomass C O.4Sb 0.73d 0.49b -0.02 0.49b -0.47b 0.08
Biomass N 0.63c 0.79d 0.24 0.56c 0.53b -0.62c -0.15
Biomass C:N -0.33a -0.34a 0.25 0.01 -0.23 0.44b -0.41 a

Biomass C:soil C 0.73d 0.55c -0.37a -0.30 . 0.32 -0.70d -0.53b

Biomass N:total N 0.70d 0.45b -0.41b -0.20 0.03 -0.47b -0.41 a

a P < = 0.05; b P < = 0.01; c P < = 0.001; d P < = 0.0001.

Table 3: Multiple linear correlation of the
biomass C:N-ratio with different variables

Coefficients of variances
-0.70
-0.63b

0.62b

0.26a

36.3

Constant
Total N
Soil organic C
Biomass P
r2

a p < = 0.05; b P < = 0.01.
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DECOMPOSITION OF ORGANIC MATTER IN TERRESTRIAL ECOSYSTEMS.
MICROBIAL COMMUNITIES IN SOlL.

A.Kj0l1er, S. Struwe*

AlM

This proposal emphasizes the need of a research-programme on the microbial proces-
ses during decomposition of organic matter in terrestrial ecosystems. It is of
importance to investigate microbial populations and variations in the decomposition
patterns influenced by natural environmental events and by perturbations introduced
by man. Elevated greenhouse gas emission leading to increased atmospheric
concentrations (global warming), acid rain (acidification), xenobiotics(pesticides etc.)
are some of the "stress factors" influencing the microbial processes in the soiL

BACKGROUND

Background for investigation of microbial processes in terrestrial ecosystems: During
the last twenty years appropriate methods have been innovated in microbial ecology,
especially for use in aquatic (incl. sediment) environments. Soil is a much more
complex substrate and the development of methods has advanced less. Therefor
knowledge about the microbial processes in soil is more limited and investigations with
modern techniques are needed.
The principle of microbial infallibility implies that all biological compounds are
decomposed by microorganisms. The different organic components are consequently
decomposed but not necessarily with the same rate. The actual decomposer equi-
librium depends on the active decomposer organisms and their abundance.

*Department of General Microbiology, University of Copenhagen, Solvgade 83 H, 1307
Copenhagen, Denmark
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In some ecosystems and at specific seasons organic matter is accumulated while other
systems are decomposing and mineralizing. This is of particular interest in agro-
systems where nutrient availability is critical in the growing season, but also in natural
systems.The two major microbial populations in the decomposer system are the
bacteria and the microfungi, bacteria playing a secondary role despite their high
numbers; microfungi are the most active decomposers of plant material. Bacteria have
special functions in the mineralization of nitrogen compounds.
Previous studies have focused on isolation and identification of soil microorganisms but
not often on the combination of functional and taxonomie studies which are needed for
a full understanding of the decomposer community.
Biodiversity during decomposition of organic matter and the role of especially
microfungiin nature is only partly known.

NEW CONCEPTS

Quantification of soil and litter fungi have been carried out for many years using very
time-consuming techniques. Recent biom ass methods are based on substrate -
induced respiration. and selective inhibition of bacteria and fungi, respectively.
Many factors influence the rate of decomposition and thereby variation in the microbial
biomass, e.g. moisture, temperature, pH, substrate quality. The effect of some of these
environmental factors on bacteria and microfungi is probably not identical. Studies of
the relative activity of these main groups of microorganisms and an analysis of the
community variation are important for predicting the ecosystem function.
There are two different reasons for quantifying fungal decomposer populations; one is
to assess the decomposition of the organic matter in order to determine the
mineralization rate, the other is to obtain a description of the pool of immobilized
nutrients stored for the Iife-time of the decomposer fungi. The entire decomposer chain
therefor serves as a link between nutrient supply and nutrient demand.
Some of the soil humus fractions are inaccessible to microbial attack while fresh
organic matter is readily attacked. The distinction between autochtonous and
zymogenous organisms relates to this difference but seems not to be valid for fungi.
In stead, the search for fungi with different growth strategies is important in order to
define the nutrient regimes where specific species or strains of fungi may prevail.
In future work it will also be important to include molecular techniques. The methods
are developed during the last years and much work is still to be done. It will be
possible to identify specific groups of bacteria and fungi and to determine their size,
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position and aetivity in situ. Ribosomal RNA based studies of natural mierobial diversity
and eeology, environmental nueleie acid extraets to analyse mierobial eommunities,
fatty aeid analysis to identity natural isolates are some examples of modern techniql;les
in mierobial eeology. These and other moleeular methods need to be innovated for use
in deeomposition studies.
Besides biodiversity and potential role of mieroorganisms during deeomposition in soil,
the mierobial proeesses have to be studied more intensively. Both aerobic and
anaerobic metabolie produets are produeed, C02and CH4, N20, NO, respectively. The
potential for the emission of these gasses in various terrestrial eeosystems influenced
by different environmental events needs to be investigated, e.g. the physiology and
ecology of the bacteria involved in methan production and denitrification.

CONCLUSION

It is consequently proposed to formulate a research programme developing lines of
microbial. research to analyze microbial communities and their function. The results
gained from this activity will be helpful in predicting the effect of some environmental
events, temperature increase, changes in humidity and oxygen tension, mineralization
of organic material and in addition, effects of human activity.

RESEARCH PRIORITIES

Decomposer patterns on organic matter - variations caused by antropogenic
influence.
Accumulation of organic matter - accumulation and turnover of microorganisms -
Mineralization index.
Microbial abundance and activity. linkage between presence and function.
In situ activity.
Respiration studies, substrate-induced respiration, selective inhibition, key
compound response.
Development of a test compound response method in natural or controlled
experiments to determine microbial growth and activity.
Development of selected strain fate methods in natural or controlled experiments
for establishment and activity response.
Growth strategies of key species under favourable and stressed conditions.
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Sensitivity of greenhouse gas production to environmental conditions. Substrate
dependency.
Molecular methods for detection of activity in natural environments.
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DECOMPOSITION OF ORGANIC RESIDUES IN SOlLS: LlTTER QUALITY AND
SPATIAL DISTRIBUTION OF DECOMPOSITION PRODUCTS AND MICROBIAL

COMPONENTS

R. Merckxa, S. Kachakaa, M. Van Gestela and B. Vanlauwea,b

Introduction

Reliable descriptions of decomposition processes in simulation models largely
depend on the definition of conceptual pools of both residue components and soil
organic matter. These fractions are considered to behave in an independent way and
are treated as separate entities with different kinetic behaviour upon decomposition.
Although the "ideal" conceptual fraction is also one that can experimentally be verified,
attempts to da so have had variable success so far. On the one hand, residues can
be fractionated into separate pools differing in their degree of extractability with a range
of solvents with increasing extracting power. On the other hand, prediction of their
decomposition or mineralization seems often confounded by other unidentified quality
parameters. In addition, the independence of the established fractions can be
questioned as the decomposition rate of so-called resistant or recalcitrant fractions
might be influenced by the presence of "active" components.

aLaboratory of Soil Fertility and Soil Biology, K.U. Leuven, Kardinaal Mercierlaan 92,
3001 Heverlee, Belgium
blnternational Institute of Tropical Agriculture, Resource and Crop Management
Division, Oyo Road, Ibadan, Nigeria
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Along another line of thinking and perhaps on a longer time perspective, decomposition
processes have been Iinked to the spatial distribution of various organic components
amongst soil aggregates. Association of organics with mineral particles has regularly
been mentioned as crucial in determining their resistance to decomposition.
Unravelling the association between organic components and soil mineral particles has
been performed by various physical disruption and fractionation schemes. These have
been put forward as an alternative to the more straightforward chemical fractionation
and characterization methods thatnevertheless lack sound relationships with soil
organic matter dynamics or soil fertility.

In the present paper three Iines of research are highlighted. At first, an
investigation towards the quality parameters of various residues will be given, together
with a more detailed study on the validity of such practice. Secondly, the physical
separation of 50- called "light" litter fractions will be addressed and illustrated by an
example of organic residue decomposition in alley cropping systems. Thirdly, physical
fractionation of stable humus components and microbial components into different size
classes will be presented. Integration of these three lines should be aimed at to obtain
a complete picture of decomposition processes.

Description of residue quality in relation to decomposition/mineralization
processes

Organic residue inputs constitute important and in some cases essential
components of soil fertility. Proper management of organic residues thus must be
based on accurate knowledge of the principles governing the dynamics of the
components involved. One of these principles is that decomposition rate or nutrient
release rate is different for various plant species depending on a multitude of quality
parameters. In a first approach, quality of the organic matter is assessed by
determining the distribution of dry matter over lignin, cellulose, hemicellulose and
soluble components (Van Soest and Wine, 1968). Lignin represents a recalcitran1
fraction,(hemi)cellulose a resistant one, and the soluble components are typified as
"active" or labile.

The validity of this fractionation concept can elegantly be demonstrated by usin~
homogeneously labelIed residues. We used 14C-labelled maize residues (Merckx e'
al., 1986) and characterized them according to Van Soest and Wine (1968). The
characteristics of the material and the results of the fractionation are given in Table 1
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In the subsequent incubation experiment two treatments were envisaged. Either the
complete, unmodified residue (MAI treatment) was added to 50 9 sampies of
preincubated soil or only the resistant and recalcitrant material (NDF treatment). As
such, in the MAI treatment 209 mg of dried material were added, whereas in the NDF
treatment only 102 mg were added. The rationale behind this experiment was that
such procedure should allow to study the decomposition of the resistant and
recalcitrant fractions with or without the presence of the so called "active" fraction, all
other parameters kept equal. At specified time intervals during the incubation, respired
CO2 and 14C-C02, microbial biomass C and 14C, mineral N and residual 14Cwere
determined.

Table 1. Selected characteristics of homogeneously labe lied maize leaves.

Fraction size %C %N C/N Spec.Act.
0/0 Bql mg C

Soluble (Active) 48.0 37.8 1.4 27.0 4977
(Hemi)cellulose (Resistant) 46.7 40.0 0.6 66.7 4636
Lignin (Recalcitrant) 1.0 57.5 nd nd 4556

, Ash 4.3 na na na na

Maize leaves 100 37.4 0.9 41.6 4800

na...not applicable, nd .... not determined

The results of the respired carbon are given in Table 2. From the evolution in
specific activity it can be deduced that in the MAI treatment most of the CO2 in the
initial phases is derived fram the residue. Decomposition of the NDF fraction clearly
is delayed, until at day 9 a specific activity appraaching that of the added material is
reached. Taking for granted the original hypothesis that fractions behave
independently, the subtraction of the decomposition curves of the NDF fram these of
the MAI should yield the decomposition curve of the active fraction. Deing so,
however, we arrive at the impossible situation of a decreasing 14C-C02 evolution at day
9 in a curve which by definition should be cumulative. It seems therefore that the
decomposition of the NDF materials is enhanced in the presence of the active fraction.
In fact, the decomposition of the NDF materials takes an earlier start in the presence



-64-

of active components, possibly due to areal priming effect.

Apart fram these, perhaps academic questions, relating to the independent
behaviour of residue fractions, another implication can be inferred from similar
laboratory incubations with a range of (tropical) plant species of varying age. An
example is to be inferred fram Table 3 where combinations of two different incubation
methods (with or without preincubation of the soil) and four different species are Iisted.
For three species we used three different batches of a different "age", that is the time
since the previous pruning. As the variable for decomposition the net amount of CO2

evolved after 20 weeks of incubation at 25"C is chosen. To explain the variance in the
measured CO2 evolution we tested the C/N ratio, the Iignin-to-N ratio, the (lignin +
polyphenol)-to-N ratio, the "active" fraction after a Van Soest fractionation and the
water soluble fraction.

Table 2. Activity and specific activity of released CO2 in an incubation experiment with
homogeneously labe lied maize leaves or with their resistant and recalcitrant fractions
(NDF).

Day Cumulative Activity Specific activity
.of evolved CO2 (Bq/mg C)
(kBq/kg dry soil)

MAI NDF MAI- NDF MAI NDF

0 0 0 0 na na
2 1905 4 1901 4443 571
4 2698 123 2575 4200 2593
9 3476 1401 2075 3721 4137
16 3989 1729 2260 4385 3872
23 4301 1828 2473 3207 2519
40 4601 1915 2686 2119 1334

na = not applicable

Regression analyses between the amount of CO2 produced and various quality facton
showed that the best correlation was obtained with the UN ratio (r2 = 0.78) and witt
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the L+PP/N ratio (r = 0.78). More conventional parameters such as the C/N ratio
yielded a r of only 0.63. With respect to the Van Soest fractions, an even poorer
correlation with the fraction soluble in neutral detergent was found (r = 0.57). Water
extracts of the residues were also used to yield a labile fraction with which CO2

evolution correlated with a r of 0.74. These results show that large differences exist
in the suitability of quality factors in predicting decomposition and mineralization.

Table 3. Quality parameters from a selection of tropical plants and CO2 production after
20 weeks of aerobic incubation.

Codea C02
b %C %N %L %PP C/N UNc L+PP/Nd WSP ACT'

(mg/kg soil) % %

LR 760 42.4 4.33 8.1 3.37 9.8 1.87 2.65 35.0 66.0
SR 654 42.7 2.79 10.4 1.41 15.3 3.73 4.23 28.0 50.9
FR 492 40.1 3.26 17.2 2.39 12.3 5.28 6.01 20.0 49.0
DR 282 39.5 1.41 14.9 3.43 28.0 10.6 13.0 18.0 52.6
LP 636 42.4 4.33 8.1 3.37 9.8 1.87 2.65 35.0 66.0
SP 570 42.7 2.79 10.4 1.41 15.3 3.73 4.23 28.0 50.9
FP 376 40.1 3.26 17.2 2.39 12.3 5.28 6.01 20.0 49.0
DP 139 39.5 1.41 14.9 3.43 28.0 10.6 13.0 18.0 52.6
LJP 871 41.9 5.50 7.8 2.60 7.6 1.42 1.89 46.0 75.2

I LOP 640 41.5 3.88 11.3 1.66 10.7 2.91 3.34 31.0 65.1
I

SJP 855 45.5 3.75 8.9 2.28 12.1 2.37 2.98 28.0 69.4
SOP 667 41.0 2.31 14.3 0.98 17.7 6.19 6.61 28.0 55.7
DJP 334 43.9 3.16 16.8 2.12 13.9 5.32 5.99 16.0 52.8
DOP 163 44.2 1.50 18.4 3.23 29.5 12.3 14.4 16.0 49.1

a L=Leucaena leucocephala, S=Senna. siamea, F=Flemingia macrophylla,
D=Dactyladenia barteri; R=Rewetted soil, P=Rewetted and preincubated for 7 days
at 25"C, O="Old", J="Young"
b Net (Amended soils - control soils) amount of CO2 recovered after 20 weeks
incubation.
c UN = lignin-to-N ratio; d L+PP/N = (lignin + polyphenol)-to-N ratio; e WSF = water
soluble fraction
, ACT = "active" fraction, soluble by neutral detergent
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Physical separations of soil organic matter light fractions, soil microbial
biomass and microbial products

At the outset of this paragraph it needs to be repeated that the purpose of
separating soil organic matter into discrete pools is to obtain fractions that have a
biological meaning, in this that the presence or size of a given fraction should have an
immediate bearing to direct or indirect soil fertility parameters. In low input farming
systems, a strong dependency exists on the presence of litter or "macroorganic" matter
as an immediate source of plant nutrients. Within the Tropical Soil Biology and Fertility
Programme (1993) therefore, much attention is directed to the separation of this pool.
The fraction considered has a low density and by definition floats in liquids with a
density between 1.6-2.0 g.cm'3. For convenience, however, water is often used
instead. Within a collaborative project with the I.I.T.A. we followed the dynamics of this
floating fraction in a microplot experiment amended with residues of Leucaena
leucocephala and compared the changes in different size fractions of macroorganic
matter and in microbial biomass contents. In general, all fractions (> 2 mm, 2-0.25 mm
and 0.25 - 0.15 mm) and the microbial biom ass responded significantly to the residue
application for the top 0-5 cm. In addition, microbial biomass carbon correlated
significantly (r2 = 0.80) with the sum of all fractions between 2 and 0.15 mm). At the
same time, CO2 production correlated weil with the total 'C, a correlation entirely to be
ascribed to the proportion taken by the "light" fraction. The results confirm the
relevancy of both the floating fraction and the microbial biomass as far as their reaction
to substrate input is concerned.

With respect to the above fractionation scheme, however relevant to low input
soil fertility, we must acknowledge that these fractions seem to refer especially to short
term processes such as decomposition in tropical scenarios. Predictions on a longer
term must rely on further separation schemes, fractionating soils completely (not onl~
the part which can be f10tated in a water jet) into different particle size classes. In the
experiment, serving as an example, soils were incubated after amendment with 14C_.

15N_ labelIed residues for specified periods, either in the field or in the lab and ther
separated into particle size fractions (> 250 Ilm, 250 - 50 Ilm, 50 - 20 Ilm, 20 - 2 Ilm
2 - 0.1 Ilm and < 0.1Ilm) by sieving, settling or centrifugation (Jocteur Monrozier e
al., 1991). Total C and N, 14C and 15N can then be determined in these fractions anc
the microbial components identified. The latter has only been made possible recentl)
by fumigation extraction methodologies, allowing to assess microbial components ever
after dispersion of the soil in excess water.
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Referring to total C, N and microbial biomass, these three have similar
distribution patterns, be it after 7 weeks or 6 years of incubation. In' both cases the
largest proportion of biomass C, organic C and N was found in the 20 - 2 J..lmclass,
reported to also have the largest proportion of microaggregates.

The distribution of the labelIed or plant derived C and N followed a similar
pattern, the more so when time progressed. Apart from an initiallarger percentage of
plant-derived C in the >250 J..lmfraction, due to the presence ofcoarse residue
fragments, the labile components leach out from the residue quite easily and are
metabolized in sites where microbial cells are distributed. Therefore it seems only
logical that newly-formed cells, their metabolie products and remnants are distributed
in a similar fashion as the native soil microbial biomass.

Although both illustrated fractionation experiments have been carried out with
different soils and different objectives in mind, there seems to be an obvious link
between them and also a connection with the residue quality descriptions. However,
they also represent the typical state of the art which is one of emphasizing only parts
of the entire decomposition process rather than presenting a holistic view taking into
account short term perspectives (such as nutrient release in a "fast" tropical
environment) as weil as long term perspectives such as the accumulation and

I stabilization soil organic matter.
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CALCULATING THE AMOUNT OF CARBON RETURNED TO THE SOlL EACH
YEAR FROM MEASUREMENT OF SOlL ORGANIC MATIER

J. U. Smith*

The current Rothamsted Garbon Turnover Model (Jenkinson, et aL, 1987) partitions the
soil carbon into five discrete pools: decomposable plant material, resistant plant
material, biomass, humus and inert organic matter. First order equations describe the
transfer of carbon between these pools. The rates constants are modified by the
temperature,moisture and CEC of the soiL This simple model has been validated
against total and biomass carbon contents of soil from the Rothamsted long-term field
experiments; it also gives a good account of how the pulse of 14G produced by the
thermonuclear tests of the early 1960's has moved through the soil organic carbon in
these experiments.

Garbon models can be used in forward or inverse simulations. A forward simulation
predicts the amount of organic matter in the soil from a knowledge of organic matter
inputs and rates of decay. For example, theeffects of long-term straw incorporation
have been predicted by assuming a straw input of 5t/ha/year (Ocio et al., 1991). An
inverse simulation works backwards from the current amount of organic matter in the
soil to give an estimate of the amount of carbon that must have been returned to the
soil each year to attain this stock. This provides a new way for measuring net primary
production (Jenkinson et aL, 1992).

*Rothamsted Experimental Station, Harpenden, Herts AL52JQ, UK
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The Rothamsted Carbon Turnover Model is currently being used to address problems
associated with carbon dioxide fertilization and climate change. The effects of global
warming on the estimated carbon dioxide emissions from the soil were examined by
Jenkinson et al., 1991. They estimate that the additional release of carbon dioxide from
soil organic matter over the next 60 years will be 61 x 1015 gC. This is approximately
19% of the carbon dioxide that will be released by combustion of fossil fuel during the
next 60 years, if present use of fuel continues unabated.

Jenkinson,D.S., Hart,P.B.S., Rayner,J.H., Parry,L.C., 1987. Modelling the turnover
of organic matter in long-term experiments at Rothamsted. INTECOL
Bulletin. 15:1-8.
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Biol.Biochem. 24:295-308.
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BioI.Biochem.23:171-176.
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EVALUATION OF C:N RATIO AS A PARAMETER OF N MINERALIZATION

R. Vallejo'

Litter C:N ratio
N content of plant tissues depends on:
1) The physiological role of plant organs, with N accumulation in the more active
tissues: leaves vs lignified shoots or roots. In the same way, the age of plant tissues
also affects N content, with richer young tissues and strong impoverishment in leaves
before abcission in many cases.
2) Plant species, in relation to different ecological strategies to cope with plant resource
limitations(thick cuticules to dryness, N fixation) or adaptations Iike anti-herbivory. Soil
N availability broadly affects competitivity of different plant species; as a general rule,
with the exception of N2Jixing species, trees growing in low N sites produce litter with
relatively high C:N ratio (Vitousek et al., 1982).
3) The N content of a single species is also sensitive to soil N availability. For example,
in mature needles of Pinus haleoensis from different locations, % N ranged between
0.84 and 1.74, and C:N ratios between 31.4 and 59.4 (Serrano, 1993 pers. comm.).
The accumulation of internal plant reserves can vary depending on N availability:
phenolics vs. alkaloids as protection against herbivory or sugars vs. amino acids as
osmoticants (Bloom et al., 1985). C:N ratio of microorganisms can also fluctuate with
growth rate and nutrient availability (McGill et al., 1981).
C:N ratio has been widely used as an expression of resource quality for decomposition.
This use assumes that N concentration in most of the cases is roughly related to other
litter components which can have a relevant role in defining litter quality, e.g. lignins
and other polyphenols, water soluble carbohydrates and other nutrients.

*Dept. Biologia Vegetal, Facultat de Biologia, Universitat de Barcelona, Avgd. Diagonal.
645, E-08028 Barcelona, Spain
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From these assumptions, Duchaufour (1984) c1assify litter qUC3:litiesinto: a) improving
litter producing mull humus form, with C:N <' 25; b) acidifying Iitter with C:N > 50 and
c) intermediate Iitter with C:N 30-50, giving way to different humus forms depending
on environmental factors.
Initial litter N content has been found in many works to be positively correlated with
litter mass loss rates (Fogel & Cromack, 1977; Aber & Melillo, 1982; White et al.,
1988). However, some results show that this index does not always explain differences
in decompostion rates. For example, Berg & Ekbohm (1991) incubated different litter
types in Sweden and found that at initial stages of litter decomposition mass loss was
positively related to the initial N content, but after 3 years of incubation, the situation
was reversed and finally the poorer substrate qualities decomposed faster.
More generally accepted is that the initiallitter C:N ratio affects the N dynamics along
decomposition. For example, Vigil & Kissel (1991) explained N mineralization from crop
residues by the C:N ratio, either from field and laboratory incubations. N mineralization
from soil particle fractions was found inversely correlated to the C:N ratio in many
works (see in Christiensen, 1992). Following the interpretations in Smith (1982), C
availability primarily controls microorganisms growth while the combination of C and
N controls the balance of N immobilization and mineralization; however, microbial
growth can be limited by N (or P) in very poor substrates. For McGiII et al. (1981), N
dynamics operates through the C:N ratio of the microorganisms, which fluctuates
between limits depending on the initial substrate C:N ratio.

C:N ratio dynamics in the decomposition process

Organic carbon and organic nitrogen are stabilized together and are mineralized by
microorganisms in a process driven by the search of energy (McGill & Cole, 1981).
The litter C:N ratio decreases along the decomposition process owing to a greater
release of C than N. The substrate C:N ratio approaches monotonically to an
asymptotic value depending on the initial properties of the substrate, e.g. N content
and substrate quality, andon the microbial properties (Bosatta & Agren, 1985).
Relative N accumulation can be due either by microbial immobilization or by
incorporation into humic substances. Lignin level in litter can strongly influence the N
immobilization capacity (Aber & Melillo, 1982).
Following the theoretical analysis from Agren & Bosatta (1987), the dynamics of
substrate decomposition can be defined in terms of change of quality which is
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interchangeable with time units; from the value of substrate quality at a given stage of
decomposition it is possible to calculate the C fraction remaining from the initial input
of fresh litter. From this approach, the question is to what extent the C:N ratio can be
used as a organic matter quality descriptor from fresh Iitter to humic substances.

C:N distribution in the soil profile

There is a general trend of narrowing C:N ratio as the fractions particle size decreases
in the forest floor layers (Ohta & Kumada, 1977). This pattern is reflected in the overall
C:N of the forest floor layers, which decreases the average separates size and the C:N
ratio from the L layer to the A horizon. This pattern of C:N ratio distribution in the soil
profile is consistent in soils with negligible organic matter leaching rates and is
suggested by Kumada (1987) as the most effective index to determine the deg~adation
of litter.
From the analysis of a set of forest soil profiles in mediterranean conditions (Vallejo,
1983; Vallejo & Hereter, 1986), the C:N distribution in the forest floor-soil profile shows
a characteristic shape but the parameters of the curve depend on litter quality, climatic
conditions and soil type. For each set of these conditions, the single soil profiles differ
among them in small changes in Iitter inputs, microclimatic conditions or soil properties
which affect more or less the rates öf litter decomposition but following the same
process of litter transformations; therefore, each profile sampie can represent one step
of litter decomposition, expressed by its quality (or C:N ratio), and a set large enough
of profiles fits to a single curve that reproduces the time sequence of transformations
for litter.
These curves show three relevant features: 1) In the early stages of litter

.decomposition, L layer, a rapid decrease of the C:N rate is produced corresponding
to net N immobilization (Vallejo Rosich, 1990). 2) In the F, Hand A layers, the C:N
ratio remains approximately constant in spite of changes in particle size distribution,
faunal activity and mineral particles mixing (OC content decreasing from 40 % to 7 %);
the maintenance of constant C:N ratio means that C and N are released at the same
rates; in the upper mineral A horizon, there is a mixing of organic matter of similar C:N
ratio thas in the Fand H layers; the range of C:N ratios found for these layers is 17
to 25. This constancy of C:N ratio has also been observed by Ohta & Kumada (1977)
through most of the size fractions in the Fand H layers, with C:N 25-30. Maximum
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levels of N release have been postulated for these layers. The turnirig point between
net N immobilization and mineralization has been defined both empirically and
theoretically at critical C:N ratios which have been postulated to depend on initial
substrate C:N ratio and decomposition rates (Bosatta & Staaf, 1982). 3) In the lower
soillayers, C:N ratio changes abruptly to lower values which asymptotically decrease
to steady values downwards in the soil profile; these changes are parallel to a sharp
increase in the humic substances content (Hereter & Vallejo, 1987) ; therefore these
organic compounds accumulate N in humic substances. In the mineral soil profile,
organic carbon and nitrogen are linearly correlated depending on soil type, no matter
the initiallitter quality (Vallejo, 1983).
A similar sequence of C:N ratio changes in the soil profile has been described by Ohta
& Kumada(1977, 1978a, 1978b). For these latter soils, net N mineralization showed
a minimum with very high and very low C:N ratios, and maximum values with
intermediate ratios, e.g. C:N = 40 to 20 in the F layer, along the forest floor - A horizon
profile. These observations agree with the general trends found in the literature of
decomposing forest floor litter (Berg & Staaf, 1981), with the explanations on N
immobilization/mineralization dynamics from microbiological models (Smith, 1982) and
with the simulations produced by a semi-empirical model (Bosatta & Staaf, 1982)
based upon the initial N content in litter and its decomposition rate.

Limitations

One advantage of C:N ratio is that being a routine analysis, it is plentiful available. One
limitation is that interpretations assume that the index actually reflects the ratio organic
carbon:organic nitrogen. Most of total N analysis (kjeldahl) account for organic plus
ammonium N and in most of the cases it is assumed that ammonium N is insignificant
in relation to organic N. However, this situation is not the case in soils or horizons poor
in organic matter, having high NH4 fixation capacity and/or that have been heavily
fertilized. This problem is frequent in subsurface horizons of arid regions (Gallardo &

Moyano, 1987).
With respect to the fresh substrate quality, the overall C:N ratio of a given litter reflects
the combinations of different moleeules with different composition. Ideally, similar
values of this ratio could correspond to very different combinations of compounds
giving different behaviour with respect to decomposition rates and N mineralization. In
field studies, Iitterfall is mostly composed by a relatively reduced number of major
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organic compounds which reduce the real possible combinations that explain a given
C:N ratio. However, no unique interpretation can be drawn fram the initial litter C:N
ratio with respect to N dynamics; for example, Berg & McClaugherty (1989) showed
that during Iitter decomposition the onset of net N release corre~P9näed to different
C:N ratios in different litter types.
If the total soil profile is taken into consideration, with the different stages of soil
organic matter decomposition, a unique interpretation of the C:N ratio of a particular
organic fraction with respect to decomposability or N dynamics is not possible.
Humic substances are very recalcitrant in spite of its narrow C:N ratio whereas
micrabial bodies with similar rartios are easy to decompose. This is an extension of the
above mentioned basic shortcoming of this parameter. In fact, the parameter that
actually will express the quality of a given substrate with respect to decomposition and
N dynamics is the ratio between available energy and N (Jansson & Perssan, 1982)
or the C:N ratio of mineralizable soil organic matter (Hadas et al., 1992). The former
authors stress that different types of organisms may have different Energy:N demands
and that this characterization at the ecosystem level needs further attention. In
conclusion, two main gaps are identified that suggest the need of further research
effort: 1) to imprave the characterization of Iitter or soil organic matter energy
availability by a handy parameter, instead of total organic carbon, and 2) to stablish the
Energy/N demand for decomposer communities characteristics either of different type
of ecosystems and of the succession of Iitter decomposition in a given ecosystem.

Perspectives

Same main enviranmental issues have been related to changes in the C:N ratio of
plants and soil organic matter that may introduce changes in N dynamics. The
foreseen atmospheric C02 increase has been shown to dramatically raise the leaf C:N
ratio in chamber culture (Couteaux et al., 1991). In the Mediterranean area, forest wild
fires cause net N lasses which can affect post-fire plant comniunity succession and its
N budget (Ferran & Vallejo, 1992). In industrial areas of Central and Western Europe,
atmospheric N load can cause the opposite trends (Van Breemen, 1990). The present
perspectives of extensive old or marginal fields afforestation for the next decades, in
areas of South Europe, is going to modify soil organic matter and N reserves and
dynamics. One way to keep with these issues is a better and more general
interpretation of data which are plentiful available, Iike the C: N ratio of litter and soil
organic matter.
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EFFECTS OF ANTHROPOGENIC N-DEPOSITION ON SOlL FAUNA-MICROBE
INTERACTIONS AND THE IMPACT ON DECOMPOSITION PATHWAYS

H.A. VERHOEF, F.G. DOREL, H.R. ZOOMER and S. MEINTSER*

A great deal of research has been dedicated in the last decade to revealing
hypothetical causes for forest decline, such as soil acidification, aluminium toxicity,
ozone-induced nutrient deficiencies, magnesium deficiency. None of these can be
considered a general cause for forest decline (1). In the past few years, excess
nitrogen deposition has gained ground as an important factor. Although nitrogen
availability is often a limiting factor in plant growth, deposition in excess of requirement
may increase susceptibility to climatic and biotic stress and accelerate soilleaching (2).

These effects have been observed in pine stands in the Netherlands. There,
nitrogen deposition can locally exceed 50 kg N ha"l gr"l. Further, the geographical
pattern of forest decline fits in very weil in this country with areas with high nitrogen
deposition values (3).

In this study, it is shown that, in areas with high nitrogen deposition, not only fresh
needles on trees but also the different organic soil layers have elevated nitrogen
concentrations.

The impact of such elevated nitrogen concentrations on nitrogen dynamics have
been studied by microcosms with separate soil horizons (: litter, F- and H-Iayers) using
organic material from "clean" coniferous forests (Pinussyl vestris L.) with low nitrogen
deposition (about 15 kg ha"l t1

) and polluted forests with high nitrogen deposition (40
kg ha"l y.l).

*Department of Ecology & Ecotoxicology, Vrije Universiteit, de Boelelaan 1087, 1081
HV Amsterdam, the Netherlands
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Previous studies on nitrogen dynamics in coniferous forests have shown the
reliability of similar microcosm studies compared with field data (4).

Nitrogen mobilization appears to be horizon-specific: in the litter layer of clean
forests, there is a relatively small ammonium mobilization and no nitrate mobilization,
probably due to the absence of nitrifying organisms. In the F-Iayer, a high nitrate
mobilization is correlated with high numbers of autotrophie nitrifying bacteria (5).

Nitrogen mobilization fram polluted litter shows a gradually increasing ammonium
mobilization, indicating that the atmospheric nitrogen input is incorporated in the
organic material and cannot be considered an easily leachable component of the
needles. Nitrate mobilization, too shows an increasing trend. In spite of the negative
effect of nitrogen input on nitrifying bacteria (5), the increasing ammonium availability
is probably the cause of this increasing nitrate mobilization. However, the fact that total
microbial activity, measured as microbial respiration, is not different in clean and
polluted organic layers, points more to a shift in microbial composition than to a
general negative effect on micro-organisms.

Soil fauna, such as collembola, are involved directly with ammonium and indirectly
with nitrate mobilization. The increased ammonium leaching derives fram excretion
products, both faeces and urine. Calculated contributions to nitrogen mobilization
based on individual nitrogen budget analyses agree with the data from these
microcosm studies. Suppressing fungal and bacterial populations thraugh their grazing
activities the animals prevent subsequent microbial immobilization (6).

In polluted litter, soil animals decrease nitrogen mobilization. This is probably
caused by their stimulation of the growth of special microbial grau ps, such as various
basidiomycetes, which are sensible for high nitrogen concentrations and play an
important part in the ligninolysis.

There are negative effects of high nitrogen levels on soil animals, too, revealing
itself in retarded reproduction rate, which may have important implications on their
population dynamics and thus on nitrogen dynamies.
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THE RELATIONSHIP BETWEEN OISSOLVEO ORGANIC
CARBON AND BASAL METABOLlSM IN SOlL

A. ZSOLNAY*

ABSTRACT

Respiration (basal metabolism) and dissolved organic carbon (OOC) are critical
parameters in the studies of humification, but are both highly operationally defined. The
former is used, depending on experimental conditions, as a measure of microbiological
activity, biomass, mineralizable organic matter, and bioavailability. The latter can be
either the truly mobile organic material or an aqueous extract, which in turn can reflect
different pools, depending on the extraction temperature and the condition of the soil
before extraction. Therefore, it is impossible to report a simple interaction or
relationship between these 2 parameters.

One aspect does appear to be consistent both in the literature and in the
research briefly reported here. The amount of respired carbon is always greater than
the amount in the dissolved state. Therefore, whenever a relationship exists between
respired and dissolved carbon, dissolved carbon can be considered to be an indicator
of the bioavailability of the organic material in the relatively much larger non-mobile
organic matter pool. The fluxes between the immobile and potentially mobile organic
pools in soils need to be experimentally investigated and quantified, if we wish to fullfill
the goals of this Concerted Action.

Furthermore, an important parameter in humification studies where OOC plays
a role, is the degree to which OOC itself can be mineralized.

*GSF - Forschungszentrum für Umwelt und Gesundheit GmbH,lnstitut für
Bodenökologie O(W}-8042 Neuherberg bei München, Germany
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Such direct measurements are rarely reported in the literature and need to be defined
and standardized. Research has been initiated in this direction to see to what extent
respiration can be used for this purpose.

DISSOLVED ORGANIC CARBON

This soil fraction is essentially physically defined as being soluble in water or
weak aqueous ionic solutions. In practice, it is strongly influenced by the means, with
which it is obtained. This is illustrated with a conceptual model in Fig. 1. In soil both
the mobile organic carbon or matter (MOM) and water extractable organic carbon or
matter (WEOM) pools are composed of ooe. The interaction between WEOM and
MOM is largely a function of soil structure and water flow. Soils having a structure,
which results in less preferential flow, will tend to have relatively more MOM. Water
flow is a function of precipitation and rhizosphere demand and is critical, since without
it there can be no MOM. Basically, WEOM is potential MOM. The sources of WEOM
are litter, fertilizer, exudates, and the immobile organic matter, including the biomass.
The extent that this material enters the WEOM pool is also experimentally determined.
WEOM obtained from air dried soil will about 5 times greater than that from a moist
soil, while oven drying will increase WEOM up to 100 times. The use of boiling water
will cause an increase of about 10 fold.

Although the WEOM generally makes up less than 0.5% of the total organic
carbon (TOe) in arable soil (eg. Burford and Bremner, 1975; McGill et aL, 1986;
Zsolnay and Steindl, 1991; eook and Allan, 1992) it is, by definition, the most mobile
abiotic organic pool. It can play a major role in the process of podzolization.
Furthermore, if this material is labile, it can "fuel" biochemical reactions in areas not
proximate to organic energy sources, such as litter, organic debris, and the rhizosphere
(Martin, 1975; Haller and Stolp, 1985; Johansson, 1992). One such possible reaction
of environmental importance is denitrification (eg. Burford and Bremner, 1975; Roiston
et aL, 1984; Katz et aL. 1985; Seech and Beauchamp, 1988).

Generally, for the analysis of ooe wet dichromate oxidation is used (Walkley,
1947; Mebius, 1960). Quantification can then either be with titration or, more
automatically, with infra-red absorption. An alternative method is the measuring of the
absorption of the solution in the ultra-violet. This latter approach is only valid if the
absorptivity of the ooe is constant. This is sometimes, but by no means always
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(Zsolnay and Steindl, 1991), the case. It is however a very simple method and does
give a rough comparative measure of DOC concentrations.

BASAL METABOLlSM

This parameter is understood to be the amount of CO2 released over a given
time period. Normally, it is the result of metabolism and is offen used as a measure of
the amount of organic material, which has been mineralized. Since it can be expressed
in moles or 9 carbon, it is weil suited for the quantification of organic geochemical
fluxes. Furthermore, it is ideally a measure of the organic substrate available for the
biota, and thus a suitable parameter for studies of bioavailability. Unfortunately, in situ
measurements in soil are not easy to make, and the sampled volume is difficult to
define. Weier et al. (1991) found approximately 6 ~g CO2-C/ml of soil, while Linn and
Doran (1984) reported about 16 mg/l of air- filled pore space. Another approach is to
sam pie only at the surface with chambers. Freijer and Bouten (1991) did a comparison
study and found dynamic chamber headspace sampling to be better than static
sampling. Their data show an average amount of about 10 9 CO2- C/(d*m2) with
maximum values of 20g. Folorunso and Roiston (1985) found roughlyon an average
7 g/(d*m?) \dh maximum values being over 32g.

Unfortunately, with surface sampling one can not determine the extent of
mineralization and degree of bioavailability at different soil depths. Also impacting
conditions such as rhizosphere activity, temperature, and water content can not be
controlled. Therefore, the soils sam pies are usually taken from the field and incubated
in vitro in the laboratory. MechanicaJ manipulation, in the same way as plowing can,
however, artificially increase respiration, by either increasing the number of sites
available to the microorganisms and their extracellular enzymes or by improving the
ability of oxygen to penetrate into the soil matrix. Studies done here have shown that
this increase can be up to 50% depending on soil type. This effect can be minimized
by the using of intact cores, which, however, complica~es the experiment considerably.

Work is also done with substrate induced respiration (SIR) to investigate
respiration potentials. The values obtained with this approach are naturally far greater
than those wh ich exist in situ. Fig. 2 conceptually summarizes the above.
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INTERACTION

Since it is impossible to measure basal metabolism and DOC in a soil
simultaneously, these 2 parameters must be determined either sequentially or in
aliquouts. Furthermore, all the data in the literature are based on the WEoe rather
than the MOC pool. Very few field studies have been published. Linn and Doran
(1984), Folorunso and Roiston (1985), and Jäggi et al. (1991 VDLUFA Congress) all
reported no relationship between basal metabolism in the field and WEoe.

Incubations in the laboratory can be static or dynamic. The former have the
advantage that relatively little space is required, moisture content can be precisely
regulated, and certain phenomena such as "initial bursts" can be weil studied. Dynamic
or flow-through incubations allow subtle temporal changes to be investigated, once the
system has come to equilibrium. Also, there is no unnatural accumulation of CO2

during the incubation. All the results presented here have been done under static
conditions. One of the most cited results are from Burford and Bremner (1975) and are
iIIustrated in Fig. 3. They did a 7 d incubation to determine total mineralizable organic
carbon and found a strong correlation between the 2 parameters. Of interest is the fact
the mineralizable organic carbon exceeded WEoe almost by a factor of 2. In a similar
study done here (Fig. 4), the fit was less successful. Again, the mineralizable pool is
greater then WEOC even after a 1 d incubation. Davidson et al. (1987) incubated
torest soils tor 7 d. Statistically, their results are difficult to interpret, since a few outliers
have undue weight (Fig. 5), but a general relationship appears to be present, and
mineralizable organic carbon exceeds WEoe by an order of magnitude. On the other
hand, Beauchamp et al. (1980) as weil as Wolters and Joergensen (1991) found no
relationship between basal metabolism and WEOe in laboratory incubations.

A special category of WEoe is the hot water extractable organic carbon
(HWEOC). Results are given from Davidson et al. (1987, Fig. 5) and fram Körschens
et al. (1990, Fig. 6). The presence of extreme values makes the accuracy of the
coefficient of determination questionable, but the fit appears to be better than that
obtained with WEOC. Similarly, WEoe obtained trQm air dried soil correlates better
with basal metabolism than WEoe obtained from moist soils (Figs. 5 and 7).

A study was done here to see how WEoe concentrations change over a longer
incubation period. Two different soils were incubated over an 18 wk period, and
periodically the basal metabolism determined as an index of mineralization.
Furthermore, on the sampling dates WEOe (room temperature, moist soil) was
determined. Fig. 8 shows the mineralization of the TOe, as estimated from respiration
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over time. Lines for 1st order kinetics were fitted to the data. The reaction rate was
0.51 x10.3 d"1 for the sandy and 0.12x1 0-3 d.1 for the muck soil. This would indicate that
the TOC was mineralized in the sandy soil at 5.6 ~g/(g*d) at the beginning and 5.3
~g/(g*d) at the end of the incubation. For the muck, the values were 14.3 and 14.1-
The WEOC concentrations are shown in Fig. 9. The overall mean concentrations were
8.8 ~g/g (oven dry weight basis) and 19.9 ~g/g for the sand and muck resp. A test for
randomness of runs confirms the visual impression that no significant (P > 0.05) trends
are to be seen over the course of the incubation. Cook and Allan (1992) reported
similar results for the WEOC obtained from old fields and a savanna.

The results (Fig. 8) indicated that mineralization was occurring during the
incubation. In the case of the sandy soil, a 1st order kinetic model could be fitted very
weil while a simple linear mineralization model proved to be less satisfactory. The
higher (4.3 times) rate for the sandy soil than for the muck could be attributed to
qualitatively different TOC, but physical differences, such as the quantity of microsites,
certainly must have played a major role (Bums, 1991). The daily amount of TOC
respired was large (on an average 5.5 for the sandy and 14.2 ~g/(g*d) for the muck

.. soil) when compared to the amount of WEOC present at any one time. If one uses the
not unreasonable mineralization rate of 8.5x10.3 d-1 for WEOC, less than 2% of the
CO2-C respired daily would have been from this pool. To explain this, the existence of
a relatively large pool of immobile but biodegradable substrate must be assumed. This
is conceivable (cf. Bums, 1991), but reported research dealing with this area is very
limited. In terms of the conceptual model shown in Fig. 10, it means that F4 » F3'
primarily because TOC »WEOC.

Since it can be assumed that apart of the WEOC was labile and since there
was no significant change in the WEOC concentration over time, a f1ux (F1) must have
existed from the non-mobile soil matrix to the WEOC pool. Quite Iikely, there was also
a flux (F2), which removed organic material from the WEOM pool. The overall
conclusion is that under no-flow conditions, such as those present during this
incubation, the WEOM was quantitatively at steady state even over a longer time
period. Furthermore, unless one assumes very high mineralization rate constants for
this fraction (on the order of 1000x1 0-3 d-\ there must also have been present a
relatively large pool of labile, non-mobile organic material. The often conflicting results
in the literature in regards to the relationships between basal metabolism and ooe are

I most likely the result of our inadaquate understanding of these pools and fluxes. A
future research goal is to quantify the fluxes shown in Fig. 10 and to determine which
environmental conditions effect their relative magnitudes. Also there is a paucity
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(Zsolnay and Steindl, 1991; Qualls and Haines, 1992) of published results dealing with
the direct mineralization of WEOM.
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Fig. 10 Conceptual model showing possible fluxes (FJ of organic carbon between
soil matrix, water extractable organic carbon, and C020
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SULPHUR DEPOSITION DISTRIBUTION AND SULPHUR BALANCE IN SICHUAN BASIN, CHINA
P. Chen and L. Li

ABSTRACT
Sichuan Basis in one of the main acid rain regions in China. Based on monitoring
data, sulphur deposition in different areas of Sichuan Basin was calculated.
The result shows that dry sulphur deposition predominates in urban areas, while
~Iet su1phur depos ition predomi nates in rural areas. The ammount of wet su1phur
depos ition duri ng the warm season (May to October) was 1arger than duri ng the
cold season (November to April). Because of the vast area, tha ammount of sul-
phur deposition in rural locations accounted for 95% of total, or even more. The
result from the analysis of sulphur balanceshows that 87% of artificial sulphur
emission deposited into the basin, and only 13% sulphur was transported out of
the basin.
Verteilung und Bilanzierung der Schwefelgehalte in Niederschlägen des Beckens

von Si~huan, China
ZUSAMMENFASSUNG
Das Becken von Sichuan ist eine jener Regionen Chinas, welche am meisten vom
sauren Regen betroffen ist. Sulfatgeha lte und pH-Werte wurden an verschi edenen
Standorten, getrennt in nasse und trockene Depositionen, laufend erhoben
und daraus eine Bi1anz berechnet. Während in städtischen Gebieten der Schwefe 1-
gehalt im trockenen Niederschlag überwog, überwog in den ländlichen Gebieten der
Schwefel gehalt im Regen. In 'der warmen Jahreszeit (Mai bis Oktober) waren die
Schwefelgehalte im Regen höher als in der kalten Jahreszeit (November bis
April). Wegen der großen Fläche enthielten die Niederschläge in den ländlichen
Gebieten aber mehr als 95% des Gesamtsch\vefels. Eine Bilanz aus Schwefelein-
und -austrag bezogen auf das Becken zeigte, daß sich 8n~ der anthropogen
im Becken emittierten Schwefelmenge in den Niederschlägen des Beckens wiederfan-
den und nur 13% davon aus dem Becken heraustransportiert wurden.
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INTRODUCTION

Wet depostion (mainly rain or snow, with a pH level less than 5.6 is
defined as acid rain. The pH- level is a comprehendive index reflecting
the balance of anions and cations in prec;pitation. The transportation,
converSlon and deposition of acid- causing materials result in
precipitation acidification. China's acid rain regions, especially
Sichuan Basin and Guizhou Plateau, belong to typical regions of sulfate
acid rain, where a great deal of S02 e:7litted from human activities.
Obviously it is bett er to hold a discussicn mainly on sources of sulphur
deposition than pH only.

SOURCES AND DISTRIBUTION CHARACTERS OF SULPHUR DEPOSITION IN SICHUAN
BASIN

I. Main Sources of Sulphur Deposition

Depositions can be divided into two categories: dry deposition and wet
deposition. In Sichuan Basin, wet deposition mainly results from the
process. in which atmospheric sulfides are washed out by precipitation,
while dry deposition results from the sedimentation of gaseous S02 and
sulfide- containing atmospheric particulates, mainly.

1. Calculation equations of sulphur deposition

For wet deposition
Dw =I Cwi .Ai I Ai .Ay

where Dw - wet deposition (g/m.yr)
Cwi sulphur concentration of precipitation in event (g/l)
Ai - precipitation in event i (r.:m/m2)
Ay - annual mean precipitation (m~)

For dry deposition

where
Dd = (CS02.Vd.T)/2 + (CTSP.Vd.T.f)

Dd - dry deposition (g/m2.yr)
CS02 mean concentration of S02 in ground

Vd - velocity of deposition, taking a constant 0.01 m/s
T - duration of deposition (s)
CTSP - TSP concentration in ground atmosphere (g/m3)
f - soluble sulphur in TSP, taking 0.02 on the basis of

measurements

atmosphere
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2. Results of Calculation

Based on monitoring data, the results of calculation for main cities and
their suburbs (excluding Chongqing) are shown in Table 1 and 2. It is
found that sulphur deposition was larger in urban areas than in their
suburbs.

Table 1. Sulphur Depositions of Main Cities in Sichuan Province

City Wet depos it ion Dry deposition Total
deposition

q/m2.vr % q/m2.vr total % q/m2~
SO TSP

Chengdu 5.53 42 6.05 1.45 7.50 58 13.03
Leshan 5.63 28 12.10 2.21 14.31 72 19.94
Zigong 12.10 1.28 13.38
Yibin 19.44 27 50.11 2.38 52.49 73 71.93
Daxian 5.94 33 6.91 4.38 11.29 67 16.83
Nancholl9 7.60 22 24.19 2.28 26.47 78 34.07
Luzhou 3.95 18 14.69 2.83 17.52 82 21.47
Mi anyang 2.61 11 19.01 1.38 20.39 89 23.00
Wanxian 10.11 48 8.64 2.14 10.78 52 20.89
Fuling 8.72 16 39.74 4.70 44.44 84 53.16
Ya'an 3.85 64 1.73 0.48 2.21 36 6.06
Guangyuan 13.86 57 9.50 1.07 10.57 43 24.43

3. Analysis of Main sources

It is easy to see from the tables that urban sulphur deposition inside
the basin derives from dry deposition, as a result of atmospheric
sulphur pollution in the cities. In most of the cities, the dry
deposition accounted for 60% or more of the total deposition, whereas
wet deposition was less than 40%.
Sulphur deposition in suburbs mainly comes from wet deposition as a
result of the wash-out by rain. In this place, the wet deposition
aeeounted for 60% or more of the total. Owi ng to airborne po11utant
transportation from large and median cities, Jiajiang had its wet
sulphur deposition more than 80% of the total.
In short, dry deposition of sulphur is the main souree for urban areas,
whereas in rural and more peripherie locations, major amounts of sulphur
are wet- deposited.
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Table 2. Sulphur Depositions of Main Suburbs in Sichuan Province

City Wet deposition Dry deposition Total
depos ition

q/m2.vr % q/m2.yr total % a/m2.:.YI...
SO TSP

Chengdu 3.06 66 0.86 0.76 1.62 34 4.70
Leshan 5.30 69 1.72 0.62 2.34 31 7.64
Zigong 2.61 43 2.58 0.86 3.44 57 6.05
Yibin 11.28 40 15.55 1.17 16.72 60 28.00
Oaxian 3.77 45 2.59 1.93 4.52 55 8.29
Nanchong 5.53 68 1.72 0.83 2.55 32 8.08
Luzhou 3.81 70 0.86 0.76 1.62 30 5.43
Mianyang 1.97 45 1.72 0.70 2.42 55 4.43
Wanxian 6.93
Fuling 2.57 26 6.05 1.24 7.29 74 9.86
Ya'an 5.49 82 0.86 0.35 1.21 18 6.70
Guangyuan 13.40 85 1.72 0.70 2.42 15 15.82
Jiajiang 5.20 83 0.60 0.45 1.05 17 6.25
Jiuzhaigou* 0.17 19 0.52 0.20 0.72 81 0.89

* A contrast region where the atmosphere is unpolluted. It is one of the
national nature conservation areas in the northe of Sichuan.

11. Time - Space Distribution of Sulphur Deposition

1. Time Distribution

Dry sulphur deposition mainly comes from atmospheric S02 pollution.
Oata acquired from long-term monitoring show that S02 pollution level
inside the is higher in winter and lower in summer. This rule in in
accordance with the rule of dry sulphur deposition. Within this context,
however, we emphasize the discussion of wet sulphur deposition
distribution. Since the major portion of wet deposition takes the form
of S042- existing in precipitation, we begin the discussion with
S042-.
In Fig. 1, the curve shows the change of S042- concentration in
precipitation in Chengdu throughout a year. The S042- concentration
was higher in winter than in summer, The S042- deposition depended
not only on the S042-concentration, but also on the amount of
precipitation. Fig. 2 shows the trends of wet deposition of S042- in
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Chengdu. It was higher in summer than in other seasons, and lowest in
winter. From the two eurves, it ean be eoneluded that the total S042-

deposition was higher in urban area than in the respeetive suburbs.
The ehanging rule of wet deposition of S042- in some main eities in
Siehuan is listed in Table 3. The ruleis in aeeordanee with the rule of
Chengdu.
Summing up, wet sulphur deposition inside the basin oeeurred 'frequently
in the seasons of summer and spring, and the deposition amount in urban
area was larger than that in its suburb.

Table 3. The Change of wet deposition of S042-
in some eities in Siehuan Basin

Spring
City Amount %
Daxian urban 5.78 35%

suburb 5.78 52%
NanehonQ urban 6.98 31%

suburb 3.89 23%
Wanxian urban 10.86 36%

suburb 8.10 39%
GuanQyuan urban 8.56 21%

suburb 11.79 30%
Mean urban 8.04 29%
value suburb 7.41 33%

2. Spaee Distribution

Summer
Amount %

2.94 18%
1. 59 14%
8.21 36%
7.02 42%

10.18 34%
6.81 33%

14.47 35%
18.97 47%
8.95 32%
8.60 39%

Autumn
Amount %
4.20 25%
2.05 18%
2.37 10%
1. 45 9%
1. 81 6%
1. 51 7%

16.73 40%
8.56 21%
6.27 23%
3.39 15%

Winter
Amount %
3.71 22%
1. 79 16%
5.25 23%
4.24 26%
7.49 24%
4.36 21%
1. 81 4%
0.87 2%
4.57 16%
2.82 13%

Annual
Amount

16.63
11.30
22.79
16.60
30.34
20.78
41. 57
40.19
27.83
22.22

Fig 3. shows the sulphur deposition distribution of among the main
eities as well as between the respective urban distriets and suburbs
inside the bas in. In the northwest part of the bas in, the su 1phur
deposition in the eities is usually higher than in the southeast part,
beeause of topographie reasons.

SULPHUR BALANCE IN SICHUAN BASIN

Sinee burning of high sulphur-eontaining eoal as fuel, Siehuan Basin has
beeome one of the highest S02 emission regions in China. The amount of
S02 emission (ineluding Chongqing) aeeounts for one tenth of the total
in China. This is one of the radieal reasons of higher sulphur
deposition in the basin.
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The balance relation between S02 emission and sulphur deposition is
the important basis for working out the countermeasures of controlling
acid deposition inside the basin.

I Sources of Sulphur

There are two types of sulphur sources. The first is artificial
emission, mainly as S02, as well as from soot and dust, all from coal
burning in the processes of cooking and industrial production. Soot and
dust contain soluble sulfates. The second is external influence. This
can be estimated by monitoring in the surrounding mountains of the
basin.

1. Artificial Emission

It has been estimated that 781 400 tons of 502 gas is emitted annually
into the air, over about 150 000 km2 area of Sichuan Basin, equivalent
to 390 700 tons of sulphur. Additionally, the total soot and dust amount
is about 115 100 tons per year, equivalent to 22300 tons per year (2%
soluble sulphur contents). Summing up these two items, the annual
artificial sulphur emission is 413 000 tons per year, or 2.75 tons per
km2.

2. Background Deposition level

Artificial emission is the radical factor effecting sulphur deposition
inside the basin. Meanwhile effects caused by nature and long- distance
transportation result in the background level of sulphur deposition. We
choose Jiuzhaigou as the background area. Based on our monitoring, the
annual mean sulphur deposition level is 0.89 tons per km2. Considering
the affecting of tourism, 0.445 t/km2 is taken as the background
level. Hence, the annual mean background level of sulphur deposition
over the basin is 66750 tons. This amount is equivalent to 16% of
artificial emission.

II Sulphur deposition

1. Area Division of Sulphur Deposition

Accord ing to its features, four types of area can be found (see tab 1e
4) .
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Table 4. Four Types of Area Inside the Basin and their Dimension

Type Chenqdu
Dimension (km2) 400

Median cities
645

Towns
1500

Countryside
147455

2. Calculation

Total deposition amount: 0 = Di
Di = di.Si

where 0 total deposition amount
Di regional deposition amount
di regional deposition amount
Si dimension of type i

Deposition amount of median cities: Di
where j - median citiy j

of type i
per area of type

3. Determination of Sulphur Deposition in the Countryside

major portion (60% )

60%
40%

100%
took the

S042- in precipitation as well as S02 and TSP in the atmosphere
were measured in Guangyuan (in the north of the basin), the West Sichuan
Plain (in the west of the basin), Leshan, Emei and Ranshou (in the
southwest of the bas in), and Nanchong (in the cent re of the bas in) .
Their mean levels are: S042-: 5 mg/l

S02 : 0.007 mg/m3
TSP : 0.148 mg/m3

Based on the features of precipitation in the basin, the annual mean
precipitation in the countryside in the basin is 1000 mm. The sulphur
deposition in the countryside is:

wet deposition: 1.67 t/km2.yr
dry deposition: 1.11 t/km2.yr
total deposition: 2.78 t/km2.yr

The above results show that wet deposition
of the total.

4. Sulphur Deposition

Table 5 shows the dry and wet depositions in different areas in the
basin. Further on, the ration of dry to wet deposition in different
areas in the basin is shown in table 6.
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Table 5. Sulphur Deposition Amount in Sichuan 3asin, t/yr

Urban District Suburb Total
Dry Wet Total Dry Wet Total Dry Wet Total

Chengdu 750 553 1303 486 924 1410 1236 1477 2743
Medi an cit. 3063 1061 4124 2242 2977 5219 5305 4038 9343
Towns 2280 3027 5307
Countryside 163675 246250 409925
Total 172496 254792 427288

Table 6. Ratios of Dry Sulphur <dposition to Wet Sulphur Deposition
in Sichuan Basin

Dry Depos ition Wet Deposition Total
tons % tons % tons %

Cities 8821 2.1% 8542 2.0 17363 4.1%
Countryside 163675 38.3% 246250 57.6% 409925 95.9%
Total 172496 40.4% 254792 59.6% 427388 100 %

It can be seen from Table 6 that the sulphur deposition in the cities
and their ~ubUrbs accounted for only 4.1% of the total, because of their
smaller area, even if they get a greater amount of sulphur deposition
per area. In the area of cities including their suburbs, the sulphur
deposition was approximately equal to wet sulphur deposition. Because of
the large area, the sulphur depositon in the countryside accounted for
95.9% of the total.
From the above discussion it can be concluded, that the vast countryside
of Sichuan Basin is the major acceptor of sulphur deposition, while wet
sulphur deposition is the major form of sulphur deposition in the
countryside.

111 Sulphur Balance

At present, the artificial sulphur emission in Sichuan Basin is 413000
t/yr, whereas the total amount of dry and wet sulphur deposition is
427288 t/yr. After the subtraction of the background level, the real
(net) sulphur deposition in the basin is 360538 t/yr. That means,
sulphur deposition accounts for 87% of the emission. Most of the
artificial sulphur emission deposits onto the basin by dry and wet ways,
because of its special topography and climate. The rest of 52463 tons of
sulphur mostly deposits onto the high surrounding mountainous areas,
where it is humid and rainy with much vegetation. Therefore few sulphur
emission is transported to other provinces by airflow. This is quite
different from sulphur transportation in Europe.
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CONCLUSION

Through the above discussions, we get
1. In Sichuan Basin, sulphur deposition (mainly sulphur deposition)
comes from urban areas of the cities. Wet su 1phur depos ition is the
major portion in suuu~bs and vast rural areas.
2. The amount of wet sulphur deposition per area in Sichuan Basin in
warm season (May to October) is larger than that in cold season
(November to April), and in urban areas it is larger than in suburbs.
3. In the vast rural areas of Sichuan Basi~, the annual sulphur
deposition is 409925 tons (95.9% of the total). Among them, wet sulphur
deposition is 246250 tons (60%), and dry sulphur.deposition is 163675
tons (40%). Wet sulphur deposition is the major portion of sulphur
deposition in rural areas.
4. Because the special topography and climate are unfavourable for
transportation, most of the artificial sulphur emission (87% of the to-
tal) deposits onto the basin, and 13% of artificial sulphur emission
mostly deposits onto the surrounding mountains. Only few artificial
sulphur emission is transported to other provinces.
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Kurzfassungen der Vorträge

Bodeninformationssystem des Landes Nordrhein-Westfalen
:'

(BIS NRW)

Vorstudie über Schwermetallgehalte in Waldböden des Kreises Recklinghausen

Dr. Volker Thiele 1, Dr. Heinz Neite1 , Dr. Marian Kazda2

1. Einleitung

Das Bodeninformationssystem des Landes Nordrhein-Westfalen (BIS NRW) liefert die Informa-
tionsgrundlagen für die Maßnahmen im Bodenschutz (THIELE & ROENICK 1992). Hierzu werden die
landesweit verteilt vorliegenden Datensammlungen für entsprechende Auswertungen in
Anwendungen des BIS NRW verfügbar gemacht. Die Daten verbleiben weiterhin in der
Verantwortung der datenerhebenden bzw. datenführenden Stellen. Sie werden nach dem
Auszugsprinzip zur Verfügung gestellt. Der Nutzer kann sich im Kemsystem des BIS NRW über die
im Lande verfügbaren Daten und über die in der Sammlung der Anwendungen vorgehaltenen
Auswertungen informieren und bei Bedarf die Ergebnisse von Anwendungen in sein eigenes DV-
System transferieren.

2. Prototyp des BIS NRW

Das BIS NRW wird schrittweise eingerichtet. Der erste Schritt umfaßt die Einrichtung des Prototyps
(THIELE, NEITE & GOLLAN 1994). Mit dem Prototyp werden unter dem Thema "stoffliche
Bodenbelastung" die wesentlichen Funktionen des BIS NRW eingerichtet. Neben dem Prototyp wird
das Fachinformationssystem Stoffliche Bodenbelastung (FIS StoBo) als integraler Bestandteil des
BIS NRW aufgebaut (NEITE; THIELE; GOLLAN 1994).

Im einzelnen werden die folgenden Systemkomponenten realisiert:

Das Kemsystem mit den Metadaten, den Suchhilfen und den Systemhilfen
Die Sammlung der Anwendungen mit ca. 30 vorgefertigte, "standardisierte" Auswertungen

Für die Anwendungen werden im Prototyp die folgenden Datensammlungen erschlossen und
Auszüge daraus bereitgestellt:

Fachinformationssystem Stoffliche Bodenbelastung (FIS StoBo)
Datensammlung Staubniederschlag
digitale Bodenkarte1:50.000 (BK 50 d)
Amtliches Topographisch-Kartographisches Informationssystem (ATKIS)

Für die Darstellung von Ergebnissen werden die nachstehend aufgeführten Karten eingesetzt:

topographische Karte 1:50.000 (TK 50) im Rasterformat
Karte der Verwaltungsgrenzen 1:200.000 im Vektorformat
Karte der naturräumlichen Gliederung im Vektorformat

3. Vorstudie "Schwermetallgehalte in Waldböden des Kreises Recklinghausen"

Zur Vorbereitung auf die Einrichtung des Bodeninformationssystems wurde eine Vorstudie (KAZDA,
NEITE & THIELE 1993) am Beispiel der Schwermetallgehalte in Waldböden des Kreises
Recklinghausen durchgeführt. Mit Hilfe des DVWK-Modells wurde auf Basis der Daten aus der

1 Bodenschutzzentrum des Landes NRW, Essener Str. 3, 046047 Oberhausen

2 Universität für Bodenkultur, Institut für Waldbau, Peter Jordan Str., A 1190 Wien



-110-

digitalen Bodenkarte1: 50 000 eine Abschätzung der potentiellen Grundwassergefährdung
vorgenommen (Deutcher Verband für Wasserwirtschaft und Kulturbau 1988).

In der Vorstudie wurde anhand vorhandener Daten geprüft, welche Probleme bei der Beschaffung
und Verarbeitung der Daten auftreten. Die Daten über Schwermetallgehalle wurden von der
Landesanstalt für Immissionsschutz und vom Kreis Recklinghausen zur Verfügung gestellt. Die
Gebiete der Waldnutzung wurden aus der topographischen Karte 1:50 000 im Rasterformat
entnommen. Das Geologische Landesamt stellite die digitalen Geometrien der Bodenkarte im
Vektorformat zur Verfügung. Die für das DVWK-Modell notwendigen Daten mußten in der Vorstudie
den jeweiligen Objektnamen und der Legende der analogen Karte entnommen werden.

Die Anwendung des DVWK-Modells wurde in zwei Varianten durchgeführt:

1. Die Berechnungen wurden flächen bezogen mit generalisierenden Annahmen für den pH-Wert
und den Humusgehalt (Medianwerte aus den Meßwerten) durchgeführt.

2. Die potentielle Grundwassergefährdung wurde für die einzelnen Meßpunkte bestimmt, wobei
die bodenkundlichen Parameter der digitalen Bodenkarte entnommen wurden

Beide Varianten führten zu vergleichbaren Ergebnissen. Der Vergleich der Schwermetallgehalte in
Böden mit der potentielle Grundwassergefährdung zeigt zudem, daß Probenahmeorte mit hoher
Schwermetallanreicherung überwiegend in Gebieten mit niedrig bis mittel einzustufender potentieller
Grundwassergefährdung liegen.

Für zukünftige Auswertungen ist anzumerken, daß eine überarbeitete Fassung des DVWK-Modells
zur Abschätzung der potentiellen Grundwassergefährdung angewendet werden sollte (vgl. BLUME &
BRÜMMER 1991).

4. Ausblick

Nach Fertigstellung wird der Prototyp in Abstimmung mit den datenführenden Stellen und Nutzem
getestet. Anschließend geht der Prototyp in die Basisversion über. In der Basisversion wird das BIS
NRW durch Erschließung weiterer Themen und Datensammlungen und durch Einrichtung
zusätztlicher bzw. Erneuerung vorhandener Funktionen ausgebaut. Zur Zeit werden Projekte zur
Erstellung von digitalen Bodenbelastungskarten und zur Nutzung des BIS NRW in der Bauleitplanung
und in raumordnerische Verfahren vorbereitet.
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Walter - Kubiena - Preis

1. Der Walter-Kubiena-Preis bezweckt
- Die Förderung von Studierenden für fachliche Arbeiten auf dem
Gebiet der Bodenkunde
- die Anerkennung einer geleisteten Arbeit.

2. Zu diesem Zwecke führt die ÖBG alljährlich eine Beurteilung und
Prämierung von bodenkundlichen Originalarbeiten durch. In Frage
kommen Diplomarbeiten, Dissertationen und gleichwertige Arbeiten.

3. Es können nur Arbeiten von Studierenden ( a) an österreichischen
Universitäten, Hochschulen; b) an Höheren Lehranstalten) in unbe-
zahlter Stellung eingereicht werden.

4. Die Geldmittel für den Fondswerden durch einen jährlichen Bei-
trag der ÖBG in der Höhe von S 5.000,- bereitgestellt.

S. Arbeiten müssen von den Universitäten, Hochschulen und Höheren
Lehranstalten angenommen sein und sind in zweifacher Ausführung
an die Beurteilungskommission der ÖBG bis zum 31. August einzu-
reichen.

6. Zur Beurteilung der Arbeiten wird vom Vorstand der ÖBG eine Beur-
teilungskommission von höchstens 3 Mitgliedern bestellt.

7. Der gesamte Vorstand entscheidet auf Antrag der Beurteilungs-
kommission über die Prämierung guter Arbeiten.

8. Für die prämierte Arbeit wird dem Verfasser eine Anerkennungs-
urkunde der ÖBG ausgestellt.

9. Autoren und Titel von prämierten Nachwuchsarbeiten werden in den
Mitteilungen der ÖBG veröffentlicht.

10. Ein Exemplar der Arbeit bleibt bei der ÖBG.
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Pseudogley aus pleistozänem Staublehm am südwestlichen
Rand des pannonischen Beckens

Heft 7 1962, 46 Seiten
WEIDSCHACHER, K.: Die Böden am Westrande des niederösterrei-

chischen Weinviertels südlich Retz
Heft 8 1964, 72 Seiten

SOLAR, F.: Zur Kenntnis der Böden auf dem Raxplateau
Heft 9 1965, 72 Seiten

MIECZKOWSKI, Z.: Untersuchungen über die Bodenzerstörung im
niederösterreichischen Weinviertel

Heft 10 1966, 61 Seiten
GHOBADIAN, A.: ~alz- und Steppenböden des Seewinkels

(Burgenland, Osterreich); Charakteristik, Meliorations-
ergebnisse und bodenwirtschaftliche Aspekte

Heft 11 1967, 88 Seiten
MESSINER, H.: Pflanzenbauliche Beurteilung chemischer Boden-

..analysen
MULLER, H.J.: Der Wasserhaushalt eines Pseudogleyes mit und

ohne künstliche Beregnung
NESTROY, 0.: Bodenphysikalische_Untersuchungen an einem

Tschernosem in Wilfersdorf (NO)
SCHILLER, H. und E. LENGAUER: Über den Kationenbelag und den

Spurenelementgehalt in den Böden der IDV-Serie
SOLAR, F.: Phosphatformen und Phosphatumwandlungsdynamik in

Anmoorschwarzerden
Heft 12 1968, 79 Seiten

KRAPFENBAUER, A.: Waldernährung und Problematik der Wald-
düngung

GLATZEL, G.: Probleme der Beurteilung der Ernährungs-
situation von Fichte auf Dolomitböden

Symposium über die Untersuchung von Waldböden
Heft 13 1969, 95 Seiten

FINK, J.: Nomenklatur und Systematik der Bodentypen
Österreichs

Heft 14 1970, 136 Seiten
SOLTANI-TABA, Ch.: Vergleich einiger Pararendsinaprofile

des Steinfeldes im südlichen Inneralpinen Wiener Becken
KAZAI-MOGADHAM, M.: Vergleich von Böden des Tschernosem-

typus mit Auböden im südlichen Inneralpinen Wiener Becken
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Heft 15 1971, 139 Seiten
Exkursion der ÖBG am 16. u. 17. 10. 1970 in den Raum

"Kärntner Becken nördlich und südlich der Drau"
WILFINGER, H.: Das Klima des südöstlichen KlagenfurterBeckens
EISENHUT, M., H. MÜLLER, E. PRIESSNITZ, H. ROTH, A. SCHROM

und F. SOLAR: Die Böden
Heft 16 1972, 110 Seiten

RIEDMÜLLER, G.: Zur Anwendung von Bodenkunde und Tonminera-
logie in der_baugeologischen Praxis

Exkursion der OBG am 8. u. 9. 9. 1972 in den Pasterzenraum
und in den Pinzgau

BURGER, R. und H. FRANZ: Die Böden der Pasterzenlandschaft
im Glocknergebiet

SOLAR, F.: Die Böden des Raumes Großglockner - Zell am See
SCHNETZINGER, K.: Oberflächenvergleyung im Raum Zell am See

Heft 17 1973, 123 Seiten
GRUBER, P.: Zusammenhänge zwischen Klimaunterschieden,

Bodenchemismus und Bodenwasserhaushalt auf Lockersedi-
menten des Wiener Raumes

Heft 18/ 1977, 102 Seiten, vergriffen
19 Exkursion der ÖBG 1971: Böden des inneralpinen Troc~~nge-

bietes in den Räumen Oberes Inntal und Mittleres Otztal
SOLAR, F., W. ROTTER, H. WILFINGER und H. HEUBERGER: Böden

des inneralpinen Trockengebietes in den Räumen Oberes
Inntal und Mittleres Ötztal

Exkursion der ÖBG 1976:
FRANZ, H., A. BERNHAUSER, H. MÜLLER und P. NELHIEBEL:

Beiträge zur Kenntnis der Bodenlandschaften des Nord-
burgenlandes

Heft 20 1978, 86 Seiten
MRAZ, K.: Neue Erkenntnisse auf dem Gebiet der Erforschung

von Waldhumusformen unter besonderer Berücksichtigung der
Grundprinzipien der Systematik

KLAGHOFER, E.: Stoffbewegung im Boden
RIEDL, H.: Die Bodentemperaturverhältnisse am Südrand des

Tennengebirges - ein Beitrag zum UNESCO-Programm Man andBiosphere
Heft 21 1979, 109 Seiten

SO~AR, F.: Die Talböden, ein allgemeiner Überblick
BLUMEL, F.: Regelung des Bodenwasserhaushaltes in Talungen
HOLZER, K.: Praktische Durchführung von Meliorationen in derOststeiermark
SCHROM, A.: Standortskundliche und pflanzenbauliche Probleme

der Talböden bei intensiver Ackernutzung durch Maisbau
BLASL, S.: Probleme der Maisernährung auf dränagierten Tal-

böden
ORNIG, F.: Möglichkeiten der Schaden-Ersatz-Berechnung
STEFANOVITS; 0.: Umweltschutz im Spiegel der Bodenkunde
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CERNY, v.: Einfluß der Bodenbearbeitung auf Boden und Ertrag
unter den Standortsbedingungen in der CSSR

Heft 22 1980, 112 Seiten
DUDAL, R.: Landreserven der Erde. Eine Weltbodenkarte
BLUM, W.E.H.: System Boden - Pflanze und bodenkundliche

Forschung
KASTANEK, F. et al.: Zur Nomenklatur der Bodenphysik, Teil 1
NESTROY, 0.: Die Aktivitäten der Gesellschaft ab ihrer Grün-

dung bis 1979
Heft 23 1981, 183 Seiten

SOLAR, F.: In memoriam Julius Fink
SOLAR, F.: In memoriam Bernhard Ramsauer
GUSENLEITNER; J.: Würdigung von Hofrat Dipl.-Ing. Or. HerwigSchiller
SCHLEIFER, H.: Dir. Dipl.-Ing. Dr. Franz Blümel zum 65. Ge-burtstag
GESSL, A.: Würdigung von Ministerialrat Dipl.-Ing. AdolfStecker
BLUM, W.E.H. und M. SALI-BAZZE: Zur Entwicklung und Alters-

stellung von Böden der Donau- und Marchauen
KLUG-PÜMPEL, B.: Phytomasse und Primärproduktion alpiner

Pflanzengesellschaften in den Hohen Tauern
STELZER, F.: Bioklimatologie der Gebirge unter besonderer

Berücksichtigung des Exkursionsraumes 1981
Kurzfassungen der Vorträge

Heft 24 1982, 116 Seiten
Aktuelle Probleme der landwirtschaftlichen Forschung,

8. Seminar: Stoffumsatz am Standort
SOLAR, F.: Eröffnung
BECK, W.: Einleitungsreferat
ULRICH, B.: Stoffumsatz im Ökosystem - theoretische Grund-

lagen und praktische Schlußfolgerungen
BENECKE; P. und F. BEESE: Bodenstruktur und Stoffumsatz -
..Methodik der Erfassung bodenphys ika1 ischer Parameter

MULLER, W.: Bodenbeurteilung und Bodenmelioration vor dem
Hintergrund moderner physikochemischer und bodenkund-
licher Erkenntnisse

Diskussion
Heft 25 1982, 173 Seiten

RIEDL, H.: Die Prägekraft des sozioökonomischen Struktur-
wandels auf Morpho- und Pedosphäre des subalpinen Lebens-raumes

GUSENLEITNER, J., K. AICHBERGER und W. NIMMERVOLL: Die
Wirkung steigender Kaliumgaben auf das Wachstum von
Italienischem Raygras (Lollium multiflorum) in Abhängig-
keit von der Bodenart

LICHTENEGGER, E.: Der Wärme- und Wasserhaushalt - ertrags-
bildende Faktoren in Abhängigkeit von der Seehöhe, darge-
'stellt aus pflanzensoziologischer Sicht

Kurzfassungen der Vorträge
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Heft 26 1983, 165 Seiten
Exkursionsführer Marchfeld; Thema: Böden und Standorte desMarchfeldes
NESTROY, 0.: Zur Geologie und Morphologie des Marchfeldes
HARLFINGER, 0.: Das Klima des Marchfeldes
STELZER, F.: Standortsbeurteilung nach der Niederschlags-wirksamkeit
STECKER, A.: Die Böden des Marchfeldes
MADER, K.: Die forstliche Standortskartierung der öster-

reichischen Donauauen
Profilbeschreibungen
KLAGHOFER, E.: Bodenphysikalische Kenndaten
NESTROY, 0.: Vergleichende Betrachtungen über die boden-

physikalischen Kenndaten der Exkursionsprofile und Profile
von Weikendorf und Schönfeld

BLUM, W.E.H. und H.W. MÜLLER: Mineralogische und bodenchemi-
sche Kennwerte ausgewählter Böden des Marchfeldes

BLUM, W.E.H.: Zum Nährstoffversorgungsgrad ausgewählter
Böden im Raume des Mühlviertels

LOUB, W.: Zur Mikrobiologie der Böden des Marchfeldes
Kartenbeilagen

Heft 27 1983, 154 Seiten
MÜCKENHAUSEN, E.: Neuere Entwicklung in der Bodensystematikder Bundesrepublik Deutschland
VERGINIS, S. und O. NESTROY: Standortskundliche Unter-

suchungen auf dem Nordwest- und Zentral-Peloponnes
LOUB, W. und G. HAYBACH: Bodenbiologische Untersuchungen an

Böden aus Lockersedimenten
Kurzfassungen der Vorträge

Heft 28 1984, 145 Seiten
Exkursionsführer Mühlviertel; Thema: Böden des Mühlviertels
KOHL, H.: Zur Geologie und Morphologie des Mühlviertels
STELZER, F.: Die klimatischen Verhältnisse des westlichen

Mühlviertels
SCHNETZINGER, K.: Die Böden des oberen Mühlviertels
GRUBHOFER, G.: Die Boden- und Nutzungsverhältnisse des Mühl-

viertels
DUNZENDORFER; W.: Pflanzensoziologie des oberen Mühlviertels
BLASL, S.: Begrenzende Ertragsfaktoren im Ackerbau des Mühl-und Waldviertels
MAlERHOFER, E.: Die pflanzliche Produktion des Mühlviertels
Profilbeschreibungen
KLAGHOFER, E.: BOdenphy'sikalische Kenndaten der 'Böden im Ex-

kursionsbereich der OBG-1983
BLUM, W.E.H. und H.W. MÜLLER: Mineralogische und boden-

chemische Kennwerte ausgewäh lter Böden 'desoberen Müh 1-viertels
BLUM, W.E.H.: Zum Nährstoffversorgungsgrad ausgewählter

Böden des oberen Mühlviertels
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Heft 29 1985, 193 Seiten
Verwertung von Siedlungsabfällen aus der Sicht der Land-

wirtschaft unter besonderer Berücksichtigung der Eignung
landwirtschaftlicher Böden; Seminar

BECK, W., W.E.H. BLUM und D. KRIECHBAUM: Begrüßung und Er-
öffnung

HOFFMANN, G.: Bodenkundliche und pflanzenbauliche Aspekte
..beim Einsatz von Siedlungsabfällen in der Landwirtschaft

KOCHL, A.: Nutz- und Schadwirkung von Klärschlamm
EDER, G., M. KÖCK und G. SCHECHTNER: Klärschlammhygiene im

Grünland
AICHBERGER, K. und G. HOFER: Chemische Untersuchungen von

Siedlungsabfällen
MÜLLER, H.: Müllkompost - Gütekriterien (ÖNORM S 2022) und

Anwendung
MAYR, E.: ModellOberösterreich - Klärschlammanfall und Ent-

sorgung
MAlERHOFER, E.: Erwartungen der Landwirtschaft an die Quali-

tät der Siedlungsabfälle und Forderungen an den Gesetz-
geber

NELHIEBEL, P.: Einsatzmöglichkeiten von Bodenkarten bei der
Ausbringung von Siedlungsabfällen

WIMMER, J.: Aufbau und bisherige Ergebnisse des Klärschlamm-
_ und Müllkompostversuches St. Florian
OHLINGER, R.: Bodenzymatische Untersuchungen beim Versuch

St. Florian
Generaldiskussion
Unterlagen zur Exkursion

Heft 30 1985, 185 Seiten
BLÜMEL, F.: Sektionschef i.R. Hofrat Dipl.-Ing. Ernst

Güntschl
GUSENLEITNER; L.: In memoriam Hofrat Dipl.-Ing. Hans

Schü11er
HUBER, J.: Vergleichende Untersuchungen von Böden mit unter-

schiedlichen Bewirtschaftungssystemen hinsichtlich
Wasser-, Nährstoff-, Humushaushalt und Biologie

FOISSNER, W., T. PEER und H. ADAM: Pedologische und proto-
zoologische Untersuchungen einiger Böden des Tullnerfeldes
(NÖ)

WALTER, R.: Die Viruskontamination des Bodens und Methoden
ihrer Kontro 11e

Kurzfassungen der Vorträge
Heft 31 1986, 68 Seiten

Arbeitsgruppe Waldbodenuntersuchung der ÖBG
BLUM, W.E.H., O.H. DANNEBERG, G. GLATZEL, H. GRALL, W.

KILIAN, F. MUTSCH und D. STÖR: Waldbodenuntersuchung;
Geländeaufnahme - Probennahme - Analyse~ Empfehlungen zur
Vereinheitlichung der Vorgangsweise in Osterreich
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Heft 32 1986, 209 Seiten
Bodeninventur aus ökologischer Sicht; Symposium am 11. u.

12. 4. 1985
DANNEBERG, Q.H.: Kartierung landwirtschaftlich genutzterBöden in Osterreich
WITTMANN, 0.: Kartierung und Bodeninventur in Bayern
KILIAN, W.: Forstliche Standortsklassifikation und Kartie-

rung in Österreich aus internationaler Sicht
FOERST, K.: Forstliche Standortserkundung in Bayern
GESSL, A.: Die österreichische Bodenschätzung
GRÄF, W.: Der Boden in Naturraumpotentialkarten
LAMP, J.: Neue Entwicklungen auf dem Gebiet der Boden-Infor-mationssysteme
NESTROY, 0.: Bericht über die abschließende Podiumsdis-kussion

Heft 33 1986, 383 Seiten
Aktuelle Probleme der landwirtschaftlichen Forschung,

Seminar am 5. und 6. 6. 1986; Thema: Die Anwendung enzy-
matischer und mikrobiologischer Methoden in der Boden-
analyse

BECK, W. und O. NESTROY: Einleitung und Eröffnung
SCHINNER, F.: Die Bedeutung der Mikroorganismen und Enzymeim Boden
HOFFMANN, G.: Bodenenzyme als Charakteristika der bio-

logischen Aktivität und von Stoffumsätzen im Boden
BECK, Th.: Aussagekraft und Bedeutung enzymatischer und

mikrobiologischer Methoden bei der Charakterisierung des
Bodenlebens von landwirtschaftlichen Böden

HOLZ, F.: Automatisierte photometrische Durchflußmethoden
zur Bestimmung der Aktivität von Bodenenzymen - ihre An-
wendung und einige Ergebnisse

"KANDELER, E.: Der Einsatz enzymatischer Methoden am Beispiel
eines Stroh- und Klärschlammdüngungsversuches

ÖHLINGER, R.: Der Einsatz enzymatischer Methoden am Beispiel
eines Grünlanddüngungsversuches

Postervorträge
Diskussion

Heft 34 1987, 80 Seiten
DUCHAUFOUR, Ph.: Stand und Entwicklung der internationalen

Bodensystematik aus französischer Sicht
MANCINI, F.: Stand der bodenkundlichen Forschung in Italien
Kurzfassung der Vorträge

Heft 35 1987, 80 Seiten
Bodenschutz-Symposium
STICHER, H.: Bodenschutz als integrale nationale Aufgabe -

Möglichkeiten und Grenzen
BE~K, W.: Entwicklungsstand der Bodenschutzkonzeption inOsterreich
EISENHUT, M.: Das Steiermärkische Bodenschutzgesetz
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Heft 36 1988, 152 Seiten
Thema: Aktueller Stand physikalischer und.chemischer Boden-

untersuchungsverfahren.
DANNEBERG, O.H.: Aktueller Stand der landwirtschaftlichen

Bodenanalyse in Österreich
KÖCHL, A.: Beziehungen zwischen bodenanalytischen Daten und..Fe1dergebnissen
MULLER, H.J.: Bodenuntersuchung aus der Sicht der Landwirt-schaft
KILIAN, W.: Oie Bodenanalytik aus forstlicher Sicht
MAJER, Ch.: Untersuchungen zur kleinräumigen Variabilitätvon Bodenparametern in Waldböden
NEMETH, K.: Oie EUF-Methode als Grundlage für die Dünge-empfehlung
KLAGHOFER, E.: Physikalische Methoden in der landwirtschaft-lichen Bodenforschung.
BLUM, W.E.H.: Oie Bodenanalyse im Rahmen der Bodengenetik und-taxonomie

Heft 37 1988, 179 Seiten
Führer zur Exkursion in das obere Mürztal; Thema: Montane

Bodenentwicklung unter dem Einfluß verschiedener Nut-zungsformen.
KILIAN, W.: Standortkundliche Darstellung des Exkursions-

gebietes Hönigsberg
HARLFINGER, 0.: Das Klima des Mürztales
PINTER, J.: Forstgut Langenwang
Profilbeschreibungen
Analysendaten
BLUM, W.E.H. und MENTLER, A.: Chemisch-mineralogische Kenn-

werte ausgewählter Böden des oberen Mürztales
KILIAN, W.: Interpretation der Analysendaten der Forstlichen

Bundesversuchsanstalt
Heft 38 1989, 117 Seiten

BLUM, W.E.H.: Spezifische Probleme des Bodenschutzes in Ge-
birgsregionen Zentraleuropas

STEFANOVITS, P.: Oie Karte der Bodenmineralien und ihre Ver-
wendung in der Landwirtschaft Ungarns

HORN, R.: Ursachen und Auswirkungen von Strukturschäden
unter besonderer Berücksichtigung methodischer Aspekte

HARTGE, K.H.: Aktueller Forschungsstand der Bodenphysik
unter besonderer Berücksichtigung des Bodengefüges

Kurzfassung der Vorträge
Heft 39 1989, 102 Seiten

MÜCKENHAUSEN, E.: Curriculum vitae von Professor Dr.W. KUBIENA
BLÜMEL F.: Der wissenschaftliche Nachlaß nach Walter
L. KUBIENA
MÜCKENHAUSEN E., S. STEPHAN und K. ZIMMERMANN: Rotlehme
und Rotlehmsedimente, Tirsoide Böden und Kalkkrusten
STOOPS G: Die Bedeutung der Mikro-Morphologie in der
Bodenkunde
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Heft 40 1989, 94 Seiten
FRIED, G.: Bodenzustandserfassung und Boden-Dauer-
beobachtungen in Bayern
STICHER, H.: Überwachung der Bodenqualität in der
Schweiz: Methoden - Probleme - Erste Resultate
TIMMERMANN, F.: Aufbau eines Bodenmeßnetzes und Konzept
der Bodenbestandsaufnahmen in Baden-Württemberg
BECK, W.: Die EG-Richtlinie über die Qualität von Wasser
für den menschlichen Gebrauch - Konsequenzen für die
östereichische Landwirtschaft

Heft 41 1990, 116 Seiten
FOISSNER, W., K. BUCHGRABER und H. BERGER: Bodenfauna,
Vegetation und Ertrag bei ökologisch und konventionell
bewirtschaftetem Gründland. Eine Feldstudie mit randomi-
sierten Blöcken
MARKGRAF, G., F. ELLMER, B. GRAFE und K. KRÜGER:
Intensive N-Düngung und Möglichkeiten zur Reduzierung des
Nitrataustrages durch Boden- und Bestandsführung sowie
Nitrifizideinsatz
BERGLER, F.: Physikalische Bodenkennwerte bei konventionel-
ler und organisch-biologischer Bewirtschaftung anhand von ..
ausgewählten landiwrtschaftlichen Betrieben im Erlauftal/NO

Heft 42 1990, 176 Seiten
POVOLNY, I.: Hofrat Dipl.-Ing. Anton Krabichler zum
70. Geburtstag
Boden und integrierte Landbewirtschaftung, Symposium am 4. und
5. April 1990:
DAMBROTH, M.: Integrierte Land~ewirtschaftung - Voraussetzung
für die Stabilität agrarischer Okosysteme
WEISSKOPF, P. und F. SCHWENDIMANN: Beeinflussung biologischer,
chemischer und physikalischer Bodeneigenschaften durch
unterschiedliche Bewirtschaftung am Beispiel eines
langjährigen Feldversuches in Tänikon (Nordschweiz)
FREDE, H.-G.: Gestaltung und Funktion von prensystemen unter
dem Einfluß der Landbewirtschaftung
SOMMER, C.: Konservierende Bodenbearbeitung - ein Baustein
i~t~grierter Landbewirtschaftung
MULLER , H. J.: Leistungen und Beschränkungen gegenwärtiger
Bewirtschaftungsverfahren sowie Standortswirkungen im
Pflanzenbau
RUCKENBAUER, P.: Ziele und Aufgaben der Pflanzenzüchtung für
eine integrierte Landbewirtschaftung
OTTOW, J. C. G.: Einfluß der Landbewirtschaftung auf
Bodenbiologie und bodenbiologische Prozesse
HOFMEESTER, Y. und F.. G. WIJNANDS: Integrierter Ackerbau in
den Niederlanden, Versuchsorganisation und Forschungsresultate

Heft 43 1991, 130 Seiten
Führer zur E~kur~ion in d?s Innvierte1; Thema: Bodenentwicklung
auf unterschled11chen Sedlmentenin Abhängigkeit von Geländeform
und Bodennutzung - Auswirkungen von Fluor-Immissionen auf Bödenund Pflanzen.
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Heft 45
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BLUM, W. E. H.: Vorwort
Exkursionsprogramm
NESTROY, 0.: Geologische, morphologische und pedologische Aspek-
te im Bereich der Exkursionsroute von der Stadt Salzburg über
Oberndorf und Egge1sberg nach Braunau
REITNER, L.: Geologie und Geomorphologie des westlichen Innvier-
te1s
ALGE, G.,A, BRANDSTETTER, M. KUDERNA, ~. MENTLER, M. A. POLLAK,
E. M. UNGER und W. WENZEL.: Morphologische, physikalische und mi-
neralogische Kennzeichnung der Exkursionsprofile
WENZEL, W., G. ALGE und M. A. POLLAK.: Bodenentwicklung auf quar-
tären Sedimenten des westlichen Innvierte1s
WENZEL, W.: F10urindizierte Bodenveränderungen
ÖHLINGER, R., H. DÖBERL und R. MAYR.: Flourimmissionserhebungen
mithilfe standardisierter Weide1grasku1turen im Gebiet um das
Aluminiumwerk Ranshofen
KÜHNERT, M. und G. HALBWACHS: Die Wirkung f10urhältiger Immissio-
nen auf die Vegetation im Rauchschadengebiet Ranshofen
1991, 162 Sei ten
STRITAR, A.: Pedoökologische Kartierung als Grundlage für die
Raumplanung
SCHNEIDER, W. und O. H. DANNEBERG: Zum Chemismus einiger Böden
des Marchfeldes und zur Streuung einiger bodenchemischer Parame-
ter
NESTROY, 0.: Mountainbiking - eine neue Bedrohung unserer alpinen
Landschaft
Kurzfassungen der Vorträge
1992, 144 Seiten
FEICHTINGER, F. und E. STENITZER: Simulation des Wasser- und
Stoff transports im Boden
EISENHUT, M., J. FANK und P. RAMSPACHER: Einfluß der Bodenbewirt-
schaftung auf die Temperaturverhältnisse in der ungesättigten Zo-
ne am Beispiel der Lysimeteranlage Wagna (Steiermark, Österreich)
Führer zur Exkursion durch die Westslowakei . Thema: Böden und
Standorte in der Westslowakei
tURLIK, J.: Geologie und Relief der Slowakei
D1ATKO, M.: Kurzer Abriß über die Vegetation der Slowakei
DZATKO. M.: Die klimatische Situation in der Slowakei
HRASKO, J. und B. SURINA: Böden der Slowakei
JAMBOR, P.: Kurze Darstellung der slowakischen Landwirtschaft
Exkursionsroute
Landschaften und Bodenprofile
NESTROY, 0.: Bratis1ava/Preßburg/Pozsony - eine Stadt stellt sich
vor
Buchbesprechung
1993, 76 Seiten
BLÜMEL, F.: Wirk1. Hofrat i. R. Dipl.-Ing. Dr. Herwig Schiller -
80 Jahre
HOFER, G. F.: Eine einfache Bestimmungsmethode für Quecksilber,
Arsen und Selen in Böden
EISENHUT, M. und A. KAPFENBERGER-POCK: Auswertung der Österreichi-
schen Bodenkarte 1:25.000 für die Ermittlung der Nitrataustragsge-
fährdung von Böden
Kurzfassungen der Vorträge
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1. Sonderheft der Mitteilungen der ÖBG (1978, 92 Seiten)
Exkursionsführer südöstliches Alpenvorland;
Thema: Landformung und Bodenbildung auf Talböden des süd-
östlichen Alpenvorlandes (Standorts- und Meliorationspro-
bleme)

2. Sonderheft (1979, 126 Seiten)
Exkursionsführer Ost- und Weststeiermark;
Thema: Obstbau in der Steiermark - Standorte und Probleme

3. Sonderheft (1981, 199 Seiten)
Exkursionsführer durch das Glocknergeblet und die Karnischen
Alpen in Kärnten; .
Thema: Böden und Standorte in den Zentral- und Südalpen -
Nutzungsprobleme des montanen und subalpinen Grünlandes

Die Hefte können über die Österreichische Bodenkundliche Gesellschaft,
Gregor-Mendel-Straße 33, 1180 Wien, bezogen werden.

Der Autor trägt für den Inhalt seines Beitrages die Verantwortung.
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Hinweise für Autoren

Es werden nur Originalarbeiten angenommen, die für die Bodenkunde von
Bedeutung sind.

Der Titel der Arbeit soll den Inhalt erkennen lassen, er ist so knapp
wie möglich zu fassen.

Oie Länge der Arbeit wird durch ihre Aussage bestimmt und ist auf das
wesentliche zu beschränken. Der Autor hat ein druckfertiges Manuskript
vorzulegen. Tabellen und Abbildungen (ausschließlich Schwarz-weiß-
Darstellungen) sind direkt in den Text einzuarbeiten. Bei der Wieder-
gabe von Fotos, Karten oder farbigen Darstellungen sind gesonderte
Absprachen zu treffen. Bei der Abfassung eines Manuskriptes sind die
angeschlossenen "Hinweise für die Abfassung eines Manuskriptes" einzu-
halten, Manuskripte, die fachlich oder formal nicht entsprechen,
werden zurückgewiesen.

Der Autor erhält 30 Sonderdrucke gratis I für weitere werden
Gestehungskosten berechnet; diesbezügliche Wünsche sind bei der
Ein~eDdung des Manuskriptes bekanntzugeben.
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ÜBERSCHRIFT MITTIG <---------- 1,5 zeil
IN GROSSBUCHSTABEN

<---------- 2 ze i1
Name N.

(Vorname(n) abgekürzt, ZUNAME
<----------3xl,5 zeil

1. ÜBERSCHRIFT FÜR KAPITEL <------------------------------- 2 zeil
Die Kapitelüberschrift bitte in Großbuchstaben und voll
zu unterstreichen. Danach ist mit einem 2 zeiligen Ab-
stand von der Überschrift mit dem Text zu beginnen. Im
Text selber ist mit 1,5 zeiligem Abstand zu schreiben.
Bitte den gezeichneten Raster unbedingt einzuhalten.

<----------2xl,5 zeil
1.1. Unterüberschrift
Diese wird klein geschrieben und noch voll unterstrichen. <-- 3 ..cm
Der Abstand zwischen diesen Absätzen ist 2 x 1,5 zeilig.

<----------2xl,5 zeil
1.1.1 Weitere Überschriften

Die Überschriften in dieser Dezimalklassifikation werden
nur noch strichliert unterstrichen. Weitere Unterteilungen
der Überschriften sind nicht vorgesehen.

<----------3xl,5 zeil
2. SCHRIFTBILD
Falls Sie die Möglichkeit haben, ersuchen wir Sie, mit
dem Schriftbild "Lether Gothic" von IBM zu schreiben und
zwar 12 Zeichen/Zoll. Sollte das unmöglich sein, bitte
ein möglichst ähnliches Schriftbild auszusuchen. Generell
ersuchen wir, reinweißes Schreibmaschinenpapier im
Format DIN A4 und ein neues Farbband zu verwenden.

1-
3,5 cm



3. SEITENNUMERIERUNG
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Bitte die Seiten auf der Rückseite mit Bleistift
numerieren. Die endgültige Numerierung erfolgt durch
die Schriftleitung nach Eingang sämtlicher Referate.

4. LITERATURZITATE <---------- 2 zeil
Die Autoren sollen im Text mit Großbuchstaben ge-
schrieben werden, zudem werden sie in Klammer ()
gesetzt, es folgt das Erscheinungsjahr der Ver-
öffentlichung. Zum Beispiel:

.•. laufender Text und es schließt an (KILIAN, 1988).
Die Nennung der Veröffentlichung erfolgt dann im
letzten Kapitel Ihres Referates unter "Literatur-
hinweise" und sollte alphabetisch geordnet sein.
Muster wie folgt:

KILIAN W.: Die Bodenanalytik aus forstlicher Sicht.
Mitt. d. Österr. Bodenkundl. Ges., H. 36, 53-65, 1988

5. TABELLEN UND ABBILDUNGEN
<----------2x1,5 zeil

5.1 All oemeines
Tabellen und Abbildungen sind zur direkten photo-
mechanischen Wiedergabe des Manuskriptes unmittelbar
in den Text einzufügen.

<----------
5.2 Tabellen
Die Tabellen werden möglichst bald nach dem ersten
Hinweis im Text angeführt und sollten gleich unterhalb
beschrieben werden, wie z.B.

Tabelle 1: Korrelationskoeffizienten der Beziehungen
Tab e 1 1 e n wer t e

t
3,5 cm

-l--

2 zei1
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5.3 Abbildunoen
Auch die Abbi ldungen mögen nach der ersten Nennung im Text eingefügt
werden und sollten in gleicher Form unten beschrieben werden.
Es können nur Schwarz-weiB-Strichzeichnungen gedruckt werden; zur
Abstimmung von Bildgröße und Schrift unter Berücksichtigung einer
späteren Verkleinerung ist die Benützung von verkleinernden Kopier-
geräten empfehlenswert; die Zeichnung oder Kopie ist direkt in den
Text einzukleben.

Z e ich nun g
Abbildung 1: Änderung der pH-Werte

Am Ende des Referates folgt der Name und die Anschrift der (des)
Autorin (Autors) bzw. der Autoren z.B.

NAME Vorname, Titel
Institut/Firma
Adresse


